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ABSTRAKT

HARANT Martin: 9éURED GtOFH K\GUWRHRURBWORP ®L]|DFH

3UIRLLHEADO®RSWLPDOL]IFLX JHRPHWULH Y&OLVNX Y\UiEDQp
K\GURIRUPRYDQLD 3RORWRYDURMHMQRH H®Eé EMRPID SO®E KPL
O~pRP 3UL WYiUQHQt RYAEPBREOKPX DVWHUIDPNRWYDLQLR BLHO
9I\KRGQRWHRKPQLFNEFK VN~3RN MH Y\WYRUHQé& PDWHULIOF
SUH QXPHULFN~VRLWXQ LSIEA 96VWXSRPQBOSRVN\WXM-~FH
LQIRUPIRNWH WRFNEFK PLHVWDFK WO DNXR WBXUAH QLR URLIPP LGAF
pretvoreniach R G SUX #HDQVHULIOX 6SUIYQRV" QXPHULFNHM VLPX¢
SRURYQB[BRW.PHQWIOQH ]tVMRYKP/LQ KRDFQ R \WNPIFKidfgy LDV ~ V
GRFKiGJRUXAHPHRID KU~EN\ RILWNELN®RKYP LHWW D FNOYD&OH V N
Y&V OHGNHRYLBOX®PM VLPXOiFLH MH SRWRMRRWWRUH Q7RSSR
VvXSUDYHQt SRORPRUMNVWRE Q6O ESBRWKEIHQDXNGLHOFD

~pRYp VFORRHYi'& K\GURIRUPRYDQLH GLDJUQRPHRUICGARHM W
V L P X CainfizbtibpiaPAM-STAMP

ABSTRACT

HARANT Martin: Manufacturing of a Component by Using Hydroforming Technology and
Its Optimization

The project deals withanalysis and optimization ahe geometry of the stamped part
produced by theifpow hydroforming. The blank consists of two sheets of steel D@8ich

is welded by laser bearithe forming process can cause @sgive thinning and cracking of

the part. By evaluation of mechanical tests is created material model, whighbigsis for
numerical simulation created in software PABTAMP. The outputs are analysighich
provide information about critical points, failure pressure, limiting deformations and
prediction of springbackValidity of the numerical simulation is verified by comparison with

the experimentally obtained data. The comparative criterions are the failure pressure and the
material thickness at various locations. Based orrahelts of the numerical simulatiomet
optimization of the geometry is created. The optimization uses different values of radius at the
crackpoint

Keywords:DCO1 steel, hydroforming, forming limit diagrams, numerical simulation
anisotropy PAM-STAMP
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VGQHEAQHM BREHRMHMYYEBUREH YR YH NHM PLHUH Y\X&tYD
MHKR KODYQp FLHOH SDWUt PLQLPDOL]iRRIRSWNPDGIR|YFLD
hmotnosti, pevnosti &V XKRVWL YEBURENX 7&PWR QiURNRP RGSRY}
Y\X4tYDM~ QHSHYQp QiVWYRWPHHQGH RPBIDMARBXRW]Y K\GL
WYiUQHQLH HODVWRPpPURP 1DMPI K\GURJ®ERKR RIEYIHW YWD
VWURMiIUVNHKRXSWRAFPEVORY & R D H@AHFRIE R Y QORI Y Pl Q

WHFKQROYJLDPL XPR& XMH WYid®H®LH MNRRSQLERND QEEK

WHFKQRORJLFNéEFK]RBHIAAK eSR@MVaaHM UR]RaMdGYHM D
SUHVQRVWL DW

7THFKQROyYJLD K\GURIRUPRYDQLD Y\XBDIQPKRBUMYDBBX LD &QR
tatk NYDSDOLQ\ 3URFHV WYiIUQHQLD SUHELHKD ]JY\pEaMQH ]D
Y\datFK WHSODQWQRVWL MH Y\ YLOQXWEFK QLHNR NR PHWyG ]D
VD UR]JUDVWIi Ri&t0 /'WH'FBRROWYWILID

l1iYUKR®PWLPDOL]iFLDowWeBBREQRMHWYiIUQHQt VD YR YH NI

QXPHULFNéPL PHWYQGDPK MHGEMRX HWYyGD NRIIHPpQEFKD QUM
ULHAHQLD Y\XatYD GLVNUHWL]IFLX 7R J]QDPHQi aH QDPLHV

ULH&ALD Y]"DK\ SUH JtVNDQLH QH]QIiP\FK YHOLpPptQ MHGQRWOL

Obr.1 3UtNODG\ GLHOFRY Y\UREHQE&FK WHFKQROY
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1 ROZBOR ZADANIA [8,9, 10

3UIFD VD ]DREHdRSMQAPOERXFLRX JHRPHWULH WilPHFQFD N
YEYRMD YEURE\ VHQGYLpRYé&FK SDQHORY%QOGHQURWR YXb H
panely V~ K\EUW.\@pPREBINODGQé NRQF HYSRN dMDA4taUY RjatkdQ. é
9RQNDMALD YUVWYDNR&RDAEBBHIRENRY RYEFK PHOWISBHG QR Y
NRPELQUBPLRXR VHQGYLpRYEFK SDQHORY MH QDYUKRYDQp
QDMQLAHKIH LSRVN\WRYDOR Pfétd RasY EXHRYGIRRRXVSRXAatYDM~ QDS
MDGURDWLQRY plLEAMIDXKMRWHRAL GREUp PHFKDQLFNp YODVW
DSOLNHAKGYLPRY éRKeteBKoIQ Hstarelnom priemysle &V L dvojenskej
technike.

5LH&HQ@é MeH. YOU RiEddIQ@eche sRGOLAQRX KU 3RIBRIO PIERRNE
Pi KU~ES\ntn WYiUQHQ®&UNPPSDQHOX GIANMORMM DL .R.EU
7YDURYp SUYN\ V~ Y\UH]DQp SRBRFEX pOWBIoHe®RebpKR O~p
av PLHVWDFK WYDURY&FK $UBRRXNR@UHDp WHPKHQBRROYJLH
SUHGSRNODGiI Y\SOQHQLH Y]QLNQXWHM GXWLQ\ 385 SHQRX

Obr.25LHaAHQé GLHOHF

9]K DGRP NX FHQRY HW \IGRYX\WSSQ®NaWMje mMDWHULIO GLHO
RFBECOL (Y61 ). Ide oQHOHJRYD®@YIEPK)~ YDOFRYDQtP ]D
V]iYLVORVWL QD URJPHURF& ]% RO RWERGNEUXDMWHD | BUKpWY iU Q
studena 1HXN XGQHQp RFHOH V~ QiRiK}D Qi WXHGW B USRAVDHY S C
Y ODVWQRNWWR MH G{OH&LWH WIDBRX DD WINQECHNEBA IGRE XGiYD
YEUREFRRPHPLFNp |PRAKDQHFDN p RFHIHN'@ R VL WNDHEXHNDH Y

Tab.1 &KHPLFNp d@R&EKQ DH F N p XWNO B G HQOEEOL[LO].

&KHPLFNp [ORAHQLH
C Mn P S
max. 0,2 max. 06 max. 0,@5 max. 0,@5
OHFKDQLFNp YODVWQRVWL
Re [MPa] Rm [MPa]
Da Da

6 RK DGRP QD WYDU MHK&HQpPKEBHG RHDVORDWRBSQPLMEUR
WHFKQREXYGHH SUL YéWpREH]YQIMHUDQLH SRPRFRXR OO YL
SQIVOHGQE&P WWX&LQWit@omnovart PZ WRKR G {YIRWHKUMH I QHIMH U &
]JDPHUDQi QLOVRPE QPDW YilX@HW LM WHFKQROYJLH K\GURIRUPRYT

10



7(&+12/1*,$ +<'52Q0RMOVANIA [11, 12, 13]

+\GURIRUPRYDQLH MH QHNRQYHQpPQi WHFKQROyJLD SOR
Y\X8tYD QHSHYQ& DSDWURX 7YiUQHQLH SUHELHKD REY\NOH
WYiUQL DM EH] QHM LGH R W]Y YR Q park u@lthRshRIbsBIR¥ D Q L H
S{VREHQtP WODNX PpGLD 7ODN S{VRELDFL QD PDWHULIC
SUHWYRUHQLD 9 DND WRPXNRB S®LMR YWY B R LI'HE® PHOWVRH. R X
vysokej tvarovej] aUR]JPHURYHM SUHVQRVWLYD®RPAIXNPRHE XNGU RORA
KU~EN\ PDWHULIiOX SUL ]JDFKRYDQt Guh&stiaaKacSsd ¥eddrivV W Q & F
SULQIi&D ~VSRUX QiN®DQGHRNWRL $FEH]EIBHIEE RFKEUREQpPKR pD
7HFKQROYJLH Y\X&tXKDGURHR BRRYXQFPED VD GHOLD GR GY
polotovary NWRBEPX E\" WUXEN\ DBMWRRURJEAOHQLH MH XYHGHQ|

Hydroformovanie

Hydrofo%movanie Hydrofo%movanie
plechov trubiek
[
v v
Lisovnikom Lisovnicou —> Nizkotlakové
S membranou € S membranou <>  Jeden plech —>  Viactlakové
Bez membrany < Bez membrany <>  Dva plechy —>| Vysokotlakové

Obr.35R]GHOHQLH PHWYG[IKNGURIRUPRYDQLD

2.1 Hydroformovanie trubiek [2, 3, 11, 12, 1314, 15, 16, 17, 18, 19, 2Q1]

7HFKQROYJLD VSRptYD YdutiNeYlisovQieeQakow UNX\E RN\ WRD D Q &
kvapalinou SUtSDSQHSDWIQRX VLORX 98FKRGLVNRY&P RORWRY
EH]JRAY p\ WNUXEHN R Y L WX @/pH&HR £ OI\UD QtP VD Y\UIiEDM~ QDMF
SRORWRYDU\ %H]RaAYp WUXEN\ VD ]tWNIDWDR S FVWAX B A\QH XS
QDMPI X KOLQtNX JPHGWIDQ 3URFHV K\GURIRUPRYDQLD W
PDWHULIOX 7i ]DK D RPOWWHRLRKFEORWRYDUX QLHNHG\ \
]X&RYDQLH SULHUH]X D WHSHO®p PDSWHIFIR ® X QS R & DBRRGY D Q3
"DAQRVQILP1D® H

7YIUQHQLH WUXELHN NYDSDOLQRX VD UHDOL]XMH YLDI
SUHGRY&HWNEé&P YH NRV"RX S{VRELDFHKR WODNX YL REU

11



Xx 1tINRWODNRYp K\GWBRIRYUFPIBYPOYWKH G\ MH JREUD]JHQé QD R
YORA&HQéEKRMH QIS RG Q lisqviidé "Jecen koniectrubky jezasleperéa GU XK é P
saprivedie kvapalinaTlak v GXWLQH WUXEN\ MH |[DQHGEDWH Qé GR
]DWYiUD" urikdisRpalnyje pritom SRGRPQIR SUL RKEEN@SWRBXELHN
Kvapalira zD E U D zbokéhlu prierezia WDNWLH& JPHQH KU-~aENPRriVWHOQ\
Qt] N R VWi©® hydmef¥rmovart dosahuje SUDFRYQERRWQODM PD[LNMR®ODQH
9]K DGR&nMuNje SRWUdEQ @ DYUKRYD" QWOB\RFEEEA]DOR N QDGP
GHIRUprigFdzuS UL ] D Wsgunic Q' t
1iVWURM 7TUXE

\

a) SUHGYéUF b) IDWY ilsDwWQiteHWYiUQ!| ¢c) NDOLEUIF
Obr.4 3ULQFtS Qt]NRWODNRYHKR K\GURIRUPRYDQI

X OLDFWODNRYp K\GMRIRDPRYQWRIP Qt]NRWODNRYPRERHKQWG U R
polotovaru do nVW URRMMBK i GNIBI KNR pp P X WORLP/QR'Y D Q & M Msalddta
polotovaru pint kvapalinou YL R EKvapalinapri tom S{VRdkd vvsWXaHQLH
au DKpXMH SUHVX@k FDYWIQXW@XWRUQ~ VVRPXVWODMENUDQ |
QIVWERWIDKXMH KRGQ{WR XJ® Y U6i3\a 0 H\KRY QHYNERAM H
NDOLEHhR@nptR ~ SULBDDLAQH 03MDFWODNRYéEP K\GURIRUPRYD
PRaAQp GRVOBKAtFK YEVOHGNRY DM SUL QL&a&atFK WODNRFK

1iVWUTRbka Kvapalina

9 (s

a) IDOR&AHQLH <b) IDWYiUDQLIc) SUtYRG N d) NDOLEL
Obr.53ULQFtS YLDFWODNRYHBR K\GURIRUPRYDQL

X 9\VRNRWODNRYp KHBOYRISRLUPIRYMQNVNBD SOQt WUXENNMLDA& SR ]
obr. 6 DHIRUPIiFLH Y]QLNDM®rAHVBB-MBEWWIGREDHGNX Y\WRNpl!
taku NWRWIE WHMVER YIDHMAy GHBD 7éP VD GRVDKXMH Y\datFK
prierezuaMH PRaQp WYiUQL" WYDURYR Y@BRUWpQEMHA tGQBI SRH S
polotovaruy, MH QXWQp PEHOQRLMWHFKQROYJLH MH Y\aaLD RSU
hydroformovaniu. 7\SLFNéP SUHGVWDYLWH RP GLHOFRY Y\UIiED!
tvarovkytypu T a Y.

1iVWURMEND BUtYRG NYDSDOLQ\ .YD
Z
] == //% v M
AN N AMARNE
a) IDOR&HQLH b) SUtYRG NYW S DUDQHDQ

Obr.6 3ULQFtS Y\VRNRWODNRYI®KR K\GURIRUPRYDC
12



X Mikro-hydroformovanie +* A&SHFLi
PHWyGD NWRUI XPR3
YDOFRYDQéFK DOHER
sPLQ YRQNDMAtP Srom .
aPLQ KU~ENRX VW H Q%S
0,03mm(obr.7) 9 SR UR YRt
PHWyGDPL V~ SUL WRPY :
RGOLAQRVWIUHQIDHs UP i é]QDPQe ‘
vplyv QD YH NRV" WY iUQ L Dusss 000V O\ 6YRMH
XSODWQHQLH QDFKHGLFtQ®MBr7 YRPSRQHQW)\ Y\W"

amikroelektronike. mikroo K\GRUIRURR]YDQ'tI

9éKRGQHYEKRG\ SURFHVX K\GURIRUPRYDQLD WUXELHN V-~
]QtAHQLH KPRWQRVWL GLHORY

QiUDVW SthhésiRVWL D

YEURED WYDURYR JORALWE&FK GLHORY EH] QXWQRVWL G
Y\33LD UR]MHWDRMIYD SUHVQRV"

PRAQQWHJIUIFLD RSHUiFdldm@&ahR, GLHURYDQLH

Y\43LD FHQD WHKRGER&DWRV"

SRW UH E-@qw &A\ONRZVHQR VWL

Hydroformovanie trubiekQ D F K iuplpienie VU{]Q\FK DSOLNIiFLIiFK QDSU D
aNUtaRYp WYDURYN\ SRWUXERDS DYWRXWRRRELFRNORYP\ P|
VDQLWIUQHM WHFKQLN\ GLHO\YRMHHQ VON@HSW WHHARK/ QION\ OHW

2.2 Hydroformovanie plechov[12, 17, 18, 22]

9éFKRGLVNRYéP SRORWRYDURP SUH GUXK~ VNXSLQX PHW
PHWyG\ VD DOHM UR]JGH XM~ SRG D WRKR pL GRFKiG]D N
SRK\EOLYpKROQWRWUWRNY DOHERQNRRKQIERPH YPUR WYIUQHQt
SRORWRYDU QDED RYDQé& QD OLVRYQHtMR PXP GRWBKDGHID SRA&D G
O LV RY QzadvrétejYkomore vyplnenej kvapalinou. ¥UtSDGH W YsdyrfcH&L D Y
YEVOHGQé WYDU GLHOFD JtVNDYD OHQ WOMNRFE RYWD DO L Q)
YRGQHM EGIMWtWDPL NWRWPDIEYWRELD AN PL@LGROK UDQLDFH
PDWHULIO SUHG NRUY]JLRX

+\GURIRUPRYDQLH SOHEXKIRX BPLYRYQtNRP

7THFKQROYJLD VD Y\XatYD SUH ]JKRWRYHQLH GpashatFK URWI
NWRUp PDM~ VSUDYLGOD SUtUXEX =R YaHREHFQpKR K DG
SOHFKX OLVRYQtNRP URIGREILQRR WYHERHEHIHPHPEUIQ\

x Hydroform + MH MHG@PHQVWDYLWH RY WHFKQROyYJLH K\GU
SPHPEUIQRX §L+®EVYQRX pDV"RX |DULDGHQLD SRX&tYDQj
NRPRUD QDS O QH(@)iaXY\D-B\DIDH@iR XU X & QR)XPddtbRaE(B)j QR X
NWRURP MH QDQBVKPPHRWQLYRQN VSRG @4 Kombra AULGUA&R
QiVOHGQH VSXVWt GR tSKUDFRM QHM |SBDIRKADDSUHGQDVWD
OHPEUIQD S{VREt DNRpPONDRY QUEBURLDYD SOHBKO 9QLNQ >
NRPRU\ GRFWRFP®P MH YDEQDXMH SRORWRMPBUWSRORPRH
XNRQpPHQt SURFHVX WYiUQHQLD M Homdt® BaN vratdDd®D O L Q\
YEFKRGLVNRYHM SRORK\ 3RWRP VD YUiWL GR ]iNODGQHM

13
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[ [ ad ]
a) ] DORAHQLH ¢ b)zovretieQiVWUIR WYiUQHQLH d) odobranie dielca
Obr.8 3ULQFtS PHWYGRA4\GURIRUP

X ASEA + MH PRGLILNIiFLRX PHWYG\ +\GURIRUP %ROD Y\WYRUH
GLHORY 3R vtk prevédenichta sSPHPEUIQRX DOHER EH] 3ULQF
SPHPEUIQRX MIidbr]@ HYP@RWRYDU WBROBRPBR i UGHhoV W UR M D
upnXWLX MH SRXA4LWé KRUGQ&DEPOLQRXKRRVBRA MHPH VWU
S{VREtchl piest=RVSRGX MH XWHVQHQi PHPEUIQRX 3R SU
K\GUDXOLFNpKR YDOFD SRG SLjeneWpoh@duV Ri¥sD tderdory G R FK i ¢
SNYDSDOLQBNHV®YMRGHQLH NDOLEUDpPQpKR WODNX ptP
aUR]JPHURYi SUHVQRV" WYiUQHQpPKR GLHOX 8 YDULDQW\ [
NRPRU\ QDSXVWHQi D& SR XSQXWSRREMRWLRIPD BX LRGHG L M
]JKRG@®&VéP YPUNBOWR PHWYG)\

N Piest

Horny ram “"\“”/TQ
S |

Tvarniaca
kvapalina
Membrana
Polotovar

v Piest lisovniku

/ Spodny ram
A 4

N\ B\
a) ]DOR&AHQLH Si b) WYiUQHQLH S

Obr.9 3ULQFtS PHW4YBHBEURD R X

7THFKQROyYJLH V PHPEUIQRX QDFKIiG]®PIMO-RV F§BNMRY SO Y WIQR
NY{OL GOKatP YEUREQéP pDVRP 1HYEéEKRGRX GYMOMHG QDX ME R
RSRWUHEHQLD 1DRSDN YH NRX YEKRGRX W PHaRWVK RFEINHRXLH L

X HHGURPHFKDQLREMH"PKINQGH K\GURIRUPRYDQLD SOHFKRY |
RSURWL YDULDQWH Y\X&tNPMHWHKXNPBRPUUQ X aAMIDtYWYiUQL
bR MH YLGoU4'INDIl @DDYQéE&P SUYNMPRQIHN RBRUDSOQHQI
NYDSDOLQRX 30OHRKRWHE |DRARW®& D ]DNODGDFLX URYL
SULPRP MHKR KoRakte BKYRBEDOWLQRX 3R VS X3)\dHWQIhejSULGU&
SRORK\ MH |[DLVWHQi WHVQRV" PHG]L SRORWRMEURP D N
XORAHIIAWH Y\WFAUNQMWLY"DAQHM KUDQ\ (583 paéhVDGQ XV
aMHKR YQLNQXWt GR NRWRISDQDUI®VWDWDDWRFX VD SOH
OLVRYQtN
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SBGUARYDQLMRWRDMXQ®¥ SRADGRYDQHMadaRitt QRMIEK OM HQER F L
V\VWpPRP |DULDGHQLD &LWOLYp ULDGHQLH WODNX Pi Yéj
plechov.

S - it
a) ]DORAHQLH $RZRYUHWLHCRWYiUQHQLH d) odoberanie dielca

Obr.103ULQFtS SURVWpPKR K\GURPBPHFKDQLFNpKR "Dk

VV~pDVQRVWL VD SRXatYD YLDF QHA GYDGVD" PHWYG
WHFKQROyYyJLH QDa@iplestohD(ED. QLB V"'DKDRWRpPEP "DAaQtNRI
(obr.11E "DKDQLH RGVWXS RYDE.EFK YéE"DANRY REU

Vg d
l
I

|
a) SR X &rofiplebtu b) SRXAIMRIKRRA® c) SRXAGWRMLWpK
Obr.11 OHWyG\ K\GURPHFKDQ@I FNpKR "DKDQLD

2.2.2 Hydroformovanie plechov lisovnicous, 11, 12, 17, 26, 27, 28, 29

B3OHFKRYé SRORWRYDU MH IRUPRYDQé SRG D WYDUX OLVR
WHGD SUHEHUiI NYDSDOLQD .ULWpPpULRP SUH UR]JGHOHQLH F
plechov tjeden alebo dva.

X 9\StQDQLH SO HéKXany . YHYBds®dia@ forming SULQFtS WHMWR PHW
]JQITRUQHN KREU2INWWURMRP MH K\GUD X O LisoMiicaV DIMNRRYii N F

P{aH E\KRWQHM DOHER GWRWYQHM GRItBIRORWRYDUX SRWRF
QHJIDWtY QlddvRcaN Y D U X

+RUQI

lisovnica T~

Polotovar_v_ﬁEL l ﬁ l
L ]
DolQi _—T

lisovnica

a) ]DOR&HQLH ¢ b) SURFHV WYil
Obr.123ULQFtS Y\StQDQLD $IHFKX NYDSDOLQRX
15



9\StQDQLH SOHFKX NYDSDOLQRX MH YKRGQp SUH WYDUR)
ZG{YRGRY SUHpPR VD Y\XatYD SUL Yé&UREHSSARNWIFHKRY Y\VI
7LH V-~ Y\aDdaatBnvobilQyon¥priemysle, aleV~pDVQRVWL V~ pDVWp DM S
tovare.

X Flexform +MH PHWyYGD K\GURIRUPRNPBUWII PXVBYQQFRX WH ]RE
obri]N X3. Polotovar(l) MH XOR&HQ& QD SHYQRP RHPEBRML 30
NYDSDOLQRX MIRFHKIR]StQD QL Ksovhit®® (IREW YNMEL POMWHULIO
IXQNFLX SULGU&RNDWRa®R O/R\Y R YQHIDIO Wt YKeE DHE®EF® HID b D V \
]JMHGQRGX&HQLH RGREHWEMbD cfkRVERIREIQD NXWRKEL" YLDF
PHQ&tFK DOHER Md GNOKRIERX¥ BGDHISOLNXMH SUbv YEUREX
SUR]GLHOQRX KU~ENRX SRD@WKRY PDWHSU{SXGWH \DHIGDR R P
MHGQRGXFKHM UHJXOiFLL S{VRELDFHKR WODNX

2
1
| B8

a) ] DORAHQLH b) WYIiUQHQLH ! c) odobranie dielca
Obr.133ULQFtS PHWYy[@8 JOH[IRUP

X Wheelon + QLHNHG\ WLH& R]QDpWhebBlghi MHN RDOHBXRPHWYGR X
Y\XatYD PHPEUIQM YHWRED MH ]J]DORAHQI Q porhbdod D GRFK

4 H O D VUV RzR.p Guerin proces.

6YRMH XSODWQHQLH QDFK

—3 pi- YEURESO\WN&Ftv GLHO

-5 Vv leteckom priemysle. Polotovét)

1 MH XOR&HQé& QD $HYQHM O

! 2

Tlak kvapaliny S{VRE&t
- : HODVWLFN~(4PHR®WW®Xp t
a) IDORaHQLH b) WYiUQdtb@ial op JXPRY~ ((JOR&RXM~F X
Obr.14 3ULQFtS PHWV)&] :Kt polotovar.

x 3DUDOHOQp K\G#amyl.Rillb® Ryddforiniig MH PHWyYGD SI®X8HYDQi RC
URNRY SRVWDYHQi QD JINODGRFK K\GURIRUPRYDQLD WUX
EEYDM~ ]JYDUHQp DOHER MH WHVQRV" PHG]L QLPL GRFLHC
polotovaruP HG]L K FBLIR@-QB pDV" OUWRQQ LW 8 DNBbP1F.YDSDOLQ\

Hor Qi N F l r l
lisovnica \_I—UL

Polotovar
DolQi |

lisovnica

a) IDORAHQLH € b) SURFHV WYiUQHQLD .
Obr.153ULQFtS SDUDOHOQpPK®R K\GURIRUPRYDQLD
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SURFHV WYIiUQHQLY SWWRIWLD ]EYWDIADWHULIO YR QH GHIRU
SUHWYRUHQLH MH URYQRPHUQ RN W\DWK®It QYD 7PAR LIRTDO IM K N
kontaktom polotovaru ©LVRYQLFRX 'UXKi 1i]D S,\pH @&féyjp ¥fakMH ND O
WYIUQLDFHKR PpGLD Y\adat 1D VNMYOLWHDQRIMWVY HQ D RR/DVWAHW DidN
aJHRPHWULL KRWRYp¥P ~! AEn

LA, J‘
([LVWXMH  QLHNR N i
NWRUéPL VD GRVWiY ?
SOHFK\ 3UtYRG P{a |
otvorom vjednom znich (obr. Ba)
DOHER SRPRFRX

plechov (obrl6 E THV W | N
vVPLHVWH SUtYRGX a) privod cez otvor v jednom z plechov
QDSU JiYLWRYEéP VSF Y

OHWYyGDKMGIQY SUH L
GXWpeGIRPGOLNRYDQ
7DNAH VYRMH XSOD
napr. vautomobilovom priemysle

SUL Y&UREH NRQAW
DNR V~ QiUD]JQtN\ T =

YEIXNRYé SV WIpPRIX p b) privod zakriizenymi plechmi

Obr. 16 ORAQMRLY SUtYRGX WYiUC
medzi plechy29]

+\GURIRUPRYDQLH SOHFKRY MH YKRGQp SUH Qt]NRXKOtNF
Y\WWRNRSHYQRVWQp RFHOH KOLQtNRYp KRUptRBRWpH UL VOLRN i C
SODWt aH SRWHDQY SBRXRQYHQPpQEFK WM AKMWHROWYIR GFRKp MR
pre hydroformovanie.

96KRG\ D QHYEKRG\ SURFHVX K\GUR CRIYP RY DSRIDR YSXCHF
sSNRQYHQpQéPL WHFKQROYJLDPL V-~ QDVOHGRYQp

Y\44UHRPQRPHUQHMAELH UR]JORRSRY U KXDWIYVUD KS@®p K R OFO H
PRAQpP Y\WYRUHQLHuYIpEHM K EN\ GLHO
Y\43LD NYDOLWD SRYUFKX
]QtaHQLH SRPWX RSHUIFL
QL&ELH QINODGNQDVWEYVWRANRERWUHEQS& SUH LFK YE@YRM
GOK&LH YEUREQp pDV\

YIpaLH SRORWRYDU\ ]Y\pDHAGH DWK\@DBNKM W O DANE\L HW R P i
]YéEZHQLH SRALDGDYNRMGID DM UQLIDGNQLMHKR FHQ\

17



3. 79E517( 126V 7(&+12/1*,, 3/2a&+2 79E51(1,9%
[1, 3,11,17, 30, 31, 32]

94HREHFQH HM®@ARORHQM F KURFAH R X j@@atigkBwanidielov bez
YiG9 WHFKG@GRO®REQPKR WY iUQHQ{N REH@EE RIMBMWdILéBU
WYiUQLWH QRV"RX UHVS Y\pHAUYSDQ LRV Ho@mRREUS SIBDAVIULLE DX \
WUYDOR Pbe® tohoWYP\WU G RMBRRNS R2aXEHQOAEIR RPHFKDQLFNEFI
podmienok QDSU WHSORWD WUHQLH GHIRUPIFLD UBFKORV" GI

Vhodnos' PDWHULIOX SUH S<gaRagpp< MHY i X K Bi|GRiafidxtafistikerni D
plasticity z NWRUEFK QDMYIpadt YSOS® RAEDM BR XYW RVP XYM ~
Yapomer medze klzu medze pevnosti+ pre koy sYH PL GREUéPL SODVW
YODVWQRV"DPL " BBWHQWR SRPHU

“"DAQRWYIUBRWHVDIDYWARMHDVWRP, "DAQRVWL
Y.kontrakcia + rovn&ko ako upredFKiG]DM~FHM GHIRUPDpPpQHM FKD
UNRQWUDNFRtP SODAND #MH KRGQRWD NRQWUDNFLH WEéP

¥%pRPHU @R ID U LpheRaretiepr MH G{OHALWp QDMPI| ORJDULWPLF
okamihu straty plastickej stalby,

¥%V~pLQLWH SODVWLFNHM QRUPIORYHM DQL]JRWURSLH

Y2 V ~ p L GBLO/EHrgzotropie
¥%e[SRQHQW GHIRUPDpPpOUWRKBWHIHYOQRWDMM~FRX SODVWLFLW
exponent > GREUiI SOGN M DROMMDIMHQWHUYDOH. Da

Tieto ukazovatele eharakteristiky sa]LV" XM~ ]JiNODGQéPL PHFKBPQLFNEP
VN~aNRX "DKRP DOHER WYUGRVWL 6N~a4ND "DKRP1VD URE
QDYLDF VD SUH XUpPHQLH QLHNWRU&FK XND]JRYDWt
upraveQp Y]RO@®W\SU SUH PHUDQLH H[SRQHQWXRANHIRUNDDPK PIGK
oVN~aNX WYUGRVWL Y\XatYD VD QDMpDVWHMALH PHUDQLH
SRFNZHOORYX PHWyGY , ~''*"~~~" AR
KUXE&4LH SOHFK\ PHUD
6N~aNDPLRVWYUGVYD ] *
LQIRUPIRWHRERV N\W X M -—= 380f
odhad OPHFKDQLFN&FK Y& a0
PDWHULiIOX ©

Na YéVOHgoRaw WYiUQE |
RNUHP RDpblétdvari Y SO @V &
DM DO&LH pLQLWHOg ™
arozmery polotovaru, geometriiZ 100}
aPDWHULIO QiVWURMP §
SRORWRYDU GUXK
SRYUFKX DSRG SDU %z & ©
VWURMDNeVIBW iYQ\P X _ PomemépredlZenie e [%]
WEeFKWR SDUDPHWURY Qpr.17Vznik/*GHYWR GHIRUPIFL
vzniku GHIHNWRY ]3> OIR\ER -

. ) VN-~BAH
WYiUQHQt SRYDAXMH

X YJQLN ORNIiO Q Krling) H-$trath PliaiStickk] stability
X zvlnenie stientstrata tvarovej stability,
x ]JPHQD JHRPHWULH QDSU RGSUXaHQLH
x znehodnotenie povrchtt/*GHUVRY i GHWbRUPBERMDUDQPRYi aWUXNW ~|
XUWHQNRVWHQQéFK SGHFKRY ORNIOQH Y\GXW
18
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Liidersova deformacia




‘'LDIJUDP\ PHG]QHM M/ M,i13683%36 QRVWL

V priemysle sa limity SORERWYiUWLQ@HQVWD @&noeoM ~XND]J]RYDWH RY
aFKDUDNWHULVWWRE P DWWEEFHEG RDOHWM2NDBPWRRKIR V~ YabD
YH NHM PLHUH YGADYWIMH WHG]QHM W ¥ addD Euvin@IRMtW L ) /!
Diagran).

1DM]QiPHMLEA}PGIL D J U D KeelRréa Goodwina(K-G diagram) |REUD]JHQé QD
obr. 18 Najeho YHUWLNIiQOQ IOHRY KRGCOPRVWEBK Y |I[GBRERULWPLFNEéF
SUHWYRUBQtSDGQH SRPHUQEFKROURWWROEDt MG DNGNVM D
ORJDULWPLFNpr GHHRVGSPIBERPHUQRA GHVRUIPIRdrHSMereY RpL

K O DnuQ@netvorenu. Diagram V D V N Qllochikvadrartiov. Keeler definoval kvadrant
"DK"D(dre no>0). 'U X Kvadkant" D Kilak (pre n<0) ERO S RGSdadiihané

9\]QDpHQpPp RHGYQMM WY iEFL YaHgIQ Roviwhg Limit Curve na
REUIINXSUHVWDYXM~ OLPLWQp KRGQRW\ ORJDUWAMRPLFNEFK
resp. @ a Q. Takto e GLDJUDP UR]J]GHOHQé QD REODWAId Ertigoies Hp Q é F K
aREODV" NULWLF Q& KveEURGEYBGHQtP WHKWE LKMNDQERHSHpPp QF
(vOLWHSDPWD-XMiIG]D Y]QLNi Rffetv@r&éhiaNULWLFNpKR

I S | Oblast’ porusenia

= = 8. S N
EEEES SRS SN,

O ey Kritické pretvorenie

Mozné zvlnenie

— Oblast’ zvlnenia

Nedostato¢né pretvorenie

Vedlaj$ia deformacia ¢,[-]
Obr. 188 6FKHPDWLFNp PREUDJHOPMH PHG]QHB4IWY i

$QDOEID Y]QLNX GHSHNWRYPNDKREBERQOD SYUHMWRERKXHQWRU
Y\QHVHIQ@ dagtamu 7DNWR MH PRAaQp XUpL" RNUHP VWUDW\ SO
typu zvinenia stetnyDOHER V \6bt.QIBH QWKIRGQRWHQtMH BIROWERP PRAaQy
HOLPLQRYD" Y]QLN WéFKWR YiG QDSU JPHQRX JHRPHWULH

Polohakriviek K-G diagramu]iYLVt QD YLDFHUéFK IDNWRURFK SUH
PDWHULIOX DO&tPL Yé&]JQDPQéPL pLQLWH PL ekppnBrivp RYSC
GHIRUPDPpQpPKR KUSHENQHQYYDUQHQPWRSPBRWBWDIQRORAYMWDM~F
KRGQRWRX H[SRQHQWX GHIRUP DjpQupK RiviekSudat@obh @in&e G R F K i C
KODYQpKR SUHWYRUHQLD 5RYQDNEé YSiG\WEWDN WREN\p SR
P DW H WNapfeX nehomogenity ¥ DG\ PDWHULIOXSRSXORBEVQWL & &t\P N
KRGQRWIiP KODYQpKRYSIGH\W ¥ R R HYXSBDdagamy alatia len pre
NRQNUpWQ\ PDWHULIKUWENNXQERBDRWRINSDWRXV X D
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Prezis"RYDR.CHKHa P{aHplikRYDVHRUHWAFREBRYEWNVERUEé Y\FKiG]D
ZKRGQ{W SRPLDWRPQHM[KRQERIW XS OGHIKRUPDREQPORtFKSHY C
SDUDPHWURae YV RYWIBR[SBULPHQWIOQH XUpHQLH

32=LV"RYDQHHSHULPHQW i QR X, 35, B\XAER %, 40, 41,
42, 43, 44, 45]

([SHULPHQWIi@eQS RSUY\DWXSY QREANFPI®G K20p811ay61l (1 ,62
120042. TvorbaFLC touto cesta Y\FKiGIEUHGSRNOPRBXXEHHQNX PDWHULIO
vmieste sSQDMYIpatP VWHQpPpHQNREG N WHRHQLNS OCOHRENXD® @B NAUHH R YP QALLHD
K XUpHQLXniggtBRKR W RX@ DWDp D ¥ W\W G D HS U H WKIbR U IRQI IUDH R/ LIDHQWDLO €]
G HIR UPoskytuje aj predstavu eDWHULIORYRP WRNX RKQLVNX SOD
oblastiachsQiURpPQéPL SRGPLH Q& retovaadtiRUsplyd tkenia na proces
WY I UQBHWQULFHSYYWSSRptER]IRURYDQt SUNRYYRDH®R YS8OdEK X VN~ 2
vzorky. 1DQiaDQLH SUYNRY VD UREt VLH"RWODpPRX OHSWDAQ:
3RXaLWi WHFKQLND VD YROt WDN DE\ QHRYSO\YQLOD YéVvo
DOHER Qt]NRX SURVRBNORXVLHWH D/YL G\HYARQUEPQ.p [REE UNDHIF D P |
] R E U DgjiHabii ] N XO.

>

. N . .,
2 20 I 2 T
N oA A A A A A
Y Y Y Y Y
N oA A A AN A

>

. N N N, N

FY YN
Y

FY V ¥ ¥V V¥V N
N A A A A
¥ Y ¥ YV Y ¥ Y
oA A A A AN

N
.

'HIRUPRYD]RIPN\ GR FpreS@dreniu Nanesenej sietBULWRP P{aX QDVWD"
SUtSE) 20) V SUYRP SUtSDGH VpretREha NOPENQAp 'UXKE SULS
predstavuje stapretvorenia kedy KODY Qi
GHIRUPIiIFLDaNH GIdD@®NBEIRIGLP i F L li , h
MH ]JISRUQHWR QDSI"RY VO D Y\
FKDUDNWHUL]XM~ KeblétD G U BOW—]
Godwinovho diagramu. .’

_.UXKRYp SUYN\ GHIRUPR
WUDQVIRUPXM+0OQB QH GRS HQ 1
OH &mere PD[LPiGQHH RIU P iNFW

H - B
TR bk I

saSUH ORJDULWPLFNE&RW

Ts L Zé’ a (3.1)

kde: my +P D[ L P i OKQODD Mguiitmicki G H 1R U RJ,F LD
I, +G &ND K G Bligsp[rmM], RV
d+SRPpLDWRpPQE SULMPMHU SUYNX VLHWH

9HG DMALD RV FKDUY B SWISHEIHRNMMHFaA/FARPBHW ORJIJDULWPLFNH
GHIRUPiFLH MH SRWRP GDQé& WRXWR IRUPXOiFLRX
TGLZéé (32

kde: e +Y H G alolyhditmicki G H 1R U RJ,FL D
l, +G ANB G Dddipsyimm].
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'HIRURVAMLPHUH K&MENX\SRptWDQi JR ]JiNRQD |DBRRYDQLD RE

T, L FTs F Tga (3.3)
kde:re tORJDULWPLFa&vi VAPHH R R B blinkjyzaRy -]a
K-G diagram ]DK D YL ek

GHIRUPDpQEéFKIPYFRpRDM - . TRovinne  Dvojosy
WUDQVIRUPIFLH SlU YRIERARY \ Jednoosy tah pretvorenie  tah O
VD ]tVNNFOROCBLOLHQV RP,PY FREKIi G | | A v

]JR JINODGOQ®AKULIORY & RKV pr‘“ame’
Y\ADG XM~ U{]Q Ha REQmRIEK i
DOHM EXG~ SRESUDBDRWY

VN~a4DQLD PDWHULIORY ¥ e ey
\ ¢y
X IDKRYi VNt~l§IIHIDSRXatYC15tysmyk“3\ H
XUpHQLH PHFKDQLFN a; CNg,
PDWHULWDHAD )/ 7HVWI °
YJRUND MH SUL H[SHU g

GR RNDPLKX SRUX&HN!'DN @B\ EDAOI
JtVNDQp LQIRURIFLY FE Obr2l 6FKHPDWLFNp IREL

/& MH SRWUHEOp ]p GLDJUDPX V GHIRURSBIQ

~

VNREQpPKR WHOHVD ptP VD GRVLDKQX WHGH @MSGRNUPWR
VWRS\ 9éKRGRX VN~aN\ MH MHGQRGXFKRV" bR VL
aY\KRGQRFRYDQLD DOH DM VWURAMOpPKRLY HEOMHDH DV W
2EPHG]HQLH QDRSMRP VERPMHYDWYDNWR SRStVDQKEIHQ *RR
diagranu, ne<O.

5 Y( OC p g P =

bo/2

bo R=b, R=by2 R=by3 R=by4 R=by/8

Obr.22Geometra YJRULHN SUH XUPRYDQLH33/& "DKRYRX VI

X +\GUDXOLFNt SWUNBEINB VN~aN\ MH JREUD]HQé QD REU
RNUDML SRPRFRX SULGUARYDpD NWRUé V~pDVQH ]DL
NYDSDOLQ\ VD Y]RUND HQGB Y B RINAJ GARL IihirEeKKaEWWsaR EO D V' W
UR Enapr. zmenou geometric
"e S{YRGQ& NUXK Taznica
PHQt QD HOLSWLFNG& / Vzorka
VSRPptWDRF &H Y]RU _ \
v kontakte sQiVWURMRP |
eliminuje vplyv trenia.Hydraulicki
VNaiMD SRX&tYD SLU|
Keelerovho kvadrantu K-G -
diagramu Obr.233ULQFtS K\GUD X3BJLFI

21
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X 6N~3ND SRG D +#I1BDNWMIDMISRX&tYDQHM ddje odlbstiaDP Y
SRStVIQRUPH y61 (1 ,62 3ULQFtS MH JDOR&HQé& QD GHIRU
XSQXWEéFK SRPRFRX SULGUARYDpPD S{VREHQtP SRORJX
YL RE&JOLQLPDOL]JRYDQLH YSO\YX WUHQLD MH GRFLHOH
TribologiFN& V\VWpP MH YROHQé& WDN DE\ NX SRUXAHQLX G
"D&QtNX 1D UR]JGLHO RG SUHGR&0O&FK VN~aRN XPR& XN
v celom rozsahu=PHQD WYDUX Y]JRUN\ SUH SRNU\WLH NODGQé
JREUDJHQi @D YWRWN\ 7 VD& Y\X&tY pogis-linBtheHkrivky K-G
diagramu ] DYD GRSIEKRID VN~aN\ MHRPRGX FKRVWLHA@ VW U
WHVWRY D @&RHO W H OIS IO GG NX ]YOQHQLX Yé&"D&aNX

01052 ]

N Y | \ N | | |

Z

,, 5 6 7
T e e— \
@100 +2 -
a)pULQFtS VN~&N\ . b) YJRUN\ SUH VN~&NX
Obr.24 6N~4ND SRG [89)DNDMLP\

X 6N~aND SRG D &@PBHAMYAMDNDH SRStVDQi Y QRURH y61 (1
BORA&HQLEREQWKRHVYD SUL WHVW HotvbkbmUdpHeéme® Pon QRV LP R
]JY\PDMQH mmp aN W RIUEH ] S bmX/kbtd @&@nom miestea KRPRJIJpQ Q X
GHIRUPIFLRPXVRWNY RE H@ANHURLQX P iO Q bu UMRACRHAKD
vzorka DE\ SRpPDV H[SHULRHXRXSGHE REQBEXKY NLHADNR X
PR&QpP ISR¥YADF .QUPRULPHR YQRVLpPD Khatrictll p@HMGRARYDpPRP
(0br.25) 3UHWYiUQHQLH Y]RUN\ MM D®FRNBBMRMO 8 FKRPH Q11
b H O BReréromD = 100 PPOD]LYR VD P{aH Qiiet&iDrhe@HQ Y
QRVLPpRPAQtNoRANP-dNdRytfe FHOé SULHEWHK YKRGQHM ~SUDYH
SUtSDGQH .DM "DaQtNX

@(1,2-D)

o ®
Do e,
Vzorka \0,,9..

|
1RV—L_|;L§ é‘?
3ULGU~—— o
— |
IDAQEN— |
DA B -
D

Obr.256 N~aND SRG D4AIDUFLQLDND

3R Y\NRQLQtUMNSE \ONVORINEXMH JLV"RYDQLH SUHWYRUHQL
siete Y\QiaDQ KIGRli@@@mMuK WRPX VD SRIXBEHEMyGWRUpP SRVN\W X
U{]QX SUHVQRV" QDPHUDKQWRK PYHAN G\ CIKBOYDA\KMIHGthid

KODYQE¥HIG DM&tFK SUHWYRUHQt S U IOKkRIQ BibéeHrelzisiedi® \FK G L
WEFKWR SUHWYRUHQt PR&Qp SRXAL" PHWYyGX NRQHpPQEFK Sl

Jednou zZQDMMHGRR PXMKYEG MH PHUDQLH SULHK DGQéPL SiVNI
KRGQRW\ KOBGOPMRLEKR SUHWYRUHQLDNN-FBLQNDD GRM U FKI
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VEKRX PHWYG\ MH &H SiVN\ YBM 1DGIRE Y HGRSEREAE
VWRMt Yé]QDIPVPR NQ HNGARRWE P MH Qt]ND SUHVQRV"

V GQHAQ M GREGIGDGHHBD RISWIL FNEPL VIVWpPDPL NWRUp S
SUHVQRMVWDLR WHIW W R V NCK ¥1L QW pRIRERprtARGUS aARAMIS od
VSRORPQRVWL *20

0 ARGUS +* je SRXAatYDeQ®Q®
procesov. SORAQpKR WYiUQ
v automobilovom  priemysle. Meranie
Y\FKiGQD SUtNOHDWYy G\ SU
VLHWL NHG\ MH QD SR
GHIRUPDpPQiIi VLH" 6WUH
UHIHUHQpPpQéP BRIDRODRM
GLIJLWIOQ\P &&' IRWRIDS
SRK DERYRQ |IRW R bIdhaV
V~ JLVWHQp &SHFL{@®Q 26)L e
JRWRJIJUDPHWLFNDP D O J e
JtVNDQp REUD]\ SUH XUpb
v priestore. 1iVOHGQH VD SR
geanetria SS{YRGEBXOHGN\ SRVN\WXM~ LQIRUPGRNK HG NXVHC
WYIiUQHQLD GHWHNRYDQLH NWQI2HWI§RK PLHRWUD)XM
YEVOIRGNDQLD SRHEWDPBRBPH IDFLL GLHOFD SRPRFRX V\VW

Rozlozenie hlavnej deformdcie [%] FLD
eetenemncnen . !40

; 35

B (30

b 25

20

=15

0
-20  -10 0 10 20
Vedlajsia deformadcia
Obr.27 9éVWRBUDQLD V\VWMRRP $5*86

o0 ARAMIS t URYQDNR DNR $5*86 MH YKRGQé SYBRHPRHQBPRK H
(vUGRFK PHWURY DM PHQatFK GLHORY Y UIGRFK PLOL
PDWHULIO\ 5R]GLHO\NMRURP.L QFH® WR SWWRWpPPSSHORAEM
PHWyGDP QLH MH SRWUHEQpP Y\WYiUD" GHIRUPDpPQ~ VLH'
Y\WYRUt NRQWUDVWQé Y]RU NWRUé& VDDSDD\]R YIDAHEPt
WHOHVRP 7TRWR MH e
kamerami glefinovanou polohou
aQDWRpHRDpPR YHEH R
l1iVOHGQéP VSUDFRYDC
JtVNDQp SRORK\ V~UD
SRYUFKX WHOHVD 6Qt
vSRpWH QLHNR NR WL[.
VHNXQGX bR XPRa X|
YaHWNEéFK GHIRUPDpPQéEFK VW
SRpDV ]i]QDPX Obr. 28
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4.0(71'$ .21(y1l é&+ 359.20, 30, 46]

SRALDGDYN\ QD ~VSRDXX QINORGRYQBOPL G{YRGRILHSHADF
WYiUQLDFLFKWRIWDRFUVRKY Y\X&tYD Y @SHRYWER YD GRAVWESQD \
SUtVWXSH VD GHOQRP@HL IDRNPO \MLLFOSHR/D K N XAVHWS GHNV Qp ULH
SULQFtS VSRptYD Y K DGDQt JiYLVORVWL NWRYWIXBIEVXM I
SDUDPHWUDPL 3UREOpPP SUL D S\OSRIR YYDECHERB QIH\MQ - INi ©FK\ FF
URYQIFK DGRPHRRHWULL WHPX\VD"DSWRBXHDAHORYE&P YODVW (
QHPXVLD E\" YA&G\ ULHALWSUBFR 78RKAH.VG{MRBEPHG]XMH C
MHGQRGXFKEHIIOQ@ORXURFHV\ V~ RYH D JORALWHMA&ALH D WX
numerickp PHW.yIG ich UR]JYRMX S WRIW SHES RhaN R Y N rondidIiFadQ L N\
DQDO\WLFNéFK PHWyG MH ULHAHQLH RYSO\YQHQpPp QXPHULF
REODVWtGRRYADWIN~F D

Jednou zZQDMSRXatYOXQPRHWALLFNEFMHPPMW GG D NRQHWKPEFK SUYI
angl.Finite Elemat Method =iNODGQRX P\aOLHQNRX O.3Témtd pajdtw GLV NI
MH PRAaQp FKiSD" GYRPL VS{VREPL 3 pN &oodm] aDEJelBERSLV X N
kontnwm QD NRQHpPpQé SRpHW JHRPHWULBXKEMHUEQRE XM KEW KRG
SULHEHQtP ~ORKVERRQDPHNQLIDEK QDPLHVWR ULHa@4i D SURE
VD IRUPXOXM~ Y]"DK\ SUH YéESRpHW QH]QiP\FK SDUDPHWURN\

419R EMOHPHQWRY NRQHp@BIVEMWRYHM VLHWH

0.3 VSRptYR]GHOHQt WHOHVD QD PHQALH IEhGspPMIQQLP W]Y
SURVWUHGQtFWYRP \s8RORHMREGKpQRISAWBERWR Ui MH GHILQR
QDVOHGXM~FLPL SDUDPHW!InDI

%YH NRWov £ SUYN\ PXV £14

GRVWDWRpPQH PDOp
SRADGRYDQ~ SUHVQI

SWeéP  Y&DN  V~YLVI .
Y&SRPWRY HW LQR bi R\yER / :
% SRpphMov +sUDVW~FLP . RieSenie ziskan¢
SUYNRY QDUDVWi SI pomocou MKP
I
|

¢ina

Presné rieSenie

Skumana veli

7iWR ]iYLVORV" DOH
XUPpLWpKR RNDPLKX N,
WRWSS®LPiOQ\ SRpHW Potet prvkov

NWRUpPKR SUHNURp
k DOaLHPX ]JY\aRYDOQWl
obr. 29.

Yutypy prvkov £ ]iYIRVSUHGRY&AHWNEP QD JHRPHW UAtdgram@ DO \]RY
Y\X&tYDM~FH 0.3 CGRMNYBIRMUYNRY MHVPREQPGHOL"
ZYLDFHUG@F.KN BMp®WWHMAELH VD XYiG]D UR]JGHOHQLH SRG

MHGQRGLPHQ]LRPRiGRH WUWNSU~WRSRXAUWYINN~ VD Sl
UHSUH]HQW iF L RRRVEGIN RR @AW UXNFLt

GYRMGLPHQ]LRdDi.GM)H SDFKING]DM~SYLXYILWEHQt URYLC
~ORMHGQiIi WIURMXKROQtNRYp &WW RULDKER/GVQIDE®R Y p D8
Priestorovptel HVi NWR U 8 FK MURRGRHRWP WPHUH VSUDYLGOD KU
RVWDWQEéP UR]R®H LPRRPSREBHIDERWIDXSLQRYEPL W]Y VKHO

WURMGLPHQ]LBQI®QH S DHNN\ K GXNWSDIGH NRPSOLNRYD (
~ORK QBM®DWGH YLDFRVHM QDSIWRVWEW%BIAQH SRX
AHV"VWHQQpP WHOHVi
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BUYN\ V~ RNUHP GLPHQ]LH FKDUD N WoeEyWLNRNRDIEF S B [BVIDMP- X
QH]QiPH SDUDPHWUH ULHAHQLD -RY®O®\YDXNHI M D OdN X R
YEVOHGWRM Y ESRPWRYWRKBRFRQRWGIEVND VD SUYN\ GHOLI
0 OLQHiGQMN\ PDM~ X]O\ OHQ @cNRQ FRRFStMDHONPS OYQHIU
funkciami,
o NYDGURWUNNp PDM~ QDYdirede KU BNMSHYW N\ V~ SRStVD
NYDGUDWLFNEéEPL IXQNFLDPL

425LHAHQLH ~ORMKN [IYA1X48, gV t P

5LHAHQLH ~ORK SRPRFRXGDQV RFER YD YOHGRWLYDKRR/ WLV
QD RNROLWEFK BlezGRLSRIIYPIQI KRGQRWDPL n&WNROQDGHRO L
Y\NRQDQHM $NQDUDE|MHIESDLMRIFLX RE®ADYWL WYiUQHQLD Y
SUHGRYaAHWNE&BGHQSR'TRIYR SUtSDGQH WHSOR®IRDRD ®@ HM
DQDW&]H DGDQéPL YHOLPLQDPL

%]ORAN\ SRVXYRY X Y Z

%]JORA&N\ SUHWY RYHQJ,

%]OR&N\ QDSIWR 2 2.

=tVNDQLH YAHWNE&FK QH]QiP\FK MH SRB6DRH®BIGH Y\ULH:
URYQRYiK\ GHIRURDpQIH DBRWQQLFM URYQtF PXVt E\" QDYLL
o RNUDMRYp SRGPRXWIN ENWRSPQHQpP QD KUDK MIGRA HAH
k YESRPWRYHM QiU Rp.QHRENERDES G R ¥ DB KRYDOQPL QQALQ M \FK
YHOLPtQ 9 @U@HIREBNVIQE VNXSLQRN]QHFK VSRUREEPHIK X R ¥
OHQ MHGHQ W\GDSH]QI®PRAN\ QDSIWt NS/RRIQMUEFDN WHBRIGX M~ S
k ULHAHQLX GDQHM ~ORK\ =iNODGQp S WiaAKQRRWDIONDS | DRV &
LFK NRPELIQHMLAD SUtVW XS\ VDSRBRBW HPRKR BNHOM DRUPXOIiFL
na GLIHUHQNIDOQMp®@p 3UYi IRUPXOIFLD SRSLVXMH SUREOy
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URYQtF 9DULDDPQI IRURPBGIFQD WISRHPDDY S UiREhOgneraDNR VW
DQDO\|RYDQpKR WHOHWdINGRVDKXMH H[WUpPQX

V praxi je najlastejée vyuavan édeformam éprstup Y NWRURP Y\WWXSXM~ DN
parametre posuvy.9é SRIWHWWRPWR SWFKDGKY. [DIJUDQJHRYKR YDULD|
SULQFtSXSRNGHMER KRYRUt QDWBHGRMWONORKH GHILQRYDQEFK
SRVXYRY NWRUp PXWRFPFHWUKLKRXR¥DRNIUHD M R Yoédmieaka@ PLHQNL
VSRMLWRVWL WHOHVD VD XVNXWRp XM~ OHQ WLH SUH NV
KRGQRW\ pLaH ¥YRMKR PLQLPD

Typy ~ORK 0.3ign ci®li problematikyZ pDVRYpKR K DGLVND V~ ~ORK
SWDWIGRRD PLFEI\QBPLFNéFK PRGHORY VD XYDaxXMH VR JRWUY
JUDYLWDpPpQp JUBFKOHQLH DOHM VD UR]OLA&X®HOLMRAKY QI
Nelinearita ULHAHQ p KR B 8RE{QYOHXGavmRdwicle)] a P D W H § lnenBayity
aWwLHa NRQWDNWRP WHOLHYV

$SOLNRYDQtP /DJUDQJHRYKR YDULDpPpQpKMHERBL QFUDXY RPO N
RGYRGHQIiI ]INODGQi URYQLFD 0.3

U® LG (4.1)

kde: K tFHONRYi JOREiOQD PDWLFD WXKRVWL
U+FHONRYi PDWLFD GHIRUPDpQ&FK SDUDPHWURY QF
F+FHONRYiI PDWLFD |D"DAHQt

7HOWR Y]"DK SODWt SUH OLRUHHGYM DY YWNDKV LFFINW L FRR&\ |i
OLQHIUQ\FK DOJHEULFNé&FK URYQtF 7YDU ]iNODGQHM URY(
W\SRY PrésRW L ENHOLQHIUQH ~ORK\ SODWR MHIOG Qvdbidd I R PY MW C
FHONRYi P D VKLéfOnkaioipeswowL1HOLQHDULW\ ULHAHQPKR SUREC
VSR DKOLYRV" ~ORK\ MH QL&4ALD RSVRBRpVWWDMH. 8 KE LO\LHDNH
YHGLH QD RSDNRYDQp ULH&HQLH V~VWBY\HURYBWR =iORK\
QDVOHGXM~FL WYDU
g: ;® L @& (4.2)

UG\QDPLFNéFK ~ORK V~ K DGDQPYDHO LiNOD Gl G MHFQR X QLO-V
SRG D WRIKRD@HER QLH MH ]JDKUQXWH H SOQDRL.ERHQLDY Q+Y
WOPHQLD #3PWt Y]"DK

0®EI® L 6:5 (4.3)
kde: M +tFHONRYi PDWLFD KPRWQRVWL
“FHONRYi PDWLFD JUEFKOHQt
=DKUQXWLH WOPHQLD MH SUREOHPDWLFNp SUHWRAH VD

NRQAWUXNFLD SURYV WahyGveHrovnicHi&RIstv@8johaticak =iNODGQEé
SUHGSLV SUH G\QDCRPARQpP~-MRKSRWRP GDQé Y]"DKRP
0®EARCEI® L 6:- (44)

kde: C tFHONRYi PDWLFD WOPHQLD
6sFHONRYi PDWLFD UFKORVWL
'"\QDPLFNp ~ORK\ V~ ULH&HQp LP S Qlgéritver®. TretddmjMER H[SC
V-YLRLDSYWRERP pDVRYHM LQWHJIUIFLH URYQtF D

,PSOLFLWQé&1DMB3RULWP XYV

,PSOLFLWQé& DOJRULWPXV Y\FKiG]DVHRSNQ i PHEISR [FNHH ABHIQH.
VPDVRYRP RNDMRIPKXDNV]tVNDM~ QH]QiPH SDUSDFIHHWGE I RN R PG
SUtVWXSX SUHGVWDYXM~ PDWLFX SRVXYRY
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3UH SUtSDG G\QDPLFNHM ~ORK\ EH] pMOvIMa@ LD Pi SRKV\ERY

0®LHyEU® syl 05y (4.5)
' &ND pDVRY pK&DNU RN XD KWRP
¢—L 5 F —ga (46)
+ D GIU@ F K @ RM F KaOVH QvL\ M DYGWHD@P)La (48).
DosoF g,
GyL U—a 4.7
k&yF 6o
7>uL@U—__é (4.9)

<
=UEFKOpb@OMIR RAMY\XALWtP Y]"DRXPXORYD" SRVXYPL
sFU® E 5y,
74 >U = 2054 (4.9)
3R GRVDGHQ¥) dgM4Bax-SUDYH MH JtVNDQIiSWH/ WDNBDQURYQHREQI
posuvov Vvvare:
0 0-0E0 @U® F ,y;

DYi VWUDQD Y]"DKX SUHGVWDYXMH &a QHQQAFHKPLF N
SRVXYRY 3UDYi VWUDQD MH R]QDpRYDQ& BRR RP QULP I EWN [
V~VWNWRRIUPIOQH SUWHEDMIFRYE SUREOpP
8® .yl &a (4.11)
$N VD ]JDQHGEDM~ JRWUYDpPQp VLO\ MH PRAQP WO~pL" |R

7P SIGRP SUREOpP SUHMGH GR7BLMAH®{IR GinvBdmbHER VD RO
DOJRULWPH KWRYERHOQDMWIDIMWLFNEFK ~ORK

9 QLHNWRUEéEFK SUHSMERBRKRWAQHBEHKKL pDVRYEFK NURNRY
SRptWD" pR JY\AXMH YESRPWRBOIFURPERR"DOJRULWPX SO
VWDELOQpP EH] RK DGX QD ]YROHPreto® A NXXEAPRRYP KK ONLER K
PDVRYp NSIRNSRPIRKUDGQL" NOHYVDMMeFXpd@dhHUHEL'HKD SRG I
SUtUDMWWRM R QpKR DOJRULWPX - FIRSKIM R R Y B QB-RXH WMZBEM R Q
LPSOLFLWQpKR DOJRULWPX VD REPHG]XMH SUHGRY&HWNEé
G\QDPLFN p HFoaRoumelinearity

([SOLFLWQeé[m@ERULWPXV

([SOLFLWQé DOJRULWPXV EXGH WDNWLH& DVRPWR SQ$ DGBL
MH DOH PDWLFD SRVXYRY ULHAHR I YSUORMD YRY & HRNDPILAKQ
GLIHUHQFLt NWRUi MH SRXALWi SWH HAKRER[VRRALX WD R
URYQLFH MH QDVOHGXM~FL

0®/Eu® L 6. (4.12)
=UBFKOHQLH MH IRUPXORYDQp Y]"DKRP

JFU® E o
LyL—= 5 ~a (4.13)
3R GRVDGHQt ~6SBDYH MB JtVNDQ& Y]"DK SUH Yeé
POSUVOV.
a U® F s,
®>ULoFu® Ey®7 (4.19)

C
= MH JUHMPp &H SUH Y & SIRD W RVSKREIW t.F£ M DS R VRKYI B YD Y
Z SRK\ERYHM URYQLFH SUHGR&OpPKR pDVRYpKR RNDPLKX
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$OJRULWPXV MH YKRGQé SUH VLPXOiIFLX UEFKO\FK G\QDP
DQL SUL YEUD]QHM QHDNWRHD \H&IBWR FGEHMpPLX pDVWR VSRM
YH NRX YEKRGRX MH YESRpWRYi UEFKORV" DOJRULWPX

3RX4LWLH SUH VWDWLFNp ~ORK\ VR |D\@QHEEDQtP FROMULY
hmotnostM VD DOJRULWPXV VWiYD QHSR X &L Wabilit® @GoritBuUR EOpP
MH SRGPLHQHpPQH VWDELOQé 6WDELOQEé& YEVOHGRN MH SR
GRVWDWRPQYRAPOUD Y\X3tYDNIRWRFYQBRRLKRGEQRWRX NWRU]
VLHWH D UBFKORVWL &tUHQLD JYXNX

4.3M D W H Uamddér[Y, 11, 17, 30, 32, 46, 51, 52]

'HILQRYDQLH PDWHULi®R WMWiK RUREGHIDIR MREK]Y SUHSURFH)\
2NUHP WRKR WiWR SUBSUDKXDJWDRPHWURRGEHIOK PRE®HEXDQ
GHILQRYDQLH RNUDMRY2RW \SEREZGHLH PN DS RI®R YEVRREH @2 ~
YESRPWRYEPL PHWYGDPL DHOGIE&RRPNPIRYDMHQORNORKHRYDQLD P
]D"DAWQPHFKDQLFNP]KCCIO/RPYURMMBIUtSDGH H[SHULPHQWIOQH
Y\X&tYDM~ PHF K D @LIFN[pDYW-EME R P

IDKRYNaaN\s R ptAD'DARWI R WNM\G QRRVR X, PYD B DMRH RBR RNDPL
lomu. 3RpDV Vs }BNQDPHQiYB{VRED&FRRorkyfa SUHG &HQLH 1DPHU
KRGQRW)\ VD QiVOHGQH VSUDFXM~ ptP VD JtVND

%]POXYQ@ancQ DS IMELHH R U P1EY D

% VN XWR p Q éQ®ISIHHIEIHDIR U PHE i) D

=POXYQé GabhRBYDPUHGVWDYXMH ]JiYLVORV" JPOXYQpKR Q
SUHG 3NKRGQRWjteFJitPLVORVWL VP QXWRDPBSD'RYPHIRUPDPQp
charakterisky. Z QDSI"RYEFK WikdM HKIAIQd résp. |IPOXYQ~ PH®J¥ NO]X
amedzu pevnostRn OHG]L GHIRUPDpPpQp FKDUDHNWHAUHRAWDREEB WUt
/ILQHIUQD pDV" QD ]DpLDWNX JPOXYQHM JiYLVE&RM¥WUL MH SR
tejto priamky je mTRG X O SUX®ERVWL Y

i 800 Pociatok vzniku
kr¢ku
— 700 oS
]
=¥
= 600 |
e =
500 - ~
400 E 2
. % %
300 | , = =
i+ S~ Zmluvna medza & 4
200 | klzu Rpo2 5 g
p= 3
—
100
tg 0 = E (modul pruznosti v t'ahu)
ol \
0 0,2 0,4 0,6 0,8 1 1,2
0,002
el[-] —

Obr.31 =POXYQi ]iYLVGR\H' RUDEBBFIDH
3RPpDV "DKRYHM VNHEHQ TRRFAKQPGKDSNULHUH]X Y]JRUN\ .H &H ]
Y]"DKRYDQp Q Dri&zpje piiRd G& DIHOMMPOHQ SUH PDOp GHIRUPIF
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V VLPXOIiFLIiFK 0.3 VD SRXAatYD VN X®RIFRQUEAdEF LDV R\D'S | W
VNXWRPpQpKR QDSIWLD QD W]Y ORJDULWPLFNHM GHIRUPIFL
RNDPALWpPPX'ISWIWHMMHIXD DOH YIpaLQRX Y\NUHV XMH QD ]iN
SUHG aHP@DOYQpKR QDSIWLD SRPRFRX SUHSRpPpWRYEFK Y]"DKI

TL Z*sEB, (4.15)
kde:n+ORJDULWPLFNi,GHIRUPIFLD

xtSRPHUQiIi GHH{RUPIFLD

WL P:sE B, (4.16)
kde: P VN XWRp QMRaD SIWLH

1+]POXYQp WP&IWLH

SODWQRV" Y]"DKRY D MH REPPBOGHW iVHRMMHGEER RRY
QDSIWRVWL PHQLWQODOXWH RMBP¥HUR YDULDQW SWiHbldstv NDQLH
od medzeSHYQR VWL GdRnéd) RIFRU NN hDMMHGQRGXFKaLD PRaAaQRV"
a GHIR U P pkdnithu Yomu. =tVNDQé T A

SUHSRMt VR ]Y\AQRX p_a
DSURJ[LPIiFLR XOKrErQ tétrotoR/Xriantu £+
sD SRX&tY®WDWHPDWLFNp, &
napr. SRG D émanaG J

Krivka VN X W R p Q p K Rad@l lzDId&)
JiYLVORWWIQ\ P DWH URIGNRO
VRNDPLKX Y]QLNX SODVMW
96UD]Qé RGNORQ DOH QI

- Zmluvny di -
pevnosti YL REUS$SOLNRYDQp ® Zmluvny diagram ¢ = f(¢)

NOHVYIWYiUD VD NUpRN ® Skutotny diagram & = f(¢)

PUL |DGiYDQt PDWHUL@OI >
V R | W ¥gpdaniostatnaefinuje pDV" HOEL Deformécia
aplastickej GHIRUPiFLH (ODVWObf326FKHPDWLFNp SRUF
SRStVDQi PRGXORP "BKXa....a]JPOXYQHMI[BRYLVOF

aPRLVVR Qiervezdin . 3ODVWLFNp YODVWQRVWL V~ GBJLQRYDQ
]DGiYDRZAH BOimi VNXWRPQHM ]iY VG RW R i RUDEtHNAt KD IR
IRUPXOIFLRIK+RAEBERQRY Y]"DK .UXSNRZVNpKRINDDIUFRYpPIF
rozdelenieP D W H @ Eiodedvje QDVOHGRYQp

¥ SUX-B@HD VWD WNA& LiO Ro¥ré3lxaR GHO

%tuho—SODVW[D.WI‘H-IéJ LiO Rowré3lR GH O
G c=E-e+C-&" F

3 @
a) SUX-B@HDVWLFNp PDW b)tuhoplastcNp PDWHULIC
Obr.33 =iNODREIMPHULiORYR XPAR GMK@ 1Y
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3UL SBCGMHWLFNRP PRGHO\ MH ]1DKUQ XW iuHoNg GHBODNIWF INFNKIR

VD WiWR REODV" |DQHGEIiYD

RR]GLHOQRV" PDWHULi QRMEFK WOBWERRNWRWDQi DQL]RV
Prejavuje sa QDMPIYROFRYReQ®FIE MH VS{VREW®URJIJHQLWRX aw
aNU\AWDORJUDILFN&TK DY 6 B B VRYRDWYBK R R © HUXMHD CB\O/RIAFEN | D

anizotropia.
X SODVWLFNi DQRIERMWRRBPIQD WLHA DNR QRUPIORYi Y\MDG
PHFKDQLFNE&FK YRDNVOH) ROMKYX PHYAKIDQ@AENEP YODVWQ
v kolmom smereStanovujesa H[SHU L P HQIMMK R QRIX VQ\D-M plR¥261% a L H
SRPHUQPKIR aHQLD Y]JRUN\ 9SO\Y SODVWLFNHM DQL]JRW
plastickej anizotropie r ,QGHR]J]QDpXMH VPHBRX ~Y | RWINHQWYWRpL VPI

YDOFRYDQLD SGHFK) L QtaBRHBRG D Y]" DK X

7. 2+
" L— L—224 (4.17)
Tq 7 o4

kde:r.iV~5|oLQLWH SODVW[LFNHM DQL]J]RWURSLH
N tORJDULWPLFNIVEPHRBRHN RitFAN)\ Y] RUN\
nn +ORJDULWPLFNiVEHHRIY RKBEEHN YJRUN\
bo tSRPLDWRPQi fmND Y]J]RUN\
by t4&tUND Y]J]RUN\ SRERmASHULPHQWH
S tSRPLDWRDPQiI KpmwiEND Y]RUN\
ss tKU~END Y]JRUN\ SRM.[SHULPHQWH
6~KUQQé YSO\Y V~pLQLWH RY SODVWLFNHM DQL]J]RWURSL
vy 4 E Q?/SQE =4y (4.19)
kde: "&YiaHQé SULHPHU V~pLQLWH[-RY SODVWLFNHM D
fh +V~pLQLWH SODYV Wdnfei Maitoraqid pIBcHiU RSLH Y
+tV~pLQLWH SODVWLFNHM DQL]JRWURSLH Y]JRUN
Y ] K D G g8reriNvalcovania plecht],
+tV~pLQLWH SODVWLFNHM DQL]JRWURSLH Y]JRUN
valcovania plechi{+].

Vzorka v smere valcovania

45

90

Vzorka v smere 45°
k smeru valcovania

Vzorka v smere 90°
k smeru valcovania

Smer valcovania

Obr.34 6S{VRE RGEHUX Y]JRULHN SUH JLV"RY M@
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x 30RaQi DQEMRWDBSXMH QHURYQRPHUQLRMO @ HHK ¥ Q DVN\E®
SRG U{]Q\PL XKO D RBmen]alddvarikaPxowne plech. Prgef urp HQLH MH
SRXatYDQi "DKRRGORWIDNBORAQHM DQL]JRWURSLH VD SRV
(4.19 NWRUé VD Gi DQDORJLFN\ SRXaL" DM SUH DOA&LH F
Rn "DaQRpol. $

L nag-= F nasTh
fo'é n4f£:r1. a

kde: fy, , tV~pLQLWH SOR&RHM DQL]RWURSLH

Rpo2 £ ]POXY Qi PHGEA,NO]X
.- XKRO VPHUX RGREUDQ HMerd yRdowahigf] K DGRP N
0+XKRO VPHUX RGREUDQHM Y]RUN\ [[KRGQé VR V
Okrem (4.8 VD SR»Dxy®mmeickpVLPXDDMML PRGLILNRYYERQiI URYQ
YESRpHW SORAQHM DQLNWRLRSAMH SR ptMWpH QIDVOHGRYQH
=1
é LLrla (4.20)
n4s-'
$QLIRWURSLD SRGVWDWOR ANHEERYHOYPPOR R URFHRGS RWUHEQDp
]JDKUQ~"YWBWWQRV" DM YR Y.é3RPXRNK K¥.\XatYDM~ QDMpD
PDWHULIORYp PRGHO\
YaHill 1948,
YaHill 1990,
Y,Barlat 1989,
% Barlat 1991,
Y2 Barlat 2000,
¥,CorusVegter -
¥2Hosford 1979
NDMSRXatYDQHMAXKPYHGH
PDWHULIORY éje KHillPIR4BH O R
URJALUXMH p&imixrki Wlalticity
HMH. Vplyv anizotropie na tento
PDWHULIORYé RRBUBDHYY
REUI}B X% UDVW~FRX KRGQ§ Y

WHGD UDVWLH DM RGR( Qbr.35Vplyv anizotropie na podmienku
VWHQPRYDQLX Hill 1948[52]

4.4 3R X aAMKPLAHV R | W[Y, p1Liy, 53, 54]

VV~pDVQRUWUR] & truHeQdkddB R YW ySRIX H .®re8osa natrhuSRQ~ND
YLDFHUR YéYRPWRPNMER UPPWYD L BaYDWIU-X BV OBHI DM QHAWUXNW
~OREWUXNWXUIOQH SUREOp®D § D RMMARAEF2DWLQE eBHILPE |
D Q By @zpérnej stability apod3UL QHaW U X NWRUDOJQWHK X®REW XaMH D QDC
WHSOD SU~-GHQ@QIO¥IMYDSDWONQ@ REODVWL SRXALWLD MHGQRW
ich delenie na

0 XQLYHUpapO ANSYS, Abaqus)

o0 AaSHELRY @&ppFormFEM Sysweld.

(4.19)
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PRX&LWLH QXPHULFS\HRAVE Q/R P X\® YR U KKHYELY RMNX \ESHHERD O L]RY
VRIWY|PPRIWUDQEFK QD W ~W RSRAMD,DDYNARDRIS, LAut@&®on al Q p
2SURWL XQLYHUJ]IiOQ\P VRIWYpPURP V~ aSHFLDOL]JRYDQp SUH

=R YAHREHFQpKR GDDEIDRNID pKIR IR EU QHUGE®R MEHWMNOR P
JtVNDQLD WEFKWR YEVWXSRY
% SULHEHK\ GB SR\WMRDFIJ Qdiela K R

%]PHQD KU~EN\ VWHQ\ GLHOFD

%YH NRV" RGSUX&HQLD

% OLPLWQpP GLDJUDP\ WYiUQLWH QRVWL QDSU )/' GLDJUD!
% NULWLFNp PLHVWD |]D"DARYDQLD QiVWURMRY

% SULHEHK S{VRNIRXYFRHMXVHIHQWXiOQH SULGU&ARYDpD

S3UH Y\WYRUHQLH QXPHWH FMN-RE XSEHP IS GRAAEMAMP. Ide
0o VRIVOY Y SRORPQRVWLNW R @idcRKEe QD QXPHULFN~ VLPXOIFLX
SOR&QpPKR X iudeps] @dlddhrevutepla. Apli NiFLD -S$AMPu pri DQDOEé]H
RKEEDGIEDMH JREUD]JHQI 3B.D6 RIBMNMpPNUXYR YESRpWH ]JDK D PQ
YSOEYDM~FLFKQQB W LNHRG'W DM W QR P BW U UEN® RYHODL QHD U LW \
ptP VD ]Y\aXMH ESAOHMVINARA'HW ULFN éY PG B 8 XV D&SFRM-W X M H
STAMPuz &%$' VRIWSQDXNEFORAQPKRDWMHURR QY AHWNDEEL H
uvedené FK é VW. X S

Hribka steny [mm]
0,734531

0,685588
0,636645
0,587702
0,538759

0,489816

0,440874

0,391931

Min =0,391931
Max = 0,734531

Obr.36 $S O L NiF LITABI®O pri anak | IR K & E DuDiek)54]
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5(:3(5,0(17E/1$ y$6!

5LHAHa®EejeGVHQGYLpR Y\eY BD & B @le@iR KIU~ENR X PP WYiUQ
plech) a PP SRGNODGRY¥L S®HERba pUtVWULK\ PDM~ UR]}
166x 1000mm. Zaoblenia VURKRFK WYilcQ 8 WhKR @& UHRMKX KARYCDQU R R RK
SUYNRY PDM~ KRGIRMOGoeRRE RFH& NWRUi MH GREUH ]YD
aYKRGQi SUH WYiUQHQLH ]D VWXGHQD

3RK DG ]JKRUD QD

166

m zvary
3RK DG JGROD QD St

M umiestnenie vtokc

Obr.37 +\GURIRUPRe¢DQé GLHO

Pre zhotovenie dielcasa Y \X aiwallacerp WHFK@RIRMW XS YEURE\ VD VI
ZQDVOHGXM~FLFK NURNRY
1. YEURED GYRFK SOHF KWRHF&KFRXRE §IA/ONDUWHKURRYY &iBzneryp R P
SUtVWUKXHK&XY 1000 mm al,5 x 166 x 1000 mm)
2. vytvorenie vtokovW Y iU QLD F H Ma NodideSdy@ri gechpomocou W H Udho O Q
Y WW\@HWyGD )ORZGULOO
3. SULHYDURYp ]YiUDQLH obvbde HieldaYVeé ¥ DOHDREKEEBUY)Y NR Y
4. WYiIiUQHQLH SRiaR3wWRideBpddrileN lpydroformovang.
2SHUIFLH Y\X&tYDM~FH ©DS/HURNYEURY p SIWHEDQKBOL QD O
S tVWURMEREX®QLN\ $PHYBIOQH Y WDQLH XWH & WKHFFFDR OY\2JLDE
ROHPRYDQpKR RWYRUX 7DNWR MH PRaQp MHGQRGXFKR Y\\
SRORYLFH SRORWRYD DXeVYRYpQ VDKV®P RNRRPBRRBPH DQ HIDWtY
tvaru OLVRYQLFHDOBWRWIipMV"DPL WY&k OQOQMRVY QER® &UYSU
REUIINX3UL WYiUQHQt YéOLVNXVRHAEQ)pRRFE IS DWNKDQQiP
Vytvorenie aQ XONU LW LF N é LKQ K KW pXM ~FLFXDSDUMMDNIODWURBYL SR
VWHQWVHQURERHULFNEPL VLPXOiIFIMBEP.L |[DORaAHQéPL QD

Privod tvarniacej
! Spojovacia skrutka

Oporna-— e 4 orna (upinacia
Polocic(;it?—-\ ///////A /<}\/\/_£I03ka wp :
RN\

AN

Obr.38 /LVRYDFt SUtSUDYRN
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ODWHULIOREQKRKREHDFN~ VILPXOIiFLX

MDWHEmMoOdRY XPHULFNHM
Pi YE]QDREyY® na SUHVQRV™
a MH G{OH&LWp DE\ pR Q
FKRYDQLH PDWHULIiOKKeh®
Y\WWYRUHQLX EROD Y\XAaL
prebehla na hydraulickonV N ~ & R Et@jR
ZD40 (obr. 39). =DULDGHQLH M
SUH WODNRYVYN-NVAGNERX\E R
XPR& XMH Y\YROD" ]D"Da
S3RpDV H[SHULPHQWX VD
SULHPQLND LQNUHPHQWIC
sUR]OtDHDMMASOLNRYDQp
jemerD QYWQtP D p RPSVHWQRV"H
6WURM MH riRdfaCouG e@nétkou
EDC60 X UpH@® Xiadenie servo T o
K\GUDXOLFNé&FK VN~-&R g
Vyhodnotenie VN~aNM\WLHa& J
spracovanie EROR ]tVNDX@Ad
programu MTEST v.1.7 DO&LH LQI
R VN~AaREQREDAY WURMLIL H
VPpUtORKH Obr.39 6 N~aREQé VIUR|

IDKYR VN -déaNrBtrhnutiaEROD Y \NR@AIcQVN~aRE Q é F KY WHRE H Qid&KK
zPDWHULIGrp&EROL R GRdé&dMalCppaya plechu. IcozmeryaJHRPHWULD V ~

JREUD]HQpP] D, IREASORFKp Y YR UNDPYE® p L DWRIaQU G &N
Lo=100 mm. OHG]L XStQDFtPLskNRRE@RAXNRX MH Y\WYRUHQp SL

zaoblenie R= 25 mm.

L =100

250 |

Obr.40GeometriaaUR]PHU\ VN~AaREQpKR WHOHVD
O G DI i Y D @mg@mu MTEST v.1.7 NWRUé& Y\KRGQRNRdIBa®y PHUDQ
SRpLDWR [h§aHMW SEBIN \6RIRNPLDWRp Qi P EKkehG@hoGafinbvalo
ag SUHG aHQLH SRPLDWRp@HMIPQHU Q Q HAW IEBWANK G XWRP VN~ERE
SUH PHUDQLH KW~ERO YSRXA\WE GV WL/RikboBRW¥eé od firmy
Mitutoyo s priemerom vreten§,35 mm atUND Y pRABMPHUDQI GLIJLWIOQ\P SRV
meradlomEXTOL ,QIRUPW&HKR/R PHUDFtFK SUtWWDIERXMNRHFK V~ XYH¢

Tab2 ,QIRUPIBERK&AR WEFK PHUDFtFK SUtVWURMRFK

OHUDFt SUtVW OHUDFt (R]VD 5R]Ot A L H
Mikrometer Mitutoyo Da 0,001
3RVXYQp EXIODGOR D& 0,01
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98VWXSRP SURJUDPX NWRU@& VSUDFR S RAVIND VONRHELED BIpHG i V
o pRD"DARYDQe&[3 UBRNMXYN DomDDOD ARYDIOWWELQDPHUDQEFK
aY\SRPtWDQéFKpKeSQ WY EROQi ]P O X Y QJR EYLD/| @GR D

- 7 f&
= 350 Tah ratsy’*
300
(=7
o 250
@4
> 200
X
8 150 Vzorka Tl
I 100 Vzorka TII
——Vzorka Tl
50 ——Vzorka TIV
—Vzorka TV
0
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4

Pomernn GHIRUHK{FLD

Obr.41=POXYQé GLDIJUWGRIRDBIWMIMH RFHOL '& SUH

2 EUi]RINzobrazuje JPOXYQp ]iYLVORVWL SUH YGHAWAEREAK SI" Y]
MHG QR W®dn¥@Pi~ RYSO\YQHQp YLDmHUKRWHDRWRQYIPLRX PDV
YODVWQRX FK\ERX PHUDFtFK SUtVWURMRY DSRG

Z diagramu boli potomVWDQRYHQp QD SI"R Yip] FFEDYUDINMVHGLEY WO NR 5
amedza pevnostiRa WLH& GHIRUPDpQ i+F B & QMM Viekd badvidty spbd so
]JINODGQéEPL URéPWY KLY I GRHOEX YN H

Tab.3 1IDPHUDQp KMEBRRWM]VN~aGN\ GR SUHWUKQXWLD Y]RUN\

vzt [msom] [mbr(')n] [nl;ron] [nl1_run] [nRAngg] [MRI;na] @/10(}0
T 0975 | 2494 | 100 | 1345 | 24597 | 360.72 | 345
TI 0072 | 2499 | 100 | 1350 | 241.60| 35921 | 350
TI 0,965 | 2498 | 100 | 1340 | 243.84| 357,45 | 340
TIv 0,990 | 2496 | 100 | 1350 | 254.25| 362,61 | 350
v 0,991 | 2505 | 100 | 1350 | 240.93| 357,01 | 350

=POXYQi JiYLVORV" SWH YHOR®QG HERG RIRAMVY.H DKRYaD Qp
SRPLDWRp QéPBIOVYBUH]H Y\WYRUHQLH PDWHULIORYpKR PRGH
Y\X&tYD VNXWRpQé GLDJUDP 3UL PHUDQt QHEROD ]D]QDI
Hodnoty ORJDULWPLFNHaMV NSHVRY B pKLR ~QW B KRL 5 MB B XtWDQ p
SRPRFRX SUHSRpWIRYaBKOY]"DKRY

$E\ ERO PDWHULIORYé& PRGHO pR QD M®BU KV @HWER UM®GE V!
ZSULHPHUQEFK KRGQ{W VNEWRNPINKIRS QQRO/SOWYBRZED Y]RUL
VNXWREQPEBRDPX MH JUHMPp &H JREUD]XMH REODV" RG P]
=tV N Digka $pevnenidola SUHORAHQi SROVQRPLFNRX WUHQGRYRX V¢
PDWHPDWLFNé ]iSRE MIHNXYHGHQ®& Y
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500
% 450 Lt &r @°Fs®&r @BEtutvsve/ Ftywz@CEt yrr@ Etvxa:

400

P WRES
w
3

300
250
200
150

BNXWRpQ

100 —— 6NXWRPQi ]JiYLVORV" ] SUL
50 ——-3RO\QRPLFNi WUHQGRYi V

0 0,025 0,05 0,075 0,1 0,125 0,15 0,175 0,2
/IRIDULWPLENIiNBHIRUPIFLD

Obr.42 6NXWRpPQé GLDAGBPRQBHHMWILIRFHOL '&

2NUHP JLV'"RYDQLD NULYN\ VSGHIRHE@ DD Q &HXS IFR D &MBKN VIDH L
VN~PDQ® DQL]RWU R BxpBrined pheHdlbL DX  Y]RUNIFK W@ Y]RU
NDaGé VPHU YYRHWBRF INOFRYDQLD=D"fD aRjfvdbQlf dkamihu,
NEFSRPHUQpP ShhttbEatddgr@dom nastaven KR GZD BoW X

Geometria aUR]PHU\ Y]JRUN\ V-~ GBRYQDBHKR PHMR YN~aN\ GR SR
VN~aDQpK6ebrWMH GRY®LHO VBRPEHD WQt REODVWL SRpLDWRDPQI
5 ~VHNR Ybr. 4.

Obr.436N~38REQp WHOHVR SUH PHUDQLD DQL]

9R Y\]QDpHQE&F K D-VHMREKIN®IUBEND Y ]R Ufe\expdlilaite D
+U~END EROD RSI" PHUDQi PLBEURFHWERRY QL\EXIRY R GID R P
. RPSOHIVRMHUQ Qp UR]FSHRUV I$ WANHYH GHIQ @R/K H H W Ra -p@&dnM H
spriemerovali 3ULHPHUQpPp KRGQRW\ SUH ND&G~ VNXSLQX Y]RUL
plastickg D SOREQHM D\GIR REPDRSE HD ov](40R a (4.20), VIKUQXWp
vWDEX NH

Tab.4a +RGQRW\ V~pLQLWH RY SODVWLFNHM DQL]JRWURSLH RFH

6PHU| 6PHU 6PHU
K U ~ B [nin 0,987 0,991 0,977
3UHG VN~ . ]
& t Und[Dm] 24,972 25,003 25,012
K U ~ B [nin 0,944 0,936 0,953
3R VN~&N — ]
& t Un[Dm] 22,698 23,004 22,649
6~pLQLWHOH SODYWLFNHM| 1,651 1,295 1,883
6~pLQLWHOH SORZPHM DQL| 1,000 1,034 1,022
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6~pLQLWHOH SODVWLFNHM DQL]JRWUR S]i¥HL WIBIR WWH&QPR ¥ ®
RULHQWIiFLH Y]RUN\]REWB]H @i W&@RRE WM H

2
1,8
16 ¢
1,4
1,2

1
0,8
0,6
0,4
0,2

0

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Smer odoberania vzorKyf

Obr.44 *UDILFNi ]JiYLYORVSORADGM DQL]JRWURSLH QD VPHUH

ZJUDILFNHM ]iYLVORWWL QM Wadddugvnitimuma(H e \& 1,295) pri
YJRUNH RGREUDWHM SRG XKuhRPpp=f1,883) RGN ERIBRREPY
kolmom na smer valcovani6 WUHG Qi KRGQRWD V~pLQLWHMN\BRPOW M YIL F
SRG D Y]"DKX "§ IWGBL.SRWRP

ODWHULIORYé PRGHO®\EK &GS VMATNRIARD é7VWR QDGVWDYED VF
PAM-67%$03 VSUDFRYIiIYD Y\KRGJIEBMWHLPHQWWY $IRPRFRX WL
procesoru Microsoft Excel -HGQRWOLYpGMHMENVOWRKYSDQDH PDWHULIORYpK
VRIWYpWBRStVDQp DOHM

5.1.1 DefinovanieHOD VWL FQABNWLFNEéEFK YODVWQRVWt

Anizotropné PDW H@mo@eRMH J]DORAaHQEé \Q-p LIRPBHRKENAIS OREQ HM
anizotropie ZWDEX. RNUHP QLFK V~ ]DGiYDQp DM avi- btlvVQIID/Qh OJIR D Q
VN~a4N\ GYRMRVtP ]D"DaAaRYDQtP 7LHWRHYSRWHNHE\ YHEROV\
SURJUDPRP DStaRdl,PRYDQ @ =11,1206 DO avstpmi V-W]Y YiKRYp
faktory wosawsh SUH RgE#HwsZE= 0,666) NWRUp RYSO\Y XM~ WYDU NUL?
SRGPLHQN\ SODVWLFLW\ 9HJWHU /LWH ,FK KRGQRWD MH Y
experimentov 3BRVOH G QBB Y Dia@mtrovM H H[SRQHQW P SSRX&RIFMé P
v PDWHPDWLFN B&lay8oyBazxi bl &drlat 2000

1D ]INOO/GIHE HQRBKpPptQ EROD QL BPRWVREBQp SORDG/PLIHFQANMY NWR
JUDILFN\ Y\MDGUHQpPp NULYNDPEX QIID R EBARINRR/RIIYHDV QR V"
MHGQRWOLY éF KH [SSRHAWR. IPHH@PAN O\ HapiccimdDmX@ érdnotami  1).
ZporovnaniaMH YLGLH" &aH SUHVQRV" Qdni NVWERRIFEKE G IRRG"MOR/NY F\LQ

Tab.5 3UHVQRV" DQL]IRWURSQéFK SRGPLHQRN SODVWLFLW\

6~pLQLWH SORA&QHM

Podmienka plasticity BUHV[®R V| Podmienkaplasticity SUHV[®R V
Hill 48 90,2125 Barlat 2000 99,9942
Hill 90 83,2063 Vegter Lite 99,9990
Barlat 89 89,4414 Vegter 2017 99,9990
Barlat 91 95,7695 Yoshida 99,9999

37



15

Hill 48

Hill 90

Barlat 89

Barlat 91
15 Barlat 2000

Vegter Lite

—Vegter 2017

—<RVKLGD

-15 1/ 1 [] = Experiment

Obr.453RURY QD QLBIQU{FRWRKRSQEFK SRGPHHRRMN S&ODVWLFL

BRGPLHQND <RVKLGD VD SRG D JWBpd GRVIIDK GRW KFNIQ B HC
v SRURY @fp&imektom (tab. MDYt DONFSEZ@DREODHPPQDVWIYD SUL M
GHILQRYYYRGRP MH YH Né& SRpHW SDUDPHWUWRY PFODAHHAD QVR. ¥
model QXPHULFNHMUNVHBMNQ pKIAHGEHBWER Y\X&LWi SRGPLHQND ¢
Lite (obr.46) NWRUIiueGRVDK, g

0QLHPR PHQAL®HAUHRQRIVG D
9HJWHU /LWHPMG@DIGSRH
GHILQXM~FLFK SDUDPHWURY ]tVNDFK IR
VN~3ZRN MHGQRRWN~ a'rﬂ)\@gp

URYQRPHUQH GYRMRVp ]D"D
QDSU K\GUD X @adrienkel N~ ang
plasticity definuje prechod med2|
elastické P aplastické P SUHWYRﬁH}%
PDWHULIQOOVWLFNQp
PDWHULIOX VD GHILQXMH
SUXAQRVWKX IMLVVRQRYEP
SRPHURP NWRUEéGFK KRGQRW\
'& V~=@10000 MPa a..= 0,3. -15 Y 1 [
3ODVWLFNp YODVWQRVWL WHULTO x[ V ~
SRStVDQp VNXWRpCDdé/\PRGbDJUD fies Lite = Experiment
ERO ]DGiYDQé GR V Obr.463RGPLHQND SODVWLFLW
HI[SHULPHQWIOQH ]tVN DCO01

5.1.2 PredikciaFLC

DO&tFEVWXSRY -(MZARD je predikcia FLC =tVNDQ~ NPRIEDMXSRKAL"

pe RGKDG NULWLFNEFK SUHWYRYHKQt OMYLQ@NQEPKR 8tHDWI
LQIRUPIWIYHURHQRP Mool XOH GHWPES. KWIEDMH ]JR JPOXYQH!
JiYLVORVWL SUHGVWDYXM~ SULHPHUQpP KRG@R®\ J[tVNDQp Y

RFH
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Tah 6 Parametrepre predikciuFLC pomocou ESI MAT. ,=$5' SUH RFH '&

Parameter 2]QDpHQLH Hodnota
+U~EWDi U QpblRtprar ho [mm] 0,487
ORGXO SUXAaQRVWL Y "DKX E[MP4 210000
=POXYQi ]JiYLV®ORV" 1 |
+U~END Y]J]RUN\ SUL VN~&NH So[mm] 0,999
'IDAQRV" A100[%0] 34,5
IDAQRV" SUL PD[ ]D"DaHQt Ag [%] 220
BHYQRV" Y "DKX Rm [MPa] 359,4
=POXYQi PHG]D NO]X Rpo,2[MPa] 245,3
$ S URL Riivkl 8pevneniaS R Guia SO D VW L F N [KKipkol &k (BvafiX
BHYQRVWQé& NRHILFLHQW K [MP4 6096
([SRQHQW GHIRUPDpPQpPKR V3 n[-] 0,2127
Posun krivky spevnenia no [-] 0,0139

PredikciaFLC jeteda I DOR&HIM KRGQRWPEXXYQHM ]iYLRORNDQHM |
experimentan. Okrem tohosa P {a l§p R p t"\&j Roeficientami PDWHPDWLFNpKR Y\MD
DSUR[LPIFLH NULYN\ VSHYQHQLD SRG D .UXSNRZVNpKR

=tVNDQLH NRHUHF.IUHKGWNR Y VNPERWLK NBFKRGMDAALWLD DOA&H
QDGVWDYE\ VRMNWMPD atX ESISMCE Todb 1.0 NWBREt YESRpW\ SRPRF
W D E Xp KIjRoceson Microsoft Excel.VstupP L Vhedza pevnostiiR JPOXYQi PHG]D
kizuRpp2a "DAQRV" SUL PD[LPiIiQ@&P6)]DDDaMMEQRVD ®IH' ERG\
SRSLVXM~FH NULNXYWXDQSHM[BHUWREW RO GH tSRXGIHWER O
variant VEVW XSRP V~ VSRPtQ®QNXWRHQAIFIHQWORV" SRG D W
2EUiI]JRN SUHGVWDYXMH SRURYQDOQLH aprpSiHAvVAnBjHIpIWi O QH L
spevneniaZ pRKR MH PRAaQpYSRAREPEAGD]iYLVORVWL
0,7

0,6
0,5
0,4

0,3 /

0,2

6NXWRpQpSGRES IWLH

01 — $SURJLPIF

Experiment
0,0
00 01 02 03 04 O5 06 07 08 09 10

/IRIDULWPLFNIinGHIRUPIFLD
Obr. 47 Porovnaniediagramu &F 7 JtVNDQpKR H[S HDBIUARH QM RPRIX
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3R ]|DGDQt SRWUHEWQ@®EK NMVWXGR YS R JUBIRARD( tpla0 $ 7
Y\SRpPptWD Qi FRU(BHE48)N F L D
0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0.1
0

-06 -05 -04 -03 -02 -01 O 01 02 03 04 05
/IRIDULWPLFNpn3UHWYRUHQLH

Obr.48 3UHGLNFLD )/& Y\WWYRUHQWIZARPRFRX (6, 0$7

5.2 Numericki VLPXOIFLD

Numericki VLP X2OSFRIRFHV X K\GURIRUP&XNIKBLD6 ¥ PRWEBO XY ESRp'
nasledje SR 1li]H SUHSUWRKoOrE)Y ¥d Qkieth PDWHULIORYpKR PRGHOX
JHRPHWULURNBCPERGH RNUDMRYp SRGPLHQN\ SULHEHK ]D"DAaFR

*HRPHWULFNé PRGHO/ EROVRINWYpUDDEI SRK DGRP QD
YESRPWRY~ QiURPQRR® LVH RXOGHIH Q RY\DRQUpp p@ K RelpkbeesY S O\
WYiUQHORBR G{YR G X-STAMBHRmMB&val ako polotovden W Y i LEQlddQ
sY\UH]DQéPL WYDURY @&iri49.S.UHY &IHD PKLU YV EIN BV R p Q p KeRopB® H F K X
RVWDWQéP UR]JPHURP PDOiIi EROL SUL WYRWHEH SIR@QRMpL BEY!
sG ANRX KD QEU\V FHOpKR SROGWRWDYUNXURY EWERSEH YNRY
zvarov) sa potomzafixovdi. 1iVWURM ERO GHILYRRLNE® &R GOARRRDPL S
lisovnice, I D SUHGSRNODGX L G HzaeHie WXikp KR WRNOQHF¥BNE ROR QD
hodnotu R=2 mm. 3RX4LWé& PRGHO ]D"D&R YW QiU I[EIRFA. OLAMHNU QR Y
narastal 0 na 8,6MPa.Vplyv trenia medzi lisovnicou polotovaromsa vyjadril V ~p L& W H
treniahodnotou0,1.

/IRIDULWPLFNpn3PUHW

Q iV WligévMca
polotovart WY IiUQHQ

Obr.49 *HR PHW U L FQié&/ W&pBlblidaru
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8YHGHQpP SRGRHLIHQNALB V~ [INODGRP SUH Y\WYRUHQLH QX
K\GURIRUPRYDQLD Pdid#akcbpk B GIVEE WIN R SSFRRVURIIBEAMp U X
STAMP, SUHEHKRO Y&SRpHW
3UL Y\KRG QRERXPWDLP X Qyfdrehej V' Y\X&LWtBoIOSRVXG]RYDQEé

vznk GHIHNWRY @D KS®PGHRQWURORX YESRPWRYEFK NURN
k SRUXAHQLWNEIME K UL SUHGQDVWD YY) BR LEXE BLePMOD R P
Kriticki KRG Q R V)R jAVSORDAN B Y é V O H G NoRBE MPh. PDXOKHMLEKYHGHQp Y&V
JREUD]XM~ V dk@nihu@dsHID&E YHW YPWHEXM~FLFK GRFNULWLENH

)/' QD RKEBO]JREUD]XMH KRGQRW\ KODYQéFK D YHG DMA&tF
mamn WYiUQHQpKRRIDBFKR]PLHVWQHQLD YQHVHQ&FK ERGRY
WYiUQHQt GRPQARMHQpP. SUHWYRUHQLH

[ 0,5

0,2

O
(6)]
1
o
~
1
o
w
1
o
N
1
o
H
iy JAC

0.0

-0,1

Obr.50 $QDOé]D SRUX&EHQLD WYIUQHQpPKR SOHFKX SRI

1D REUIINX V~ IDUHEQH RGOtaHQp HOHPHQWWVMYIUQHQ
(obr. 50) StupnicD X G intddvaly vzdialenoV VBadu v diagrame od krivky medznej

WYIUQLWHORB QW LKGsQpisV\GRVDKXM~, H OWRHI@WKR GRFKiG]D

NULWLFQNHBUCBXVWQEP GWRJWYRIFR]PHQp BHODQHRRRXIMUER)

ZiISRUQp KEBGIYERWHVBNSH\DO p S ZHWRKRRJ M QA®ENIP MH NODGQi KR

Y\44LD WéVP\ MihdEIRGspu ][iSRUQEFK KRGQ{W ptP MH KRGQRWI

QLAALWLEREGEUI]IRNWLHA& ]REUDMiENMHKIEFRV\DO DOYEVOHGNRY VLP
GRFKIXINWLWLFNéP SUHWYRUHQLDP
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9IGLDOHQRY' R

-0.017
.-0.053
-0.088

-0.123

-0.159

-0.194
.-0.230
-0.265

Min =-0.265
Max =-0.017

Obr.51 .ULWLFNp PLHVWD YEOLVNXFLDRGLT Y]GLDOHQRV)

9éVOHGN\ VLPXOIiFLH LQORHMW iBRIWONRWEKMt~ KU~EN\ VWHQ\ ¢
(obr.52). 9éUD|YWHQOpHQLH SRORWRYDBXHMW CSAKH WRYARNYBER SU
obvode polotovaru Tento fakt GRND]XMH DMHUHRN@WREGFKH KRGQ{W SO
pretvorenia YL obr. 8 +U~ERdMBDu SNULWLFNéFK B,2832 vii.DOpkoti M H
SRpLDWRPQHM KU ~E NEMW.R R3NVRD QUDRS| BHH @@ tHe stradeplasticke]
stability +vzniku trhliny.

+ U ~ Hrhi)

0.490
. 0.474
0.459
0.444
0.428
0.413
. 0.397
0.382

Min = 0.382
Max = 0.490

Obr.52 5R]JORAHQLH KU~EN\ VWHQ\ WYiUQHQpPKR SC

42



(IHNWtYQH SODV VLI

0.288
. 0.245
0.204
0.163
0.122
0.082
. 0.041
0.000

Min = 0.000
Max = 0.286

Obr.535R]JOR&HANMWtIYQ\FK KRGQ{W SODVWLFNpKR SUt

Medzi vady VWHFKQROyYJLL SOR&AQpKR W Welo@éb@etizk-S&amyy Ut RG S|
NWRWDi SUHMDYXMHP B\WHRIBPORGRXKpHQt S{VRE.LAb¥ boloR ]D"Da|
PRAaQp WRRMRGHQ]R @i predikcia miestaRGSUXaMW@INWLHA MHKR YH
9\SRPtWDQp RGSUXAaH® SHR AR AR VR R TEMPNDEH@0E Ui]R N
54, =REUD]HQ & R VRBYDMHHQt QDMYIpaLHKR DS OLMNHYPI@EXR |D'
hodnotavwLHNWRUéFK PLHVWDFK GRVDKXMH PP

2GSUXfmi LH

0.651
. 0.558
0.465

0.372
0.279

0.186
. 0.093
0.000

Min = 0.000
Max = 0.651

Obr.54 2GSUXAaHQLH YEOLVNX SR RG DKpHQt DSOLNRY
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S9HULILNIFLD QXP H Utexpirimeht M1 P XOiFLH

2YHUHQLH QXPHULFNHM Y\.DFEXQiFERH WS VREPQDPULDP WHRPE M
porovnaie Y &V O Hs@adidtami N'W R UpVEEMDIS HUL P H Q W i ® QIR & FHV AWORXW L
MH SUHWR EOL&ALH SRS tVDdeknei 8/RoBdne exp&imentu

=iINODGRP OLVRYD@bHIERSBHtBMHIFKMMROYyIJLX K\GURIRUPRYD
3R ]DORAaHQt ]YDUHQpPKR SRORWRWIHIXQIERXORaD QR YRIBQRHIND i
1iVOHGMHDRREDI GRVND OLYVR YBkdddRobSddespa iponveou
skrutiek. 3UtYRVGYiUQLDFHM NYDSDOLQ\ dpdinejU sthbréeil @éskeRW Y RUF
av polotovare. =iYHVQp RNi XPR&a XM~ MHGQRSAXSKDYNIRPHUISIXO i
OLVRYDFLHKR SUtSUDYNX MH RFH ( y61

Umiestnenie
YWRNRYpKI

Otvory pre
spojovace skrutky

Obr.55/LVRYSDLRSUDYRN

9\VR N p K RWA ODQILRFAHKR VD GRVDKXMH SRPRFRYKKYGUDXOL
ERO OLVRYDBRBDVSKIGMRAN RUPRY BQR R KYORR EplyBdPNRE Q
tlakuk jeho GHIRURIWIRK RRE&X MH JRYUHWEé K\GUD O INFWRPE03® Q P
IXQNFLX Y\VIWX&RHKQRDSRXALWEé OLV QHPi GRVWDWRpQE ]GY
OLVRYDFLHKF3 FOWWUSHEMPNMO ULDGHQLH SR XALMAH G kR KEGE U R IF
WHGHQpP QDSREUI]INX

= |

ZENES

amaet

“+\ |
CBJ 5006 |

—

= ‘ S
j“‘ﬂ*‘-. oy

& — " +\GUDXDLIEN

Obr.56 =DULDGHQLH SPWDEE®@®WRSEHPRYDQLH ULHAHQpPKR
2YHUHQLH YEVOHGNRY QXPHULFNHM VLPXOiFLH MH PRAQr¢

-HGQéRLFK MH WY phiQLS PR VEMENR @iel@LUUHIOQHKR SURFH

hydroformovania vznikla trhlinari tlaku 8,6 MPaK WRP X ®@AaOR]KUEBQLUJBPQE
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PDWHWLbO57. =REUD]HQé GHWDLO ERO VN~PDQIECZWHUHR P
firmy Schut aSUHGVWDYXMH ]VYH AMONYp §H NULWLFNp PLHVWI
VLPXOiPEBRPWRP SRPRFRX 0.3 UELRNL k36 MR QRO ovnaia

WEFKWR KRGQ{W Y\SOéYD SHpPRHDINYDOQ\FBR]®HFEQLFNHM

Obr.57 3BRUX&8HQLH K\GURIRUPRYDQpKR GLHOFD

DO&tP NULWpPULRP SUH RYHUHQLH VSUIiYQkyMeélcaQX PHULF !
K\GURIRURRYWORPWR ~R HO R/ RRRHEQNGE K R YR ID]HR@KE BiY boli
SRVWLKQXWPpU{RE®DVWWXS DPL SUR®NEQEHGQHBDHHYEP

Obr.58 + \GURIRUPRY DY\é QDpHHHEP LYV PLHVWDPL UH]RY

7YIUQHQé SOHFK PDO SUHG®G,487 &id 3 RPK\QW R PR KIBRREBIQD Dt
dieca VD PHUDODVKUPPRBFK PLHVWDFK NRAG/YDSENNQHKR @ OFH O
priebeh. K tomu bol SRXEKURWRYé GLJLWri GliQloy® L WORRBEWH LQIRUPI
0o WRPWR S UKUWQXRMPE X/ N H
Tab.7 , QIRUPIRURWRYRP GLJLWeRIQBYS PLNURPHWU

90DVWQRV" Hodnota Jednotky
0 H U bbEsah Da mm
5R]OtaHQLH 0,001 mm
Meracia sila Da N

BRURYQiYDQp GiWD JBRYIOMHGCPKR YE€SRpWRYpKR NURNX
tlak 8,6 MPa. Tieto ajH[SHUL P H]J@QWN ChQdgloty boli VSUDFRYDQp WDEX N
procesorom Microsoft Excel pPRKR YéVWXSRP V~ DOHM XYHGHQp JUDI\
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=PHQX KSOENKX SR/ MWt QNQI{XMH REXUIFRNRYQDQLD MH Y
QHV~ODG SUHBRBRYKIQWRIEFERGRFK Y]JRUN\ nS8dsteshid@WW MiDROR U R
RGFK&IYNSRRPLDWNX PHU Dmeddavyje@ D OHQRV W L

0,5
0,48

0,46 \
0,44
X

oy 0.4
!
- 0,38
" 0,36

0,34 Experiment

0,32 :

— 1XPHULFNi VLF
0,3
0 5 10 15 20 25 30 35 40

Merani Y]GLDOH®@® V" O

Obr.59 =PHQD KU~EN\ WY iUWge¢s@pKR SOHFKX

2EUIJRNXND]XMH SRURYQDQLH S U Hni¢&teDA tathniteste 80 H F K X
YEVOHGN\ QXPHULF NHSH WLPK@WRL H KR G YSM-H GYRADFR D NRU t8 D
MD[LPIiGBIUFHQWXiOQ\ BRY{Gerahe] ViztialeDdst78 mm

0,5

0,48 — 1

- N\
0,46

0,44
X

E 0,42
= 04
4 0,38
" 0,36
0,34
0,32

0,3
0 10 20 30 40 50 60 70 80 90
OHUDQi Y]GLP®MHQRV" O
Obr.60 =PHQD KU~EN\ WYiW@ds@PKR SOHFKX

Experiment

— 1XPHULFNi VLF
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Premiesto 3jeSULHEHK P HQ L ébrblker& @DKRIE BN ¥vnanie vykazuje
QDMYIlpat UWrRN@Gridode méraniaa t06,9 %. +U~END ]JtVNDQi Mm#®XOiFLR X
SUtSDGH GRNORRMHWIYHEHKX QLadaLH KRGQRW\ QH& H[SHULP!

0,5
0,48
0,46 ﬁ \
044
5042
= 04
10,38
T0,36
0,34

0,32
0,3

Experiment
— 1XPHULFNi VLI

0 2,5 5 75 10 125 15 175 20 225
OHUDQi Y]GLPMHQRV" O
Obr.61 =PHQD KU~EN\ WYiW@Qdes@BKR SOHFKX

2EUI]RNSRURYQiYD VYrRids@ HIGNRWWR PLHVWR MH YRpL SUHC
RULHQWKIMbBnQ smere Rozdielv SRpLDWRPQRP ERGH PHUDQLD Y\NC
RGFK&EOGNRWL ¥4ABXOIFLL

0,5
0,48

s ~

v 0,44

Experiment
— 1XPHULFNi VLI

0 2,5 5 75 10 125 15 175 20 225
OHUDQi Y]G|LPMHQRV" O
Obr.62=PHQD KU~EN\ WY iU4@gées@pKR SOHFKX
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6 WHQ p\W QilLHQ H Q p K Rmi3 KK RREQp X URE Wi]68. Na tomto
NRQWURORYDQRP ~VHNX ERO ]JLVWHQ énediD@YPHEUDQBPEH
aY\SRPtWDQEPL4ERGORMWDMNX PHUDQHM Y]GLDOHQRVWL

0,5

0,48 \
0.46 /
0,44
X
goAz
= 04
l
1 0,38
* 0,36
0,34
0,32

0,3
0 2,5 5 7,5 10 12,5 15 17,5 20
OHUDQI Y]GIL,IMdHQRV"
Obr.63=PHQD KU~EN\ WYiudmes@pKR SOHFKX
Miesto 6 (obr. &) O H &tS IV kolmom smere. OD[LPiOQ\ SHUFHQWXiOQ\ U

Experiment
— 1XPHULFNi VLI

VSRpPLDWRPpQRAKER®H BRV" MH $M NH MH PD[LPIiOQD R
Y \'N D ] X NDH QH&uidielidvcelom priebeh.
0,5
0,48 /
0,46 \
0,44
X,
g 0,42
g 0.4
!
- 0,38
* 0,36
0,34
0,32 Experiment
— 1XPHULFNI VL
0,3
0 2,5 5 7,5 10 12,5 15 17,5 20

OHUDQi Y]GILpPMHQRV"
Obr.64 =PHQD KU~EN\ WY iU4@ées9pKR SOHFKX
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9\KRGQRWHQtP VLPXOiFLH EROR ]NWRH@pERORWQFPKNQH B
]JDUDGHQp GR BRWIRBNGERMD)XMH & HRKRGM vidratd mielte je
YH Np 3RG D PHUDQLD VD KU~END % WHXDiBLMNHGX JWIREAY \RI D
YIpELH VWHQ@pHQLH 3SMUFHQWXiOQ\ UR]JGLHO MH SRAMRP
YEVOHGRN MéethQdHWUBQLEMDWH QRVWL

0,5
0,48 — -
0,46

 0:44

50,42

= 0,4
4038
+
0,36
0,34
0,32

0,3
0 5 10 15 20 25 30 35 40 45 50

OHUDQi Y]GILD@HQRV"
Obr.65=PHQD KU~EN\ WY iUW4@és@pKR SOHFKX

1D ]JINOW&ERKWR YBWHOPRBA®RY NRQZmEiaW B Y B NtredeHvzoriek
ZtVNDQi VLPXOiFLRX YR RGPERYHGSUIBPERED QmMoctUR]PHURI
mikrometra .U DMi€3@a Y aND WRWR QMVNED XM~ D\aaLH SHURHQWXiOQ
V~ERUX YaHWNéEFK NRQWURORYDQéEFK PLHVWEkidko@DMYIpal
mieste 7.

'{YRGRF]QLNQXWE&FK @
QDMWR aH VLPXOiRplinoQ,
NWRUé GR SURFHVX SUL
0D W H URN® O/tR YYIXIR ¢ SRe\h®
RYSO\YQHQé& pR Pi ]D Qi
YODVWQRWWHGRYaHW dbétP
aSHYQRVWQEéFK .RUMHIBRW/|
rozsahu v akomk WRP X GR bKaGs
Y\XaLWi VN~&aNRGNY UL FEWN
stroji Zwick 3212 (obr.66) N R jE €
Y\EDYPQERWDRMM/WDLRQLD W]
OVWDYH VWURMtUHQVNp
v % U @®leranieSRG D 9LFNHUWD
LOQGHQWRU AWYRUERNE
SYUFKRORYéP XKORP
PDWHULIOX YWOipDQé S
NWRUp RGSRYHGiI R]QPbep
vyhodnotenie tvrdosti VD SRX&U® '
NWRUé& VSUDFR XCCD k&riatoD. Obr. 66 Tvrdomer Zwick 321p11]
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Meranie prebehlocelkovo Q D PLHVWDFK PHG]L NWRU@amRL EROD
aSRpLDWRpPpQp PLHVWR HERON D Y&OUFKEKN B Q MW EHRVO pUL OLFURYV
Excel vytvoren i YLVOWWGRVWL QD Y]|GLDOHQ@BRWIWL RG VWUHGX ]Y

350
1

300

$l$$$®$$$$$

ﬁ\ zvar

+9
0,5

250

0,25

200

1,5
/'\/
A

150

7TYUGRV"

100
Tepelne
RYSO\

50 ' zvar REOL ]JINODGQé PD

A
\ 4
A
v
A

0 2 4 6 8 10 12 14 16 18 20

9]GLDOHQRV" RG,MWUHGX ]YDUX

Obr.67 =iY L Vi@ddstihavzdialenosti od stredu zvaru

Vuvedergj i YLMORYR|OtatiWwHasQ @ DMY\aaLD WHWIBRVGRVLDKQXW
v zvarovom koveK viac ako SRORY LoklgsBna S U L E 0208y potom GRFKiG]D
v DOARP SiVPH NWRUp SUHGVWDY XM¥\ aQH franQkaziY SO\Y QF
priebeh tvrdosti wepelne neovplyvnenej oblastt I NODGQRPiIi PDNWGHUMIK WYUGR
cca/6HV.

1iUDVW W WHESRVWH RYSO\YQHQHM REODVWL RSURWL JiNC
aWiWR REODSU |E®DRME fMtedu zvarPU L VN X Weps® RRIaWYiUQHQ é
DM WHSHOQH RYSO\WQAHQY® iFD W QU HYGNHR RD FGL@OML RV" E\ SL
RGSRYHGDOD DM NUDMQéP ~VHNRP JUDIRY PHUDQLD KU~E
RGFKEON\ PHG]L UDPRID/@&EPD KRGQRWDPL

3UH GRVLDKQXWLH SUHQRWQHt FoKH NQFOPDBEWRUBRAEMEQ R V W L
ovplyvnenejoblast pR GRND]XMH DM Y\KRGQRWHHR@XHVAHBBRAOQP WAX
QDSUQVOHAJLFN~ VLPXOIFLX ]YiUDQLD ptPkdhipliaRYLDKQXWL

540SWLPDOL]iFL&D JHRPHWUL

1XPHULFNi VLPXOiFLD MH MHGQRGXFKé&P SURVWULHGNRP
dielcov. $M NH VD MHM YéVOHGN\ RGOL&AXM~ RG QDPHUDQEéFI
JtVNDQLH SGKHDEHKX SURFHW,QOPK ]iNIDUIDDZHEHIBRWIRG D
Y\NRQDQE&FK DM@ QLH )/' SBOWY RBNODH]RIHEDp
O L P L WPRVA-CFRAG W R EMQHHM. Q Rn@epdligdometrier & O LWIN )G R V L Dxhiegex "
SULHEHK Xa G B BRWRERIGUDiestneniaNULWLFNp K/ MINR/ VQDIMY KR G Q
parametr SUH RS W L P D@loirid zaobMriW Y D UR Y p K/R] G Dl @br.68.
$NR QiIVWURM RSWLPDOL]iFLHSEAMB.H SRX&LWEé VRIWYpU 3$0
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3{YRGQé SRORPHU ]JDRF7"'""7"' ™ MDY -trn
SUYNX MH PP $E\ EROR ‘
]PHQ\ Y HtdktBR240BlEnia na parametr
SURFHVX V ~ DOHM UR
VLPXQOikdeHEROD ]JYROHQ
zaoblenia 7 mm a 9 mm. U oboch
RSWLPDOL]JRY D @a\F&F KJ HFRR
VD SRXaLOL URYQDNDP
vS{YRGQHM i. VRRK®LRD V
vQDYéaHQt PD[LPIiOQHM K
tlaku ORGHO ]D"DddR YIDRXLIDY
tzn. OLQHIUQH aUWIDSAWEH — opr 68 2SWLPDOL]RVi®@eca L
QRUPIORYpKR WaRKINRYpKR rnu

IDMVWEHRStVDE&YOHGN\ |]R VLPXOiIFLH NGH ERO ]JYROHQEé ¢
=D"DAaH@IRPWR SUtSDGHMREaDd hiatmbi AR MPas6OHGRYDQtP UR]YR
SUHWY®RMadd@@t FLD EROR JLVWHQp aH NX NULWLFNéP SUHW
v poslednom kroku NHG\ WYIUQLDFL WODN GRVILDWRRKRQG VWRIGYH Y E
YaHWN\ DO&LH YéEVOHGN\ XYiG]DQp SUH SRVOHGCGY&H NIRW Q
jeFLD naobri]N@ NWRUé& GRND]XMH &H QLHNWRUp H@ikR HQW\ VI
WUKOtQ

70,5

Ty
&

0,2
0,1

-0,5 -0,4 -0,3 -0,2 -0,1 0,1
0,0

-0,1

Obr.69)/' SUH RSWLPDOL]RRFEHQMIHRPHWULX

KWRPXWR GLDJUDPX QiOHREUDYXMERL]RMOHPHQW\ WYiUQ
UNWRUBFK GRAOR NX NULWLFNpPX SUHWYRUHQLX 1D ]iNOD
PLHVWRP VWiOH RVWiYPUNNE ®NQDE.pNY CEUHRW IK&RH
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9]GLDOHQRY

-0.003
.-0.040
-0.078

-0.1156
-0.152
-0.190
-0.227

-0.264

Min = -0.264
Max =-0.003

Obr.70 .ULWLFNp PLHVWD Yé&OLVNXFLDRGFIIC pr¢REDMQRVWL EF

Predstavu o0UR]JORKEH-OEN\ WYiUQHORRRMERMFKZ2SURWL S{YRGQ
geometriGRFKiG]D SR FHOHM &UDR O KW & PH|® FHE) P DKGJRYE 3 H M
KRGQRWH S{VR Ba 26| @R RWODNDINBMYIpaLH VWHQPHQLH PDWH
VPLHVWH WYDURSRFREYRWNMR BIW" SRGOR&HQMN\WRUE NRFD]XM
URJOR&HQLH HIHNWtYQ\FK KRGQ{W SODVWLFNpKR SUHWYRU

+ U ~ Brini)

0.489
. 0.473
0.457

0.441
0.425
0.408
0.393

0.377

Min= 0.377
Max = 0.489

Obr.71 5R]JORAHQLH KU~EN\ WYiUQHQpPKR GLHOFD SU}
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(IHNWtYQH SODVWL

0.302
. 0.259
0.216
0173
0.130
0.087
. 0.044
0.001

Min = 0.001
Max = 0.302

Obr.725R]J]ORAHQLH HIHNWtYQ\FK KRGQ{W SODVWLFNpKR ¢

DOAtAYEVWXSRY MH RGSUobaHLH KPDBRRIEEAR KRGQRWIiP
WYiUQLDFHKR WOWNXLBRFKSGHWXRUHQLX PDWHULIOX pR
YH NRV" RGSOXRWILIB{YRGQpPX VWDYX NHG\ ,A®OpbPXP ER
RSWLPDOLJ]IFLL Q IRNGSI ZBEIAG Q R W D

2GS UX D LH

0.6809
0.435

0.348
0.261

0.174
0.000

Min = 0.000
Max = 0.608

Obr.732GSUXaHQLH ULHAHQPKR GLHOFD SR XYR QHQt |D*

'"UXKi VLPXOIFLD ERO®DSW\WDYRERRNRBMHE |DREOHQLD WYDU
9mm. =D"DAaRYDQLH SUHELHKDOR aRGQHIWBERH QNBHERM OR
Z30 YESRPpWRYEFKRQUWRIRPRX SUHWYRUHQt SRPEBRRXAAHQVR ]
dielca G R FKiG]D20XkuY Tlak pri ktoromdefekt vznikol MH PRaQp MHGQRGX
G R SR pjphohddiota je 138BMPa. DOHM XYHGHQp YEVWXS\ V~ WHGD S
a SUY érichlje FLDnD R E U4 N X
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-0,1

Obr.74)/' SUH RSWLPDOL]RRYFDAOQmMMIHRPHWULX

'LDJUDPX RSI" SULQiOHA&t REGHWNLOH NNBEWHMHRY PLHV\
1DMQiFK\CBQHMEI®LN W UK O b0 WYW LAIHWRADWIR DY RR/ IS BYKRG QpP

stavuaRSWLPDOLJIFLL VR |BRESR QHQ L P@DMSHIRRWIDQKOHM VWU
1Y é U D] Qdetalp. Y

9]GLDOHQRY
-0.000
.-0.038
-0.075
-0.113
-0.151
-0.189

-0.226

-0.264
Min = -0.264
Max = -0.000

Obr.75 .ULWLFNp PLHVWD YéOLVNXFLDORGFIC pré¢REDOMQRVWL EF
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5R]JOR&HQLHGHXKEHNKIRXRSWLPDOL]RYDQpKR PRIGHTPXOXNDD | X
KU~END VWHQ\ Kok PLHVREWH DY \] QiBthill.GR R pYW R VKR E pHIQH \H'
k LQLFlrhfly a SRUX&H @& X p @divid@uje aj FLD 5R]JOR&HQLH HIHNWtY
SODVWLFNpKBBUHRFRWHDILLYEOLVNX MH QD REUIJNX

+ U ~ EriNnb)

0.489
. 0.473
0.457

0.441
0.425
0.409
0.393

0.377

Min = 0.377
Max = 0.489

Obr. 76 5R]JORAHQLH KU~EN\ WYiUQHQpPKR GLHOFD SUL

(IHNWtYQH SODVWLF

0.303
. 0.260
0.217

0.174
0131
0.088
0.044

0.001

Min = 0.001
Max = 0.303

Obr.775R]JOR&AHQLH HIHNWtYQ\FK KRGQ{W SODVWLFNpKR ¢
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2GSUXAHQLH Y]QLNQXWp SR RDAaBIKHHQR D8 DR N A I IRY KR K I
RSURWL SUHGFKiIG]DM~FLP VHPXQiFRPUN@WR] Q'H VRHXEAIMH N
ZXYHGHQEFK NWRUEE R PWRNISIMIMRDY SR SRVOHGQRP NURN
tlak 20 MPa).0D[LPiOQD RIEGURKWWDR PR SUtS D66 613 RV, D K X M H

2GS UX D LH
0.397
. 0.341
0.284
0.228
. 0.002
Min = 0.002
Max = 0.397

0.171
0115
0.058

Obr.782GSUX&HQLH ULHAHQpPKR GLHOFD SR XYR QHQt |D'
VEVWRSWLPDROMPPLM~ &H JPHQD ]JDREOHQLD WYDURYpPKR ¢
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YEVWXESED]XM~ SUHOLVRYDQLH SUH WRYRNWRRY €& RNUIGRN RM.LXP X
K\GURIRUPRYDQpKR YEOLVNX

9Ilp®DL K END YSUMHLDL VPR QDYLDF YSO\Y QD RGSUXAaHQLH 7RW
VLPXONWRUp EROL Y\a&®4KbSKRIV.DPp REU
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+ END SUHpPMYF
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+ END SUHpPWI
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'LHOHF NWRUEéEPWVERFORPHRYIiIiMEUIWFDHEHFE YWYEYRMD YéEUR
VHQGYLpRYEFK SDQHORY QD 9\YRNRIBtoXaparh@tH\M MK @ 5PN R PF I
]JYDUHQpPSKWHEKRX 15PmMzDXN X @j@¢e®DCOL 3R XA LBWE HRIJLi O
Y\KRYXM~FX WY NDUWMWWHH@RgN\cendgo dostupgég 'LHOHF MH Y\UIEDC(
WHFKQROYJLRX SDUDOHOQpKR K\GURIRUPRYDQLD NWRUI P
YR IRUPH QDGPHUQ pKRIDVWWHOQROR YSEQ LWDDWRPXWR ]JDEUIQL
DQDOERBWLPDOL]iFieDY &GIRPRHVRAHQPHRYYGH NRQHPpQEFK Sl
k pRPXR O S R/RAMNY é-STANGRD

90DVWQRVWL PDWHULIOX EROL SUH YPKRG @QRDHE NN H M
VNya8KRYDQLH PDWHULIOX SUL SODVWLFbuHddeviegMdRUPIFLL
(ODVWLFN p bMiO®HIWQ RMBMAPQi P\PL KRGQRWDPL PRGXKOX SUX:
aPoissonovho pomeru9] K DGRWRN€W X &dH SRORWRYDURBoldM& XYWDQpFR Y L
]RK R Bj"anizotropiu PDWH SLIXXALWtP QDGVWDYE\ BRMATL-WpKR VI
WIZARD, bolD SRVXG]RYDQIiSEYXHAVWBRYWRNWURSQEFK SRGPLHQR!
1D ]iNODGH SRPRIMIUDRROIFLL SRXALOD SRGHRHPONDI IOFHN &V |
PRGHO Y\MNEZKSIGHEE SR N Obv@ia jeAW XKp oWHUIHHYMHGQRGXAHQLH Y
QXPHULFNHM VLPXOiFGH!|LERO DSRRO OWMRY MY iUQHQE&P SOHFK
aN U X S L QIreN) grizkév. Miesta zvarowsazafixovdi.

3RPRFRX QXPHULFER®DVYPOOQREMHODD PHG]QEFK SUHWYRUL
FLD Keelek*RRGZLQRYKR W\SX .RQWURQEN Y& RMD VEIUHW YRRIG
GRVDKXMH WYiUQHQé& GLHOHF SWH DWQOHERP\L SREGIDVp D
XUPpHIRJORAHQLD KU~EN\ VWHQ\ YEOLVNX HESWX¥BQAKD SOD

9eVWXPHOXFNHM VLPXOiIFLH EROL SUH RYHYA&MIOLHHGNMN OB LY C
experimentu.3UYéP SRURYQiIYDFtP NBUWMNWRPRPRARBKOBRN XaHQL
U experimentu vznikla prasklina pri tlaku 8/dPa. SHUFHQW XiOQ\ UR]JGLHO PHG]
avi\SRptWDQéPL KRGQRWDPLpERUMBEKXWDYXKMRX WHFKQLFNHM
Miesto SRUXAHQRERWVHK B UtSDGRéeAKrapk & XHWHY I UQHQéE). PDWHUL
'UXKéP SRURYQIiIYDFt®PURJOWHEHAEBRREWY QUM HPILHVWIDFK Yéol
Z tohtosa zistilo,AH YEVOHGN\ UR]JORWHIGIGH NR-EWURORYDQéFK UH
SULEOLAQH RGSRYNGDMOQ #FHKUDWVHXRPBK DOH ERDIL RIR]@G\LHO\
SHUFHQWXiOQ\ URHGDIPOP WYUGRVWI \SREGYHR WL NRHGUPKRE O H Q L
bolo pravdepodobneV S{VRBHH{EHOQEéP RYSO\YQHQtP BRWHLIPL O X LSIJ |
QH]RK DBGUHMHYEAHQLH SUHVQRVMWK WéptelgdvplW. K téh@a 8\R U ~p D
EROR PRBR®AL" QXPHULFN~ VLPIXOibINX YINGQDH@QMM YESRPWR
QiIURpQNRHVEH. G AND ]YDUR3S MA BUWHEQHBMA@HH YBEVORHSBIN\QE\HR/R
simulovanie zvau QD NUiIW NR Ppreneséhd ¥ EDNOHGIR RYSO\WYQHQEéEFK PL
VEVOHGN)\ YHdi IQDNLALH RY S O \éQerb@ip pb&Rli len na jednom dielci,
WDEAHEROR YKRGQp PHUD PLIDARB BNRRAWH YEOLVNRY

1D ]iNODGH YéVOHGNBYorMLFPSWLPDHOL]iFLD NwWRhei VSRpt
SRORPHUX ]DREOHQLIN@H BREKpE RD 6 BYME{Y RGONB R L XPP QD
7mmadmm.9éVWXS\ RSWSRDOOW M¥MH WUHQG\ YEYRMD RSWLPDO
%ROR JLAMWPB@p YIpaLH MMY DIREYOHK@®L 8RJ WNPGEt WYiIUQLDFL WC
SRX&LR Pi SRWRP YSO\Y QD K BE\NDH & BHROQV RBRB@IAD @D YH
RGSUX&HQLD
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2]1QDptLegenda Jednotka
A IDAQRV" [%0]
Aso IDAQRV" QHSRPHRRUOWWPIQHR X P H thix C [%]
A100 IDAQRV" QHSRPHRRUOWWPIQHR X P H Uring [%]
Ag 'IDAQRVWL PD[LPIiOQRP ]D"DaHQt [%0]
aRpo,2 6~pLQIOWREQHM DQL]RWURSLH [-]
bo SRpLDWR p/N~ERIIBNPp KR WHOHVD [mm]
b1 AatUND VN~AaREQpKR WHOHVD SR H[SH[mm]
C &HONRYiIi PDWLFD WOPHQLD

C ODWHULIORYp FKDUDNWHULVWLND [MPa]
D SULHPHU YDOFRYPKRN-DAENDHNSRG D 0L [mm]
Dobh SBULHPHU RWYRUX QRVLpPpD SUL VN~aMmm]
d SRpLDWRpPpQREUYWHBHURUPDpPQHM VLH[mMmM]
E ORGXO SUXAaQRVWL Y "DKX [MPa]
Epl Modul plasticity [MPa]
F &HONRYi PDWLFD ]D"DaHQt

& '\QDPLFNi PDWLFD ]D"DaHQt

FLC Forming Limit Curve

FLD Forming Limit Diagram

h +U~END WYIUQHQpPKR SOHFKX [mm]
ho SRpLDWRPQi KU~END WYiIUQHQpPKR S ([mm]
K &HONRYiI PDWLFD WXKRVWL

a8 ‘\QDPLFNi PDWLFD WXKRVWL

K SBHYQRVWQé NRHILFLHQW SUH .UXSN [MPq]
5.'6 KeelerGoodwinov diagram

iagram

Lo BRPLDWRPQi PMNPDAREQAKNR WHOHVD [mm]
Lu OHUDQiI ENANRBEQH&RYVD SR SUHWUKQ [mm]
1 " AND KODVYQHBVRWSUHWYRUHQpPKR SL[mm]
I2 " &ND YHG iH\DAHBN \RSUHWYRUHQpPKR S[mm]
Im OHUDQi G aND [mm]
| 2v 9]GLDOHQRV" RG VWUHGX ]YDUX [mm]
M &HONRYi PDWLFD KPRWQRVWL

MKP OHWYyGD NRQHPQEéEFK SUYNRY

m Exponent podmienky plasticity Barlat 89, Barlat 9Balat 2000 [-]

n ([SRQHQW GHIRUPDpPpQPKR VSHYQHQLI
Prrit 7YiUQLDF LS VDDMYQWQHQPKR GLHOFD [MPa]
R Polomer zaoblenia [mm]
Re Medza klzu [MPa]

Rm Medza pevnosti [MPa]
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Rpo.2 =POXYQi PHG]D NOJ]X SUB WNIWRGMMLM [MPa]
"§ 9i8HQ&é SULHPHU V~pLQLWH RY SODV [

;0’“‘5’“*0’ 6~pLQLWHOH SODVWLFNHM DQL]JRWU []

o %LD[LiOpQQYWH SODVWLFNHM DQL]R [
o) 3RPLDWRPQi KU~END VN~EZREQpPKR WI[mm]
st +U~EWND~Z3REQpKR WHOHVD SR H[SHUI[mm]
T Teplota [f&
t yDV s
U &HONRYi PDWLFD GHIRUPDpPQéEFK SDl

6 &HONRYiI PDWLFD UEFKORVWt

7 &HONRYi PDWLFD JUEFKOHQt
u, v, w =ORA&N\ SRVXYX [mm]
Wps, Wsh 9iKRYp IDNWRU\ SRGPLHQN\ SODVWL []
y4 =~34HQLH [%]
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35E/2+$ 1/1
+\GUDXOLFN& JNXaHBMKNVWURM =

6WURM XPRa XMH SURYIG W WDKRYp WODNRYp D RK\I
INRX&N\ PDWHULIOKKE@RtP U\EKWORVWL ]DW aRYiQt D
SURJUDPRYéP J]SUDFRYiQtP JNRX&HN -H Y\EDYHQ YHVWDY (
LOQNUHPHQWIOQtP GpONRYEP VQtPDpHP SRORK\ S tphQtN
UR]JOLAHQtP PP D VQtPDpHP VtO\ V tGtFt MHGQRWY!
EDC 60.

tGtFt MHGQRWND ('& M HD FYNWRUFRHQ ISFUNHF L] Qt  H

]D t]HQt VSHFLIiOQ NRQVWUXRY¥DQp SUR t]JHQt VHUY
K\GUDXOLFN&FK [NXaHEQtFK VWURMS$ -H Y\UIiE QD VSHFLiC
DSOLNDFH t]JHQt INX4HEQtFK VWURMS$ D Y\X&tYDMt ML S HG(
YEUREFL XQLYHUViIOQtFK |[NX4HEQtFK VWURMS$ -HGQRWND I
programemSUR JNRX&N\ NRYX V PR&QRVWt SURYiIG W JNRX&N\
EH] 3& X MHGQRGXFK&FKSSWID\KIRAF BEX] SRX&LWt

7THFKQLFNp SDUDPHWU\

9éUREFH/SRNSO

0 tFt UR]V4DBKN

&K\ED P HQt VtO\ MPHQRYLWpPKR UR]VDKX
vVtoO\ WM * R GSRYQ®RIVW 1t G

0 tFt UR]JVDK P HQ80@niK\

&K\VED P HQt G UK\ *

VpULRYp UR]KUDQt 56 SUR NRPXQLNDFL
sQDG D]HQEé®BOM1 pro PC s FIFO

sPD[LPIiOQt U\FKBORV W't

LOQNUHPHQWIOQt YVWXSGHUR\ QDSRMHQt VQtPDpH

3RptWDp MH Y\EDYHTESSWRIPDPHP O
tahovou, tlakovou a olEFRYRX [JNRX&ANX NRYRYEéFK
PDWHUdé EN$LO00E V Y\KRGQRFHQtP Yé ED
JUDILFNEéEP JSUDFRYIQtP Y@t]%&g{@a C 60



35E/2+$ 1/3
OHUDQLH V~pLQLWH RY DQL]RWURSLH
Pre YJRUN\ RGRSEE®QPOFRYDQLD f
- SRpPpLDWRDPQi PHUID@NNG aND /
+U~END atuUND 6~pLQL =PO X
Pred Po Pred Po plasticke] medza
Vzorka Miesto | vN~a| VN~4 VN~a| vN~z anizotropie |  Kkizu
S0 St bo b1 I Rpo.2
[mm] | [mm] | [mm] | [mm] [-] [MPa]
1 0,953 22,83
2 0,951 22,62
3 0,949 22,55
AlO 2 1,007 0.949 24,97 22 58 1,664 245,0
5 0,949 22,77
Priemer 0,950 22,67
1 0,950 22,73
2 0,947 22,58
3 0,945 22,60
AllO 7 1,005 0.949 24,99 22.64 1,664 248,9
5 0,950 22,87
Priemer 0,948 22,684
1 0,959 22,83
2 0,948 22,65
3 0,946 22,60
AlllO 7 1,003 0.944 24,94 .60 1,700 248,8
5 0,946 22,75
Priemer 0,9486 22,69
1 0,939 22,70
2 0,938 22,53
3 0,937 22,54
AIVO 7 0,998 0.940 24,97 22.60 1,623 244,0
5 0,943 22,80
Priemer 0,939 22,63
1 0,937 23,02
2 0,935 22,74
3 0,934 22,70
AVO 7 0,990 0.935 24,99 2274 1,604 238,2
5 0,936 22,88
Priemer 0,9354 22,82
Priemer 1,651 245,0




35E/2+$ 2/3

OHUDQLH \OowdmizQiopieH

Pre YJRUN\ RGREUDQp SRG XKORP valtowaht DGRP N VPHUX
- SRPLDWRDPQi PHUD@MNG &ND /

+U~END atuUND 6~pLQL =PO X
Pred Po Pred Po plasticke] medza
Vzorka Miesto | vN~a| VN~4 VN~a| vN~gz anizotropie | Kkizu
) St bo b1 ras Rpo,2
[mm] | [mm] | [mm] | [mm] [-] [MPa]
1 0,933 23,14
2 0,932 22,97
3 0,929 22,94
Al45 2 0,994 0.933 24,99 22.96 1,272 253,2
5 0,933 23,11
Priemer 0,932 23,02
1 0,934 23,08
2 0,934 22,90
3 0,933 22,89
All45 7 1,000 0.930 25,01 22.92 1,216 255,3
5 0,931 23,06
Priemer 0,932 22,97
1 0,937 23,09
2 0,935 22,88
3 0,934 22,85
Alll45 7 0,998 0.936 25,00 .96 1,308 251,4
5 0,936 23,09
Priemer 0,936 22,97
1 0,945 23,15
2 0,943 22,97
3 0,943 22,97
AlV45 7 1,000 0.942 25,01 23.05 1,382 253,0
5 0,940 23,10
Priemer 0,943 23,05
Priemer 1,295 253,2




35E/2+%

OHUDQLH V~pLQLWH RY DQL]RWURSLH
Pre YJRUN\ RGREUDQp NROPR QD VPHU YDOFRYDQLD
SRPLDWRPQi PHUD@HING AND /

3/3

+U~END atuUND 6~pLQL =PO X
Pred Po Pred Po plasticke] medza
Vzorka Miesto | vN~a| VN~4 VN~a| vN~gz anizotropie | Kkizu
S0 St bo b1 I Rpo.2
[mm] | [mm] | [mm] | [mm] [-] [MPa]
1 0,961 22,96
2 0,959 22,77
3 0,956 22,74
Al90 2 1,004 0.958 25,00 2 81 1,966 259,3
5 0,962 22,99
Priemer 0,959 22,85
1 0,955 22,86
2 0,952 22,57
3 0,952 22,50
All90 7 1,005 0.951 25,03 2253 1,873 247,3
5 0,952 22,70
Priemer 0,952 22,63
1 0,945 22,67
2 0,941 22,40
3 0,943 22,50
AllI90 7 1,002 0.948 25,02 2 58 1,748 2429
5 0,951 22,90
Priemer 0,946 22,61
1 0,951 22,62
2 0,949 22,36
3 0,953 22,49
AIVI0 7 1,004 0.956 25,01 2255 1,934 247,4
5 0,950 22,76
Priemer 0,952 22,56
1 0,955 22,70
2 0,952 22,45
3 0,952 22,50
AV90 7 1,006 0.953 25,00 255 1,893 254,7
5 0,956 22,76
Priemer 0,954 22,59
Priemer 1,883 250,3

f



