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(OPUNH]W-@QNHDJWN@BpUH LV @E202R DKWY DIVOHIMWUNM| &Y RMRWR]DW X QN
a 2023DV pYHW |VV]HIRJODOY eYN|Q\YK|] DQQDN WmhoBdAMOEDQ tURF
WDUWDOPDV pY YDQ P|J|WWVYER YtROM]\® HDK pd YNPQ\W BWRPPDO PHJ\

$] HOV JRQGRODWRP D] KRJW DI R VH OHNGI GWH QYW tJpUHW QN
IRO\WDWMXN HJ\ NLV az GQNVPSN YK QlijW HRDNHY D JHQHUiFLyaQDN PLO
$Q\DJV]HUNH]HWWDE K @R OYyQAMmEbanQANAI3DN pY OHIJIRQWRVDEE HV
IHOVRUROYy ROGDODNEYO WDOiQ NLW&QLN KRJ\ D] ,QWp]HW PL
GROINWDWRWW NXWDWRWW pV WHQ ®HWW QN HN ik NHDUHHIE S @D ] W
ezzelD] ,QWp]HW HO ] JHQHUIFLYLWy@z|U3N|EW BHQQHOHD \e\BEHV LW
IHOp

A Miskolci (J\HWHP PHJIJNH]GHWW iWDODNXOiViQDIWD CRQ@\DMREWDQW
PHIpUWHWW+N pV D]W Q RQIGIRD RWP|]|KRIINpQW VLNHUUHO WXGW
OHJSR]JLWtYDEE GRORJ KRJ\ D NpQ\HOPL ]yQiQ NtY.OL NRFNi]D
NpS]pV NLGROJR]iIVD PDMG HOLQGtWiVBM U BY]WBHRIHEX @ND L SDU
ereGPpQ\HLE O QDJ\REE PR]JiVWpUUHO UHQGHONH]W+QN PLQW D
UpJHEEHQ IRUUIVKLIQ\QP U DpW WY N& P-OLUDING WO O DFDROHEIY Y KUK Wi V W
SHPpOMgNH] D VIHPOpOHW PHJPDUDG D WRYIEEQDWE DN REG HH L
HOPDUDGW WpWHO OLQGHQ HVHWUH D] PLQGHQNLW My pU]pVVHC

(EEHQ D] pYEHQ W|EE RO\DQ SUBWKRWY =W iMODQ & XKW W W
WHYpPNHQWWIHRBQV]tUR] HkeiNE LIFVROMH WNDp W D OHY pKYRU\@DY LV
PHJVIRNRWW V]DNP DRHKAIQYIRND QRQN+O HONpV]*OKHWMEE (]JHQ
HO NpV]tWpVH QHP L\be®EEM|E O5|[@NVOWW DJRWNQDN DNLN HEEHQ W
YiOODIDWDNMDOYV]tQ&VpJIJHO-BDBEHW ROWHNSURMHNW HO NpV]tw
amelyekE O UHPpOKHW OHJ My V]i]DOpNNDO PHJYDOYVXOWKDWQDN C

SWD]JWXQN PL LV VRNDW GH VRNDQ XWD]WDN KR]]iQND LV 7]|E
OiIWWXQN (]JJHO LV WRYIiEE pStWYH D] ,QWp]HW QHPJHWN|]L OiW}
HO DEWEHOHOIWKDVWRQN PDEENDXOWXUIOLV N|UQ\H]JHWEHQ KRJ\DQ
RNWDWRWW LVPHUHWDQ\DJRNDW V@ H® QN HY®ILQ I H \R N QY DWH/R. QNNH
IQNpS]pVVHO QDSUDNpV]HQ WDUWMiN D] DQ\DJWXGRRiQ\RN pV
WDQWiUJ\DLQNDW

$] ,QWp]HW V]HPpO\L-KDW WHU pERHOQV D Mltak i D MIRN i VAR X JiFORPIiQ\E
vonultak, wltak DNLOIHWKHO\]JHW+N PHJYiOWR]iVD PLDWW PiVKRYi NHU-
H]pUW D] HO WW+QN iOOBDQLKYYPHRIN@DXEWXQN IHOHOQL (EEHQ
N|JIVVpJL V]HQ e miderdt L QW pN R® O Hellakexte\W minket is jelemez. A
IHODGDWRN pVV]HU& PHJRV]WiViYDO PLQGHQHItelyDPDRQ]iBiWHU O+
N|JHOHEE iOOy 6]HUHQFVpHHp ¥ RN MELHDNNRIRVWKWOWXG RWW W |EE
DKRO D PiVLNQDN WDOiQ QHR @I L. UHOND|@MWHPHRRQW®i YD

2023EDQ D OLVNROFL (J\HWHPUH IHOYHWWHN V]iPiEDQ XJUiVV]H
D] pY V]L VIHPHV]WHUH D PHJV]RNRWWQiO LV QDJ\REE NLKtYiVF
VIHP HO WW WDUWYy DRUIDORQRMOONEWX@WRU PHQWRU (]JHQ UHQG
HV UpV]PMF\VLAOHWMWIFOLQIOWXN 7|EE NROOpPJD UHQGV]HUHVHQ
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IXNi,ZY (O V]y

6]iPXQNUD PpJ HJHN VHP WHUKHN KLV]HQ D KDOOJDWeLQNDW H]
DQ\DL DW\DL JRQGRONRGiIVVDO YHJHWW+N D PpUQFVN®,OKXN VR
DKRJ\ PL LV OiWWXN ,0D RIL\HNH W] RIM\® BWMNWKH] N|WYH YDJ\ VHP

$KRJ\ D] HO EELHNEHQa PO®a\H RNV E WWH O H Jolytatik) FEJtD YWOR W
abbm KRJ\ D VRUR]DW HJ\PiVW N|YHW pYV]iPDLQDN V]if@ DODSMi
D NH]GHPpQ\(HEJPNEOQD] LUIQ\EDQ H]JHQ pYEHQ LV WHWW+QN HJ\ OpS

9pJH]JHW+O V]HUHWQpPN N|V]|QHWHW PR QG DIB-barLiQy@atd® HI\HV I
VRNV]tQ& pV pUWPpPNHV VIDNPDL P XBMNPMXNNDEWNY ifdi NaNeBBrasl RUP i M i E
PYN|Q\Y*N V]DNPDEDQNYHRQMHO D] HO ] pYEHQ PHaM#gymHQW pYN
OHFKDQLNDL 7HFKQROyYJLDL 7DQV]pN pV MRJXWyG MiD, @Y $@WDJ V]t
KDJ\RPiQ\DLKR] P g @iy RegiSeriiemni

KeO|QpV QpY VJHUHRM\YPQHWHW3IBRQGDQUXNIFV -iQRVQDN pV 'U
Koncsik Zsuzd QQiQDN skaRWdi MHNW R dd BiIAVIPDM HY IRUPiIWXPUD V]HUNHV]
KiOiWODQ IHODGDWiW PDJXNUD YiOODOWiN

Miskolc, 2023. december 3.

Dr. IXNiFV =VROW
HJ\HWHPL GRFHQV LQWp]HWLJD]JDWy
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.RYIFV 3pWHU =ROWiQ
EJ\HWHPL GRFHQV OLVNROFL (J\HWHP $Q\DJV]HUNH]HWWDQL pV

OHFKDQLNDL 7HFKQP@M]pDL ,QWp]HWL
3515 Miskolc, Miskole( J\ H W H P Y-iraiR rMetkidz @unimiskolc.hu

Absztrakt

$ FLNN DOXPtQLXP FV|YHN LQQRY,B\W{W HINMNVNWS D pXHQ \ RIDIDION ¥
NLDODNtWiVUD $ IRO\DPDW HJ\ OpSpVEHQ W|UWpPQLN D FV WiJtw
NpW FV LOOHM HG JIHDHOHWHO\HWEH KR]]D D NpV EEL N|Wy
LQVWDELOLW.I®HpPM DJ\RIRi VRV SHUHPH]pV VHJtWVpJpYHO M|Q Op
NpV]tWHWWiPRNNDO NtVpPWO M LD MR HBR B DIW RNV LE &/ ] LND| MIEWH N~

NLDODNtW i \ERMELEMEYyWpVEHQ UpVIWYHY Np S {PpNWBAG RN KIRODVN itQVD
D OHpOH]JHWW FV YpJHN V]|JpQHN YDODPIDQKMDI INLWODNtWRWW N

KulcsszavakLQQRYDWtY FV N|WpV NpSOpNHQ\ LQVWDELOLWIiIV N|WpV
Abstract

The article deals with an innovative type of joining of aluminum pifpesjoints are formed by plastic
forming. The process is carried out in one step using the principle of pipe expansion, in order to bring
the connectingsurfaces of the two pipes into a suitable position for the subsequent joining, which is
created by means of plastic instability and simultaneous pressure flanging. Experimental tests were
carried out with the tools designed prvoducethe joints in orderto find the most suitable joints
strenght The length of the plastically formed pipe sections involved in the joint, the angle of the
sharpened pipe ends, and the thickness of the formed joints wersednaly

Keywords:innovative pipe connection, plastiestability,joining with plastic deformation
1. % HYH]HWpV

$ FV|YHN YpJHLQHN |[VV]HN|WpVpUH V]iPRV PHJROGIV iOO0 UHQC
PHQHWHY SUpPpVHOW KHJHV]WHWW NHPpQ\IRUUDVEWMRWW YDJ\ U]

OLQGHJ\LN YIiOWR]DWQDN YDQQDN HO Q\HL pV KiWUiQ\DL DPHC
DONDOPD]iVRN VRUIQ

$ PHQHWHV(IN|WRBPRNQHWHNHW FVDYDURNDW KDV]QiOQDN D |
(J\WWJHU&HQ PHJIJWHUYH]KHPW NV ]pPWQ/QMHUP QKWW N pV V]DEYiQ\RV ¥
/HJIIRQWRVDEE PHRIGIG WIDN\DD Ji]W|P|UVpJL N|YHWHOPpPQ\HNNHO
NRUUY]LYpU]JpNHQ\VpJ LV PHJDNDGIiO\R]JKDWMD D PHQHWHV N|V
DQ\DJRNEYO NpV]*OW FV|YHN pV N|WpVHN2QHGYHV N|JUQ\H]JHWQHN

$ SUpVHOW LOEHMVEPV MMUHVIWPHWV]HW FV|NNHQWERYVHO Np\
NJ[WpVHNNHO D SUpVHOW N|WpVHNHW QHP NRUOiIWR]]iN D] HV]W
NDULPiN YDJ\ D FVDWODNR]iVRN .RUOiIW OHKHW D}R&EDQ D V]I
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RYiPVZ &V|YHN HJI\HVtWpVH NpSOpNHOQ\

JIJW|P|UVpJ V]*NVpJHVVpJIJH $ NpWDFViIDWXDNN R pW R Y\IDB®y NHO O [\
DQ\DJ UXJDOPDVViJiQDN PHJIHOHO QHN NHOO OHQQLH DKKR] K
NpSOpNHQ\ DODNBY,[WR]iIVRNQDN

surlodasi zona

, . toltéanyag vagy ragaszto
hegesztési varrat yag vagy rag

.

1 iEUPW FVHYPHVIWPPHQHWHY EP GHWSMDWY IFO NpV]+OW YDJ\
NHPpQ\IRUGDVUDVURWMW RWW H to@pahpyesttei WIRDHNY @/PIDIiViY D O

A] |POHYéyszpVVHO NpWp@(HWNHWPDiGWDOIiEaDb)YDOWDRV|YHNQpPO
KDV]QiOMiN PLYHO D FV|YHNHKH YR OMMEDINSA QW R X\N WH ONHIDD V
Y HW H P H GipydgsizensazettanY iOWR]iV RIQDOW \RNR KHIJHV]WHWW N|WpVHN
ILJJHOHPEH NHOO YHQQL D N+O|QE|] DQ\DJRNEYO NpV]*OW FV|Y
DGyGy QHKp]VpJHNHW pV D VDODNHOWIiYROtWiV NJOWVpJHLW LV

$ IRUUDV]W RiiAv. Ni|ENpDéagyd) My DOWHUQDWtYiW MHOHQWHQHN D
VIHPEHQ YpNRQ\ IDO~ FV|YHN HVHWPEHQ (]HN HaithelydakazO OtW MiN
ROYDGiVSRQWMD sponfaV4idtHwnR RMDEGH]QHN D FV|YHN HJ\PiVVDO V
IHO*OHWHL N|]p PDMGODQEKJRQUG\KNFAKW - WHWHUFFVHO YDJ\ NHPH
PHJROYDGW W|OW DQ\DJ NDSLOOiIULVDQ iUDPOLN pV ME& pVNRU
IHO*OHWHL N|]|[WW $ IRUUDV]W RMNVQIQPXNV/RID DVH PNBHIDWR)NIREE H O
DONDOPDNDWYE|J DQ\DIJRNEYO NpV]-OW YDJ\ MHOHQW V IDOYDV
IVVIHNDSFVROiViUD /HJIRQWR&\ L NRLNGD YAD IR\N ] WOWWWRIU ] X OV E
DGYGQDN KRJ\ VSHFLIOLV FpO~ FV YpJIRUPINDW NHOO NpV]tWHQ
PLQ VpJJHO

$ UDJDV]W RV W ENJ|IW]SYRHONH Megeszp VVH O 19 VN HPWQ\IRUUDV]WRWW N
DOWHUQDWtYiL RO\DQQ KYHHED PpW W pIEGIOW DXKHRFO DONDOPD]KDWy Y
DQ\DJRNDW SpOGiXO |pPHNHHW tYAHEIRDVAWY KNIDWRN NLN-V]|E|OL
WtSXV~ N|WpVKH] NDSFVROyGy NRUOiWR{O/RNVNMVEEWW Jp W QBHHO O
W&UpVKDWiIURNNDO LOOHWYH D UDJDV]Wy PHJIN|[WpVpKH] V]eN\
NJUQ\HJHWL YLWWQ\® N BMQ]|FV|NNHQKNMNS BEV|WpY WHKHUEtU

7RYIEEL PHJROGIVRN D i Y\F AINVYHEIH] QK MJH ViBApN pN¥ D
WRPSDKHJHV]WpVYL WEHADOMDRDMYI BN i% 05 |U]VKHIHV]WpVQpO D] HJI\L
KHO\]JHWEHQ PDUDG PtJ D PiVLN WRNPIiQ\ED KHO\H]W#&t YpJ QDJ
N|[WpV DNNRU M|Q OpWUH DPLNRU D FV|YHNHW D[LiOLV Q\RPyHU
KDWiViUD IHOKHY+O DQ\DJRN |[VV]HKHJHGQHN $ WRPSDKHJHV]V
hevtWpVW pV DQ\DJOiJ\XOiVW LGp]WHONNRWRRSO KW UHHW] VOH WMDY | P

10



RYiPVZ &V|YHN HJI\HVtWpVH NpSOpNHOQ\

Q\RPYHU pUL OLQGNpPW WtSXV~ N|WpV N|QQ\HQ DXWRPDWL]iOKD
NRUOIWR]YyGLN PLYHO D YpNRQ\lanDaOm HRO/QQHRNP \KHDUM 8 DpR/R K 0PN UNM_<KND
WDUWRPIQ\RN DODWW

$ N<O|QE|] FWVYRBHKHN pV DUMDHNDERWROiI VL OHKHW VpJHL PH
PHIJROGIiIVRN NLDe&RNHD V] CH NEMHO WK O P BIHNW W NV NKD/\M ENRIQ \
J\RUV N|UQ\H]HWdk®DjeléenenekHIJ RO GiV

Az[1]] WDQXOMRHMU¢tU Midgdy ~M KLGHJDODNtWiVL HOMiUIVW GROJR]W
|[VVIHNDSFVROiVIUD DPHO\ V]iPRV HO Q\|V WXODMBIKQ@®% YD PHOO
HOMiIUIVW HJ\ *WpVVHO KDMWMIiN YpJUH pV NpW HIJI\RiMBEAUWQQL DO
VHPDWLNXVDQ OiIWKDWy $] HOWO GOp@WY RHHY DHQPRMHW PIGIRM | QQH
OpSpVEH@DSMGILQIHO\V]LPPHWULNXYVY NpSOpNHQpVIW \HW IDHEL@LHW M |
alakul ki.

[ T felsd 1 felséd
cso csd

lo

L
—
N,
u

L+ also -t also
csO cso

= — = .
- tamaszto
csap

2 iEUH GHJD OHONWIEHMH Vt\jpVpUH

2. .tVPpUOHWL PXQND

A2 JEUIQ OiIWKDWy D FV|YHN WPDOPNWQHKQ YRDIEL QLW HN DB FVRO |
VIHUV]iPUHQGV]HU Q\LWRWW N|]JEHQV p VP Hill &O K SIGHyEDWVHY HN F
IVVIHLOOHV]WpV HJI\ PRIBW ODVOWDE]] WHOWMPQLRYV BDBVNPIpMH @ &
amelyekD WWiva@BWpVHOpPV $ WiJtWiVW ~J\ KDMWMiN YpJUH KRJ\ D |
YpJpKH] NpQ\DJHUMMILND IHOV FV PHJWiPDV]WiV QpON+OL UpV]
lehessentJ\D NpW FV HJ\PiVED WXG FV~V]QL D NeOV FV WiJX0OiVvD P
HOV V]DNDV]iEDQ D] DOVy FV N~SRV O\XNDV]WyNpQW P&N|GL]
NXOFVV]HUHSHW MiWV]LN D] HOMiUiV iOWDOiIiQRV PHJYDOYVtWKD\

Amint a IHOV FV  WiPDV}WpN QPANBORUDQWNH]pVEH NHU+O D] I
EHIHMH] GLN D FV WiJtWiVL IRO\DPDW $ WiJXOiVW D NpSOpNH¢
NLKDMODQDN pV D N|WpVW D NpW FV HJ\LGHM& Q\RPiVRV SHUHF
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RYiPVZ &V|YHN HJI\HVtWpVH NpSOpNHOQ\

A V]IHUV]iPUHQGV]HU Yi]QDWRWYD iEOHRIOW ®¥p WHV]L D IRO\DPDYV
SDUDP p VAHDHRIGRM Wi ViW

£ D IHOV FV NH]GHWL WiPday]WwpPM @Q\pdXJ3all BDU\EDWY WilXO0

f D] DOVy FV NH]GHWL WiPDV]WpHAHQp ONFRQ\PPDBN MY &]DND

WeVNHNPQW YLVHONHGLN

taz.,D FV YpJHN OHpOH]pVPQHN V]|JIH

JelenN|JOHPRPRQDO IRJODONRJLN KRJ\ NpW FV YpJ |[VVIHN|WpVpW H
PHJYDOYVtWDQlaz BONAYO W]HION]iPRN D YL]VJiODQ GoyreferdndiasHN P HJK
VXJDUiIKR] pRdigVDYNMV]HNDSFVRODQGY FV,|YHEY PN WERMIW R RW W
PHIJWHUYH]pVUH

21. 6]JHUV]iPNLDODNtWiV

$ NtVPUOHWHNKH] KDV]QiOW HV]N|]IN NBROIEENDI MEHIEMAY B ($ W HI
[7. $ NtVPUOHWL YL]VJIODWRNKR] HOV OpSpVNpQW D V]JHUV]iIiPRN
NHWW GDUDE EHIRJy IHMUH pV HJ\ GDUDE WesVNpUH YDQ V]*NVp.
VIHUV]iPRN YL]VJIOyUHQGV]JHUEHQ DWDW pRV DEWHI B BiR/Jiy)MR ] LNH W/
VIHUV] PGNP MpW | OWHWW UDM]RNDW p¥% UDHEH O plp M V¥ Batidggy UD ERN D
i E UriDtatja be.
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RYiPVZ. &V|YHN HJI\HVtWpVH NpSOpNHOQ\

4. iEUA2 eONpV]e+O WelgrhekU V]iP

22, .tVpUOHWL YL]VJIODWRN

$ NtVPUOHWL Y$QWIEADMLRINERPEQUXAHWE & \WYWNEBW KDV]QiOWX:
FVIYHN JHRPHWULDL PpUHWHLW D NHUHVNHGHOPL IRUJDORPEDC
FVINHKRVV]D MEKGOHPAPHIN®OY iWPpUPPHDGIDOYDVWDI3YBIXN SHGI
mm volt.

$ VIHUV]iPUMT3G V] WWUSWX V ~hidi@uikusaiyRyY L |V Je@iyzee szerelt N FaH
E H U H Qkerebsziep Q H M HE H \pedigll@®mm/perc (nm/s) pUWpNUH iOOtWRWW XN EH

$ YL]VJIODWRN VRUiIQ HOHPH]W+eN D V]JHUV]iPRN N|[]|[WWL WiYR
VIHUV]iPRN N|]IWWE WIRRI@VIDRM]JHOV]iPEYyO NLjOOYHBEWQ@®NDV]
KRVV]~ViJ~DN YROWDN  nP.R szakiP@algil] PRV pOHNHW MDYDVRO I
YpPpJHLQ $ FV N|WpVHN VRUIQfD F¥|PRM WOHNHW DODNtWRWWXQN
SDUDPNVKHLWiIVIQDN HOHP]pVH VRUIQ D OpWUHKR]JRWW N|WpVHN )
azDODNtWiV YpJpQ E PP YROW $ N|WpV YDWWINIWHMWYDVWDR]IVD
7 mmre, majd 9 mmUH PyGRVSWRWWIXOY EHUHWGWHWHNOpW UNHKR]iIVIUD N
VIHUV]iPPDO HJ\*WW YD GD P D\ \BizUl HIRIRNWONX BIND IN +a2 5W HEOpDY H O
VIHPOpOWHWL

Atelies NtV p U O HSDARARGMW WH E BR]JDOD OMD |V V] H
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&V|YHN HJ\HVtWpVH NpSOpNHOQ\

5 iEBDYL]VJiOy EHUHQGH]pV D N{ODMNM AWIR\®WWUJHKR]i?RIDON L
1 WIiEOtNPMOHWVRUR]DW SDUL

AKIWMIiP| les[mm] lo [mm] [, [mm] I+ [mm] If b [mm]
1 95 20 20 40 20 5
2 100 25 25 50 20 5
3 110 35 35 70 20 5
4 100 25 25 50 40 5
5 100 25 25 50 60 5
6 100 25 25 50 20 7
7 100 25 25 50 20 9

$] HONpV]*OW N|WpVHNHW pV D NLDODNI®E&VDWK W UM Bli DIWO NV
i E Uridtatja be

$ NJ\WpVHN PLQ VpJpQHN YL]VJIODWIW D NHNOPHHIS XOiW WGHKORIUDD
VHItWVpIJpYHO VYpJlBEMDDRPHRRWVIRV GHpOH]pVVHO NpV]sOW FV]|YEFE
PpUW HU pUWpPNHNHW PXWDWMD D] HOPR ]GRO W WepNMpQ\PEH®@
OpWUHKR]RWW N|WpV YDVWDJViIiJD SHGLJ PP YROW

14



.RYiMVZ.

&V|YHN HJ\HVtWpVH NpSOpNHOQ\

D = 48.6 mm

D=41.9 mm

D = 42,0 mm

D =40,2 mm
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g e i >
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Elmozdulas [mm]

7 IEWBDN|WpVKH] V}IHNIYPRHYXOWY @ LBPIURRVpV

$] DODNtWiV VRUIQ NBtSVRMINN GO QuI BBV OiIOXQN OHpOH]pVE
PHILQGXOIiIViIKR] V]*NVpJHV WWtWIYKRHGPWVpIJHY iOONMQ/GYYWNR W \
FV DOVy V]JHUV]IiPPDO W|UWpRO pMH@QONRYWDELOLWIV ¥RUIQ EHN
NLKWRO®W UpV] NUKDIMROW N)pV] ODStWiVD

(OV OpSpVEHQ D V]JHUVI]IPRN N|]IWWL WiYROWBI(RWYRQOWR]WDW
mm), az 50 mmes (b, pVi O

PP aVvVo mmes (b pVi O
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.RYimVZ

&V|YHN HJ\HVtWpVH NpSOpNHQ\

YDVWDJVmii#¢ pUWPNEHQ KDWIURJWXN PHJ

D OHPH]YDVWDJViJ

VIDNLURGDOPDRW GIHWQWHLY W fDONDOPD]JWXN D FV|YHN YpJHLQ ¢
HUHOPR]GXOiV § UM p/MHW]H\WOp O WH W L

240
220
200
180
160
140
120
100
80
60
40
20
0

Ero. kN

A —40mm 50mm 70mm

=
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Elmozdulas. mm

8 IEUPWpPVHN N-OdQ®WINBN HVHWpPQ

=
L]

70
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NL DODNJiUy N|WpV KD mf)VPRAWR UVBON QDY NLDODNtWiViKR] W~O
V]*NVpJ pV D NLDODNXOW NDULPD VHP LGHiOLW-HV WHRMEY ]2PS WL |
WiYROViJ ELIRQ\XOW

AK|YHWNH perOp ®iW OH]pV PpUWANPW/Y iOWREWVIDMWWDION UHQGHONH
FVIYHN DODNtWiVD- WRRRQG X D SVRABAND BilEDMDRGa $ V]HUV]iIPRN N|J|WW
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RYiPVZ. &V|YHN HI\HVtWpVH NpSOpNHQ\

$ NLDODNXOW N|WpVHN VRUIQ D] HOPR]GXOiVRN NLVPpUWDp!I
PHJIHOHO HQ D] |[VV]HLOOHV]WpVNRU YiOWRJLWiDKRJHUMNFRNHM |
NLDODNXORAD @WHWfUpVQpO D OHJRSWLPIOLVDEE PLYHO D WiJt
OHJNLVHEE HU OLQpO QDJ\REE D V]|J DQQiO QDJ\REE D] HVpO\

$ NLDODNtWRWW N|WpV YDE® DIVVIVE PHI R BH/LYUEMDPINRD O X Q N
DONDOPD]RW WnM-ER\PW D Wikd RWY BOVW.INODNXOW SHUHP FV|NNHQWDpV

$ N|WpVHN HOHP]pVH VRUIQ PHWVHMVHEMNmMINE W i\ WO WHN B P J VR
N|WpVHNE EUD]pUW KRJ\ D NL¥@DINKOHD N JWHRFERIYW O KDV V X N

10 iE.ADeO NpONYW pVHN P HWAW] HWWMp VR B Y Witd WVI R @ pVYDVWDJIViJ Qi

6]DNtWyYL]VJIODWWDO HOOHQ UL]WeN D N+O|QE|] YDVWDJVilJ
HI\HVtMMHWWN YpJHLQHN PHJIRJiIVD VRUIQ W|UWpQ EHKRUSDGI
NpV]*OWHN D FV|YHN EHOV IKR}POS WHWHWHNHY LiGBNG WiWNE E P
mmHV N|WpVYDWPWDUHMNIQHO V]|[U PDMG D NDSRWW HEGPpQ\HN
YDVWDJViJRW LV PHJYL]VJiOWXIN (FNMHMOPPWHMEPPpQ\HNHW D
45
40
35
30
% 25
:.’C)r
£ 20
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11 iE.UBDN|W p]\DMNWY YaijaAkHOB &P p Q\HL N<O| QB HWEp QUWPpPNHN
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RYiPVZ &V|YHN HJI\HVtWpVH NpSOpNHOQ\

$] PP YDVWDJ N|WpVQpO N1 D PP YDVWDJ N|WpVQpO

19,7kNPD[LPIiOLV HU W PpHW--QWp¥YIPWPWDJIViJQiO NLFV~V]RWW D E
$ NDSRWW HUHGPpQ\HNE OHYi WKW WY DKRIUDDYiJ@R NLVHEE PtJ C
N|WpVQpO QDJ\REE N|WpVL V]L Ombhrésvpi g7 YnnCHyW tHAVKIDNAHYN PYHLI] VS]] O D W
PHJILI\HOKHW KRJ\ D VIDNtWyGLDJUDPMDLN KD-¥¢RWsgost NDUDN
sokkal lapultabb. Emiatt, ha csak azrbnes p47 mmHYV N|WpVUH IyNXV]iOXQN DNNR
N|WpV V]LOIUGVIJD PQWYDQGHNEFPRQGOKBDWY W|QNUHPHQHWHOLJ EH
N|WpazehNanQHPFVDN K~]y LIpQ\EHYpWHOQHN YDQQDN NLWpYH K
KDWiQPMNOGIiXO IRO\DGpN RNR]JWD Q\RPiVIQDN (]JpUW HJ\pUWHO
mely YDVWDJViJ~ N|WpV D OHJPHJIHOHO EE $ N+O|QE|] YDVWDJV
YLI]VJIODWRN HOYpJ]pVH V]*NVpJHV

3. gVV]HIRJODOIV

$] ~M MDYDVROW LOOHV]WpVL HOMiUiV OHKHW Yp WHV]L D P
KHO\HWWHVtW 8WpW HD W| J KIMOHHW YW HWW NHPpQ\IRUUDV]WRWW YD
alapuva.6 LNHUHVHQ OHJ\iUWRWWXQN HJ\ HJ\V]JHU& HOHPHNE O i0OOy
FV NJ[WPpVHNHW ,KRRIW)XOQ S pMBM@W i JtWiVW pV D] RVI\EEHMEBHIP\RP |
alkalmazva. $ YL]VJIODWRN VRUIQ H ONH WpDIDHN RNBATL-NOB\QIINNIW RW W F V
VIDNDV]RN KRVV]iQDN D OHpPOH]JHWW FV YpJHN YDNWBHNI YDC
PHIJYIiOWRKWRWNDL $ J\iUWi\HIMROXDPD WGRND thellBtP MIDLN t Wy
YL]VJI@BWRN NBBH®WHN PiU D N|WpVHN V]LOiUGViJiUD YRQDWNR
WRY iE E LokNOZW D Wi V

A bemutatott HUHGPpQ\HN DODSMiQ D OHJPHJIHO HD ak@mad¢V pVW D
VIHUV]iPWiYR @AY | YO O H Jp MY WDWN W Bediy7 dim.
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Absztrakt

1DJ\V]LOIUGViJ~ $$ WtSXV~ DOXPtQLXP|WY|JHW DXWyLSDUL
WHFKQROYWHMSHL :PHOHJDODNtWiVL HOMiUiV $] HOMiUiV VRUIQ
egy nemHJ\HQV~O\L iOODSRWIEDQ DODNtW KN | L'RODR] W XQXEBDQL )
DODNtWiVL NtVEKROHWH DD tWiVL ~Qp Y VWNRHIMO JUHItWpVL LG
EHIRO\iVROMD D] DODNtWiVW N|YHW YLVV]DUXJy]iVW

Kulcsszavak $$ DOXPtQLXPRWHR HJHDW DMWNHWR Y V|JHNIHIGYDLW V] D U XJy iV
JHRPHWULDL NRPSHQ]JiFLYy
Abstract

One possible technology for the automotive industry processing ofstnagigth aluminium alloy
AA6B082 is the Wemper hot forming process. During the process, the sheet material is formed in a
nonequilibrium state for material science sense. In this pape investigate, by means of physical
and numerical deformation experiments, how thecalted waiting (aging) time before the
deformation step affects the pdstming springback geometry.

Keywords: AA8082 aluminium alloysheet metal formingjatural ageing, springback,geometrical
compensation

1. Bevezetés

$ QDJ\V]LOIUGViJ~ DOXPtQLXP |OWR H VG I NR W J WIE-EDQHIRXGWNHL] B B WECDHR
D] XWYEEL WRHIFSGHNNHQWpPVL NLKtYiVDL Bl DWWPEYDXPLIE] DIpRGGH
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IXNi,ZY  *iO * *\ 'HVVLH ( - AAGO82D OXPtLKIRHW DODNtWIiVL YL]V

YLV]R QOp/QXB NMWHEE ¥ BUBUMMPID UHS+O JpSLSDU PiU W|EE pYWL]HC
a N*O|QE|] QDJ\V]LOIiUG\NY+]HVBR®R QXX Fxxx) D] |QW|WW DONDWU
DODSDQ)\Dxddk N\DH)GW H] eWnji@tHJ$] |QW|WW D/QNMPW Wp \WYMW K NH]H
YLV]RQ\ODJ V]pOHV PR]JIVWHUHW EL]WRVtWDQDN D N-<O|QE|] L
PHFKDQLNDL WXODMGRQViJRN EHiOOtWiViEDQ

$ OHPH]DODNtWDV QWHVAQBWGN J~ YpNRQ\OHP, i dhbahgddNH]pV pK
DQ\DJV]JHUNH]HWWDQL WXODMGRQViJDLE YD WDPNDIEYi QWM K/p] B p MHH\G
N|JU-OPpQ\HNOVRDRIWiVD PHOOHWW (EEHQ D] HJ\LN OHJQDJ\REI
VRUR]DWV]iPRN QDJ\ViJD PEKXIYHRGH O D D | PG BNGLHI® DWW i V L

$ K NHIJHOKHW DOXPtQLXP|WY|]JHWHN V]LOiUGViJiW D K NH]HO
NLYiOiQRMNMOLND PHUV]RQ\ODJ OiJ\ tJ\ N|QQ\HQ DODNtWKDWy DO
alapanyag e iOODSRWUWp PHWAMM |UHJtWEBVQV p U(EE®@QDBRWOODSRWEL
IRO\iIVKEZBOiOID V]DNtWyV3W3IUEWDJDDJI\WiIJUHQGEH HVLN (]J]JHO
VILOIUGViJQ|YHOpPVVHO IRUGtWRWW DUIQ\EDQ D] LO\HQ OHPH]
(JMUNRPSOH[ DODN~ DXWyLSDUL NDURVWW|PN LO i B)ONGRODN RVOIE HDQQ
OHKHW [|H@KdyeéLORQOW HOYHV]tWMeN D NHGYH] V]JLOIUGViIJL WX

%iU D] DXWyLSDUL OH P H]DaOKNOBU P D]BING W MIHOHDR BIO S iINARQN\ HDE E H N
XWYEEL pYHN IHMOHV]WpVHL N|YHWYH D] DXWyLSDU HJ\UH NLVH
PpJIDVOHPH]HN PHOHJDO&KN t3#i@ DH MDD WRDLDGOO®@\GB0- DR/J @ DIONRHION L
bevezetettP HO HJ DD BN BWMPMHW RO i VL \MPFEKHQtR®@ss3driiiy EHP XWDWiViY DO
DPHO\ QDSMDLQNEDQ V]LQWH PLQGHQQDSRV PHJROGiIVQDN WH
JViUWiVL IRO[IPPDWIEDQ

$PtJ D] DFpPOOHPH]HN VAenBeNIt@XW i QL DILBKY VDMWROYV]HUV]IP
iWDODNXOW PDUWHQJLWHYV MP|LY WA HHUUW HH @/H POHUND QOWGIR DY K &V
PIVRGSHUF DODWW NLDODNXO DGGLJ D QDJ\V]LOiUGViJ~ DOXPtQ
DODNtWDWIDWE®Q D V]LOiUGViJL WXODMGRQViIJRNDW JDUDQWIiO
PHQQHN YpJEH $ V]LOiUGViJ FVDN D] DODNtWiVW N|YHW ~MDEE
KDWiViUD Q\HUL YLVNUD (NH®YB] PEYWONWWHQNBXYWE WIHJRQW
PHJQ|YHNV]LN

EWW|UpVHN D W|PHJJ\iUWiNEBHW | DWNGQ U ENHYARYHW OpWUH DPLI
PHVWHUVpPJHV |UHJ{pNVpVGKWRUWRNOGWED Q R O\ D QnetyekreGyBe Q \H N H W
HVWHN D NDURVV MU DOMIQHPWINU t WYY K @ pAUY P W& IV HRENENDQD D
WHFKQROYJLDL OpSpVEHQ HJ\EHQ D] DOD®DQ\DJ V]LOiIUGViJD LV

1 IEWBDWHPSHU DODNtWSgIVRU NLDODNtWiVD >
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IXNi,ZY  *iO * *\ 'HVVLH ( - AAGO82D OXPtLKIRHW DODNtWIiVL YL]V

Az1. iEUIR$B 7 SUpVI\iUWy W HPGHODMNI VKDWY RUDHO\ W|PHIJWHUP |
EHYHIHWKHW PHJROGiIVW NtQiO D QDJ\V]LOiIUGViIJ~ DOXPtQLXP O
$] ~Q-WHPSHU DODNtW iV HMW B PKFRDWGEO D K PpUGp NGABWUDPMD
$ NLYIJRWWH¥SWHUtWpNHNHM. i MM YIDDDRQJEWQVBRU HOHMpPpQ IHOKDC
NI[YHW HQ D WHUtWpNHN DQ\DJPR]JDWyY HJ\VpJHN VHJtWVpJpYHO
ROGy L]]tWi¥®oQtio® Héat Treatment) HYVWQHN iwW (EEHQ D OpSpVEHQ D V]

NLYIRONVYLVV]DROGYD®Q@DM N $BIWEFHHWNH] @ pWp PEHIQ@ D EIRM RWH O
AEHIDJ\DV{®WBMHR D] iOODSRWIEDQ D] DODSDQ\DJ NHGYH] DOD
UHQGHONH]LN ,WW MHJ\H]]*N PHJ KRJ\ H]HD}HDAMBPOVIJHOB®BBRWDI
D] IWY|JHWQHN $ SUpVKH] WHQ WppIL BAOROYN EVEE it WMD/J BXMW DO W IQR\R Ot W i
XWiQL K NH]J]HOpVL OpSpVEHQ D] DODNtWRWW OHPH] D PHVWHU
iOODSRWIiKR] 7 WDUWR]y V]ILOIUGVIiJiW

Hémérséklet, °C

“ r - r r
SHT Oldo6 1221ta§

| 8
‘:;:ds
N
-

RT Algll_(ités

| Tovabbitas|
1d6

iIEWDMWHPSHU DODNtWIG KGEPUVPRUBW

$] DXWyLSDUL NDURVV]pWID QL}BMD]Li O REDWQHHE N pS ] HOK HWHW O +
VIHUV]iPWHUYH]pVL IRO\DPDWRN FpOV]RIWYHUHNNHO W|UWpPQ
OHPH]DODNtWiV HJ\LN OBJQDUVREEXNYKYY MRPHW B LWD LK RRWVP|SH Qi
LGHMH WNPR JOVGM J I 6 B K QRIGHLBI L QW] HAMiEdE HDQ D X Wy le§/D-WEDIQ D Q
kifejlesztett DODNtWiVL WHFKQR®yOGDWEHPMHMgQIDN HOV OHJIRQWRYV
NpUGpY D WHFKQROyYJLDL WHUYH]pVL IR Ot EBDareEDMN KRRAD DV R NG
YDMRQ- MW WGRMRNDWQL D] ~M P HJ B WRY RW W VeP<emR® W L D

'ROJR]DWXQNEDQ D] $$ IWY|JHW DODNtWiV XWiQL YLVV]DL
YL]VJIiODWIiUD IyNX\Vahmak QIN \atgi @Oog¥ N YLVV]DUXJy]iVW EHIRO\iVR
SDUDPpWHUHN PHQQ\LUH pUJpNHQ\HN D J\iUWiVL IROSPEBWBEDQ E
HJ\ UlYLGa®HiROBA L]JtWiV pV D] DODNtWiVL IRO\DPDW N|]|WW
LIJtWiVW No Nt HBQV~O\L IpPWDQL iOODSRW PLDWW PHJLQGXQO
IRO\DPDW +D H] D IRO\DPDW YLV]RQ\ODJ U|YLG L& arlpagDWW OF
V]LOIUGViJL SDUDPpWHUHLW pV N|]YHWOHQ-0O E¢iéiR ORjd/&ROKDWM
YLVV]DUXJY]JRWW JHRPHMWWRW D+DHRPHWILDL NRPSHQJiFLy VRI
DQ\DJSDUDRaWKLIEHRW NRPSHQJ]iOW VM|/QWHNHDRWWHNM VRURQ L
DONDWUpV] JHRPHWULDL KLEiMiW RNR]]D
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IXNi,ZY  *iO * *\ 'HVVLH ( - AAGO82D OXPtLKIRHW DODNtWIiVL YL]V

2. A visszarug6zas numerikus modellezése és anyagparaméterei

$ YLVV]DUXJy]iV QXPHULNXV PRGHOOH]pVpW D FpOWHU<OHWUH N
D] DXWyLSDUL OHPH]DONDWUpPV]HN WHNLQWHWpPEHQ PHJIHOHO
szoftverben alkalmazott matematikp V PHFKDQLNDL PR G H Goyadiidtbsarfelds$HiE pYWL]H
(5] £71.

A YLVV]DUXdeVPUPRGHOOH]pVpKH] V]*NVpJHV DQ\DJSDUDPpWI
napjainkban~Q KQMWPy HI\WHIQVHOWVpPpJiOOBDWRWED|IQJYPDWRNDW DO
(J\ LO\HQ YL]VJIiODW VRUIQ IHO3Y HEWW BEDDJRO &R WO/ K VZGDW/RHWN QL
WHKHU P H Q Wéhyt Wop\W\ EgHVWY pWHOL WDUWRPIQ\RQ MyO PHJILJ\HOKH
(UXJDOPDV AWK EDWHVQOQHN D YLVV]DUXJy]iVL JHRPHWUNKXMWSDWYDNRU
foglalkomtt D] pYHN VRBUMWD XVEKLYDEDSKWIDNIEDQ D Q\RPYy LIg@aQadEHYpWH
YiUWQiO NLVHEE IRO\iVKD ®Wrelynékd KNDMO WiV YDA NKEBDWIQW LD] LURGTL
$] IOODQGYVARW\INKDOME HP\U pWMWNWHVEK HO pNI\HYVWWHQHWL WDUWRPIC
MHOHQWNH]LN (EEHQ D WDUWRPIQ\EDQ D IRO\iVKDWiU pUWPpNDpE'L

LO', MPa

&

— 1000 4+ a(c=0.95-¢c,)
r o — ¢ gdrbe hiizasra

800 4

Ellentétes iranyl

b(c=0.75-q,)
rugalmas szakasz ’

6001

Kezdeti folyashatar
400 +

Kemeényedés stagnéldsa / 200 T
rd

G‘. . av
) : . (c=0)¢ 1 ' | '
. I I LI
- —— 0,010 /6.015 0,020
P T—— =200+

Valodi fesziiltség o (Mpa)

e p——T o — ¢ gorbe nyomasra I
——=—TATlandosult | Atmeneti |'lzotrop keményedés
lagyulas lagyulas Valodi alakvaltozas €

3. iIEUMODNtWIVL KUVIWHQU BQ VR Ry~ WL]VIi.ODW VRUIQ

A 3.iEUD EDO ROGDOL UpV]pQ D WHKHUPHQWHVtWpV VRUiIiQ D
UXJDOPDV V]DNDV]W’ GHILQLIiO (EEHQ D V]DNDV]EDQ -IHOW&QL
PRGHOOHNKH] Np®/HWWD WHRHIWPBAP D NH]GHWL UXJDOPDV V]DN
OH D IHVODWYPOWRI]iV 1+JIJYpQ\ KD QHP| PHIUHHEGINNEY pzl BN W GDW p L
hogy a kezdeti Yound pOH UXJDOPDVViJL PR G X GVt Jp UDDPIRSM BH ER OO W R QM [
D YLVV]DUXJy](Q @HNWpMPMNDV]QDN D NLQ Di.BUW RMRE B [RSPGD © K W

(] W D MHOHQVpJHW W|EEHQ LV NXWDWWiN pV ~MDEE DQ\DJSI
LIRWUyYS NHPpQ\HGA yitcveRtG AFRGHOE W] V]RIW Y HJ MNH QD B M DOLQ)INEL]
KLVIWHUp]LV MHOHQVpJHW D IL]JLNDL PpUpVVHO PHJKDANiUR]JRWV
Yoshida8HPRUL <8 NLQHPDWLNXV NHPpQWBIGErividk ® RGHDIQW WPE/EC
anyagpar® pWHU PHJKDWIiUR]iVDPLV PAPODINKBMWVHQ ERQ\ROXOW OH
NRQWLQXXPRN HVHWpQ
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$] $XWR)RUP SURJUDPUHRGPHO LYY YBPYVRIDWL KiOyHOHPHNNE
PRGHQ®@dy]aVOHPH]YDVWDJViJ LUIQ\IEDQ tSIiEHKX[LD RRM B RH R &/WIRDOV
V]iPtWiKHWBDOHWWHVtWL tJ\ OHKHW VpJ DGYyGLN D GLPHQ]LYV
IVV]HI*JJpVHN pV D]RNVDI®iR&SNDUDPHWEMIWpVpUH $] $XWR)RUPE
DODNtWiVL KLV]JWHUp]LV WiHtWDVi GROXRPW DN NJHRRGHOOHNHW > ¢
PRGHOOHN DQ\DJSDUDPpWH U WLERO iR D OW/D K [PEIEENQRa} it
MHOHQVpPJHNNHO $ Q pdzipamad EzBrpafibHasztilatr® szerintD YLV V]DUXJy]iV
PpUWpPNpW tJ\ D NRP SHD] RO R QUWWMHMLUIQ\~ UXJDR®Y V]DND
SDUDPpWHUHN EHIRO\IVROMiN AD GRUPPHIWEE PpdWX§EHRRG X O X
PUWPNpPKH] YLVIRQ\t(WRWWDQ PSPHWDNRpMIHD PIDIOVHI-NDHMW QRN D VHE
tUMD OH

WIEGH]IDPMQHPDWLNXY NHPpQ\HGpV DQ\

OHJQHYH]pV D]| $Q\DJSDUDPp\ $Q\DJSDUDPp

Young modulus
(OOHQWPWHYV LU FVINNHQpVL

szakasz Young modulus
FV|NNHMHEBEHYV
EWPHQHWL (
VHEHVVpJ

.HPpQ\HGpV VW 6WDJQiOiVL [

EWPHQHWL O

3. A fizikai kisérlet a visszarug6zas mérésere

$KRJ\ D]W D EHYH]HWpVEH® RLULNDL FIDOADPWINLQN VRUIQ DUUEL
PHJYL]VJIOMXN D] $% QDJ\W]LOIUGViJ~ DOXPtQLXP|WY|]HW YLV
haa WWHPSHU DODNtWiV WHFKQROYyYJLD L+ RO\ R®BAL BORY HJH  1QGHPM
OHM®I|YHWNH]EN HBBQHRNKDWIiVD D YL \WW] KUDXdkidi @hBeOdatNaM i U D
KDWiVW HVHWOHJ QXPHULNXY PRGHOOH]pVVHO YL]VJIiOQL
Ahhoz, hogy a numerikus modéll]p Ve QMWMdjuk YHW QL D YeDyQolysn Jidikaow

WHPSHU D @ONW/ENUDIYQN DPHO\ D UHQGHONH]pV*QNUH iOOy HU
Miskolci Egyetem $Q\DJV]JHUNH]JHWWDQL pVQ®Q@YBIIW HRKQOREEJYDNVV]DUX.
YL]VIiO@KAKR)k D 'U  6]DE D GWWAYBUgapeQiM & VIDNL pV *DRIQWIJWXGR
EgyetemQ\XJDOPD]RWW RNWDWyMiWyO V]DE DDBOIBNK KDNODWIV DU N DS
VIHUV[#PIEWDOVpV]OMHPEMW H] ~WRQ LV N|V]|Q*QN QHNL > @
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4 FEWRDGY L]JtWiV NLYLWHOH]pVpPUH V]RIHUSIEHUHQGH]pV

AW-WHPSHU DODNtWiV HOV Dps@UBNpP@QW OHRBH]FVINRNDW f
LIJtWiIiV@HDNY HWHW, WX iBDWOYDO |VV]KDQJEDQ (KKH] HJ\ VSHFLIO
WHUYHDWEENQ D K PpUVPpNOHWHW P H bk QWG WORNQ VERK/N Y3 WD 6 HW| 1B
mutatiaa 4i EUB OWpV]OHWH

$ NtVPUOHW NLYLWHOH]pVH D NJ[YHWNH] NpSSHQ |IDMORWW $] F
OHK&W|WW N PMMEBWRYIEEtWiIVL LG QHN" IHOW-QWBWHWWV N D]
DODNtWiVL, ér& vodelkvézihaaJ\iUWiV VRUIQ ®ZHMAPNHWOHQO D K NI
XWiQ YpJiUNWWUPpPpVIHWHYV |[UHJHGpVUH DGQDN LG W D] DODSDOQ\I

$] DODNtWyV]HUV]iP OHKHW VpJHW EL]W RgéoieRisMIVQEB WWDML W yH K
[«JIpVPGYLVIIOMXN D PpOEWMIIODWRNDW PpH\VKNVRPAD WHDRAWDUWY H
PHOOHWW LV (WW O D]W YiUWXNWKRYENDFXGK RN XDy JVQ PWDW
QIYHOpMWOWIKOQJIJEDQ D] HOPpPOHWHNNHO
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3.1.A fizikai kisérletek eredményei

$ ILJLNDL NtVpUOHWHNIiEHOL pBPOV R XM QLDYpV]OHWPQ EHPXWDWR
NDSWXN D V]JHUV]iPQ\LWNVMWWNINH@PMQIHRPHWULDL SDUDPpWF
180,6+((7 NRQIHUHQFLIQ N|]]JpWHWW PRGHOOH]pVL NLKtYiV NL
SDUDPpPW HYPMNNMSEOEUDDO ROGDOL KNpRYOWWFY DYWy HU YHO YpJH
visszarX JyJRWW DODNMDL OiWKDWyN N+<O|QE|] ~Q |UHJtWgRYL LG D
P®#,V]I|JHN pUWHOPH]pVpW LV

110°

=]
a A
(=] A
4 o
100° BN <
90°
o
6 g O O
A -
80° i H
15 30 90 120

Oregitési 1d6, perc

O 91 I:l92 3kN; A91 Aez SkN: O 91062 7kN;

5 iIEWDFLVV]DUXJY]JRWW DODNRN pV D YLVV]DUXJy]iVL V]|JHN Yi
DONDOPD]iVD HVHWpPQ

Az5. iIEUMREE ROGDOIQ D] |[UHJtWpVL LG N KDWiVvVD OiVWwKDWYy D Y
iEUBJ\~WODWDQFWDUWYHUY NHRQRWpBROMW Yp WHVIL $ UIQFWDUW,)
NLMHOHQWKHW KRJ\ DJRN Q|YHOpVH D ]YUW VOO X 3y EFDEQ WHFN H
PUWPNHNKHD]R[HWOUWQFWDUWYHU Q|YHOpV D YLVV]DUXJy]iVW FV
H O P p Calfiaidi tapdsztalatokkal.

Az 5. iEUIEyO D] LV PHJIOODStWKDWy KRJ\ D] |UHJtWpVL LG
LGNDUWRPIQ\~ YIiQOWR]iIYHNYVHMWPQ YLVV]IRWHN]KYWWWHWPERHQ YDOVy)
VILOIUGViJL WWOIR GWR]GIW BHR/N|UHJtW M YVHRLH G pE/HHN | B W N H ]

4. Numerikus modellezédeirasa

$ QXPHULNXV PRGHOOH]pVW BRGIMWRERIQP YPURPWONP UHO  $
IVV]HIiOOtWiViKR] UHQGHIENHPp EHPXWHD WCRWW DV]HUV]iP &$' PRGH(
ILILNDL PpUpVVHO WHOMHVHQ |[VV]KDQJEDQ OHKHWHWW D] DODN:
1HP iOOW YLV]RQQ& dHAGHOMMWIPLQ VpJ ~Q DQ\DJINiUW\iIM
DQ\DJPRGHOOKH] V]*NVpJHV DQ\DJSDUDPpWHUHNHW IRJODOMD
HI\WHQJHO\& K~]yYL]VJIODWRNNDO PHJ NHOOHWW KDWiUR]QL
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4.1. Anyagparaméterek meghatarozasa

A V]+NVpDBVDJSD U Dnimu¥gike) HN\WHQJIHO\& K~]yYL]VJiO.DAWMKDO PHJK
PUGHNpPER®@ D] DQ\DJSDUDPpWHUHN YiOWRI]iViIW LV PHJ WXGM
1+JJYpQ)\pdahyagY L]VIIiODYERNBW SHUF |[UHJtW psvelY pGHJMOW HO W p Y HC

$ K~]yYL]VJIODWRN NH]GHWYPIiQD] BDEDYHDJIVLVIiOy EHUHQG
PLQWDYpWHOH]pV,Lt \GO! MK MWVEAVOIWYNROW D NH]GHWL <RXQJ PI
(QQHN pUWBDpPBWpPNHW NDSWXQN 1+JIJHWQ HUDp BO@ERItWpVL L
| VV]KDnQazErbdalmi 70*3D N|U<OL p UHYVpUIRENBHO]VIiODWRNDW PpJ PHJ
LVPpWIRQGIN D] |[VV]KDQJQNDNS PVRIOCQWEDQ QHPJHWN|]L NRQIHUHQF
PV NpUGIUVHNHW

$] HI\WHQJNMDLEVEFODWRN DONDOWRBK BN PBIQMINDMYREL DV V& UtW
PLQWDYpWHOH]pVW KRJ\ PHJKDWiUR]RW B04Y0D6,,6L0, DODN tWiVL Pp

HOHJHQG PpUgyen ataG@mWa i UDHMRE EVROIGWIOQ EPXWDWRW YV

PHJKDWiUR]]XN D WHKHUPHQWHVtWpVL VIDNDV]UD MHOOHP] U
PpUWpPD YDOyVpW (KKH] PLQGHQ HJ\HV WHKHUPHWMHtuW pV PpUj
(ida3.iEUD MREE RO @D ®LWiNDWMMNRQ t0D L QH P P@HDKDIW UR]Y D
H]JHO D PHUHGHNVpPJ pUWpN pWpszhkeéz NHYUHHVE HEINDXYR NQ P D Q L
iWeNpQW pUWHOPH]WeN D WHKHUPHQWHVtWpVUH YRQDWNR]y UX.
rugalmaVViJL PRGXOXVRN pUWpNpQH NE BYD| MNRHEE p R § I/ ]DADON D (NYNDHDY A
D] [UHJtWpNIWRNEHQ

100

— 15 perc oregites O 15 perc dregitési id6
300 + — 120 perc oregités ! B .
M ) ‘ Qmmr 95 O 120 perc dregitési id6
= . [ Y & —_— Alt g6
e T/\' (/' r’j & | Interpolftlt g?rbe 15 perc
3 /161 490l Ng. "7 Interpoldlt gorbe 120 perc
:E 200 / =
=
i |4 2
g / %n 85 e
= 100 g
> Ll T ) —
75
0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,02 004 006 008 010 0,12 014
Valédi nyulds, - Valodi elé-alakitési mérték, -

6 IELWDHI\WWHQJHW\KRKKYFHQWHVtW YL]VIJIODWRN GLDJUDPMDL p
<RXQJ PRGXOXV FV|NNHQpV

A 6.iEUD MREE ROGDOL UpV]pQ EHPXWDWRWW PpUpVL SRQW
PDWHPDWLNDL (N \DOJHitld KIpW Y HRO\WRQRYV [22JYpQ\W LOOHV]WHWW-

'aL"4>sFUsF AN &;? 1)

$] LOOHV]WpVpMRUIQWRPNHL PHIJKDWiURDKIDNYQi @KDWYN D] $XV
DQ\DJPRGHOOEHQ (JHQ SDUDPpWHUHN LVPHUHWPEHQ D QXPHULN
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4.2 A fizikai ésa numerikus kisérletek 6sszevetése

$ ILJLNDaL QXWHULNXV NtVPpUOHMWHNEWHQHGR MWW BJy]ivL V]|JH
[«+JIJQPPEHQ YHWM*NEW®]Lb pBrces pV SHUFHV YiUDNR]iVL |UHJt
WHNLQWHWPpPEHQ $] iEUD DODSMiQ NLMHOHQWKHW KRJ\ D QXPI
a fRW QHP PHIJKDODGY HOWpUpVW PXWDWYDHIRN]IiN D ILJILNDL YL]

$ QXPHULNXV PRGHOOH]pY HUHGPpQ\pW iEUI]ROyY ViUJD V]tQ& Q
DUIQ\EDQ QDJ\REE YLVV]DUXJy]iVW PXWDWQDN DPLey&\WKDQJEDC
#c.YLVV]DUXJy]iVL V]|J WHNLQWHWR@EEHQ POR|GHWO O MNO HHQW NHW Pp
DOXOEHFVOL D IL]LNDL RB{pWpWHD HUWNEVpMHIWVHNLQWHWPEHQ F
(EEHQ YDOyV]tQ&OHJ EHQQH OHKHW D IL EHyNBLUD WA g-M VW Dp B i B WA
meg kellisnpW HO Q QN

86 104]

A A Fizikai mérés
Nt niodell A Fizikai mérés A
o) A Numerikus modellezés
102
" o
— 84 o A
=) A S
A 100
83 A
A&
b ‘ 08 ;
0O 15 30 45 60 75 90 105 120 0 I5 30 45 60 75 90 105 120
Varakozasi (6regitési) id6, perc Varakozasi (6regitési) id6, perc

7 iEWRVV]DUXJyJ]iVL V]|JHN YiOWR]iVD D] |[UHJtWpVL LG |

5. Osszefoglalas

&LNN.QNEHQ EHPRWIDWWXINO iKREIAIiJ~ $$|W YDIGXWP HNQALVYRQ\ODJ |[VV]H
W-temper DODNtWiVD VRUIQ D] ROGyY L]JtWiVW N|YHW Yt]JK&WpV XWi
KDPDU PHJ NHOO W|UWpPQMHQ KLV]JHQ D QHP HJ\HQV~O\L IpPWI
HOWHOWpPYHO LV PiU PHIJLQGXO @] D QWBID BVEHPRO |HAR W DUB DO
YLVV]DUXJy]iVVDO |VV]HI*JJ V]LOIUGViJL SDUDPpWHUHLW tJ\ D
IS.

( NLMHOHQWpVP@NBIW IDQ- WERBMU DODNtWiViQDN ILJLNDL pV QX
HUHGPpQ\HLUH DQOMPSHRILXNXYV $YL]VIIODW VRUIQ EHPXWDWWXN K
NLYLWHOH]KHW DQ\DJYL]VJiODWL PyGV]JHUUHO PHJKDWIiUR]KDW
YLVV]DUXJy]iV OHtUiVIQDN PDWHPDWLNGL Y|IV]W}H OD WIVIHQ K H\DR Wi]
naggUpV]EHQ D] HOPpOHWL pV J\DNRUODWL WDSDV]WDODWRNNDC
HVHWHNEHQ H] D] [VV]KDQJ QHP YDOYVXO PHJ H]JHNHW D PpUpV
PpUpVL EHUHQGH]pV VHJItWVpJpYHO SRQWRVtWDQL IRIJMXN
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Absztrakt

JHPH]DONDWUpPV] V]JHUV]iPWHUYH]pVH VRUIQ D] HONpV]+OW

VIHUV]iPNRPSHQ]iFlHJ\| MOMPPMWB/ NLKtYiV D WHU*OHWHQ GROJ
VIHUV]iPIHO*sOHWHN JHRPHWULDL NRPSHQ]J]iFLYV IRO\DPDWiQD
VIRIWYHUPHJROGIV LV HOpUKHW 'ROJR]DWXQNEDQ HJ\ NRQNUDp\
IRO\DPDWDtY W HUVNWIHO OHWHN JHRPHWULDL NRPSHQJiFLYMiQ N
SURJUDPUHQGV]HU 6SULQJEDFN &RPSHQVDWLRQ PRGXOMiQDN P&

Kulcsszavak OHPH]D,OMMNtWN DW XJy]iV JHRPHWULDL NRPSHQ]J]iFLY $XWR)
Abstract

The process of tool compensation due to springback of the finished workpiece in the tool design of a
sheet metal part is a wdlhown challenge for process planning engineers working in the field.
Several software solutions to support the geometric compiensprocess of tool surfaces are
available on the market todain this paper, the tool design process of a specific automotive sheet
metal part and the geometric compensation of the active tool surfaces are used to demonstrate the
functionality of the fringback Compensation module of the AutoForm software system.

Keywords:sheet metal forming, springbageometricakcompensation, AutoForm modelling
1 Bevezetés

/JHPH]DONDWUpV]HN WHFKQRPWHWDYH]pVpQHN HOHQ JH ®KINYH W O H (
VIHUV]iPIHO*OHWHN JHRPHWULDL NRPSHQJ]iOiVD D] DONDWUpV]HI
$ YLVV]DUXJy]iV MHOHQVpJH MyO LVPHUW D NpSOpNHQ\DODNtV
PRGHOOMHL IRO\DPDWRVDQ IHMBpGWWND G I DHJ \IJ HL YLDNDyLY MIRMI B E
1DSMDLQN IHMOHWW YpJHVHOHPHV HOYHQ P&N|G A.PRGHOO]
NLQHPDWLNXV Daiztryl 8p@MNABDQLNDL P R,GIHOHIDWH KD HPi OWHE QD J\
EHPHQHWL DQ\DJSD UDPHOVGHHWIO BP QBDUYDN|U<OPpQ\HN N|]|WW F
SRQWRVViJRW PHVV]HPHQ HQ NpSHVHN NLHOpPJtWHQL > @
'ROJR]DWXQNEDQ HJ\ NRQNUpW DXWyLSDUL OHPH]DONDWUpV] "
D] DXWyLSDU HJ\LN SLDFYH]HWPLORQ YOHSpN HN $RWR)RWPYDO Y
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V]HUV]iPIHO*OHWHN JHRPHWULDL NRPSHQJ]iFLYMiW pV HEEHQ D
NpUGpVHN DPHO\HN DODSMDLEDQ KDWiUR]]iN PHJ D NRPSHQJiFL}

2 Klasszikus szerszamtervezési folyamakompenzciéval

$ V]JHUV]iPWHUYH]pV VRUIQ DONDOPD]RWW JHRPHWULDL NRPSH(¢
MHOOHP] YLVV]DUXJy]iV NWSOp NRINMON tOViV]H RWDRWHUY H]pV
NIJYHWNH]LN (JpUW HOV NpQW WHNIGOMWNYMNEHD FDPU]RREGHYIH &S
IRO\DPDWiW

Az1.iEUD MREE IHOV UpVDHP HIDONDWDEYVHURWKDWY (] D &$' P
WDUWR]y iWYpWHOL HO tUijéRritk D DHU NYi FPWHH WK &V pVIHNI GXOy |
CAD rendszd)HNEHQ D V]HUV]iPWHUYH]pV IRO\DPDWD QHP PiV P]
WHFKQROYJLDLIUD MHOOHP] IHO«OHWL HOHOHPHNNHO NLHJpV]t
EJ\ NDSMXNQPHIODINDGY IHO*OHWHNHW DPLN INQHDIDYDMVWIHI Hi0 Jil
HJ\ VIHUV]iPHOB®RiIQSP V]yEDQ IRUJy DONDWUpV] JHRPHWULIEYO |
OiIWKIDWHUV]iP IHOsOHWpPQ MyO DJRQRVtWKDWy D] DONDWUpPV] NL

1. iEUA] DONDWUpPV] JHRPHWULD p PtR/GIFONE MBNHM HQ «DEEW O | H ¢

(]]JHO D PHIJROGIiIVVDO HJ\EHQ HO iOOtWMXN D V]JHUV]iPQ\LWiV >
HOWp.UMi¥WDLV]HUV]iPIHO*OHWHN ]JiUW iOODSRWXNEDQ NpS]JLN O
VIHUV]iPQ\LWiV N|DHOW Nt®/ il YBRKHWRVViIJIQDN WHNLQWKHW YLVV
IRJ WpUQL D] HOpUQL NtYiQW JHRPHWULiIWyYO

(]W D SUREOpPiW NHIJGHWEHQ WDSDV]WDODWL ~-WRQ AHOWRU]t
KRVVIDGDOPDV V]HUV]IiPWIOUYPDWRWp HUMGRPPLHIRWW pV D NRL
VIHUV]iP OHJ\iUWIiViW N|YHW PyGRVtWiVRNNDO OHKHW YpJUHKI
NIOWVpJHNHW LV Q|YHOWH

$ NpSOpNHQ\DODNtWiVL IRO\DPDWRN PRGHOOH]pVpPpEHQ D] XW
IHMO GpV PHQW YpJEPHRKPOMWNTPADWHRRDQLNDL PRGHOOHN IHMC
VIHUV]IiPQ\LWiV XWiQL YLVV]DUXJy]iV HJ\UH SRQWRVDEE YLUW.
LVPHUHWpPEHQ D VIHUV]iPIHO*OHWHN RpYJ DiOWDWNUMI¥W@E®» MVOH QWR
N|OWYVpJP HIpAUKXNBEAD MBPWWO HP H] D OW N F\W @ REEDUMDHW OHWp Q

Az AutoForm szoftver+ SLDFYH]HW V]JHUHSYH QWBG PGCYPBIQKDPDUDEE Op
HOPpPpOHWHN V]RIWY H UiV HD®V NDERNEROIDQWEBDIU i@ W HQQHN D IRO\
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DXWyLSDUEDQ HOV MpSpiighack] GomwrisatePrR ®XOMiW  ( Q QataNjaiP & N |G p V
PXWDWMXN EH D N|JYHWNH] NEHQ

2.1 A geometriai kompenzacio elve

$ YLVV]DUXJy]iV JHRPHWULDL NRPSHQJiFLYMiQDN HOYH U|YLGHQ
(QQHN HOYV]HIROR@IMW\WL SEUD IRO\WRQRYV ¥RiQnRadaBab Gre@eX W D W M L
JHRPHWULIMiW DPLQHN IHOKDV]®RHNMi YOI Mt VKW Wy N ] HU Vi P HQ
YRQDO MHO]JL D V]JHUV]iPQ\LWiV XWiQL DONDWUpV] JHRPHWULiW
WDUWR]y YHNWRUW IHOIHOp PXWDWy NpN V]tQQHO MHO|OW-eN

$ NRPSHQJ]iFLYy DODSIHOWHYpVH KRJ\ KD D ]HOUHIHWLW HYR P BNV
PYGRVIWMXN W~OKDMOtWMXN DNNRU D] H]HQEUQGRNRGR®W
IHOKDV]QiOiViYDO NpV]+OW DNWtY V]HUNHW HLODO MW WN p/\|LJW RFTH \
YLVV]D D V]HUV]iPQ\LWiVW N|YHW HQ 6]*UNH IRO\WWRQRV YRQDO
XWiQL YLVV]DUXJY]JRWW JHRPHWULiW VIHPOpOWHWWeN (EE O Oi\
HO GH QDJ\ YDHOO HJIQ&BRPSHQJiFLYVY KXURN QHP OHV] HOHJHQG

Munkadarab alakja szerszamnyitas utan

'_.-.

~
Munkadarab eredeti geometriaja 7\ ~

Kompenzalt munkadarab
geometria (talhajlitott)

i EBW™IHRPHWULDL NRPYWDQ@NFLWINOYL PHJ

$ YDOyV JHRPHWULIQ D SUREOpPPD DQQ\LEDQ ERQ\ROXOWDEE
HJ\HV FVRPYSRQWMiKR] WDUWR]QL |RIJHMIH NRYBRW N R\ DQV HIU \H|
YHNWRUWHUHW NDSXQEUD]W]RHRQ@VYOW HDKIR® D] HOWpUpV PpUW
VItQHLW UHQGHOWSsN D] HJ\HWXkBMRRYSRQWRN HOPR]GXOiV

$ PRGHOOH]HWW YLVV]DUXJy]JRWW RSIRO@HRUYL IV LSIRIQW R \P\piJ DV ]
SDUDPpWHU EHiOOtWDHBONNVNI|JIOYPQHJIIRQWRYWEEDRDWLID NJ|Y

3 Geometriai kompenzacié kihivasai

$ JHRPHWULDL NRPSHQ]J]iFLY VLNHUHVVpPJpQHN NLKtYiVD DODSYFH
LWHUiFLYV KXUNRN HJ\PiVUD pS«OpVpYHO D NH]GHWL JHRPHW
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JHRPHWULIN JHRPHWULDL HOWpUpVH D] LWHMiBEEN \D]iWisDpNV BDHY |
DPL D] iWYpWHOL N|VPHWIHRG P ©O@\BNV RGN\ D £D W RW D/ JEPOp O WH W L

A3.iEUIQ D OHJQDJ\REE HOWPUQPXWN @& KDWyDN SOBDOK) D] DONE
UHIHUHQFLD PRGHOOMpPKH] NpSHVW $] iEUIQ *UHV QpJalHWHN MH
DPL D NRPISH(@Q)i€ddah 4,1PP $] UHV KiURPV]|JHN D] HOOHQWpWH
OHJQDJ\Rdt BumyiWwpNPL D NRPSHQ]i GBRVPD G [HNERWEHQOHROYDVKDV
D] LWHUiIFLYV KXUNRN V]iPiQDN Q|YHOpVpYHO D] LWO@EDpVHN
AEHOHVLPXOQDN' D] HO tUW W&UpVPH] EH ,O0\HQNRU VLNHUHV N

: o
= +4 u|
E m] !
= ~—*& — +1.5 mm
& (] y
]
g -1 - e ,
D L —-1.5mm
B> A - -
s
[+
-
> -5
o
] . ’
= b
g . \
g L o
S 9T
0. 1. 2. 3.

Tteracids hurkok szdma, db

iEWD) HOWpUpVHN DODNXOiVD D] LWHUiFLYV FLNOXVF

$] HVHWHN QDJ\ UpV]pEHQ D]RQEDQ helyteU DIDP LW B O i CON R HXGW
NRPSHQVIFUYQ PiU D W&UpVP H|2EMVHV i FHO WiV HONP LW DODSYHW |
IRO\DPDW HOOHQ U]JpVH PLDWW YpJ]*QN D] HOWpUpPVHN D W&UpV
DGRWW SRQW H GIRORPRPCXIN QAW 1 \EzY s2VMDHRWHMVELUD SLURV N|U|NN|
MHO|OW SRQWMDL (] D Q\L QurkyQsNddtO ¥ WH MUHH FPLp VHWB O i® DMWHBY H|
PHOOHWW QHP IRUGXOKDW HO

*\DNRUODWL WDSDV]WDODWRN V]HULQW D NRPSHQJIFEQVY KXUNF
WRYIEEL LWHUiIFLYV KXUNRN H@YPRUJ®RV EHRX WHOCRIN W WD DIV U |
NRPSHQJiFLYyMD LV $O\DNNUROMH]JBIWWDQL pV, QM HWEH K ®ROY JI
PHJUHQGHO QHN YDODNL APiU NRPSHQ]iGHWD UWiW XW M i DIH OWU k
NpV]+OpNEHQpPpO QDJ\REE HOWpUpVHNHW LV SURGXNiOW D] DONDW

5/YLGHQ |VV]BIRBE@PAWINLDL NRPSHQ]iFLYKR] V]*NVpJHV HV]N|]
OyJXV PpUQ|N|N V]iPiODD G B OYDRIDN EHPHQHWL SDely@BpWHUHN
HUHGPpPQ\HNUH QDJ\, KPPVIWW i BMMWHRHNHNHUH NLWsQWHWHWW 11

3.1 Visszarugo6zas modellezése

OLYHO D YLVV]DUXJy]iVEYO V]iUPD]y HIG\WRPHIpWUL DH NNRARSPUDYYI Uy R
D] HJW EHIRO\iVROy DQ\DJSDUDPpWHUHN UHQGNtY.OL MHOHQW \
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PHFKDQLNDL PRGHOOHNNQO N\|Q MWW IONUDWIUDHBPQ\HG DQ\DJP
>@ > @ (JHNEHQ@ Yy .300-H UIKVBQPDVVidQ ARGXUKVI|DEH pV D] F
V]iUPDJWDWRWW DQL]RWUYSLD WpQ\H] NNHO PYyGRVtWRWW IRC
MHOHQW VpJH YDQ D WHKHUPHQWH VtW mVDOWD N ©i@MUMMNHRNY D@\
ILJLNDL PpUpVH VRUIQ PHJKDWiUR]JRWW D <RXQJ PRGXOXV WHKF
YiOWR]iVIW OHtUy SDUPDPpW HU HODXHND KL QW P DWHPDWLNDLODJ C
SDUDPpWHUHNQHN LV > @

6RNV]RU HJHN D SDWIFFPpWNUHNDSDQRDJ DGDWEiI]LVIEDQ QHP LV
iOWDOIQRVDQ N+O|QE|]JQHN D] HJ\HV DODSDQ\DJFVRSRUWRN WHN
D WpQ\OHJHV DODSDQ\DJRQ YpJJHWW ILJLNDL PpUpVHNNHO KD
szZHPSRQWEYO pUWpPNHYV PXQNiQDN WHNLQWKHW > @

3.2 Visszarug6zas értékelése

$ YLVV]DUXJy]iV NLPUWpPNHOpPVPQHN HJ\ IRQWRV V]JHPSRQWMD KF
PLKH] NpSHVW PpPUWXNOLY WpUEHQD DY IVOH V VI \PyGAKMAD VD (NI HYQ
VIHUV]iPHOHPHBN PDIW | VQOVTHNA p V p Wo \IM HO HNQ YR WIHUYAL UW XiOLV Wp
NeO|QE|] NpQ\V]HUHNHWelKiRNK O DWXIYD XMVQ P pDRHWMsNAD] HOWp L
UHIHUHQFLD IHO-OHWpW O

(] D YDOYVIiJEDQ KHLMPHIQVB D DO NDW U p V- HBp U HN pi\ | HO WIEAHN MVH O
DPHO\HN IHOIHNY IHOsOHWHNNHO WiMROy FVDSRNNDO pV PHJK
HOOiIWYD +D H]W QHP NpSH]]*N OH D YDOyViJIJDO PHPpMU\H] Py
NJUQ\HJHWEHQ ~DNNRU D] HOPR]GXOiV PH] EHQ HOWPpPUpVHN
NRPSHQ]IFLYW HU HXRPR\RIYP D YLVV]DUXJy]iV NLpUWpPNHOPpPVpUH
HVHWHN PLQGHJ\LNpUH IHO WG OHSIRIN\D]IH WPHEIE N W Y €N W V V |
WpQ\OHJHV PpU NpV]*OpNNHO PHJHJ\H] PRGHOOLJ

7D0OIQ D OHJW|EE KLEiV DR RSNQHELEY HHNWBHW (]¥UW]D
VIHUV]iPWHUYH]pV VRUIQ PiddzaW LKVR Wi PR Q \ N & ORp LD NGO BH Q
DONDWUpPV] iWYpWHOH (JW VRNV]RU D PHJUHQGHO QHP WDUWM
VIHUV]iPRW NHOO WHUYH]QGH QGHPQRAPULNPHYBIMWNHWPON-O D JHRI
HUHGPpPQ\H LV HU VHQ PHIJNpPpUG MHOH]KHW

3.3 Kompenzaciés stratégiak

$ NRPSHQJ]iFLYV VWUDWPJLINRQ D YLVV]DUXJy]iV XWiQL HOPF
DONDWUpPV]IJHRPHWULD NRPSHQ]iORPWIX R BD OW-OD] K CoNDQUPINY WRHIUNH NPH)/\

$ NRPSHQ]J]iFLY VRUIQ YIiOWR]J]WDWKDWyY HU YIHOND\SEEWHRE D t g DAV V'R
HOPR]GXOiV YHNWRUPH] W DJRQRV QDJ\ViJJDO pV HOOHQWpWHV
NRPSHQ]iFLyameyp eéber bz esetbed- VI HUHVH D YHNWRWWX WV QHONN (W B i @
PRWRUKIiJ]WHW FVRPDYIWED U WERIRNFEG p@WDWINLDRDINQXOKDWQDN Ne«O
INJOV]DEiO\RN1I-YWJ\ODNOWpPpU NRPSHQJ]iFLYV IDNWRURNDW LV DON
WDSDV]WDODW NRPRO\ YHUVHQ\HO Q\WHNYHOW GI\WKNH W W DYSDN G @ DA
publikusak.

OLYHO D YHNWRUPH] D YpJHVHOHPHYVY FVRPYSRQWRN YLVV]DUX.
KiOyPpUHW 1«JJYpQ\pEHQ QDJ\REE XJUiVRN LV OHKHWQHN D YHN
YHNWRUWHUHW DNNRU RO\DQ RI & NB&yekB/R HDN fDINQ \EOHH IH W R/RB H
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PHIJPXQNiOiVD VRUIQ QHP IRJQD N i N WRUWHUMMQ U\DBNDPQ VLPtWI
VLPtWiV VRUIQ D YHNW RWWKPMBNIE®R BXORYIEEL HUHGPpPpQ\HNUH

gVV]HVpPJIJPEHQ HOPRQ®WKDWYO\KRUR DYWSDUDPpWHUHN HJ\PiVUL
RO\DQ JHRPHWUL,DDLPNRASHQHIFIELWN V]iPiQDN QVE&HPYNHY EO EMiVE
3.iEUD

4 Konkrét autoipari szerszam kompenzaciéjanak eredménye

$] HO] IHMH]JHWEHQ H O RRI@&RW WIDNDEW O JEERHPXWDWRWW D
VIHUV]iPIHO*OHWHLQ JHRPHWULDL NRPSHQJiFLYV LWHUiFLYNDW
NLLQGXOy OHPH] HJ\ SHUIREWO\MOOHMHVNQOW PBEBDGRWW '&
DQ\DJPRGHOOMKHWHWWP PARGHOOH]QL PLYHO D] HO JHWHV S
DQ\DJPLQ VpJ PHFKDQLNDL DQ\DJWXODMGRQViJDL PHJYiOWR]WD
WXODMGRQViIJDLEDQ D SHUI|RRYO RV WP DN \PHBRBHIOW KDV
HQHWHYV J\iUWiVL WDSDV]WDODWRNUD Y R-fioW, avhjt-e¥bvem & cikkBen VL Q W |
QHP HPOtWKHWe+QN

A4.iEUD D] HJ\HV LWHUiFU§#VYHWE-SPpRIHN HIIBG RVEKID i VYYNNHQp V p W
mutatig D YLVV]DUXJy]iVEXBDQ I$iOV UpV]OHWpPQ D NRPSHQJ]iODWOD/
D] iEUD MREE [peigy Up L VOHIWBEQYY KXURN XWiQL HULS@REQ\HN PiU
WDUWRPiQaRE LEOOAON pV WRYIEEL LWHUIFLYYDO D]JRQ pUWpPNHQ E

Max: 4,17 mm Max: 3,11 mm

Min: -8,43 mm Min: -2,20 mm

Max: 1,47 mm

Min: -1,62 mm Min: -0,94 mm

4 iBW] HI\PiVW N|YHW LWHUiIFLYN HUHGPpQ\HL

Az 5.iEUIQ EHPXWDWRWW IRWYyNRQ D WpQUDHERDYD RONGEDVWDUpVY p\J
PpU NpV]*OpNEH KGIOWKDpNYRWIQPpJ HOIiOO D VDEORQNPQW KDV]Q
ROGDOIQ PXWDWRWW OHV]RUtWy HOHP JiUiVD XWiQ D IHO*OHWW
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(] DODSMiQ NLMHOHQWKHW KRJ\ D JHRPHWULDL N&PSHQ]IF
NRPSHQ]iFLYV VWUDWPpPJILIQ P ~\UR X WutoFerSpringhiadls CovnpanBaGod W W D O
PRGXOMD KDV]QRV HV]N|] D VIHUV]iPWHUYH] PpUQ|N|N NH]pEHQ

LL‘\{I

5 I(EBIDNDWUpPV] D PpU NpV]*OpNUH KHO\H]YH PDMG O

5 Osszefoglalas

&LNN*QNEHQ EHRIWIPPAGOYNY HVIN|]IN VHJItYWALNV]B UW H P RHRIY HIpD
IRJODONR]y PpUQIN|IN PXQNiIMiW QD Bdriuta@ui, hogiR kel &raod€rpU Q\H]H W
VIHUV]iPWHUYH]pVL IRO\DPDW YLVV]DUXJy]iV NRPSHQJiOiVD V]I
%HPXWDWWXN PLO\HQ V]JRIWYHUHYVY PHJROGIVRN W.iWR UDWQ®NNDD
YLVV]DUXJy]iV PRGHOOH]pVpPQHN SRQWRVVIiIJIW PHIJKDWIiUR]y EHI
EiU D SUREOpPD PHJROGIVIUD KDWpNRQGH W]INHUNM GEPQD M]H P RREQE
NULWLNXV SDUDPpWHUHN LVPHUHWH NRPRO\ HO Q\HO MiU D VL
DONDWUpV] VIJHUV]iPHOHPHLQHN JHRPHWULDL NRPSHQIJiFLYMiQ |
Springback CompensatioPRG XOMNMR DWW ]N|] D YLVV]DUXJy]iVVDO |[VV]HI
NH]JHOpVpUH
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Absztrakt

A N|JOHPpP@NEHLIFFV|QW|WW DONDVMUPMNIP ¥DiFLGMD VNGINO EHPXW
IU|FFV|QWpVL D/]JQRRGHILY V]LPXOiFLyV VPRMaIdEX! BIE HrQgralptV ]+ O W

YLOiJV]JHUWH W|EE H]JUHQ DONDOPD]]iN WHUPpNIHMOHV]WpVL N
MDYtWiViuUD D WHUPHOpPNHQ\VpJ Q|YHOpVpUH YDODPREQW D SLI
HUHGPpPQ\pLE O NLLQGXOYD PiU PHJ OHKHW WHUYH]QL D] DONDW
DG D IU|FFV|QWpVL IRO\DPDWSDU®DPYMRNXE N LEHMRUMI VK E E HLN
PHJYL]VJiOKDWyYy D NLW|OWpV PLQ VIISGIiR BEKH®\HINH\G O/fH E BOE
YRQDODN NLDODNXOiViQDN KHO\H pV WXODMGRQViJD D Q\RPiV t

HU D JVXJPRURGWRPH®pPWH D] iUDPOiVL VHEHVVpJ D K&WPpPVKH]
|IPOHGpNFVDWRVIDLWDVHINEBDW DODWW

KulcsszavakMoldex3D, | U |FFVYWWUPpPN YDOLGIOIV
Abstract

The publication presents a simulation of the validation of an injectinalded part. The injection
molding simulation was made in the Moldex3D simulation softwareMithgex 3D program is used

by thousands of people worldwide to reduce product development costs, improve product quality,
increase productivity, and shorten time to market. Based on the results of the simulation, the injection
molding tool of the part canebdesigned, and it also provides guidelines for setting the injection
molding process parameters. During the simulation, among other things, the quality of the filling, the
location of possible air bubble traps, the location and properties of the formattitve welding lines,

the pressure distribution in the cavity, the clamping force of the tool, the shrinkage, the degree of

warping, the flow rate, the cooling required time and the behavior of the melt channel during the
process.

Keywords:Moldex3D, injetion moldng, product validation
1. YHYH]HWpV

$ OROGH[ ' HJ\ IU|FFV|QW V]LPXOiFLyV V]JRIWYHU DPL D OHJIH
P&DQ\DJ IU|FFV|QWpVL IRO\DPDW V]LPXOiOiViUD pV D OHJPDJDV
DGMD V]iRXOMRDUDPRW V]pOHV N|UEHQ KDV]QiOMiN N.O|QE|] L
DXWyLS\DDUEWILQNEDQ HJ\UH QDJ\REE SUREOpPPiW MHOHQW D NJLU
VIDEiO\R]iVW KR]QDN D N|UQ\H]JHWUH J\DNR UR BrtekintgtRNz KD W iV R N
DXWyJ\iUWYyNQDN ~M PyGV]HUHNHGAL R[H G ON NE RHFM DI V] ] ¥ [QILN N QIW
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RYIFVZ 3 $ONDW U p V] a&Mbldét3pliehi O D W

aPHO\QHN HJ\LMN PHIROONDWUpV]HN DQ\DJIiQDN PHJYel@Q@AMRHWDWIiV
PUGHNOEIPHQ HOHPH]WpPN X¢mpPogiW & WRDD BN @Y H NJXD NO O tMKJIWA p J p
OODMWHING V | QWDDGIWYINOV ]tWpVp QBRIOKGIH P 1Y VRIW Y HUY Y HIIM/ YN Ip YHC
IpPE O Np4|NBWSRJLWEYO NpV]*OW RODMWHNQ WpUIRIJDWD PHJN
DQ\DJ V&U&VpPpJIpW |VV]HKDNRIHNO DV DO \PH PilOD B § PWMYJ K [\WHDYW OO H J
48% RV V~O\FV|NNHQWpPV pUKHW HO

(J\ PiVLN SpDGDERMY ]|HUIDO KiW O D pgWr&iKN2] U PRKR/QQNE YW | ]
Wt SHM-G HUR p\ésgtorneendszer YLV Ji @ Q IXND DVR@ O,V VA H J | WQHIDTHimR
NLDODQNDOW i\WiM\iDWiVL IRO\DPDW VRUIQ IHORHU=-OpV HUARHG pININE
VILPXOi FLYKRMoI@exBD YpIJHVHUHPMWW HUW pDWPOOWStWiVW Q\HUW
NeO|QBHU|ARW UHOQ@ekMainakiNO Q\H L mysi XJVREIW LIRI[FIFW |QWpVL IRO\DF
NHU QWO Dska] & V]HUVYRIBPD NLDQ DvdlawntVDQ PR DQ\DJ DONDWUpPV]HN
PLQpYpQWMIDYtWiVD pUGHNpPEHQ

$ OROGH[ " VIRIWYHUWOHIMWQUNRIGENIRQIiO RUQ pRMGOPtKka) LNDL HV
WHUPpNNNRQR D] QiAOEARIW MexhNology a Moldex3B alkalmazta3] a projektorlencse
WHUPpN pkQL EDDpOHK HhW W @lPMtidalak eO UHMHO]pVpUH $ V]JLPXOIiFLYV H!
&$/,1 THFKQRORJ\ NpSHVY YROW EHIiOOtWDQL pV RSWLPDOL]IiOQL
HO WW KRJ\ PHIJROAGY¥PDQD XKIBUVHREOpPpPIMiW pV MDA MIdex3DD WHUPPp
HOHP]pD/OHINSM&ER/,1 7HFKQRORJ\ HJIJ\pUWHOREWQO\WRHYIPWW B WWYH [
PHIMYyVROMY LD YRHQIHODN HOKHO\H]NHGpVpW D WpQ\OHJHV J\iUW
HOHP]pVHN SRQWRVVIJIWHDHWPQROOHUHW SUYHROWIN 9pJeO D &9$
VLNHUHVHQ PHIJROGRWWD D J\iUWiVL SYREGRUFPDNWYWUYMNIBWLPDC

A IRI\NDVWHWVIPpNHN YRQMDWRORNiWNEIN@VHN J\iUWiVIQDN HOHP]pVy
szoftvert, ahokgy kajszibaracknag KpMiFBDODHU ViWHW WA)&ehPazitRAM KB YWBW O p W U |
az HEE O YDOy J\iygw4dVe¥ IIRONPPIDW UpV]IHNpQW 'LIJLPDWaz/]RIWYHL
DQ\DJ |[VV]HWpWHO p@W Y\DLO @ ALLPQMD i IRILWFISNID, OJ WIK] Y WiyOMWWJI R W

1DSMDLQNEDQ D P&DQ\DJRN IHOKDV]QiOk¥D YUH Q G/NKIY PMIG R M PJE
DGyGyDQ D N*O|QE|] LSDUiIJDN \agpkatH YLIQ|iU Z HHU & & NID/GHRIN piIW i W
PLO®h@a P&DQ\DIJRW WHUPHOQEWMO HOQGHRNEKDWY WHUPpPpNHN NpV]:
UHQGNtY -OHERPOIVL LG YHO UHQGHONH]QHN tJ\ D YLOiIJ KXOC
P&DQ\DJRNEy® HNp/IN®WE] D& MIMREOpPD HJ\LN OHKHWVpJHV PHJR
P&DQ\DJRN KMDWIQOOBMWMWELRWLNXY N|UQ\HIJHWEH KHO\H]JYH YDJ\
iUWD O PDW O D @nyagbkirt) Bopr¥ahiek Molex ' SURJUDP KDV]QiODWiYDO PHJi
hogy LO\HQ DQ\DJR NEWOPYMNWHINOIU|FFV|QWpV VIBItWVpJpYHO HO iOOt

$ OROGH[ ' D OHJMREE PLY WH&EKQREOXYOLFMiYDO VHJtW D IU|F]
VILPXOIiOiIVIEDQ W|EE HJ\HGL DONDOPD]iVL WHU*OHWHQ LV JiJU
IU[FFVKDEFRWIMWJ@H]HN PHOOHWW RSWLPBOWLU®KMDWYyWHRW®pNWHU)

$ SLDFYH]HW IU|FFV|QW V]LPXOiFLyV V]RIWYHU D WHUPy
IUJFFV|QW V]JHUV]iPRN HKHWL pVWHYIL ® PXQNiMXN NLPHQHWEF
9LOiIJVIHUWH W|EE H]JUHQ DONDOPD]]IiN D OROGH] " SURJUD
FVINNHQWpVpUH D WHUPpNPLQ VpJHN MDYtWiViUD D WHUPHOpPN
LG OHU]|YBIGtWpVpUH

$ IHOKDV]QiOyNEHQOWRN WEHOPIEMQ\DJ IR O \DoRIMNVR N KNRQRZY pJ«O
YHUVHQ\NpSHVVpJON H\WpragrdmhaAMWN pPhARVY HVHWWDQXOPiIiQ\W WDOIO
VIDNLURGDOPDN IHMIGROJR]iVD VRUIQ
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A VIRIWYHU HJ\ PHJEt]JKDWy DQDOt]LV HV]N|] PLYHO D] HUHGPp(

QDJ\RQ SRQWRYV -YLKMOWYIDWEIDQ UHMOLN $ VIRIWYHU DXWRPDWL!
LOOHWYH D NULWLNXV KHO\HNH QErMefNWIR ML \Kt 8RR BDIAMdiedeP t WM D [

OHtUy DQDOt]LV ' NLW|OWpV ' K&WpV ' Q\RPiVYWLVPBRQ\RN
YHWHPHGpPV VWE

+DWpNRIQtRQ HVIN|] PLYHO D] HUHGPpQ\HN KDWpNRQ\DQ VH
pontd KHO\H]KIDWJBRPHMULIYDJ\ W|EE Rpw),p/V]BRDGRQttYiODV]W
FVRPYSRQWEDQ $W HELOH ORYBDKN Y DN'H U U@ QIHNR QERUGH R G i/RIDQ \ BN
V]ItQWNMHJItWVpIpYHO LWHEOMHYOPpIYHNW WHUMHGHOHPEHQ YDJ\ C
YL]VJIiODWWDO LOOHWYH V]LERQiFLYYNQQ\HG.R N WhodSIEOEID/)RNY |
impoUWiOiVDNRU QHP FVDN rbeg) HREMROUD D D G KD WhsipekigdN
akaW UpVJiQNFFV|Q\WMPVH D FpO

A N|JOHPpQGEHMHKHW VpJHN V]HP O pOMHIW PEDE@H N J\XJJCHBY WRYD O
YL]VOWIUD N Hida@basRdiyaga ABS. A Moldex3beQ YDOy DOND®®EbV HO W)
PHIWHUYH]pVH &y eNPTEJGed PdddMetric programbahH U+«OW P HJINZ.Gy VIWiVUD

NpV] GDAIDIERW HPOpOWHWL

1 iEWDYL]VJiO3W-senDdeifeE

2. Moldex " EHPXWDRWIINWDDE V]LPXOiFLykeD OROGH][ '

(OV OpSpVNpQW OpWUH NHOO KR]Q@lLlprogmbakl asegRMegiimostsh D S UR
OpSpV DNLKRODV]WiV hbBy poHtbsa® Mely@V H F K@ RILPIHO i OiVD. WgmaNVpJIHV
SpOGIiMO\V]HU& IU[FFV|QWpV KDERNRGYHU\WEVHMWPWDJIJiW|EE NI
IU|FFV|QMOpM HVHWEHQ HJ\ HJ\W]HU& IU|FFV|QWpVHV IRO\DPDW V
21. $] DONDWUpPV] EHLPSRUWIiIOiViQDN IRO\DPDWD

$ NJYHWNH] GRORJEBLPSRHURPIODWDLDDPLW KiURPIpOHNpPSSHQ LV F
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t Import geometrytezalatW D1W KBWMENLPSRUWIiOiV U DvaNiilyerOCAD JHRPHW
IRUPIWXPEDQ

t Import geometry (Auto Healt $ EHLPSRUWiIiOW JHRPHWULIW D SURJUDP
JHRPHWULD MY tWRLVHRIVWOHRBRULWPXV VHItWVpJIJpYHO HOWIiYR

Tt ImportMesh++D YDQ HJ\ NpWVSYRQMHNWNpPV] KiOy DNNRU FVDN EF
OHKHW YIiOWR]JWDWQL D IU|FFV|QWpV SGRNDR\OYINHUB LKWO y3 HV WW!

2.2. $] DONDWUpV] KLEIiLQDN HOOHQ U]pVH

A beimportioiV XWiQ PHIJMH®HOURJID CPRREDHO CDPLW U|JW{@l kell\ &KHFN
kezdenj DPL HOOHQ UL]Q Le bierhe @larkilReh\hi¥®IQH OO HQ U]pV XWiQ EH NHO
geoPHWULD DWWULE~WXPiW PLYHO D V]JRIWYHU QHP WXGMD KR
SDUW SDUW LQVHUW V]JHUV]iP LQVHUW H]pUW H]W EH NHOC
PHIJDGiVUD NHHOBWHHKRO\ M] HJ\ WH|FFYNQWBYEHN NVpJIHV

23. $ PHJO|YpVL SRQW

Most, hogy a darab paflpQW YDQ MHOHQ PiU OpWUH OHKHW KR]JQL JiWDNE L
WHUYH]JHWW PXQNDGDUDE WDOIONR]iVL SRQWMD DPHO\HQ iW Org
DIW OV A ® OJiOMD KRJ\ NJQQ\HQ J\RUVDQ Q\RPWDODQXO HO Ol
NHUHV]WPHWV]HW KDWiViuUD D] DQ\DJ IHOJ\RUVXO D V~UOYG
IRO\pNRQ\DEEi YiOLN $ VHW VIHO VNHM.OL @W IR 6 Bl QP \QH| P& HBAH A @/p V
LOOHWYH JiWDW \JJipvmDN JpW DDA WK HIWY WWD] DONDWUpPV] HJI\ S
OHUDNQL DPLQHN D EHIiOOtWiViIiW V]ILQWpQ D] DWWULE~WXPRN P\
KDV]QiODWD HEE OQDJWRPSRXWKEYyQiOy EDUIW PLYHO SRQWRVD!
OHKHW PYyGRVtWDQL ,WW YDQ OHKHW VpJ PYGRVtWDQL D JiWQlI
KLGHJFVDWRUQIVUD iOgiayDQL PHOHJFVDWRUQIiIiVUyYO

24. $ KLGHJFVDWRUQD OpWUHKR]iVD

+D HONpV]*OW D JiW DNNRU OpWUH OHKHW KR]QLEEEh 4POHGpN
FVDWRUQIQ iUDPOLN iW QDJ\ VHEHVVpJJp® IB YSyRIOM PO |P O/HIG P M ]
$ FVYDWRUQD D V]HUV]iP IHOp E YO N~SRV DODNAHWR]PD EH
Q\LWiVDNRU D WHUPPNNHO H$)*MWOR HOWY i FR O WRILDQNM UDH WM HEE |pV
HVHWPQ YDQ V]*NUPpPRUGHK @WK OW KRJ\VWUp\EJRBRWYPEEWFDDWRUQIQ
oda az anyag.

$ OROGH[EHQ HQQHN D O pWUHKR] V\DH Dt V8@ O, VOW KBHH K H W\
NLYIiODVIWDQL HJ\ YDJ\ NpW ODI|SYRHW N §p$y M E HEN Q@ DENOE VPip HW H
iOOtWK.DMWWHN XEWiIiQ OWHXMYVWEHIPIOtWDQH KIRAIN JGHKIYE @eniakkerD
EHIOOtWE&QWNNpUHWHL $ KLGHJGXJy FVDSGD DUUD ¥idby KRJ\K
VIHPFVH DNNRU D] LGH ¥VRBOYEN PQWEHHJ PYNEMH MXLYHO D] D OpQ\I
QH OHJ\HQ KLED $] |POHGpN FVDWRUQD WtSXVIiW pV PpUHWH
NLYiODNVYWEHQQ OtWDQL

$] IPOHGpN FVDWRUQDaR. PHHIQ |QipMK DSARYQ WW D O
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2 IEWQWPOHGpPN FYDWRUQD .D PHJO|YpVL SRQWWDO

25. OROGEDVH OpWUHKR]iVD

OLXWiQ EHIiOOtWiVUD NHU«OW D PHJO|YpVL SRQW pV D] |[POHGpPN
OHV] (]JW D OROGEDVH QHY& YDUIiI]VOYyYDO OHKHW PHJYDOYVtWDC
VIpOHVVpPpJHW pV BIWIPWGRYYWDW LOHKVW PINHONPW E B RQV UD P
DONDRH@M]pUMHQ $ VJIHUVI]IiPQDN D PDJDVVIiJiW Llityodadod OHKHW
HIJI\DUIQW & PRAMMMONLY ILJ\HOHPEH YpB NHWPBHYGOOWIW NpV]eO
Moldbase,ami 8. iEUIQ OiWKDWy

3 i E Wbldbase.
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26. $ K&W N|U OpWUHKR]iVD

$ NIJYHWNH] OpS@gVibUREWN{WiVD OHV] DPL D &RROLQJ &KDQQ
OpWUHKR]KDWY $ VIHKBWHQLUL WHGOpME K PpUVpNOHWE GHROLPH!
OHK&WpVpKH] D V]HUYV]PPE DHO R B PV HUHEK B WEpREgb]vadt polimert
DGGLJ NHOO K&WHQL [pMittudvi vehnldG| QWA RWUHPVEYO $ K&WpV D 1U]|
FLNOXV NULWLNXV UpVIH PLYHO MHOHQW V KDWiVVDO YDQ D]
WHUPHOpPNHQ\VpJpUHSpEH®iIXIOW BJ PROIUD & pN IHV]*OWVpJHNHW D
JVXIJRURGIVW DRWPHRNWOBQ K

(IJIHN D KLEi®EHRPRRO\iVROMIN PJQDONDPWUBYRPG D PHIMHOHQpPV
SRQWRVViIJ VIHPSRQWMNVEESE | HiF K B W@ & H]PW @ GANIN\DQWKD WIPBPE iQiO WI
D KDWpNRQ\ K&W FVDWRUQD NLP\WOD NtGVW Dp VFWIDNHQMVDKWWDL D |
KDWpPNRQ\ViJiw

A Moldex VIRIWYHU PLXWiQ OpWUHKR]JWD D K&W FVDWRUQiIW D]X
OHJ\HQ PHNNRUD OHJ\HQ D] iWPpU MH PLO\HQ WIiYROViIJ OHJ\}
N|[JpPSYRQDOD pV D WHUPpPN V]pOH NJ|]IWW |8 W]|F N |WNH.] DOP\E[D WRHKJ
DPL D]pUW LV HO Q\|V KRJ\ QH OHJ\HQ DQQ\L N|U OLXWiQ D P
DXWRPDWLNXVDQ UIWHWWH D] LQOHWHNHW pV D] RXWOHWHNHW
mel, hogy minden rendben v PHJIHOHO H-M & KEEMINLEY DPL D iIEUIQ OiIWKD

gletielo - Mokiex3D Studio uwv

B U @ 3 + o

4 JEWDK&W N|U

27. $ KiOy]iV

$ NJYHWNH] OpSpV D KiOy]iWOBIRWIN BHPRIEGIO OMORNYWDQL DPLW

H] D KiOy]iV tUMD OH D WiUJ\ IHO*OHWpW (] D SURJUDPEDQ D 0

NpWIpOH KiOy]iVL OHKHW VpJHW NtQiO IHO $] HJIL6Y KNGBRDOLG KiO
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$] H'HVLJQ D] HJ\W]HU&EE YHU]JLYy HJ\ WHOMHVHQ DXWRPDWLNX
NDWWLQWIiV XWiQ HONH]GL D KiOy]iWwD Q&H K\R JE HPQ MWD LWa N & V(K.
Kioy $ KiOWHVBJPEW IRQWRY PHUBWKRWHPDM]pBWQINFIY SRQWRVVilJ
fog. $ KiWUIQ\D RN RIQIWO HJI\*WW D V]LPXOiFLYy LGHMH LV MHOHQW

28. $] DODSDQ\DJ NLYiODV]WiVD

OLQGH]HN XWiQ NL NHOO YiODV]WDQL D] DODSDQ\DJRW pV D] L
IRO\DPDW S D,UBIpPIGNXO HPNLIBWHQ K PpUVPNOHW& OHJ\HQ D] |[POHGPN
D VIHUV]iP D K&W N|U EHIiOOtWiyBL Ip® OX-WWYQH RFPH V' D GSKUIRWLyOD N LW |
A Moldex3D Bankban Q DJ\MIiEy® UH OiD\X\®yY WDOiOKDWy

Jelen esetben dNHU MWW JItWVpJpYHO NL Yai @Egieled i VD Q aBJd PPODABS
Bayblend T85.$ 3& $%6 3ROLND U E-REQWEENI RAIAMNW. @V $%6 NHYHUpN
DPHO\ YHJ\tWL D] $%6 NLYiOy IHOGROJR]KDWYyYViJiw D SRO
W XODMGR Q Vi pIVL KDi® O yWhp)\BRDE% 6 WXODMGRQVIJDLQDN HJVHQV~C
KDWiUR]]iIN PHJ D 3& pV D] $%6 D UiQER @i VN HRIUHINVEHD V DOS B GIVN
DGDOpNDQ\DJRN $ SROLNDEXR®WIY RID DNMIQNOQHWYIMRUEDQ
K iOOyViJiW EI$IB®\$WBORMMDQ VILQHUJLiIV KDWiVW PXWDW DPHO\
sWpViOOyViJDPPOVBPNRBWKI Q MREE PLQW D] $%6 YDJ\ D 3& *WpViC

$ 3& $%6 OHJI EE WXODMGRQViJDL
QDJ\ *WpViOOyViJ DODFVRQ\ K PpUVPNOHWHQ LV
QDJ\ PHUHYVpJ
NLVPpUWPN& iOWDOiIQRV JVXJRURGIV pV QDJ\ PpUHWSRQWR"
K iOOyVilJ
N|QQ\& IHOGROJR]KDWyViJ
V]tQH]KHW pV Q\RPWDWKDWy

$ 3& $%6 P&DQ\DJRN PHJIHOHOQHN RO\DQ DONDOPD]iVRNKR] L
K PPUVpNOHMW. pV D PHJIHOHO NHPpQ\VpJ (JHQ P&DQ\DJRN
NHPpQ\VpJH NLYiOy DPL KDV]@®RODWQXWBWPPGEHNENYi BAHQLHN Y
K PPUVPNOHWL N*O|QEVpPAH.NQHN OHV]QHN NLWpYH

+H +H+ +H+ H H +H

29. $ IRO\DPDW EHiIiOOtWiVDL

$] DODSDQ\DJ NLYiODV]WENIID MW QY ) ARGDVBNHAEN VYV YDUiI]VOyYDC
meg.

(OV NpQW NL NHOO YiODV]WDQL KRJ\ PLO\HQ PyGRQ OHJ\HQHN
PyG D V]iPtWyJpSHY PYyGRW MHOHQWL ,WW PHJ OHKHWeBGQL D IL
PiV GROJRW LV YLV]RQW D IU|FFVidAMaHing Mudefenfa @zt jeRntédi. P X O i F L
hogy mag@ D IU|FFV|QW JpS LV UpV]HVH D V]LPXOiFLYQDN WHKiW D
MHOHQQL D EHiOOtWiVL OHKHW VpJHNQpPO pV D JpS OH IRIJMD NR
p\OH IRJMD NRUOiIWR]QL D IU|FFVVUBEH®BYV p-IHWLHR YL DG RIWWFRF W W R
SURJUDP DXWRPDWLNXVDQ NLtUMD KRJ\ D IU|FFV|QW JpS W=~O
JpSQHN PHNNRUD D ]iUy HUHMH pV-H]WVBKWWL RPOOURH. YO MR H D NWH-
VIHUV]iP D|QWBF VRUIQ PHJ IRJ Q\tOQL DPL QHP WHV] Myw J\DNR

-HOHQ HVHWEHQ D &$( PyG NHU+-O NLYiODV]WiVUD
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2.10.$] DQDOt]LV NLYiODV]WiVD

Az eddig EHIOOtWiVRN HOYpJ]pVH XWiQ NDQBOQLYi @BV ) Wanidrp JK R K\DI
az Analysis*F OUH NDWWLQWYD OHKHW PHIJWHQQL

+D WHOMHY DQDOt]LV Y pJdikeKaDRMIVAny40C YFDRQC WY NN YyJODV]IWiVD
V]*NVpIJHVHOV & HJ\ K&€WpVL FLNOXVW MHOHQW H]JJHO NL IRJ V
K PpUVpNOHW HDRVPEFRQGEMDPKRJI\ D] HIpV] IU|[FFV|QWpVL FLNOX
K PpPUVpNOH®HNDBVYRWVHD NLW|OWpV ) XWyQ\RPiV 3 D WHUP
NLGREVVYpXNOWHPHGPY : (]]JHO VIHPEHQ YDQ PHB, O,WUBQVLHQW
HOV &W D]W MHOHQWL KRJ\ D] HOHMpQ IRJ V]iPROQL HJ\ V]HL
PLQGHQ LG SLOODQDW)IHWDV |WRKQIVEHOtO|EFNVYIOWR]QL IRJ D K Ppl
XWiQD IRJ M|IQQXIWWQAWPOWPY D WHUMNLNG REMDP¥ W VRERHWHEBEYY &
7UDQVLHQW $QDO\WLV SRQWRVDEE YLV]RQW D V]LPXOiFLY W|EE

Jelen esetben a Transient AnalssHO O NLYIiODV]WDQL

211.6]iPtWiVL SDUDPpWHUHN EHiIOOtWiVD

$] XWROVyYy O$ X PAD IV L&RRP S D U D P,/ DHHIK HEWM | B 191 IV GyQIgyDniEen U H Q G H ] ¢
SOXV] GROJRNDW YHJ\HQ ILJ\HO H P &hi nemliohtesymViamiR@sRA NL PL

Solver QpO NLYiODV]WKDWYyY KRRVagWIBOeR&UE (QKDQFHG

212.AsziPXOIHYHGPpQ\HL

$ VILPXOiFLy OHIXWWD W i\tEpxiajelebriekmegl GPp Q\H N
$ )LOOLQJ,NLW|OWpV
+ 3DFNLQJ XWYQ\RPiV
+ &RROLQJ K&WpV
+ :DUSDJH YHWHPHGpPV

2.121.$ NLW|OWpV

(OV &Filing NLpUW pNH O pV pbbare aMel{fBor@Tie-mal. (EEHQ O hagy W y
PHQQ\L LG NH®@BWD| PKEREpPOIWVH D V(EH U E LEdbehHaz HsEtben
OiIWKDWyV KRBJSLOODQDWEDQ LQGXOW HO D] [POHGpN pV V DO
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T
Tig_Met Fromt Tame
Tene « 1.996 sec $0F)

maximum: 1.9§ wegm

minimum: 0 s
5 IEB ODNLW|OWpVL LG

$ :HOG OLQHHR®HYWILPKHW N D KHIHVHGpVL YRQDODN DPLN N
amiHO Q\PHUW D] DONDWUpPV]HQ QHP MHOHQLN PHJ LO\HQ HV]WpW
DJRNRQ D SRQWRNRQ DKRO HVHWOHJ OHKHWQH RWW J\HQJpEE

$ NJ[YHWNHHQ@ PSQVEPiIV PHJYL]VJ@®iVEUD QNRPO/NARV]OiV N+O|Q
VItQHNEHQ MHOHQLN PHJ D] DNWXiOLV SLOODQDWBY® KD WYRP]V F
DONDWWUR® D Nt@ARDIVEORV]OiVEYH DOM|Y HVGNRFWINVYLWHO KHO\]H
iUDPOiIV HIIHQUYBODNtWIiVEDQ

maximum: 71.016 MPa

, o o gy
6 IEBDQ\RPIVHORV]OIiV
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$] IEUIQ LV OIWKDWy KRJ\ D Q\RPiV D] HOEGNM® Qi UD PMILIND D B \ORME
OHJQDJ\REE IHO*OHWHQ VILQWH HIJ\HQOHWHVHQ PLQLPIOLV Q\RP
A TemperaturgoontbanO i W, KiBgWW]LQWH HJ\V]tQ& D] HJIpV] R&t@H2t@ DPL D]
K PPbUVpNOHWHW PXWDWMD DPL D IHO-QHWHWDBPDRYRL NDL WH O yOHM

PHJpUNH]LN D] |POHmegNs fapy( W LIOY JI@&¥OD WHUPpN EHOVHMpPEHQ |
iOODSRWEDQ YDQ

Fiing_lemperstre
T = 1.996 s4c €07

ra
maximuin: = rggree

254936 °C [

minimum:
84.022°C ™"
" su il

7 IEWBWDIHO*OHWHQ OpY K PpUVpPNOHW

$ N[YHWNH] IRQWRV pUWpN D 9ROXPHWULF 6KULQNDJH DPLE
XWyQ\RPiV PHQRDWINRROWD PHUW|OW pQ L ND,NaNgRUneiyiVfédL N
zsugorodni a rendszes & RPSDUH [0 UsklzeX DWW KMKKIW DDNLW|OWpV XWROVyY LC
pV D] XWyQ\RPiV XWROVy LG SLOODMRGAEEDRURHR @ LAVWKO W R ] LK\R
D] XWyQ\RFIRQWNKDWiVD PLYHO D NLW|OWMW W RWIIRI DDN LP D MR,
OHFV|INNHQW¥HEH NHU-OW

Filing_Volumetric Shrinkage Packing_Volumetric Shrinkage
Time = 1,996 sec (EOF) Time = 22223 see (EOP)

0] 2]
i b 11.016 ok o 7,745

maximum: 11.016 % Tozm maximum: 7.745% Bz

2546 6.176

minimum: 0.009 % 0726 minimum: 0.478 % 0963
oM 0@ v oM g.470

8. iIEUD WpUIRJDWL JVXJRU pUWpPNH D.NLW|OWpV pV D] XV
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A VE&U&VPIQPOKRIWKDWRQOY PLQW D OROXPPMWHI BKROQQYDJIV
WpUIRJDWL JVXJRU RWW V&U&EE OHV].D] DQ\DJ PHUW MREEDQ |V

A Frozen Layer Rati¢9 iEWPMJPXWDWMD KRJ\ HEEHQ D] LG SLOODQDWE
NHUHV]JWPHWV]HWEHQ KiQ\ VPiHD QJLNE & QuaEiY®BgWs hizkap Up V]
DPHO\LN PiU GHDPHMIPYUVPNOHW DODWW YDQ

maximum: g
40.606 % i

::::::

1T iy

minimum: 0 % im
9 i E B@zen Layer Ratio.

$ VIRIWYHU VHJItWV )P EpOHM @QEHW NLPXWDWQL PLQW SpOG]
V]*NVpJ D] DGRWWalNL BilOCDO/) W R W B/D QH @ CC@dpitg Hadoé piuati pU H
V]*NVpJHV JilyBPHKKR] NMOO KRJ\ ]iUYD P DUFGCMFQWPXV]NBV]P G
PUGHPHV |[VVIJHYHWQL KRJ\ KiQKBD\RQQOW ]I BHFONIR@@ickey D
Qp]QL D )ORZ UDWH iOWDO D WpUIRJDW iUDPRW D WHUPpN W|P}
OpSHWW EH D] |[POHGpN D V]HUV]iPED

2.12.2.$] XWyQ\RPiV

$] XWyQ\RPiV VRUIQ NpW IRQWRV pUWpN YDQ DPL QLQFV D NLW
Mark DispODFHPHQW $ODSYHW HQ PLQG D NpW HUHGPpQ\ D EHV]tY
KHO\HQ DODNXO NL DPLQHN D W~OROGDOiIQ YDQ YDODPLO\HQ E
D] DQ\DJ pV RWW HV]WpWLNDLODJ JRQGRW IRJ RNR]QL

212.3.$ K&WpV

$ N|[YHWONHS]pVEHQ D K&WpV HOKRBRMINY WR MU PBI V RB KB W YL]VJIiO(
LG UH YDQ V]*NVpJ DKKR] KRJ\ HOpUKHW OHJ\HQ D NLGREiVL K
Tempertr H HUHGPPQQ\HO YL]VJIiOKDWYy dhH ihegh& B FO i QWD K MDMIUD @R J \
QDJ\REEUD NHOO YHQQL D K&WpVL LG W PHUW H] D JHRPHWULD

$ NLGREiVL K PpUVpNOHW DODFVRQ\DEE PLQW D IDJ\iVL K PpU\
vandermedveD] HJpV] WHERPWRQHRRJI\ NL OHKHW GREQL PHUW QHP E
anyag.

$ &RROLQJ (IILFLHQF\ D K&W N|U KID WiENJRCR Y\i J W IRV M@ PN QW
WiYRJRWW HO H]JHNHQ D K&W N|U|IN|Q NHUHV]W+0 -08 ®SLBRM K&V
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K&W N|U|Q SH@LJIJ$DRDUDGpPN SHGLJ D V]JHUV]iPRQ NHUHV]W+0 WiY
OHKHW YL]VJiOQL KRJ\ D] HJ\HV K&¥Q & HWNK \PHI@ Q\KUW YLV]LN HO

Cootng_Costing Efficiency
Fnal Qcte

T = 52000 sec (£0C)
™~

—/ maximum: 7.854 %
—————————C— /

e

P

B3

e —————————————
/

minimum: 5.140 %

g F 8B EEGREGEGOE

10 iEWDK&W N|U|N KDWpNRQ\ViJD

2124.$ YHWHPHGDPV

$] XWROVYy OpSpVEHQ D YHWHPHGSpVYHWHF H®DMW il D UNFHU [ W|RW
GHIRUPIFLYMiW MHOHQWL (QQHN D GHIRUPIiFLyQ® NEHORPU W NOW
OHJHJ\W]HU&EE HUHGPpQ\ D 7R\EDdDi aztViSuGGaFhes,HQJY az adott
FVRPYSRQW D] iKBRH Gl BHVIR @ WQIQ\LW PR]GXOW HO

Warpage_Tetal Displacement

maximum: 3.020 mm e

minimum: 0 mm  few

11 iEWBWDGHIRUPiIFLY PpUWPpPNH

$] IEUIQ LV OiWKDNgyobtk BBVRVFOFLDYy PP $XKKR]JVKRW GDUDEFR
SRQWRVDEEi OHKHVVHQ WHQQLD ONKIRW Wp Jp U\ ®N HDNJ UDO DISRII Q
NR P S HuR hil@itikus helyeken YDJ\LY HO OHKHW IHV]tWH QEzBztjdleht,V]iPRW ]
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hogy a darabnak lesz helj¢ X JRURGQL pV H] HO VHJtWL D SRQWRVDEE PpU
OHKHWMYIHYQANNOEQQL Ui Q \p.NKEYXYY LV

$] HOWpU K PpUVpNOHW LV EHIRO\iIVROKDWMD D GHIRUPIiFLY
HUHGPpQ@\HEEUDL]VIIOKDWY FRek]PUHORMW HD] HOWpUpVHN PLDWW k
vetemedett az anyag.

/IHKHW VpJ YDQ DUUD KRJ\ IHOYHJ\*QN NpW SRQWRW pV HQQI
IRIMD D]W LV KRJ\ PHNNRUD D] pUWpN D JVXJRURGIV XWiQ pV
LOOHWYH D] DQ\DJ OLQHIULV VEaRUREBUWYQNRDOWYDG LQIRUPIFLYW

12 iEWDK PpUVpNOH . . _
{OWDOL GHIRUPIE 13 iIEUPW SRQW WIiYROViJD D ]V

3. gVV]HIRJODOIV

$ VILPXOiFLRHVRDW) UR]R Wal BHiWENW N K pDLP BRQW D] [POHGpNFV]
K&W N|U D PROEED\KHRJILEOO\HQkeS Y DPIH WHIMWBRH M IU|[FFV|QWp\
HUHGPPKQRB\ D WHUPpN QHP WDUWDOPD] KHJHVHGpPVL YRQDODND\
QHP WDUWDOPD] HV]WpWLNDLD KLHEV\\ Ol B OCHWHAHH W B P! JiO\D J\HH@ J p |
WHUPPNHQ $ K&WpV YL VN HODHGIEDS @V BING PROB O Q L KNP LD LVE iH MR N
ez KRVV]DEE FLNOXVLG W IRJ MHOHQWHQL D IU|FFV|QWpV VRUIQ
YHWHPHGpPV YL]VJiODWD VRUiQ DPLEHQ VJHUHSHW MiWV]LN D K&
OpW lélek DPWHUPpPN KDV]QiOW VWilVD \E HD ROIN OB G M EzJ@di WLH/U PpW K D W
IXQNFLYMiW ILJ\HOHPEH Y p YeéV]\R pWENMPWE QIR J D GIOIMW YSHW D SD V]
HEE O KRHKHW OHJU|YLGHEE WG URYNHWWY FHNOXVLG
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Absztrakt

$] RIIVKRUMDODFYPDHRNEHQ WIiPDVIWRWW N|YHWHOPpPQ\HN N|]|WW D N
fontosszerepet kap a kiKk PpUVpNOHWHQ LV NLHPHONHG® B]]iWsakdzaf DQL OH
UHQGNtY«O KLGHJ3I]INPHOQ\HEHWVEHEIDG H] p AHéhgel L | DVARND/OPiHIN2OLH W
fejlesztet DFpONRNHSHV V]LOIUGViJfigyeldrdmp QMY i PJyYyVViIIJRWIBWWD W Q
K PpUVpN®PHWONOW D OHKHW OHJQDJ\REE PpUWpPNEHQPPPHY NNHO O
KHIJHVIWpVL iDO/NDI@ i VRRN\R ] R WigZzontK MERHHOY L @/\M OV H QD ]F VoW NPEX@QW LW D
K KDWiV|YHHMWEHREKQAYiVW MHOHHN &D GH BRE U L W HgratbhhYadH W VIHU N
ILQRPV]HPAFPMPOHPH]]JHO PHJHJ\H] \antefyV DFREOIWIRWWIWIRUIQ VS
KHQJHUOpPVL IRODDINPADDMOR WRIQQPRPHFKDQLNXYV B HH DHWiaihvge \PLH JR N H
pV DQQDN SDUDPpW HatéfinyagyDODRP]WQW DBDIHOHQW V V]JHUHSHW M
VILOIVQ@VIiIV]tYYKMIHYV]WHNW ONDMtAWIQ DEIDREE VIHOYpQ\YDVWDJVilJ
WHNLQWHWWHO D KX]DOHOHNW U WSWt W& & H JHRW] WY K HD HVH WH @ W L
HOMiIUIVRN H]JHNQRAOP BF KDFPIONRNNQVOXODMGRQVIJRN DJRQ EHO<O
PHJ UJgMHPSRQWMIEYyO PHJKDW HR\K VWV | HG:GIS(5ivaE: @rdds, (AF))
VIIYHWVWMHEHHHHDOY HO $RIHAAIW i IDHRR VIRHARUJIIOMIQDN & NLDODI
PLNUR|WIY ALN, B MHOHQW V PpUWpNa&nitigk g ViR OpWROMEBN® W DSUy
JIUYIQ\RN NULVWIO\RVRGIVL FBtUD KDPOWV |MQNWERHDOAWVND YDL
N|JOHPp Q\EHGEBMLHR GDOPL i W Wrik id LNORAUPWRN URK RM WU D FYR@®DW NR ]y
N|YHWHOPpPpQ\MMNOOMHBDIBRW YL Pyy&¢VMOHIHWNIWKHW VpJpU O

Kulcsszavak:R I TVKRUH DFpO HWHWKHW pip JK WJtYyV Vil

Abstract

Among the requirements placed on offshore steels in addititavearablestrength characteristics,

the criteria foroutstanding toughness at low temperatysts/s a prominent rolevhich can be used

to ensure the safety of equipment operatifignin extremely cold environmenthe new generations

of steels used in the marine application area show remarkable toughness in the medium strength
range at negative temperatures, which s preserved as much as possible during welding. The
welding heat input caused biysionwelding processes can significantly redulce impactenergyin
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the heataffected zone. In addition, it is challenging to ensure the same toughneslitisseam wth

a multilayer dendritic microstructure which undergoes special rolling processdsiring steel
production including thermomechanictt controlled processThe weldingtechnology and its
parametersas well as the selection of the filler materiplay a significant role in creating a welded
joint with adequate strength and toughness. Due to the langess sections gas metal arc welding
and submerged arc weldirage the most common welding processes for these steels. The presence of
acicular ferrite (AF) in themicrostructureis advantageous in terms thfe preservation of mechanical
properties, especiallfthe toughness The formation ofacicular ferrite can be controlled by ¢h
microalloying element§Ti, Al, N, B)which canform small inclusionshat can be considered as the
nuclei of ferrite. In this paper a detailed literature review is providedon the characteristics,
productionprocessesnd weldability of modern offshore steels.

Keywords:offshore steel, welding, weldability, toughness
1. Bevezéés

A VIHUNH]HWD CD FR DARIXOWDRYY N MHOHQW MapjaipkbhpeQ@INI V. P B OLPGHV i J ~
DFpORN IpMO HY |BWOEDQ V]iPRV RO\DQ L3 DO KDNJEOHWLYND|Q + K
miatt PiVDFpOWtSPGM RMIIVEKRUH DFpOIRD LDQOSNRONTRRIVW H LEEOHIQYE Q W p Q
W|UWpPpQW IHMO GpV [0] #H]0R+0/\KRNH WER QR N D WplaffeirGo@ezP] HQ RO
WHQJHUHQVipP RRYWHNQ JHUL DODSMIiKR] pV valdmint lIDNHWHE t WO M P H L
KDV]QiOM id szelk&ZRtekPHJOHKHW VHQ YLV]RQWDJViheV WRWHBEMVL N
IRNRJRWW PHFKDQLNDDQQPQREFWHPWHO QH N

iEWDIVKRUHMHFQ@ERYDOPD]iME,WHU-OHWH

$ NHGYH] WOHQ pJKDMODWL YiOWR]iVRN PLDWW D] HOP~OW
VDUNYLGANL-MpOHKHW VpJHNHW Q\LWRWNXVDD WHWEKRE@HPNL Q\H L
RODMPH] N pV LSDUL OpWH VtWte DQ VIDN PHLI®p BW VDN PRHHROQHHO Oy [
LUIQWL NHUHVOHWHW $] DEpOJ\iUWYN N+O|QIpOH WtSXV~ DFpORI

D QRUPDOL]IOW 1 D WhgerBIRTRIBKRIQIMN XV 1B RH \(QW Hsaeikezeti
DEp@RINKRUH Fp®RONURSMY.Q LW
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$ UHQGHONH]pVUWRA®ESYXW JHCROBBPQYBII\REE V]tYyVViJ~ RIIVKR
MHOOHPHBRRPHFKDQLNXV KH@HUHODPE N HG Q) \IiUMRWPREEWEZEtp V
HUHGPpQ\H] (JJHOWI YOGV PHRAMHY]LOIUGVIJRW pV VtmMyNMBR® pU-(
a kis karbon pVD FVHNW®)\] WD UWDIBIR'RVpJpEHQ D NLV (CBY)Y B\ RYQQHJ\HQ|
KHIJHVIWKHW V p Jterkonethpwikedan VkezelD F pr® Rdtonylag ks primer ausztenit
VIHPFVHMP OB KIHQJHU O PNRW N K&WPYV N|YHWNH]WpEHEP @GBLQARPV]HF
vagy martenzitesV]|YHWV]HUNBHHMWH H]JHN NHYHUpNH MHOPWKWP]L H]HN
K EHYLWHOOHO MiUy @SpO/GiNOH DK)KBQ BMiddp vhel YI OWR]JWDWMIiN
K KDWiV|YH]HW V]| YHWW]HUNHINWIpWNXODMGRQVIJRN]. ARPOIiIVIW
K KDWiVWHIHW IiIJIiQDN URPOIiVD LV PsHdikézekbenEaRgimRaRdICF M\OHRONIHI DL
.LKtYiVW MHOHQW WRYIiEEi DQ®RN 3B CQWWH V DNV BRBAMBARVRGIiV
*WPXQND d0RQRWNV]IHPFVpV pV PLNUR[WY\NMWBWD FDEQEPHPWIV VRU
PHIKDWIiIUR]JRWW KHQJHRHIPV N HIRKEX PiRIBAZBINRgANYag valamint a
KHIHVIWPOWWHDF KWBQ~VIWIVMWDEY I RNRINQER]yHO tUIVRNDaW WDUW
K KDWiV|YH]HW V]tYyVViJiUD YRQDWNR]YD® D PRLRMNO \ MWY/U pW\P N E K\
HOV VRUEDQ &72' YL]VJIODWRN HOY p[8]p Egy¥H @setdkbe® Oa PHJKELC
W|UPHFKDQLNDL YL]JVJIODWRN NLpUWPNHOpPVH NLKtYiVW MHOI
termomechanikusan kezek FpORN NpSOpNHQ\ YLVHONHGpVH PLDWW D W|Up
HJ\V]HURp INHSME E D W HLXY] WIkie\ HORF p-OHRMNH \I p QH U H G Pp @Q\WHO NI W Ovipp\d H
PHJEt]KDaWyMNiYD]VIJIODWL K PpUWYNM@®HW FV|NNHQpPV

Jelen fejezet FpOMD KRJ\ iWWHNL@W@e OF QA RMWINRWQW D/L ITRO\DPDW
V]IIYHWUNH]WWWLEDI D] HKHI D¥VFp/ORMNpYHO NDSEVRODWRYV NLKtYiVR

2. Offshore acélok és hegesztésiik

2.1.*\iUWiVL PyGVDHFWBENXYR N

$ VIHUNH]JHWL DFpQORND HO WREHQRERW Jp W WNVIMAPy GHWNIMLAW D OPD]]iN
RINVKRUHHDF p@®RNViVIKR] D]]D®ody HN+ONQBMp DJ HDF pE R KQ U NQ iR W L
WHU OB KMW VSHFLIOLY KHIJHV]I]WKHW VpJL pV V]tYYWSZL N|YHW
EN 10225 V]D E Y8|@oyglatkozik azoffshore szerkezetéken alkalmazottV ]HUNH]JHWILADFp ORNN
VIDEYIQ\EDQ D] RIIVKRRAHszID Ap®WRINL IRO\iIVKDWiIU NDWHJyULIL,
V]tYyVViJUD YRQDWNR]y HO f&@itstRINEYESDY DE XIQVEDQ VIHUHSO |V
11 RI1VKR WehyD|IWpQHWpWHOpPW pV PHFKDQLNDL WKWDMWR@Y DNV C
felsorolt DFp QIRINO HJ\ D QRUPDOL]iOW D F p O RternfométIsaRikLSaMkez&t W D U W |
DFp® KIOHWPHVIWHWWFY M HN H) H WeIN E® §engiH(bffsher@ D O N D GaRial] i V
%iU D VIDEYiQ\ QHP WHV] Nz OFPEOQpVHHNQPXQMNOUED YRQDWNR]
NI[YHWHOPPRXEWOWHOH]KHW KRJ\ tBrmbhhéth&nitkisary keZelDUF@ WiIRN D
OHJQDJ\REE~WtBSXWWRINQDN. "WRRIMWNERWKHW pPUGHPHV ILJ\H2HPEH YH
D F p O J xerdBzRrinbiztonsi yjal W~OWHDD MHDEWIONEDQ VIHUHSO W PXQND N|
$] DFpOJ\WIWPNR]WDWHVIDU D ODCBIMREE D NHUHVOHW D QDJ\WV]LOI
tengerK H] N | WCKOHNAD QP BV]H\W « & HOYV Nayjditkbanaz offshore D F p GRONI\V Y QiU G
YIOWR]DWDL HJ\HV DFpOJ\620WyN O iIi®DW VAHDDOQWHR L P\HO QUKHW N
27691 - f-&n JDUD Q WDPOQNW BW mulletty9]. Ezeket aNDWHJYULINDW iOWDOIEDQ
iIOODSRWED® W]{GSHWMWYNL O iU G Wakltekied UW RBRiQ\ 03D IRO\IVKDWi
LQWHUYD O GAPECRY B DYF p O RANDUNP R\F H ERQDIQUHN XOVOKW®IIJN UH@p VVHO
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A N[YHWNPY]BDH®SYHMW &N RIIVKRUH DFpPORN WXODMGRQViJDLUI
konFHQW UiO X QND FOL.H Op H HNMIGWHE BAHONHQ N|UQ\H]HWL N|U<OPpQ\HN

1. WiE O i D WK R U Hvelyfi p\O\R N VelizIWS EEDI 02251 szerint( PD [LPiO LV, @ P MIQN H N
NLYpWHOW SWHPMHEL QW Y

$FpO| C | Si|{Mn |[Cr|Ni[Mo| N | Al [Cu|Nb | Ti | V |Nb+V|Nb+V+Ti

1,00 0,015

S355NLO |0,14/0,55 0,25/0,70(0,08/0,010 0,30/0,0500,0250,060 0,06 0,08
1,65 0,055
1,00 0,015

S355MLO |0,14|0,55 0,25|0,70/0,08/0,010 0,30/0,0500,0250,060 0,06 0,08
1,65 0,055
0,015

S420MLO |0,14{0,55| 1,65 |0,25(0,700,25|0,010 0,055 0,30/0,0500,0250,080 0,09 011
0,015

S460MLO |0,14/0,55| 1,70 |0,25|0,70/0,25|0,010 0,055 0,30/0,0500,0250,080 0,12 0,13
0,015

S500MLO |0,14/0,55| 2,00 |0,30{1,00/0,25/|0,010 0,055 0,35/0,0500,0250,080 0,12 0,13
0,015

S420QL0 |0,14{0,55| 1,65 |0,25(0,70/0,25|0,010 0,055 0,30/0,0500,0250,080 0,09 011
0,015

S460QL0O |0,14(0,55| 1,70 |0,25(0,70/0,25|0,010 0,055 0,30/0,0500,0250,080 0,12 0,13
0,015

S500QL0 |0,14/0,55| 1,70 |0,301,00/0,25|0,010 0,055 0,400,0500,0250,080 0,12 0,13
0,015

S550QL0(0,16/0,55| 1,70 0,40{1,00/0,60,0,008 010 0,400,0500,0250,080 0,12 0,13
0,015

S620QL0 |0,20/0,55| 1,70 |1,00{2,00/0,60/0,008 0.10 0,400,0500,0250,080 0,12 0,13
0,015

S690QL0 |0,20/0,55| 1,70 1,00{2,00/0,60,0,008 0.10 0,400,0500,0250,080 0,12 0,13

6 1/2 pV 6  4/2 NJJFOW0R09%8 S.=0,010%
6 4/2 pV 6 4/2 NJLWW 3pV,.E60,050%
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2 WIiEOQDWKR UHkdDdopFDIRNQpUWPpPNHL pV PHFKDMEZENDIO2ZBKODMGRQ

DODSMiQ
$FpO|  CEV Ren R Ren /R, max. A CVN

[MPa] [MPa] [-] [%] [f& [J]
S355NLO 0,43 355 470630 0,87 22 -40 50
S355MLO 0,39 355 470630 0,93 22 -40 60
S420MLO 0,42 420 500660 0,93 19 -40 60
S460MLO 0,43 460 520700 0,93 17 -40 60
S500MLO 0,47 500 560740 0,95 15 -40 60
S420QLO 0,42 420 500660 0,93 19 -40 60
S460QLO 0,43 460 520700 0,93 17 -40 60
S500QLO 0,44 500 560740 0,93 15 -40 60
S550QL0 0,47 550 590750 0,93 15 -40 60
S620QLO 0,65 620 720-890 - 14 -40 60
S690QLO 0,65 690 770940 - 14 -40 60

2.2.6]|]YHWV]HUNH]HW|WMHONOHP] N pV

$ N|JHSHV V]LOIUGVIiIJ~ RIIVINRVYVHNDBERRN J HQPRPPNE DNEB. BIMpW E
UpV]IEHQ NHUCEEWEREEHNQHJIDWtY K PpUVpNOHWL WDUWRIPIQ\EDQ
W X O DM G R[] ¥4]J R, NIB]ONapjainkban § DFpOJ\iUWYRI W] QAHHBDMHOHQW QHKp
HIHQ DFpORN NLHPHONHG PHFKDQLNDL WXODMGRQViIJDLQDN H(
RO\DQ RIIVKRUH DFpOW KLKBDMWOW W] HP® H HKR MIOB H Y NGV ViJiW
Az offshoe szerkezetekbenW |EEQ\LUH YDVWDJDEE OHPH]HNHWpPWHMVERQiIOQ
YDUUDW I Hhegestengk VaritkCHUHGPp Q\HNpQW PHJOHKHW VHQ NRPSOH]
alakulnak Ki.

Al RSWLNDL PLNURV]BtySRYyWD]\DIOODKPON\RR i Q\dRVV |DFiH O/
V]HUNH ] MW ©O@HHNDYDp HB\HY V]| Y RWO QW RBH JK D W iU R ]tevigesiD
DFPIOQ VpPpJHNUH EM @D\®@31 ¥ ]| Y H¥bhdban UH Q G N VWe]®1 W HMEVE HBG yID®&
KDJ\RPiIQ\RV PLNURV]Nog&LN R/UHE KNI WD il etfebN mikroszrkezet
YLIWIHOMIWDI®RNOPD IRV QYW G plOG/ MOV Iy UVE IHOHINNAWLRQIiODW  (%6' D
HJ\HV V]]YHWHOHPHN pV DJRN PRUIROYJLDUSMHOOHP] L SRQWRVD

$ WHQJH UegSERMIRWPpVHLQHN V]tYyVViJL WXODMGRQViJDL V]HPS
KRJ\ D KHIJHV]WHWW NLW 0 WEHO{ad NS \jelen legyen. A hegesztett
NI WpVHNEHQ D NLVPpUHWE&YQRPQNP HNU LNUWIiQWINKXKGiIV L UFY\tEDXDE
NLLQ@BXIOWEQMHOHQW V RRUWHINKIOD@QDN D V]tYyVViJL WXODMGRQVi.
V]IiPRV NXWDWiV IRJODONRI|DE DP PQWUR]WYRN UGWYp@WeR&pYHO NL
W&V I[HUULW NLDORDNWAVAVKHI\HDNROBBWLYW WHRDWMIIXNNGEUIJROIN
D W&V IHUULWU O NpV]+OW WpQWHEHD N [|MNBI@IIQ UMW UHOYpWHOH I
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2 IEWp7&MHUULW $) VHPDWBNE)WIEVY i§RDERN> @(cHV WEV
ferrita K KDW iV EXM[EIHWE

Tervo pV V]HU]5®i MVDVY]LOIUGVIJL N WHKRAUWH KHRHHORWHWW N|WpV
VILPXOiIiOW GXUYDVYYHPHWMIQKDWI WiDJWIIDWINpUOYRUWHIOQONDUUD D
N|YHWNH]WHWhpdya DMXRORAMWERW ULGHNHW MLDUWDND POy X p8 D
W|UpVL VisXigeby WRYiEHEHJ\HV YL]VJiODWR N |i bpdBPagydbbl Qikt N
D QDJ\ PHIg@QNDWRHLXP DOD&8WDUWDROGR®IWULGHNW OB B/H V
WHVWHN W|UHWIHO+OHW pQ H Mogy la] gis€bD W] DY Y \RWIiJQ- NP IL XA B BVDADI ND
NLYiOWyDRGERWN® LW EMMEGEk MHOHQOpWpUH OHKIGWYHWIW MPRFAA PY HY
ULGHJVpIJpQHN HONHWFORWY KWPHHNpRNOGWHQ <]HPHO EHUHQGH
DFpPORNQIO D] DFpOJ\i INMIW-O BRODINDAIMMIiAEREL IO DN X O iViW

(J\ PiVLN N|]OHPYQUBH®@®'IN ~-WRQ HIJBYVRW WM N R K RO \KKKLED/DIi Y NYXKHD[ Y1 W
W &¥it NHGYBI]V]tYyVViJ VIHPSRQAWHIUHEWB P> \@VpUOHWL DFpOW WDC
DQQDN pUGHNpEHQ KRJ\R®&WIWiIDQNO NDHNOWE YW HKDUHUINLIHW & LD OD N X
GXUYDV]HPFVpWz|MBNIHWBHARIODFpOJ\iUWIiV VRWQ DOKIRAIGN X\PHD O
WLWIgRD@WNAWL]VIIODWIiQWDN ZRRUGIFLGM J\DNR W EHIRO\I\
ferrit NLDODNXOIiViVG DU VYDA XE FOMAVW]ly @ i®REIEROL G i BW MW pMPH W p QH N
VIHPFVHGXUYXOW UpV]pEHQ MHOHQWDWVHMQ® W \Pod @ORIEMPLI H U U L W
LGrHO QBEWQ D] DFpOEDQ D JiUYiIiQ\RR | 7NM2Q WHN L \CPH WOHIWED O

(J\' PiVLN WDQXOD®&i\WQ&ED HOWPRHWY Q\LVEGp QWNUIRYDtWYVViJUD
gyakorolt KDWMWLW JiRWIRIP NtVpUOHWIG OB D VYHPFRVYPNOW KDW.iV|YH]HW
.pW DFpOW WL\WDOXPROLHERMHW i OWNN Y HWV]HURNHMHB]YYWi]ly
elektronmikrRVINy SSEM) HQHUJLDGLV]SHUJtY U|QWEBS) WIS\HN YR B MV L
elektron GLIIUDNF L ytd (FBSDY MO D WD W JH Q@GRD) PR G ¥ L ¥ H N NkHIOA Y\p& W | W
ferit KiQ\DGD D *OHHEOH WHUPRPHFKDQLNXV V]prPARPEWRIWLUEDQ D
[+JIJYPQ\pEHQ Y VOMW/RGRANWINWE W IRHJBOLGIOW DFpOEDQ DJIpVY]HV DO
LG PHOOHWRHRAUGOGHRIPWK &G Q]|YHNHS MW EEH Carinhahlako
NLV PHQQIB22p) & &V IHRIQWWEABAQYDNMWNNRU DPLNRUp WL AKIKMRV YV
DONDOPD]WIiN K$KD]WPK|YFDJWW L ]y @S\ MétHW VLIMIiODWWAR O HOHP
HO JHWHV YiUMNCRJBH/QRWHNEBEHQ VIt YON YOQIRWRER PRI QRXPtQLXPPDO
dzR[LGIiObsh Py tamélyrek a V]| skeWWezepEHQ NWRpNV IHUULW IMRDBEH QMHOHQ
legnagyobb PHQQ\LVpPpJEHQ WRRVUWEBEROEDWNRQ NLVHEE <WARRX&NIW Ppl
N|YHWNH]WHWpV UMW &N WRMW WY B AKEREDNIVIMDRFRD MW | Y M]HW g HID
G X U Ymkieszerkezetnekp VD QDJ\REE PPN |[V]|QKHW Y @D P LHQUN LDV
P HQ Q\Lsém Jéhetett i J H @ithoz, hogypUGHPMBIQtWYVD D Y LGWUG WYV PHROWIN
JyQiMiQDXyVViJiw
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lman VIHU] VWi UNVDLQE|] QLWU EJpQVD-VMWDLO RWpd&® FpO VYEDUQU DW
YPpJEHPHQ I|i]JLVIWDO mNE@ i VR NHDWH ®EPIBIMNYPHQQ\LVpIJ& MHOOHP
SSP EyU KR]]iDGVMND WY |BpV & DHRPpHOXEIKOGEoNyul az iWDODNXOiIV NH]GFH
K PpUVpPQBMNW Y DD DV LHPF \RHKX DNVNLIXHOW LW PHQQ\LVpJlipe@ HAWW FV|NNFE
HI\LGHK &D&N thtildid LY YOPVpKH] iWDODNXOiIV NH]JGHWL K PpUVpN
FVINNPVRPpY\HOWPN FEHUWDUWDORPW| QWSS PY HQ pavigly HEQ €sL W
VIIYHWVIHURBHNKOIiVIW AUHGWP pQ\HHWH SSP N|U<OL &QLWURJp
YL]VIJIOW DFpROH HQNWORHHQ D] iIWDODNXOIiIVL K PpUDpNDaWiHW pV
V]| YHWYV]H anéehbpH ¥2gitp V' ITHIMUAWL2 S WESXV~ W|EEIINLVO\HUWRERNQ
NLDODN XO yoliyetew. (IlHHINEIHMD D W |EBMOUW-DDIP2 ]iUY iR yeid voitO « OH W p Q
PHJILJ\HOKHON HDPIBE®Y Q\ KD DEBHIIBMI&QY IHUULW NLDODNXOIVIW

SeopW]HU] WiW VW LQ wakdvarat® RIFMHWUNH]HWpUH PHFKDQlBNDL WXO
JIUYDR\MHOOHBIDLINNRUROW KDW il p\W8WsL W MWHWOMWHN NHIHW&].YDUUDW
(UHGPpQ\HLND DWDIDVBINDI K RIQi IV E U WVH.W W N USGLoWanwlynek PD[LPIiOLV
PHQQ\LVpJpWL PHO®@HENOW HWLWIQWDIVJYWHBHPN HJMNUWWEBRWMN LUIQ\~
YIOWRDVIW YL]VJIODWL HUHGPpQ\HN LV LJDJROWIN PLYHO D (
EL]WRVAW Vi tartalommellett YROW D OHJNLVHEE D YDUUBWIUWPH@NWL
NIJUQ\HIHWpEWQDQ@V]PMWW ]LYV HOHNWURIJIP]IWURWHOIKNSRWRTQYPLKEVR
(SEM) YL]VJIODWRN VHJtWihwpihp Yoty avatrabehUe PO LP iYW IHUULWWDUW
| NpQW D PDQJIQV]HIpQ\ ]JyQD 0'= NLDGDPMN2AL,UHRDER®PKQIDIMWGR Q'
QHPIpPHV JiUYIQ\RWINYIPGpV

lman pV V]IHU] WiU YV Kio@tariukVHodyH 60 gpmiD O X Pt IR ADGiVD HJ\ DODFVF
YDJ\ AQRQUIPV®iRaIp-Q7B:-N PLNUR|WY|]pV& DAPO\RVMIWWPAEWQ D- D] iWDOI
WLNIiMiW ] De2tikexetMHOHQW V UpV]pEHQ W&V PRUIRlyAmikddr~ THUULW
azDOXPt@IEXQQ\LVpIH-UH ®SWW D] iWD anieN XHDOK pQH /D WADIPIAN
VIHUNH]HWHW . A (OH GVRUR HQH SNAG Wi |4 T MBVIHPL N U |W Y | ] p V &5EDF pO RN E D
ppm DO XPtQLXPW D U YamkoraRQ HW HRRH@Q LV pJpW HJI\ N|JHSHV V]LQWUH
re emeW.pN]HO HQEN QRADPN iWe @ WY PrifikdiRal) L W RN 24D pprre emelkedeft
mivel ilyenkora W&V |THU UL W ]PiP 6 D H KDWKIDR NR P Hg R Etkezett.

3. +HIJHV]WKHW VpJ

$] RIIVKRUHHDARWOENQ UFNEAGEPDHULKYSHGPpVPpU]pNHQWRYIHE BHOO
LO\HQ DFpONDMSHEFYWUQLNQOMIHVIWKHW VpJL N|[YHWHOPpPQ\HNHW N
VIHUNH]HWL NDpSHEIRIWIORELIWRVtItWYD D GLQDPLNXV LIJpQ\EHYpWH
QHJIJDWtY K PpUVpNOHWHQ

$PLNRU HJ\ DGRWW V]JHUNH]HWL DFpO KHJHWMNNKHWULp IpOQ ¥ h
HOKHO\H]NHG pV pWr&vitetbgramidn ® GLLDJUDPQDN KiURP WDUWRPIQ\D
az egyesVIHUNH ] HWIH DHR\PJOWRMNW VpJL WXODMGR Q&zlJ /DN W RPU QOB \DR
N|QQ\HQ KHIHRD KN WD,UWRBDONOpY DFpORN KHIJHV]WpVpQpPO Pi
NHOO ,HOIMWDQUWRPIQ\EQHEHGHQ B HDIR P ORKNHWIDU A (RddpenNv y O
V] HP O,mogy &ksvdonH J\H Q p U WO\ gMfMHEBE H G p V L YWalanjiptkiéméli akarbon
tDUWDORP KHJHV]WKHWWH YPROW i VAN WNRUROWUIQ D N<O|QE|] VI]HL
PLQ VpPJHN NJ|]JWe+N Q pKHD KRIOWKRNKHE WA RNV X NQ BIHR p O Xhald W'y
azMSzZ (1 VIHULQWL WtSXV~ DODSDQ\DJ WDQD-ODWSMIiQ\iEDQ
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diagranon D 70&3 DFpORMeN NDP] 60 P\S500M.O RIIVKRUH DD FPBRMNVEp
SUREOpPPIV HOWR UNRHEKEDMFMELHG HIJUHSHGpPVL pUIpNHQ\VPIJHW MHOH]
QRUPDOL]iIOW VIHUNH]JHWL DF pO R NnagyobbK/1Q3 B D UHN\SGIHEN Vi p V] P KD @
NHOO V]iPROQL D K BhbbyathladdetansgRdbb® JL O i UG D W H JyWiliNaz

6 4/ DFpORNRIXMBGraRIEGLDIJUDP OHJNRFN ] IMGREXD E E

0,6 /
05

04

—S355J2+N

mP355NH
S460NL
S420MLO (1)
S420MLO (2)

L485MB
/ S500MLO (1)
X S500MLO (2)
- .{ * S550MC
P E— S690QL (1)

x lIl S690QL (2)

0.2 04 0,6 08 1 12 14
CEVg,=C+(Mn+Si)/6+(Cr+Mo+V)/5+(Cu+Ni)/15, %

=]
[]
il

C, %

0,3

0,2

0

3 IEBDHUNH]JHWL DFpORN D *UDYLOOH GLDJUDPEDQ QpKiQ\ 7C

%iU D OHIJW|EE RIIVKRFWYH NBBEOSH JWHSBW BPNQ pU]JpNHQ\VpJ SURJ
hegesztett szerkezetekben alkalmazott nagy keresztmetszetelPrpidtiNy U « O W H NNLHID/DOp M O NIOU Q L

l1pPHWRUV]iJ HQHEDODVWWHEBPILLIMNIIWHQJIJHUL V]pOBUAP&YHN V]
V]pOHEKkRRUp KHHIHVIWHWW DFpOOHPNPINBMIemMdzY\DIYOV@HINIJEDQ $
VIpOHU BRSYWNVpPpUH YRQDWNR]y b&ODV/S PRE.W ] D W LDHBEMSZEIER AN &2 N
~J\QHYH]JHWW PLQLPiQUWT) Yaddip&\ &rjelyd hégés=tt N|WpVHN i URKEGWR @
YLIVIJIGDWIHO WW V]*NVpJHV YiUDNR]B%hek Loka UKR Y\R @D WINRJIRN p Q
GLII~]JLYMiYDO |VV]HI«JIJpVEH KR]RWW KagydlbbJ &/NHFSFHNG pDABIY P HJM H (
falvastagV i Jlemezek miatt. AMHOHQOHJL HO tUniv, BS\WEIDQ L\G] WWYIHUISWODRP]+V L L G
D V]pOHU P&YHN NVHIONPAWWY Y BXRQFPO BIXO MWQ\WDODQXO PDJD!
VIHUHO KDMyN HVNWPPEHRM MDD P LSVEEG QP DN WD Q XOWIQUEINQ > @
S355ML WtSXV~y@RNBOE * 0 RIIVKRUH DEpOD A/ MOW KHIHVIWHWW
YLIVIJIiAWDWp UOHWIRMXQROQFVROVFMHEQQADBWRINVMDNR]I¥V | NEHQWpPVH
YROW ILJ\HOHPEH YpYH DpVAiRWRIJRIKENRQMHOWIFLYW $ KI
PHIMHOHQpPVpPpLJ V]*NVpJHV NpVOHOWHWpPVL LG VYLPWODWD&WRW P W
alkalmazék N|JYHWOHQ+«O DiKHYyHM)WHUKW]®Q « CH BWKHH BREM VY DUUDW
HOHMPpPQ jentiegtépIV]IWily HOHNWUR QPIWURNWRYNRNO, RdgNadUOW L.
URQFVROIWPPOAWBDOVORJIUIIR®LVRUWQIWDWIiOW UHSHGpVHN DODSYH
NDWHJyULIMiEEekE DD WRIQDDW OHK&OpVHNRG EBENDQEXODW B N ONHL
KHJHV]W PW DMWHIQIHGH J UK SudeBptd VIHPFVPNHQ iWKDODGY ULGHJ W|U
[5]. Mivel a KLGHJUHGQH p¥V]H N Q03 X lD@AKEor Y pNUIWHU p BBFEHD WMPWYHSHGp V H I
VHItWHYWEXP DIXNEDQYYOtHI QHP IRUGXOWDNEYAR Qs HEQ VHN
NLDODNXOiIViUD XW D O yel PN QG| MVQ NHRAHKW B BEMIYDMp/W XWiQ OHJIHOMHEI
PHIMHOHQW (] DIW MHOHQWL KRJ\ D VIDEYIiQ\RNEDQ nlkHUHSO (
WHNLQW®HW PHJEt]JKDWyY LJD]ROiVIiUD DJRQEDQ WRYIEEL YL]VJiOL
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5.
A

4 FEBMHSHGPV RIIVKRED @ Mp ® DWDUEWDWRU YpJpQ

Osszefoglalas

IDSMDLQNEDQ D] RIITVKRUH DFpORNDW QRUPRDPUTW/SNHEDD 1 W
QHPHVtIWHW\WQ+HIP OY SIR Wlyisakkor D N|[]JHSHV V]LOiIUGViIJL WDUWRP
TMCP-DFp ORN V HMgndgyoblkis karbonW D U VEEP €sBtyites V] | YHWV]HUNH]HW PL
A N|]JHSHV V]LOiIUGViJ~ RIIVKRUH DFpORN KHJHV]WHWW N|WpV
illetve hggyes IHUULW PHJKDWIiIUR]y D V]tYyVViJ V]IHPSBQWSMBWO (!
szerepe van a mikid¥ |] NQHN DPHO\HNE O NpS] G|WW ULWW DRV DG W
FVtUIMDIROQVID DNUDWEDQ pV D K KDWiV|YHIHWEHQ

6]iPRV WDQXOPiIQ\ YL]VJIOMD D W&V IHUULW NLDODNXOIiViW
K KDWiV|YHIHWEHQ D]J]RQEDQ D YDUUDWRNUD YRQDWNR]yDQ I
szakirodalomban.

$] RIIVKRUH DFpORMNEW KIH&HHAU AEHCPWE OHRpUW D URQFVROIVF
YL]VdkODW 1'7 YRQDWNR]y N|YHWHOPpPpQ\HNHW N<O|Q|VHQ D
YRQDWNR]y ,HQ GUHIFHRB MK HEMDQ OivLQ v J

Kdszdnetnyilvanitas
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Absztrakt

$ KDJ\RPiIQ\RV |POHV]W KHJHV]W HOMIiUIiVRN YLV]RQ\ODJ QDJ}!
IHODGDWRN PHJYDOWLWIWE QHKpW NWOEHHY HQB\BYEWD NK N O MJ BY| ]
HOMIiIUIVRNDW pV HOMiUIVYIOWR]DWRNDW IHMOHV]WHWWHN NL D
a CMT (cold metal transfer)H O MY UOWRKIP WO\HW HUHGHWLOHJ \HAp Qdép D O X P t C
KHJH ydWogadk OpWSYHFHOMiUiV DODSMDs, IY plX PDJRRWOtHYNW U@ ]WpV UYL
YIiOWRPHODKH] BpGHYW J\REE N<O|QEXpPIHKNRAPNDY HOFVHSSOHYIiOI
VIDEIO\R]RWW D KX]DO YL¥VEMNKndgyéQD\NM VKIRIWMpIpW DO D KHIHV]
IU|FVN|OpXP HQW-HMM MY HUWPW p QHWCMP RO MiUiVYiO Wdy] B M UWH GIHQW Q
FLNNEHQ D &07 HOMiUiV IRO\DPDWiW HO Q\HLW DONDOPD]iVIiW p

Kulcsszavak:& 07 KH JHRYWRO/H OHNDWE Ui ERV 1Y KUH YH G| [RWAMDMN D IJiIWPHQHW

Abstract

Due to the relatively high heat input of conventional fusion welding processes, some welding tasks are
difficult or almost impossible tde performed so the weldingequipmentmanufacturers have
developed different processes and process variations to solve the problem. One such development was
the CMT(cold metal transferprocess, developed for welding dissimilar joints of steel and aluminium.

The process was based on a shoircuit version of gas metal arc weldimocess but the main
difference isthat during the CMT process, the droplet deposition is controlled by the retraction of the
wire, which also has the advantage of providingoat with almost no spatter. In recent years,
developments have led to the appearancdiftédrentCMT process variants, therefore the aim of this
article is to summarise the process, advantagpplications,and process variants of the CMT

Keywords:CMT, welding, gasshieldedmetal arc welding (GMAWS}hortcircuit metal transfer
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1. Bevezetés

$] |[POHV]W KHJHV]WO N OHU B QWONIPBQ]iN D Ne+O|Q Eddonbar@D UiJDNEI
KDJ\RPiQVRWHJIHYVOWMiUiVRNOBIKMNMWiQ\D KRJ\ D IRO\DPDW VRUIQ

DODSDQ\DJRW QDJAPK QWBHKHIORW i fUULD PHJYIOWR]JLN D V]|YHWV]H
WXODMGRJNiJBLKDJ\RPiIiQ\RV HOMiUiVRN PiVLN &StREKCgEPiMD D

HOWiIYROtWAWDLGShQIQ\HV IR B.DAPWW OUKPIRW J\iUWy IHMOHV]WH
AVSHFLiOLV WHFKQROYJLINDW" D] HPOtWHWW SURW@pPiN PHJI
WHFKQR@PHUIIWDDWYD D IHMOHV]W N i©WD O WIBGQOWV \HEQHY H]p\

WIiEOF®WE|] J\iUWYN AVSHFLUADLV WHFKk

S\ iU W ([WUD NLV K E ,UiQ\tWRWW Ul 6SHFLIOLV Q
HOMIiIUiIVRN HOMiIUIVRN WHOMHVtWPpPQ
CLOOS Cold weld Control weld Rapid weld
ESAB + Qset *
EWM (ColdArc) RootArc ColdArc (RootArc) ForceArc
CMT SteelsDynamic PCS
FRONIUS CMT Advanced SteelRoot (CMT) (Pulse Controlled
Sprayarc)
LINCOLN * STT Power Mode Power Mode
LORCH SpeedRoot (SpeedRoot) (SpeedArc SpeedArc
\iUW GSHFLiO_LV_ LPS . HW Wipwmzus (J\pE VSHFLI
HOMIiIUiIVRN WHFKQROYVY WHFKQROYyYJ
CLOOS Vari weld Speed weld Duo Pulse +
ESAB + Aristo Superpulse Aristo Superpulse
EWM + SuperPuls PipeSolution
FRONIUS CMT Pulse SynchroPuls CMT Pulse Advanced
LINCOLN RapidArc Pulse on Pulse +
TwinPuls
LORCH SpeedPulse STwinPuls SpeedUp

$ WIiEOi]DW E®GMTO MDD Wiy, ah@IW &y P WG R V tAXRDVONH O, HINVE Ui GR W
tYKHJHV]Was Métad Arc Welding, GMAW, MSZ EN ISO 40635] szerint V]iPNyG~
H O M idlel Yheg p ®z ausztriai Fronius fejlesztette ki 2006dn p]. $] HO P ~ O W \p YRHRINEH Q
LSDUIJEDQl WBYDMDB GW FpOODO KRJ\ D KHJHV]IWpV VRUIQ FV|NN
K WHUKHOpVpW O0DJD D &07 WHFKQROyYJLD V]iPRV POHH\D|@\HO U
KHIJHV]W HOMiUiVRNK®DO ®IpH VN K RBJIDEMEOH NRWU WBKHJIHA/ ]WpV Y
YRO IWOMHNWUy& IM]RV tYKHIJHV]WpVY DKRO D IDMODJRV K EHYLWH
(71, [8].

$ &07 WHFKQROyJLD DODBSKDD.IWY|YW &8 [ H @k BIGRE S1XO® B IPHHVOH
DONDOPRPWID LV WDUWRJIDW N IN{ OiVRND\ERH@] p W\ DIFHDWIQV HO Q
N*O|QE|] DONDOPDWVAVOHHKHW WiDWR]DWDLW IRJODOWXN |VV]H
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2. A CMT eljaras

$ &07 HOMIiUiV \HI RRY® RK XYDOHK®IH N W]JUWB/ QHN nek @ ROi @ HY KX PO \
PR]JiVD pV D FVHSSOHYiOiV NDSFVRODWEDQ iOO HJ\PiVVDO H
K WHUKHOpVpPW $ U|YLG]iOBPW NINHGUHFQHVYL Bi KXQD O SélsVV]DK~]i
V]DEiOaRRMWWW JEBWHOMHVHQ V]DEIiOV\R]JRWW K EHYLW HiZal pUKHW
PR]JiVIQDN V]DEiO&R VP I HNY HRQFei[9f4M]H UM H G

$ &07 HOYpW D] iE® 0RO HPRI)M WRWILQ D KXida® D HEW)D DG IHC
PDMG EHOHPHU+O D KHJI+UG EH) B \iQ YD N\OD O @] KNW Uil EHIDF P R R J
PHIN|QQz& ¥ HFVHS SO WYiHS 8 W H Di O V~RHEGID IpNEEREHQ N+O|QE|]JLN I
KDJ\RPiIQ\RW HOMjpW\WyJEHQ D U|YLG]IUODWL iUDPHUXWWigJHBDW NL
KR]DJDQ\DJ LVPpW KezKetddzoghGp WDH CHpV] IRO\DPDW PHJLYPpWO GL

[12].
Erintkezés a
hegfiird6vel
A hozaganyag a Amikor a hozaganyag A huzal hétrafelé A folyamat
hegfiirdd felé mozog belemeriil a hegfiirdébe az  mozgasa eldsegiti a megismétlodik
iv kialszik csepplevalast
a) b) c) d)

i EWAIMT K HJ H M R/Op B P DsévriaGiMdidrajzfl2)] .

$ JiEUIQ JJRUVNDPHUD NpSHN V]HPOpOWHWLN D &07 IRO\DPDW
$ IRO\DPDW VRUIQ HJ\ WLSLNXV KHJHV]WpVL &NGHEW ~J\ «
OHYiOiViKR] V]*NVpJHV LG WDUWDPRW $KKR] KRJ\ WDQXOPiQ\l
NeO|QE|JLLVIDILQDN HQH,UJOB B0 RGE KW iHWe O H Q] «ID]Wi U jBiFk NoRaRIDN P
HOHP]B®H $ KHIJHV]WpVL FLNO XVDKNYRHPVER@HA] WH RV]WKDWy
- &V~FVieDPiOODQGY IHV]-OWVpJ& apélyel DJ DIFYLIR-SMW]XVN|Q Q\H
megvaO y V t Wok/DBVRBHHOM WV pJpYHO D KX]DO IHOPHOHJVILN D FVHS
- $ODSIUWMNNHQWHWW iUDPHU VVpJ& Ii]LV DQQDN pUGHNpPEHC
YpJpQ NLDODNXOW FVHSS OHYiOiViW (] D Ii]JLV D U|YLG]iUOI
- 5|YLGJi&JOtBWHV]*OW V prullOBB WHNNE GHI\LGHM&OHJ D KX]DODGDJ
YLVV]DK~]]D D KX]DOW (EEHQ D Ii]JLVEAPQ W|UWpQLN PHJ D F\
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Huzal

Varrat\

/

[vgyujtas Iv éges Csepp kialakulas

16ms / 18ms

Folyékony fém hid

N\

Rovidzarlat Eltavolodas [v Gjra gyujtas

iIEUDRUVNDPHUD NEKSHNVIMOWU O

$ KHJIJHV]W iUDP N RARBNDD [ p Hot&y&nhyRg vissza~]i,Vdnely mechanikus
IpPiIWDBUWVGE PpPNHIPHKH]tWL D KHIJHV]WpVL SDUDPpWHUHN D IpP
NDSFVRODW PHJpUWpPVpW $ azAABUIBESOIBNBO WRtBIDKBEOEDpQpO
alkalmazott WHFK @ QMO XVUD $ W|INpOHWHYV tYKRVV]NH]J]HOpV pV D OH
QDJ\ W&UpV PLDWW D &07 HOMIiUIiIV V]iPRV KHJBV]WpVL SUREODpPPIl

L5 Aramerdsség s V)
150 - 4150
Rovidzarlat ideje F
Csticsaram ideje '

100 . 4 100
sol- ' Alapéram ideje \w\: 50

0 -1 1 F(l:szulltsegI — { 0

1000 1005 1010 1015 1020 1025 1030

t, (ms)

iEWD) iUDPHU VVpJ pjéldakjaa/q 7 ONNES p Q
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$ IRO\DPDW R&N|BHPNWQ HJI\HG+0iO0y KRJ\ KHJHV]WpV VRUIQ D
U/YLG],UODWRKK]DO PR]JIJDWiViQDN VHJtWVpJpYHO LUKQItWMD D
IRO\DPDWRVDQ DJVPYW®DGIRQ U|YLG L GA LU|YWGE WB\E DOW KK W] D O
ViVV]DK~]iViQDNDJGH M PHDODWRY WHFWV.]WpV VILQWH IU|FVN|OpVPHC
[16],[17]. (]HQ NaYo@amatVRUIRtYKRVV] LV MyO Q\RPRQ N|YHWKHW pV N
(QQHN N|V]|QKHW HRQRLJ]V DE & VK BHEHOV WpY IH VHWH@ QNQ+-0 D] DODS
IHO+O HM|pJ VDO MLQI®HQ SR]tFLYEDBDONDOPD]KDWYy

3. A CMT alkalmazéasa

$] HOMIiUiV HIJ\LN OHJQDJ\REE HO Q\H D SRQWRVViIJ pV D My \
PHJIHOHO VI]DEiIO\R]iVD UpYpQ D] LPSXO]XVRNI]EWHQ@ WIMMDKIRW yK |
D IRO\DPDW PDJD DXWRPDWL]IiOW, p2¢ UBOKIHNIV VY RV fh. WIXDV B @ Q\GNDYEDFON |
UHSURGXNIOKDWYN YDODPLQW D N|[WpV PLQ VpJpW QHP EHIRO\I
WpQ\H] iOWDO RNR]JRWW KLED HVpO\H] QWD P\RPVQNBEH QP O H ¥ MYN
KHIJHVIW HOMIiW|WRN B®HWBQW@BNWL WHXHOTCHVBERRIYMGIDR]QDN D QD
K EHYLWHO PLDWW YLV]RQW &07 DOND GaRé&yhiek bl UHHV/GRND Q@ HIN (KQEH D
anyagzerkezet YIOWR NWP DQQ\LUWER MHOMWYWLWY VpJ& N|WRH. AZR]KDWY (
HOMIUIV MR Q\BEELKRJ\ D KDJ\RPIiQ\RV KHJHV]W HOMIiUIVRNKR] Np
varratiwWU R VIQDBHVHO JpVH pAAGHNPEHQ

$ &07 WHFKQROyYJLD OHJLQNIEE YpNRQ\ OHPH]JHN HJ\HVtWpVpl
miatt. AlkkaO P D Jkddbb PDUD Gy D Odketl HIOMGHPMMHQHP LIJpQ\HO ERQ\ROXO'
WLVIWtWiVL | R\CRYEEEWHRW DS VA ERRPtQLXP pV DPPpAY INpWMWpVpW
is, amely D KDJ\RPiQ\RV |POHVIW KHJHV]W HOMiUIMRCMNDO QHKHF
WHFKQROyYJLD DONDOPD]iViIYDO N|QQ\HQ ,Hualdhint WKKDHWWQNO KR D J L
HO Q\|VQHN &EPTRI@Q\XQXaPWALWiQ KHJH VI3V dhteRdR bhellety alkalmas
,QFRQHO ViUJDUp] NRUUyY]JLYyS.OEOY D MNopd@ WWEB NIRD H D tHWPE] plINHH V H W
egyesHOMWIWOWR]DWDL VO&IN D/OPDIWYW WYHDY WDJ OHPPHIHN KHIJHV]WpVpUH 1L

A CMT WHF K Q&térjedtiofishore szerkezetelkk HIH V [NWVHMP D XWYLSDUEDQ PRW
FV YH]HW\p NWNVDp pO/H P HHIHN VW B UHR2BWIH@GH]HNHQ ,WnagP HQ HQ
SRQWIRMWJIN |V]|QKSIWL R D L \Vazéle@onkaiparV ]i P ild [24].

4. CMT eljarasvéltozatok

7|EE &OHOMIiUiVYi@WeR]DPHOLVN N|]+O D WRYIEELDNED@n D KiURF
alkalmazottat UpV]OHWH]#kND DIPHFOVNH] N &07 3XOVH &07 $GYDQFHG
$GYDQFHG (]JHQ YiOWR]JDMRNRGDNIFPINEDQ PHJIJWDOIWKBWY PpJ I
CMT Twin [25], a CMT Pin[26] pV D &07 %27Dd.LQJ

$ &07 "\QDPLFYHOWRJDANURWDJIJDEE OHPH]HN KHJHV]WKWUB WHU
PR]JiViWHzzUH Q|YHXJWpPANDSYiOWR]DW H VHEW$ONIDIO ADPIVIRIO QP pO\+
EHROYDGiV pWJIMRUWPEE WHEHVVpJ pUKHWHGIDi UYV Y| ®QYRHDBW ORID
QDJ\REE D K[BHACMMHZILY VRUIQ D KHIJHV]WpVW HJavélieddt H NpW K
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NpW 1+JJHWOHQ iUDPIRUUIVVDO P&N|GWHW Q20 kg/Btiis BOPHRBWRV ]

[28]. ACMT Pin HO MO WRIOMD E|] Q HP®@ PptdimercVDSRN YDJ\ FVDSV]HU& F

IpPPOHPH]WNKWDPQ KHJIHV]W pR2WA BMTVN IH FOpHOKR HRAU (SR BralZiNg)V

pedigD ODFVRQ\ ROY D G i3\ R®Y-p KOH)\ DHIR 8] VHWMWMWP D ODSMD HEEHQ

LV D &07 IRO\DPDW YLV]RQW D KR]DJDQ\DJ ROYDGiVSRIQWMD NLV
$ NJYHWNH] NEHQ D KiURP OHJJ\DNRULEE HO®Wi.UiVYiOWR]DWRW

4.1CMT Pulse

$ &07 3XOVH D &07 pWKBJH\WNRPEXYiFLYMD $ &0 7CBIX Plyarat VHW p Q
PHOHIJp LPSXO]XV FLNOXV LV EHNHU+-O DPL QDQ\RED K [E K YiLJ W Y /W
VHEHVYPIHWGHQ FLNOXVKR] KR]]iDGVWJ\DHP[W QPY AQH S5 MHYUO HO p I
FLNOXV HOV UpV]HI REGVIDR O WORDMND 7N|YHWNH]LN HJ\ LPSXO]XVtYF
KX]DO D PXQNDGD D EH DR CPHRIRDHJI YpJIEHPH J\( KW iRV HSBOM YH O\
QRUPiIiO &07 FLbzRSN ®|NMRONDPDWRW D . iEUD VIHPOpOWHWL

<) o]

CMT Impulzusiv Impulzusiv

i E A@MT Pulse folyamataZ9].

$] iIEUD D &07 3 OEpLWHBOMDIEMBPXWDWRW Wz 8p@GsD HVHW,|
FLNOXVRNEDQ vimp W] P SQkabhx2dtt MHO|OpVHN D N|YHWNH] N &07
impulzus FLNO XV 1i]JLV tY D SURJUDPR]JiIVNRU EHIiOOtWKDWYy SDUDPy
BoP: I[HO I X W i BiP: tipUW V L [BO].L V

A CMT Pulse HOM i UiV Y G0HN R QDMVEREW @\NU DLy QE|] DOXPtQLXP|WY|JHWHN Y
(053 PP HVHWpPQ BIV]QiOMiN >
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(1) (2)

KSP 3) KSP
vV, (m/s) BoP BrP
(5) IIIIIIIIIII
/ (12) s
O \ ¥ A . : -
l \___/ N4 S t(s)
(10)
| (A) @)
(9)
4 .
I O e
t(s)
U (V)
1 L— P_ f \ /_L E‘.......,..
& T :_;(S)

iEUDX]DODGDJROIVL VHEHVVpJ iUD PaIMTVPUIBeIHMHBE\J+OWVpJ J

4.2CMT Advanced

A CMT AdvancedK HJHVIR/@WMIPDW VRUIQ QHJDWtXOFVFE RTLXWR NS R GDDAUD MR

iEUD YDDWRJYWDORWOWDNR]y SRONDUIRDMQN (JiOWDO D Kt
DQ\DJRNDW PpJ NLVHEE K WHUKHOpV pUL PLQW D KDJ\RPiQ\R
U|GJiUODWL 1i]JLVEDQtINPYHWNREENQENRQWUROIOKDWY D K EHYLW
Kp]DJ LV iWKLGDOKDWYyY pV QDJ\R[ESE D FVHSSOHYiOiVL VHEHVVpJ I

- .

CMT (negativ) CMT (negativ) CMT (pozitiv) CMT (pozitiv)

i E A@MT Advanced folyamate29].
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$ &07 $GYDQFHG MHOOHJJ|URpLEN i RalilakbitM B OVEDWWHNN D N|YHWN
UIYLG]IUODW I HOM XIW LW®): 11YlpMp VL (BFJLV D SURJUDPRJiIVNR
EHIiOOtWKDWYyY SD U D/RQVE M HNW $Y W RUNDHRBNI W@/ L

(1) 2

(3) (4)
V, (m/s)
(6) / (-6)
"N / / @
1(A) (9) (10)
(7)“/) ) te)
m- — r13)
O \
(-13 EEEEE®m
(-7)
‘ (-8) (-12) 5)
(-9) (-10)
U (v)
] t(s)
0 an R
ﬁ

(-11)

iEUDX]DODGD ERIVIWRLIVHIDPHU VVpJ padCVMHV$EONDQFEH BBEEHNN p Q >

A CMT Advanced HOMiUiV Di@NDROBBVDV®|VHQ BIOX@YYLXP pV Up] |[WY]]
HVHWpPQ > @

4. 3CMT Pulse Advanced

A CMT Pulse AdvancedlRO\DPDW QHJDWtY BROOXVRNDW & SRILWtY
LPSXO]XVRN D #Wnely&deE LUV ]HPOp@OWHW D &07 V]DND\WKED®U KX]DC
IHOp PRPPMG PLXWiQ EHQHQUY LD ]KHI DWCDDEMIXOHNEGL YLVV]DK~]Q
huzalt ENNRU WhehVBp®RE®DULWIiV YiOWiV pV D IRO\DPDW D] LPSXO]XVt
azimpulzus YHV FRN@G&VMJ SRIJLWtY SRODULWiVVDO ]JDMOLN
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CMT (negativ) CMT (polaritas valtds) Impulzusiv (pozitiv)  Impulzusiv (pozitiv)
i E WIMT Pulse Advanced folyamatad].

$ iEUIQ D &07 3XOVH $GYDQFHG ] M E Odkxddzdtt B/pH O OO WAKHDNV yEN
N|YHW NBEICMT ciklus, (2)i PSXO]XV FLNONXW - tP SURJUDPR]IVNRU EHiC

SDUDPpPWSBUHNYLG]iUOBW I XWREP: tNpIpVL $iMMUNH V]tQ D QHJID
SRODULWIiV~ WBQJWRPiQ\W MHO|OL

(1) (2)

KSP 3) KSP

VD (ml,rs) BoP BrP

1 ol |
(19) 0

(10)

|

(8)

—

(9) (15)

iEULX]DODGDJROIVL VHEHVVpJ iUD PaaMTVPdlsd AdantetV]«OWVpJ J

HV HB80p Q
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$KRJ\ D]W Dijuida) QHLMOWtY SRODULWIiV FVDN D] &®A K OO Y RING B ©
D SRODULWIV PEQ®tLjdlerBiRAgp YIRO\DPDW D &07 3XOVH pV D &07
NRPELQiFLYMD

$] HOMIOWR]QWJ\REE K EH YOLWLHPG YH|XOHWMWEDQ OpWUHM|Y Qf
FVHSSIWPHQHW HO Q\HLW LV EL]WRVtWMD $ONDOPD]iVD N+O|Q]|
mvHO D QDJ\ OHROYDGiIVL WHOMHVtWB3HQ\ PHOOHWW NLV K EHYLW

449gVV]HKDVRQOtWiV

$ MREE |VV]HKDVRQO tW K D VEsmitajdDGIHING EGAMPMPD P VV p IW iOWR] i’
D] LG 1+JJYpQYOEEDB|] HOMIiUIVYiO$VRHIW-RONV \HOMHWp @V D] iUDPI
$09 WtSXV~ EHUHQGH]pVVIAQ ilEWH W\WY ND W\MERRSIRRZ2DOW R N

D O X P t @dpxr§agD O X P t QuzalI@(AA2319) W|UWpPQ KHJIHV]JWpPpVHNRU U|JJtWHW\
YpG Ji] DUJRQzAIR@WiVL VHEHVVpJ SHGLJ D QuEEErcHUBW.EHQ D]RQR
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iIEUPO|QE]|] &07 MW B|WWRKDVRQOtWiVAIMT Pblse&(0)TCMTE
Advanced, (d) CMT Pulse Advandé&d].

$ iIEUD D UpV]pQ D KDJ\RPIQ\RV &07 HOMiUIiVUD MHOOHP]
UpV]pQ EHD]RQRVtWKDWYN D &07 3XOVH IRO\DPDW VRUIQ YiOWD
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$ iIEUD F iEUDUpV]OHWGQ RO RDF DVGLY AR WikoD Wy ERHPKM J\ D SRO
YiOWiV $ iEUD G UpV]OHWpPQ SHGLJ D &PHGXMYBD ¥VGHPQFGI\G
KRJ\ H] D IRO\DPDW D &07 3XOVH pV &07 $GYDQFHG IRO\DPDWRN

5. Osszefoglalas

A VIDNLURGDOPIWWHNAY®RM¥PL07 HOMDWVpY DQQDN HOMIiUiVYiC

IVVIHI*JJpWEHQWNH] PHJiOODStWiVRN WHKHW N

. $ &07 HOMZYRWHV]W Kbl JPINKWPWQ HI\HVtWKHW DQ\DJRN pV I
KHIJHV]WpVpW LV OHKHW Yp WHV]IL $ i @HPWHYW NR PLU i VAFONN LIJARIES
IHOKDV]QiOiVD QDJ\RQ VRNUpPW&

. $ KX]DO YLVV]DK~]iVD D U|YLG]iUODW IijLfolyEnma®an Ri@WRY V]H
V]DEiO\R]]D D FVHSSOHYiOiVW H]iOWDQ@VPHYDWNPELNWRJDED YI
HUHGP.pQ\H]

. Az HOMIDJV QO Q\H KRJ\ DONDOPD]iVDNRaag® QW B E EPK QWH S 1B G pX/ ¢
DODSMiXO V]ROJiOy YKpQDIOHROHNWKHEHV]WpY HVHWpPQ YDOD
V]DEiO\R]JKDWyY pV.UHSURGXNiOKDWy

. $] HOP~OW Dp RN BHIMiPRW iNG M WiRjajalditanelyek WRYEEEtWLN D]
DONDOPD]iVL OHKHW VpJHNHW

. $ &07 HOMiUiV MyO NRPELQiIOKDW y(CHT RuRSXDNRW EK g8 FIM] W p V \
WHUPHOpPNHQ\V pH UG BINGN\GIp V p W

- $ &07 $GYDQFHYG ORI VpJpY HAWRBIWYD @y SRODULWIV YiOW
KHJHV]WHQG DQ\DJ K WHUKHOpVH PpJ MREEDQ OHFV|NNHQWKH

- A CMT Pulse AdvancedHOMiUiVDi GWR]®XWOVH pV D &07 $GYDQFHG NRPE
DONDOPD]iIVDNRU D QDJ\ OHROYDV]WiVL W4alOMHVtWPpQ\ PHOOH
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OHLOLQJHU ENRYV
Egyetemi docens OLVNROFL (J\HWHP $Q\DJV]JHUNH]JHWWDQL pV $Q\LC
OHFKDQLNDL 7THFKQROyJLDL ,QWp]J]HWL 7DQV]pN
3515 Miskolc, Miskolc( J\ H W H P Y-irdiRakosHheilinger@unmiskolc.hu

Absztrakt

(J\UH J\DNUDEEDQ WDOIONR]JKDWXQN QDJ\V]LOiUGViJ~ DFpORN

(QQHN HJ\LN MHOOHP] HVHWH D] pS*OHWHN ERQWIiVL PXQNiOL
MHOOHP] HQ MHOHQW V GLQDPLNXV LJp@EHWMNHE] ©p A/ HH ADH
QDJ\V]LOiUGViJ~ DFpO DONDOPD]iVD HJ\UH LQNiEE HOWHUMHGW
DODSDQ\DJDNpQW D ERQWYy ROOyS QB HYNEHN W HYUKXH U WL QUG
DODSDQ\DJRN UHQBNDYK® JHV]PNPML\HK FLNOXVUD DPheHOOHP] |
affected zoneHAZ) NiURV YiOWR]iVDLEDQ PXWDWNR]JLN PHJ $ IHOUDNYy
N|W KHJMVDWpM\ D K KDWiV|YH]JHW LV HOWpPUpVW PXWDWKDW

elKkHO\H]NHGpVpE O DGYyGyDQ W|EEV]|U|VHQ iWK NH]HOW K KDWiV|
PXQND VRUIQ 6 4/ DODSDQ\DJRQ YpJH]W<QN IHOUDNYKHJHV]\
PHJYL]V D GWOXNVIV]YH]HWNNG FP|@\ Wi QW HWHQHI®Y B NH BEVYIV JyQiN
Kulcsszavak:QDJ\V]LOiUGViJ~ DFpO 6 4/ IHOUDNYKHJHV]WpV NHPpQ

Abstract

High-strength steels are more and more often used for hardfacing nowadays. One of the typical
applications of this combination is the special demolition shears for buildiegnolition, where
significant dynamic loading occurs beside the abrasion of the surfaces. The application of S690QL
high-strength steel is becoming more and more widespread in this apsgi@y as abasematerial

for the hardfacinglayer, in the most heavily loaded parts of the demolition shddrsse types of
materials are very sensitive to the welding heat cychsch typically demonstratedn harmful
changes in the heatffected zne (HAZ). The heat cycles ofhardfadng are different from those of
normal welding, so the headffected zone may also differ, and due to the location ofifess|to be
welded,reheated sulzones can appear in the HARuring the experimental work, we rceed out
hardfadng on S690QL base material with different hiegiutsand examined the hardness of the heat
affected zone, with special attention to the multiple-treated zones.

Keywords:high-strength steel, S690QL, hardfacing, hardness measuring
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1. Bevezetés

$ QDJ\WV]LOiUGViJ~ DFpORNDW PDQDSViJ J\(DNUDQ KDV]QiOMiN V]I
pV N|JOHNHGpVL> @GDGHDHI\WI® W|EE SpOGD W D OHWVKIBWMEENVSHFLiO |
EHUHQGH]pVER PRMyOWRRID DQRIO WYNOiUGViJ~nBiRp JEY® NpMHOV]iPR
|VV]HWHW®@H W RUDIQHIM [N UWp Q1D J\RQL QFOPWRXVDWHUKHOpPVHNQHN
QDJ\V]LOiUGViJ~ GH HJ\EHany&ytkD ONFDSIBIOADEE 0| Y H W A H ]
QDJ\W GEiJ~ DFpORNPKDYHN OB®MDHWpW QDJ\ NRSiViOOyViJ~ UpW]
Az JIEBRWDWa®pD ERQWy ROOyN DONDOPD]iViUD

- K = : _\ :
! o K . b :., ' 7”“ § Y

iEBPOGIN D ERQWY RGDYN KDV]QiODWiUD

AKRJ\ DUUyO PiU V]iPRV SXBA8®iFIDy EBHINPRIOABE\RINW pQ D
N|WHJHV]WpNLO YD By K KIFAVEONKNO OHP] KOWIRVDD YKOIVIVNY B]KW
(HAZ) WXODMGRQViIiJDLUD MH®HGWHY*VWOHKRIONHA BICORpWEN LV
NHOHWNH]KHWQHN )« JJHWOHQ*O DWWyO KRJ\ IHOQBIPpMYysKHIHV]W
K KD WiV |Y HK iagegypzagkszuperkritikus | Y H ] (UBHAZ = uppekcritical heataffected
zone interkritikus | Y H J(KCWAZ = inter-critical heataffected zone pV]XENULWL(SGHAZYH]HW
= subcritical heataffected zong[1],[7],[9@ 7|EEUpWHJI& KHIJHV]WpV HVHWpPQ WRY
interkritikusan PHIJHUHV]IWHWW G X U (hiekclitidally Vrphéaté¢d lddadsiyained heat
affected zone,,5&*+%$= pV V]XENRHMWINKWINHWW G XU bertdddyVpV |YH
reheated coursgrained heatffected zoneSRCGHAZ). &z ,5&*+$= pV 65&*+$%= HI\YWMWPEHQ
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KHIJHV]WpVL K FLNOXV KDWVD BV/E | GH WD PH. X N RBD W QekRwivp pV QD
HIHNHW D] |M6 $ NNWWV]HUHVHQ iWK NH]JHOW UpV]HN MHOOF
DODFVRQ\DEE K PpUVPpNOHWHQ V]iPRWWHY HQ EHIRO\VIVROKDWM:
HVHWpPQ H]HN D] |YH]HWHNPQYDHORDEDNWHIKNWHQHRiIV PHOOHWW
(JHONtD-®iVRGLN e MeblakottUpWHJI KHIHV]WpVL K FLNOXVD WRYi
YiOWR]iVRNDW KRANRVKDAY.HEEVO D] DGYGLN KRJ\ IHOUDNyYKHJH
K KDWiV|YHWPNV HHEORGIROXOWDEE OHKHW QPH RFWQNY W WM O HWGW p-
DFPORN HVHWPEHQ D VLNHUHV KHJHV]WpFHMQWMOOIH | RDIHRN W
VRUIQ $PHQQ\LEH®® -ID]R\EMDLODN &% Oppl/W p ™ I&E H Nagyldhedy arGi] R W W D Q
KLGHJUHSNG PDHPN QW ML DQ D KHXEHE MY Q\H]JKHWL (]]JHR BHMPWHQ G
HVHWPQ V]HPRPADHIG RHXHW V]iPROQL D K KDWiV|YH]JHW NULWLNXYV
aV]tYyVVOOHRHN FV|NNHQpVpWekEUB QR YOWNEHHWIQ EFVXSiQ HJI\ V]&I
PXQNDWDUWRPiIQ\ iOO UHQGHONH]p ¥roeyerN HYQ @ Bp & RMp K HILHY M@ A
JDUDQWB@K DWW NHOO MHJ\H]QL KRJ\ D V]&demBXaQNMMBGAV RPiQ\F
pPUWPNHW D O D, \aRa3ARIAQoKERIgYMR +a NLVHEE p U W piM GHHJOBHEN@/H V] D
N|[WpV V]LOIUGViIJD V]tYyVViJD @QVJDVIPDUDGQGHYHN WNPDHWW D]
PLQLPiOLV K PpUV pRIDH Wi L OWHWMHIM [PL K PpUVPNOHW LV KDWiV
MHOOHP] LUH HJHN HJ\«WibkdtyI9]Q( KB \U i DS)y B\ W@ PP XQND FpOMD
UpV]OHWHVHQDHE&WBWNK KD VW V | YOHH P MAIQ MEQWIIDAN U G Mpanya® FpO D
IHOUDNYKHJHV]WpVpQpO pV iWIRJy NpSHW DGMRQ D NpWV]HUH
]yQiN WXODMGR®QEPLEKYDHYLWHO DONDOPD]iVD PHOOHWW

2. Az alkalmazott alapanyag

$ NXWDWyPPQPNIKRYVWDO i0WD@/ JViBEWWVHWW QDJ\V]LOiUGV
DODSDQ\DJRW$K DORSOWXN YDVWDJIViJD PP YRQ®APEObER QWY F
YDVWDJViJRW QHP KDD/NQKHIQBM]WpY HVHWPQ J\DNUDQ V]+NVpJ Y]
LV D NHGYH] EE N|WH&MWHOEBHNGIERSDI RO Q|VHQ DNNRU KD D] DOD:
IHOUDNRWW UpWHJ DEYDR D/ WMHD HQ W VIHWY EH@WPUHOUDNRWW UpW
YDODPLQW D] DODSDQ\DJ HJ\HV tpVHIL Y M YK O USIGHIHGKRHNNQ B (
LQGRNROW $ /LQFROQ (OHFWULF iWDO J\iUWRW Warh&lgnek WtS XV ~
VIDEYiQ\RV EG \CRWFSD(ISA21952A) (] D SiUQDUpWHJ DQ\DJ YLV]RQ\
V]tYyViYDODPLQW R{DWY plHOWDPNNRWW UpWHJ DQ\DJD QDJ\ NHPpC
viszont PHJ O HK Hdég $¥HQWpQ /LQFROQ (OHFWULF ,J6iJPEA YV RYROERSL
IHOUDNY KRENMLITOQ\D J

$] WIiEQVMIWIRJDDORMDSDQ\DJ D SiUQODBWPW DQIBODNRW!
DQ\DJIQDALDL |VV]HWpWH O p&¥ al@D Q \\N JE PH]PKD G HIGRU W XI@DMGRQVi
A WIiEQKED/) WDOiOKDWy DGDWRN D] DGRWW P&EL]JRQ\@DWRNED(
SiUQDUpPWHJIUH pWB YHRQODMNNRYWD Q pPHFXDQLNDL WXODMGRQVIiJRN

WIEQ\N]DWDSDQ\DJ D SiUQDUpPWHJ pV D IHOYMHNRWW Up)

$Q\DJPLQ|C Si Mn |P S Cr Cu Mo Ni Fe
S6900QL 0,15} 0,23| 1,1 |0,013| 0,003 | 0,58 | 0,05| 0,21 | 0,66 | PDUD
LNM19 0,1 | 0,65| 0,97 |0,003] 0,009 | 1,248 0,01 | 0,46 | 0,02 | PDUD

Carbofil A600 | 0,47 | 2,98 | 0,39 | 0,02 | 0,001 | 9,45| 0,06 | NA | 0,17 | PDUD
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2 WiE Q\zjddeppanyagP HFKDQLNDL WXODMGR
$Q\DJIPLQ| 6]DNtWyV]L| (J\H]PpQ\ 6]i]DOpNH R *Asoszorzat,
R [MPa] IRO\iVKD| VIDNDGiVL [MPa*%]
Rpo2 [MPa] Aso [%0]
S690QL 777 711 18 13986

3. Hegesztési kérilmények

$ IHOUDNYKHJHV]WpVL NtVpUOHWHN HOYpJ]pVpKH]
VIHULQW H OMi GEAK PI< H @1 pAHW H V ] Wend$RoESR W
YpJH]W+N HO H]]SRQENLRW RORWHDRRQOKMWHY KHIJHV]WpVL VHEHVVp

(06= (1

,62

KX]J]DOHOHNMW

D UHSURGXNiQ@KEaWa26ttYR@ JB PLQGHQ HMVH2WEE@®NHYHUpPN YROW
h EHYLWHO KDWiViQDN |VV]HKDVRQOtWiVDQIpUNFOPQMD]Y R B NH D] W pw
SDUDPpWHUW ZPRHNDBRDNWOXQE|] K. EB@pWIHOW pNMMGPPpQ\H]JWHN
SDUDPpWHUHNHW D WIiEOi]DW IRJODOMD |VV]H

WiBOH]RtVPUOHWHNKH] KDV]QiOW KHJIHV

3DUDPp +HJHV]W | EYIHV]e( +HIJHV]WpVL| + EHYL tes

VRUV]I [A] [V] [cm/min] [kJ/mm] [s]

1. 130 17,2 160 0,67 4,7

2. 170 19,2 210 0,75 5,3

3. 220 21,3 250 0,90 6,4

4. 280 26,7 280 1,28 9
$] VRUWKHRHVEWRPWDOIPpWHUNRPELQiIFLY DONDOPDI]iViYDO NLV K
PLQ VpJ& N|WpVW OHKHWHWW OpWUHKR]QL PHJIHOHO EHR

SDUDPpWHUNRPELQiFLYYDO SHGLJ PpO\ EHROYDGiIVW OHKHWHWV
rHSHGPVHN MHOHQWHN PHJ D IHOUDNRWW UpWHJEHQ AzJ\ D K EH
HO JHWHV J\iUWiVL WDSDV]WDODWBRNVBIKREM Q@p D H® QRN HL ¥t W p \
YiODMIWRWIHV]WpVL SDUDPpWHUNRPELPPFPYPQNMNEWIHO FPHWHQ Yy
D IHOUDNYKISJHYPUPWHIE O HJ\ UpWHJ NHU+OW IHOKHJHV]WpVU
NpV]$OW i Bbe®XWDWMD D KHIJHV]WpVL HOUHQGH]pVW

iEWDKHJHV]W URERW pV
78
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4. Vizsgalati kérilmények

$] HONpV]*OW GDUDERNRQ HO V]|U aPHONNNMBWV DV]R ®PWRW MR WP]p\
UpV]HN N|JHSPE O YHWWe+Q&l HNQ V$| U tER/ URMRE B OERID WiV K R]

2% RV 1LWDO ROGDWRWKBRIQIBWXQWHDP&HQ D YFOQURMIW X R WR B N pC
K KDWiV|YH]IHW ]yQiL $ FV niidROdaiaborNHNP\Q ¥ DB Vp AH ] W « Q N

OHJW|EE HVHWEHQ HJ\ YRQDOPHQWL NHPpQ\VpJPpUpV HUHGPpQ
[16], [17] YLV]RQW D K KDWiV|YH]HW MyYDO ERQ\ROXOWMEE OHKH\
PPO\HEE PHJLQPHWpNVHBG®KHNBERQ\VpIPpUpVW QHP FVDN HJ\ YRQDO
KDQHP HJ\ WHOMHV WHU<OHWHW OHWGMHSHM K RJGHNN HIPWY UN-
WHU*OHW PLQGHQ HVHWEHQ, N pWKDMNHPY NJHW W U pWJ\W RX\© B O WSLp

,,,,,,,,,,,,,,,,,,,,

Felrakottrétegek 7 ['REERRREIUNEE. NS
Parnaréteg Cecccecccne

........

se s s e st s
- X
ERE L N N ) 5

\\\\\\
\\\\\\\\\\\\

\\\\\\\

\\\\\\

\\\\\\\\\\\\

iIEWBPOGD D NHPpQ\VpJPpUpV KHO\pUH.pV D OHQ\RPDWR

$] DGRWW QHBW+OHWNBPpQ\YhWp@PVWIYp D OHQ\RPDWRN NJ|]|
PLQGHQ LUIQ\EDQ PP YROW $ OHQ\RPDWRN V]iPiWw DODSYHW
PHJ PLV]JHULQW D NLVHEE EHROYDGiVW HUESBI®pOtH]D KHIHV]W,
EHROYDGIMeEOMDWUD YROW V]+NVpJ (JHN DODSMiQVED O/HQIRPDW |
NIJIWW YiGWRFWBRNUDERQNPQW $ OHQ\RPDWRN N V]t pV® DXW
OIWKFIMYJIODWRNKR] KDV]QiOW 5HLFKHUWHU 8+ WtSXV~ NHPpQC

4 iEUPHLFKHUWHU 8+ WtSXV~ NHPpQ\VpJPpU EHUHQ
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5. Keménységmeéreési eredmeények

$ NHPpQ\VpJPpUpVL HUHGKFap Q ERUNHRVAMENEND YUDXPIiOLVDQ iMy O PXWD
N*O|QE|] K KDWiV|YHWMWN - QRQEWJHNHW D WUBEYHNHWH QVi W K WD
Emellett a felrakott pV D SiU QD U pak/HQ IR OIRIi.V LY G

$] iEUD PXWDWMD D] KHIJHV]WpVL SDUDPpWHUNRRELQIFLYY
PpUpVL HUHGPpQ\pW (] D SDUDPpWHUNRPELQLMHOHPUGPNAW |
OHJU|YELGSHER WV $] IEUWLDURBNH ROBP®Pp 8 WRIFWLL V]ROVMBHWM aD]RQ Up!
NHPpQ\VpJPpUpV W|UW plQ Wp \Bj pdHDP MR\EVBVP@ E p ®H DO KW KID WD UW R ]y
VItQVNIOIiYDO HJ\-WW

Al i EWQQVIOD WMBIND HIQ @/| ¥ E\Dp PHN W p Uaieprdketth BMOQ SIiUQDUpPpWHJ
YDODPLQW D KNKDWWijagsttilHpW] NHPpQ\VpJH pVv +9 N|[]|WW Y
MHOHQWL KRJ\ D K KDWiV RWHDOHQW WI\@ENY QW WYURW]EAHHP p Q\V p
SIUQDUpWpIQER\Vp PV +9 NAQUONWAZ a SIUQDVEHROYDGiIVD XWiQ NJ]JYH
OiIWKDWyYy D MHOOHP]33N pI\BGYHW N JJd W\Wp NERCHDA J]yQIiEDQ NLVHEE
NHPpQ\pJ PpUKHW PLQW, aDN HHPQ® Qp UNWZISOHHMBQ +9 N | JekVAY
6&+%$= NHPpQ\W\VHOHD]RQRYV D] QMERSDRYDIPYDER*+$= pV D] 65&*+3$=
KHO\H D FVLVIRODWUYPLYHRQRVOQWKHQYKMNEMH®HQWH Rp QYOQQEVPJ
p UWheN &NCHAZ-KR] pV D RR$NpSNUYW UPEPW N|]HSpQ Y] Bnatydk
KiURP K FLNOXVYEEWH® DY DWW QIEDR| M ON DRRQORN-IQiO PpUWHNNHO
$] DODSDQ\DJ NHR2ZEQMHVp JIH

b 630,0
580,0
530,0
480,0
430,0
|- 380,0
330,0
280,0

230,0

iEUWDNHP pQ\VekhBlyel{galoldadn pV HUHGPpQ\eh MREEKRIOBDWpVL
SDUDPpWHUNRPELQIiFLYQiO

A iEUD. KHIJHV]IS\QDWRPpWHUNRRRBVRIGWYy YDOYEDGDUDE NHPpPpQ
HUHGHRPQHPOPpOWHWL

A2 KHJHV]WpVL SDUDRpPMWNRBRR KE E® MLLW éttOpNV t) KRCORPPQ\H]JG LV
hosszabb volt. A felrakott UpWHJ NHRPWPNWHL J\Dedgegyerbekar GIIJ] iEUIQ
OpY NANBUQO®WHJ NH Rpfbavigiatsbnyabb, mint az ISDUDPpWHUNRPELQIiFLYy |
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~J\ W&QLN KRJ\ D PDJDVDEE K BtrbkdoWw ®i MHBOWHHABHNGHUES QX0
OiWKDWy D] 8&+$= NHPpQ\VpJH DPHO\V DPH/O\ rhirt BHEHEDW W

K EHYLWHO HV$IWBWEHQ H\WHWWKH] NpSHVW NLVHEE NHPpQ\VpJpUW
ICHAZ (270 290 HV) HVHW BEH @& $= NHPpQ\VpJH QHP YiOWRMRSIN W V]iPR\
HV). $ NpWV]HUHVHQ iWK NHJHOW ]yQiN HVHWpPEHQ VHP OiWKDWy
(QQpO D GDUDEQiO QHP WDOiOKDWyY KiURPV]JRURVDQ iWK NHJHOW

630,0

580,0

530,0

480,0

430,0

380,0

330,0

280,0

230,0

iEWBDNHP pQRYYékpele (balolddn pV HUHGPpQ\éh MRE KHIHI/DWpVL
SDUDPpWHUNRPELQIFLYQIO

$ i Ebérutatia a 3. SDUDPpWHUNRREVLIQOWY YHD@WUDNYKHJIJHVIWpV K K|

NHPpQ\VpJpW

6300
580,0
5300
4800
4300
3800
3300
2800

230,0

i EWBDNHPpQ\VekhBlyellmVolddn pNUHGPpQ\H oW RE EKRIOKGW]OVp VL
SDUDPpWHUNRPELQIFLYQIO
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A QDJ\REE K EHYLW HBOKH HH\H@&MHYQ\SPUDPpW H UINRRIBUNYiKKHY MB DN
HVHWpQ D K KIDWH®OHHWHHW HEE NHPpQ\VpJHORY ] OHV WY PIREEBNY PL
kHPpQ\p/Ap\W p N HIN +9 N|]IWW YDNO@DONJI NHPpQ\VpJH DREOODFVRQ\DE
HV), mintaz 1. vagp2. SDUDPpWHU MR/PBLEERQRY $ PD[LPIiOLVY NHPpQ\VpJ pU
| YH]HWaBitak)(300+330 HV) YLV]RQW OiIWKDWyDD |[NHYHWEEDP gHICH W 8H YAH W |
NpSHWYVCHAZ PpJOiJ\DEE % +9 PLQW DSORWDEEWHUNRRELQIFLYN
6&+%$= XIJ\DQD]RNDW D NHPpQ\VpJ pUWPNHNHW B2WDWRPUWPQ & |
OiJ\ X@pasmalhatunkz ICHAZ-KR] Np S BROBHAZpedig X I\DQRO\DQ NHPpQ\VpJ& |
SCHAZ. A Kiu&e®u iWK NH]HONHHFY®\ gkdtlatiag megegyezik az UCHA
NHPpQ\VpJpYHO

A legnagyobb K EHY IpW HONI K Ry KIEEEY W LG W , HUKKBIAH\QRBNOLP p W H U
NRPELQiIFLYYDO NpV]*OW GDUDE NHPpQ\VpJpUWpNHLW PXWDWMD

580,0
530,0
~ 480,0
il 430,0
~ 380,0
330,0

280,0

230,0

iEUWDNHP pQ\VekhBlyel{galoldadn pV HUHGPpQ\bh MRE K HRIHG/DW p VL
SDUDPpWHUNRPELQIiFLYQiO

A KHJHV]WpVL SDUDPpWHUNRPEQFE Iy UMUSNGRREHMEH
K KDWiV | HimWEISDUDPpWHUNRBBELIQDRLY aNkd NWO |QE|[]LN PpO\HEE
EHROYDGIV ILJ\$ONKHRY QBPWIN M NEXHIQ@F VHQHN QD JR58«+33QEVpJIHN
HV) QHP ~J\ PLQW D]  SD U DAhJYazehNiR BsEtekDer iy QCBAZ | YH]HW
HVHWpPQ WDSDV]WDOKDWYy, ®N® WM B U\HREHEQRIET QY WibBasabb
NHPpQ\VpJHW PXWDW PLQW D] ,&+$= pedij ne§&yyezik=a SEHAZQ\V p JH
IYHIJHWEHQ P p UAMK pUSABpINVHNMEHYQ®LVHEE NHPp QeWEHAZ. PLQW

A QpIN*O|QE|] KHJHV]WpVL SDUDPpWHUNRPELQiFLYYDO NpV]+O\
KRJ\ D QDJ\REEKBVERHQMYWNBPpQ\VpIJpUWpNHNHW HUHGPpQ\H] D] 8
DODSDQ\DJ $ NKPBO\PESUHNM &V FVINNHQW D QDJ\REE K EHYLWH
EHROYDGiV N|[YHWNH]WpPEHQ $ NHPpQ\VpJPpUpVL HUHGPpPQ\HNE
DODSDQ\DJ K KDWiV|YH]JHWpPEHQ D OHJNLVHEE K EHYLWHOW HUHZ
OHKHW HOpUQL D OHJQDJ\REE NHPpQ\VpJpUWpPNHNHW $ PiVRGL
8&+%$= |[YHJHWEHQ PLQGHJ\LN K EHYLWHO HVHWpPQ $ KiURPV]RU
K EHYLWHO HVHWpPQ PXWDWRWW QDJIVNYHRO QA \PHIH NI\ DOKHEEL HVF
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6. Osszefoglalas

Az HOYpJIHWW p\L |VERGHCAPPR\HSIMDQ iE FLH W N H 1 W HDNPR/IHIKD W YN PHJ

x $ NHPpQ\VpJ WpUNpPSHN UpV]OHWHKDWQVYRUPHWYyWHP G &DWVp QDO F
IHOUDNyKH atbkohvelp paA& YO J\ DNUeri WK NHJHOW |[YH]JHWHN LV IHOI

x Az S690QLalapanyagl HOUDNYKHJHVDWBYH$H VMHNPIO@\VpJH YROW D OHJF
|[VVIHV K EHYLWHOQpPO $] ,&#$H HWHNEHBQ@*BSRHPpQ\VpJ MHOOH
volt, mint az aapanyag NHPpQ\\ApJ&& +$= pV D] 65&YHHHWHNEHQ PpUWe]
OHJIJNLVHEE NHPpQ@PHQYHUINWNNHNOHWIRQRVDN YROWDN D] DODSLEL
K EHYLWHO RNR]J]WD D OHJQDJ\REE NHPpQ\WpJHNHW D K KDW
8&+%$= |[YHMHWEEHQ D] HVHWEHQ NHOHWNH]HWWUI KOQEHEEW}
FVINNHQWHN D NHPpQ\VpJpUWpPNHN YDODPLQW D] 8&+%$= PpUFt
HI\HQOHWHVHEE NHPpQ\VpJHORV]OiVW LV HUHGPpQ\H]JHWW

x A KIURPRURVDQ iWK NH]JHOWJpYH pIMHHIN Q\HHPP RXA\W P WWDN NLXJU
WRYIEEL YL]VGIi®ROWBRVSHUNH]JHWL V]*NVpJHVHN D WXODMGRQ\

x $ NHPpQ\VpJ WpVUNpdEakoit UpWHIHNU O LV DMWMDMN QW IR NPT LY BW
mutatva Ezt atapDV]WD OMYWEBHEHPHY PpO\HEEHQ PHJYL]VJIiOQL
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JRGRUQpP &VHUpSL ODULDQQ
TDQiUYV, Midkoei Egyetem$ Q\DJV]HU N HJGI\W WD I . KiZRDpy | H WD L
OHFKDQLNDL 7THFKQROyJLDL ,QWp]J]HWL 7DQV]pN
3515 Miskolc, Miskole( J\H W H P Y-irdiRaridhn.cserepi@unmiskolc.hu

MeLOLQJHU ENRV

Egyetemidocens OLVNROFL (J\HWHP $Q ARAND]HAHNAK AWM Lp V
OHFKDQLNDL 7THFKQROyJLDL ,QWp]J]HWL 7DQV]pN
3515 Miskolc, Miskolc( J\ H W H P Y-irdiRakosHheilinger@unmiskolc.hu

Absztrakt

$ MipPYJEDQ D] XWyEEL MNNYWNFEWGE FNKHDROHOMO- (00 BB X\MHWONPXWPpV - (
KLEULG N|WpVHN My PHFKDQLNDL wxahweRaVKRNND N MW @QRNDJI
|[VVIHROYDGiIV QHP M|Q OpWUH OHJIHOHOOGDUWIEPSRWHYWMN UPHHIW D
YHIHW ,0& NHOHWNH]LN DPLQHN D WXODMGRQVIJDL MHOHQW
WXODMGRQVIJDLUD (JHNHW D WXODMGRQVIJRNDW W|EE NXWDW
YLI]VJIODWRN HUHGPpQ\HL MyO SXEOLN imuw#tnak.VBEziél ISZzivibe@ @ tW KD W
N|WpVHN WXODMGRQViIJDLQDN GLQDPLNXV YL]VJIiODWIiIUD YRQDW
E]JHO D FLNNHO V]HMKKHWYWQPPWIY] DOMEBIRQERPWKHIHVIWHWW N|Wp
YL]VJIODWiQDN HUHGRp &0 HLEN. DENHEFDXQNV BBW Q IBFpOD PXPtQLXP LOOHYV
60827 DOXPtQLXP |[WY|]HW P&V]HUH]HWW W YL]VJIiODWIQDN HUHG

Kulcsszavak:56: KHJHV]WpVSRIQWKIQIED]W p YW P& VY HROTKEW WM KFPO
KLEULG N|WpV

Abstract

In the vehicle industry, the joining technology that has been popular in recent years is atstiel

mixed joining. These hybrid bonds have good mechanical properties despite the fact that fusion does
not occur between the two materials. By setting thpr@piate parameters, an intermetallic
compound (IMC) is formed in the bond wall, the properties of which have a significant effect on the
properties of the resulting bond. These properties are investigated by several researchers, and the
results of the sitic mechanical tests performed show wiblished, comparable results. On the other
hand, the results of the dynamic testing of the properties of the joints are published in few places, with
this article |1 would like to present the results of the dynamsting of alumiium-steel speiwelded

joints. Below | present the results of the instrumented impact test of DP600 steel antiZB754

aluminum and 6082I'6 aluminum alloy.

Keywords: RSW, welding, resistance spot welding, instrumented impact tests,nalumt steel,
hybrid joint
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)R G R C8 M; Meilinger E Al taFpO RQWKHIHV]IWHWW N|WpVHN YLVHONHGpPVH G

1. % HYH]HWpV

FOXPtQRKFPO N|WpVHN NpV]-CGRIQWEHNHY DDAV eDDakifodalomban
HI\pE N|{WpVWHFKQROYJLIiMNB.A p~QOVHKHI\W W\ PVOWRJ QL LQWHUPH)
(IMC = InterMetallic Compound)NpS] GLN DPH®WHOOMWEWHWBWpPIKODMGRQVIiJI
WHNLQWYH QDJ\ NHPAQ\EHWpE OMIPOHQWWHJIYDVWDJVIJD DODSY
N|WpV WXODRWBR@AD JD,I0\Ez DD W K PHAPYSR W NMHESY H] @& O Rt D
QHKH]JHQ ,H@NWRKHWO0& MREE N|WpWWUWEBDQAE R Q3/] DRAPOPWQ| WKV H N
VWDWLNXV WHUKHOpVV WOQEYHE € H Q4P WY XO)N H&p U PW Q YtHIW HQ
VIDNYWWJiODWRN®G/LYPPPHINXHNL I p Q\E HHO/DOHQOBGI O WX INEHR@QLED Q P
IHOWIiUYD

Az DXWYyLXDWEQOW KLEULG N|W pV HiNenGak @ D PIIGNDOIHAL PWIX S DRQV D
VSHFLI@QLINRPRLQIFLYN BEDWDWQHRQIRY RNEyOQodgyLDR@AA\YORY HINV
*WN|]pVH VRUIQ GLQDPLNXV WHUKHOpPVW NDS D NDURVV]pULD
NpSHVVpJ MHOHQW V WpQ\H] Yp YIOLN $ N|WpVHN ,0& UpWHJpQF
NIWpV GLQDPLNXV LIpQ\EHYpWHD®DQMWO tN\HMEHN)JW pWHERD MGARY R
NIYHWNH]PpQOMH® GNVNQDPLNXV YL]VJi-ODOY P VG kpBrittieDesgtktD U S\
N|WpVHN YL]VSHODWOKRINLDODNtWEW~L 3O pRGYN NV SIHEDMH VW JHR
valamintakalaSiFVRW LV iW NHOK®® DEpAIVMDIDQL

OL]VIIGkDVWNRDL Q DFpO DODSDQ\DJQDuWk 'BE E yiDF N WQ KXONIDOWR J\
J\DNUDQ DONDOPD]RWW DQ\WHUDBWIIDD XMIQPXRSROGDOKR] Nj
WXODMGRQViIJRNNDO LQHWIHINH]W FD/QWIXXRX D B POIIORHNKEVRQOyYDQ
J\DNUDQ KRNWDPQMI DWRLSD 425053 + H]pk60827 |WY|]JHWHNVJISODWDLQN
VRUIQBOKDVDQMXPWVQLXAM WHOWPU WXODMGRQVIJDL PLDWW HOWpL
alkalmaztink az 5747H22-' 3 pV D -T6-'3 YHJ\HV N|WpVHN. Adndmikist WpV pKH
LIpQ\EHY pPWHEOIPQ HNPGH@MpQyY YL]VJIiO D VCharpy | p WY HYUH ¥ WOVD W
KDV]QiO$ XRIWJIiODWHWR WBHiQWpNHNHW WHINYYNPEBIWY XN D] LG

-HOHQ N|JOHPpQ\EMQDQ]DJRE D Wp pNUMEER pnQtafuk be.

2.% YL]VJIODW PHQHWH

A dinamikus LJp Q\EH Y\)MRBB®D HOOH Qi 0 §i N PBENBOW PyGVIHU D &KEC
I p O MY L]\&t) kOKlasszikus CharpylpOH YL]VJIiODWWDO PpUKKEW LDR]RWP PRLY WD
NDSXQN D] DGRWW GDUDE W|QNUHPHQHWHOpPU O LV

$PHQQ\LEHQ H]W D EHUHQGH]p VhatjukHDO P & W] Hi OB\ NLRBHI LIV]] W Wi C
GLDJUDPRW DHBORIGXHV GLDJHUDRYVHI® PD]WPEMMOU LHRPRQ
NJYHWKHW D SRQWKHJH VW H WO, i WEHWAND B BHDUNH WCHVIRIIME IEW W §
L QI R Ukt Kaplyatunka SRQWKHJIHVIWHWW N | \& Rapottvdial MutdhPHHIQ WW piIpprtH © D
P&V]#t+W YL]VIIODW QHPFVDNAWDUWMLP MDD BIEDDGYRDP i FLy W

ACharpy IpOH W YV RWIi@DWV]RNiVRV *WPW. $HEHNWRPIQ\RV V]DEYiC
YL]VJIODWRNKR] KDV]QiOW ©W @X § N VDS MW ' VR D\Pth BV . A
HO JHWHV NtVpUOHWHN WDSDV]WDODW DD B 8 QEP@W B HNM HVY W B W V
HVHWpQ D] PP PP OHPH]Y D ¥Q/MDJ \HJUBVYODW S RO WUN VPly GIR V t W D
kelletta Y L]\Oli EHUH Q$G FAPIY WMD) P QIBZ5 JUD YIOWR]JRWW $ PyGRVtWRW
D] JEUIQ OiIWKDWy
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1. iIEUD&V]HUHIHWW «W YL]VdiNDWD 8 iF W HIHRHP]H W i LpD/

(KKH] D VSHFLIiOLV YL]VJIiODWKR] pV IHOV]JHUHOPpPVKH] VSHFLIiO
NLDODNtWRWW SUYEDWHVW JIi$RRMHOVBIWME [tV p UEChHSW N DBHGEVEAM |
YL]VJiODWL WO NOMIWP QDJ\ dyakuvaNayV HULG G L D J U@ RoNtjd Da
NLpUWpPNHORHM-~UpNHRMY L+ DNNRU D N|WpV KHO\WWMWp®] DODSDQ\D

2. IEUBD YL]VIJIODWKR] NLDODNtW.RWW SUYEDWHVW J

$ SUyEDWHVW JHRPHWULIMD PLDWW HWYNYPVHVLYR®WHOD] &4
SRQWKHIJHVI]WHWW SWH|EDWHZWi @ HJiWKDW W iUD
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3. iIEUM] W YL]VJINQDW B WG PNV

3. .tVPUOHWL N|U*OPpQ\HN

$ NtVPUOHWHNKH] D] DXWyLSDUEDQ J\DNwb QS KDV p@i QRW ®IDD SD Q'
YROW DPHO\HW HOV PBOKWEHXP|WY|]JHWWH Opedi§f i 0082EE. N HVHW
DOXPtQLXP|WY|]JHWWHO NRPELQIOWXQN OLQGHJ\LA jobODSDQ\D
[ VVIHKDVRQOtWKDWYyViJ pUGHNpPEHQ

$ NpWIi]LV~ '3 Dimarenziti sziyptéket tartalmaz ferRiWUL[ED iJ\D]YD GLV]S
HORV]OiIVAIDPEOSD® DFpO QDJ\RQ My DODNtWKDWyViJIJDO YDODF
VILOiIUGViIJJDO UHQGHONH]LN $] HIJ\LN OHJJ\DNUDEEDQ DONDOPL
Az 5754H22 alXPtQLXP O HP lth XD \D|\W p@ HIONPHWWM MGW ODNtWKDWyViJD
NDSFVROyGy My V]LOIUGViJL WXODMGRQViJDL PLDWW ) |WY]|] H
QI|YHOWPQHPB KGN HP p@i\NpW.Wi N

A60827 DODSDQ\DIJUWHKHQHMV]QiOW DaPXRYHW RQQWN MHWOiUGViJ M
DPLW K NH]JHOpVWW ODJp YWHNHMOVtSXVW My NRUUyY]JLYiOOyViJ MHO
MHOHQW V 0iJ\X0OiV OpSKHW IHO D K KDWiV|YHIHWHHQpWHOpPWIE
PXWDWM Baw/ |PHJ

1. WIEO§DWOKDV]QiOW DODSDMQWMPRN |VV]IH

$FpO DODSD C Si Mn P S Nb \Y, B
DP600 0,098 | 020 | 0,81 | 0,015 | 0,002 | 0,014 | 0,010 | 0,0002
Al X Pt Q LaxaBanyagok Cu Fe Mn Cr Mg Ti Si Zn
5754H22 0,055| 0,294 | 0,358 | 0,009 | 2,796 | 0,016 | 0,193 | 0,034
6082T6 0,09 | 046 | 0,46 | 0,02 0,7 0,03 0,9 0,08

$ IHOKDV]QiOW DODSDQ\DJRN PHFKDQLNDL WXODMEBRQ@ViJDLW
WIiEOIID\WRNEDRDGDWWNDW D] DODSDQ\DJRN P&EL]RQ\ODWD WDUW
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2. WIEODWOKDV]QiOW DODSDQ\DJRNVXIOD RGRBVDIDE

AQ\DJPLQ Ry[MPa] | Ry.[MPa] | A [%]
5754H22 220 137 22,0
6082T6 348 303 15,0
DP600 669 448 187
$ KHJHV]WHWON NVRHRWAN 1 $ WtSXV~ KHIJHV]W (JpSHWS 8%~  +

YH]pUOpPVVHO.P OB DO YSROMPADWLNXY KHQJHU EhdA@RMZIWRWWD
KHIJHV]W HOHNWUYGiINDWVKDPEIHMVXWQRpU FRAO $ J|PEIHM& HOHI

KHIHVIWHQG OHPH] YDVWD JVastiahiylOmin-OV 6 8 PNHH O DV BBDIRAHhIi JQiO 5
sugarat alkalmaztunk a szakirodalddnM i Q2ari]12] [13].

4. iEUB KHJHV]WpVKH] KDV]QiOW HOHNWUYGD JHRP

8J\DQD]W D JHRPHWULIW DONDOPD]JWXN D IHQB] p\DHN WDNG/i NH
JHR P HWOU Wi KDWY M X N

$ KHIHVIWHWW N|W palkairnbzotSm W DR R WaH BNAE BWDDW WDUWDOPD]]D

3. WIEODPWQ\DJNRPELQiFLYNKR] KDV]QiOW KHJH

Alapanyag NRPELQ| EUDPHU VVpg +HJHV]WpVL
5754H22 | DP600 16,5

6082T6 / DP600 15

6DMWROY H
220 2,5

220 2,5
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4. $ NtVPpUOHWL HUHGPpPpQ\HN

$ YL]VIJIODWRNNYRRPELRLOKMEGDUDE SUYEDWHVWHQ YpJH]W+QN -
IVVIHVH®QL]VJiODWUD NHYLQW i @RWKR] OO HOJ W HiREGIGHUY
azokra f&RV V]REDK P pNN P NODW WHREJ I0RW D Vi) ) PL\DMVQWDY pWHO H
VHEHVVpJ& EHUHQ G H [ig-\ WlidgRvhakil ®\W X @\ $DPRIQM D Y p W HOIL, L G P
tJeJ\ PpUpBirtamaalatt 2500 minty pWHOUH N{H UB OPD MRU PLQWDYpWHOL Dl
HUHGPpQ\HNHW DGRWW

$] W YL]VJIODWRNRHDY pHIPBRQNUHPHPQEWHIIB®O WHOMHVHC
NLJRPER O yl@Bsshi L JRIPE RO GREMBAY W iEUD D SR & PWHNY VK idikBsR
W|QNUHPHQHRX\WDWN BMDXR G D FIgH® VD ]DRAMYOKREQUXP  $] [VV]H)
W|QNUHPHQBWMKPt® VKR pW FFV HEmY NOQJMKD Wy D NpW

i E.UTDQ N U H P A\Q B YWAHFONL
a) UpagksenNLJR P E R WEHHROWMAV HQ Nt R PIER G RGRW W

$ YL]JVJIODWRN VRUIQ PHJILJ\HOKH W&gesehR\QWR PERI y 6 RW WO M HA
QDJ\REE W HU W PXWDWQDN PtJ D Q\tURWWDN NLRWEE MW ]
HVHWpPQ QD J\WRERRY W VOKisgh) OLQGNpPW N|WpV NRPELQiFLY MHOHQV
‘W PXQUW YNROD WNR]iVIEDQ

$] WIiEOi]D Wzel + & V LHUKHOUDVGE Pp Q\HLW PXWRXOBD EB[DRiOLV
‘W HpWPB PHJIKLEiIVRGIVL PyGUD IyNXV]iOYD

EOWDOiIQRVVIJEDQ HOPRQGKDWNRRRUQIFLY W PXQNW pi\WU PD[LP
HUHGPpQ\H MREE PLQW NMRPELRQIBELPD[LPIOLY W HUH223
N|WpVNRPELQIFLY HVHWpPQ ]| W WNW RO RN INQ N1 (] D WDU!
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DP600/60827 NRPELQIiFLYyQiO N1 pVIWODNRWIRWW N1 $] W PXQI
HOWpUpVHNHY 3J9XMDWiWODJRVR@P600/5754+ NRPELQiFLY HVHWpPQ
DP600/6082T6 komE L QiFLy HUHGPpPQ\HL NLVHEE H O WMHNLQVSBG\WDRED D N
WgDlg iIWODJRVDQ -7-D@\DJ V]LOiUGViJL WXODMGRE22iJDL MRE
DQ\DJpH URVV]DEE HakBR[LE\\D LR/X@ABWUP XN IBEnH V HW p

4. WIiEODPEV]HUH]HW WK HW H/G P\ DI\ W

6RUV] $Q\DJ NRPE| hW PXQ| OD[LPiOLV 7IONUHPHQHW
[J] [kN]

1 24 24018 7HOMHV NLJRH
2 27 1,5947 7HOMHV NLJRH
3 185 3,052 I\VtUyGiV
4 23 2,164 5pV]OHJHV NLJ
5 22 2,0443 5pV]OHJHV NLJ
6 DP600/5754422 18 2,1254 5pV]OHJHV NLJ
7 20,5 2,2515 5pV]OHJHV NLJ
8 30 2,719 5pV]OHJHV NLJ
9 245 2,2908 7HOMHV NLJRH
10 175 15777 IVtUyGiV
11 10 1,9272 1\tUyGiV
12 185 1,4101 IVtUyGiV
13 19 1,4725 1\tUyGiV
14 185 1,49 5pV]OHJHV NLJ
15 215 2,1166 5pV]OHJHV NLJ
16 19 1,4314 5pV]OHJHV NLJ
17 DP600/6082T6 20 1,8333 I\tUyGiV
18 24 2,5983 5pV]OHJHV NLJ
19 19 1,3878 IVtUyGiV
20 18 1,8774 1\tUyGiV
21 22 2,3439 5pV]OHJHV NLJ
22 20 1,9239 5pV]OHJHV NLJ

.RUIEEL YL]VJIODWDLQN V]JHULQW D] LQWHUPHWDOOLNXV YHJ\.
NpW DOXPtQLXP|WY | PHWQRWM|WWJIHV@N p Vellet DAUBDBHIV HIWWHIND J R V
LQWHUPHWD Q(IMCNXN VWHD I VO HRhiaz 5452+ HVHWPEHQ —P YROW

Mivel az IMC nagyonrideg H]pUW IHOWpPWHOH]WEkER WKRPHKD GhEKONDN DY|H .
QDJ\REE D YBKMONDYVILI®HIHGpN VW ERMIRNVKMWPIX QWD PD[kWiGULV
pUWPEMNWIHVVpPIpEHQ D] HUHGPpPQ\HN V]yUWHB WR-GXQIDKP WiWyuDDd D |
NeO|QE|] PHJKLEiIVRGIiVazt ?'WWiGRN]DANVENINDIDQADOPD]RWW KHJIJHV]WpVL
OHJYpNRQ\UEE YV,D& RSWLPDOL]IOYD H]JHNH®@ D] iBPQDDHNR PVELRL N D
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UpV]EHQ NLJRWPER®Y GRY WagramM initaja be $ GLDJUDP HOVaz V]IDNDV]
alapanyag GHIRUPIFLYIGYE WOOWRY iV |LJ0J8 MEHW PPMWMIG D SRQWKHJIHV]W
HOOHYB® @YD OiWKDWy $] XWROVy V]DNDV] D] DODSDQ\DJ Wi
PHJKLEiVRGIVD XWiQ

IElBLPV]OHIJHVHQ NLJRPHRO yGROWWDRMDPV HU

iIEUVMMBHOMHVHQ NLIRPER®YGRWMW INRWPV HU
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7HOMHV NLJRPEROYGiV HVHWpPQ D GLDJUDP DODNMD KDVRQOYy
PDJDVDEE pUWpPNHW PXWDW PLQW. E]pW 00 WX-DWMNLXINR PER O Gi@ HVI

$ iEUQ\t ytiNXV GLDJUDPMiW PXWDWMD (] D GLDJUDP LV D
NH]G GLN-LJ FADMG D SRQWKHJHV]WHWM |iWK\D WP O$|QXAR BBy
XJ\DQD] PLQW D iEUIiQ $] HU HEEHQ D] HVHWEHQ RHM@|YHN
PDJDV pUWpPNHNFHWDODNMD HEEHQ D] HVHWEHQ MREE PHUW D J
PD[LPiOLV HU pUWpPN HVHWDpPQ

8 JE.UIDtUYyGRWW LN W@VDHUDPMD
gVV]HIRJODOIV

A] HOYpJ]JHWW YL]VJiODWRN pV DNNDH\RMWH NUR GEPO © D K DDADYINS RIHQ
A P&VI]tHW YL]VJIODW HUHGPpPQ\HL |VV]HKDVRQOtWKDWy HUH
HOOHQIOOIV SROQWKHJIJHV]Wp¥H NRRBpQIFI$W BREEDPD[LPiOLV
«W HpWmint a DP600/6087 )HOWKHMHO KRJI\ D] LQWHUPHWDOOLNXV Y
RNR]WD H]W D3DRE&DBI&E8ATQ \WW HWpPEHQ D] ,0& YDVWDJViJD QpJ\V]HU
a DP600/5754+ HVHWPpPEHQ $] ,0& YDV W Didawikusp/VX O DM|GWYWINDL N|]
[VV]HI+JJpVHDNWYL JR@gJOIR O\ D P DAWME B R GWIBG PHIQ\HN YLV]RQ\ODJ QDJ
mutatnak a DP60074-H22 H V H WA BR6@D/60827 HVHWMWQPXI@NJiVD VRNNDO NLV
$ PD[LPiOLV *WpVL HU HUHGPpPQ\HN PLQGNpW HVHWEHQ QDJ\ HO\
$] HUG UEPN VJLJQLILNIiQV N<O|QEVpJHNHW PXWDWQDN D NLJR
PYyGRN N|][WW (JHN D GLDJUDPRW PX\§ NBKOV DYVRVQIRV IORUKHDY GH D
*WHU pV D PHJKLEiIVRGiIV MHOOHJH MHOHQW VEsQa kefre/pUKHW
PHJKLEiIVRGIVL PHFKDQL]PE Y A H@WG NEHBR]JDPRN HOHP]pVpKH]
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Egyetemi docens OLVNROFL (J\HWHP $Q\DJV]HUNH]JHWWDQL pV $Q\LC
OHFKDQLNDL 7HFKQROYJLDL ,QWp]HWL 7DQV]pN
3515 Miskolc, Miskolc(J\ H W H P Y-iMdiF akoskheilinger@unmiskolc.hii

Absztrakt

$] HOOHSRQWIKHJIHV]WpV PpJ PLQGLJ D OHJJ\DNUDEEDQ DONDOPD
DKRO D YpNRQ\OHPH]HNE O iOOy DXWyNDURA \danldd idigyiw OD SR C
PHQQ\LVpJEHQ DONDOPD]RWW QDJ\V]LOIUGVDGYGHRDMORNN HV
KHIJHVIWpPpVWHFKQROYJLD WH UNY M KM Ipp & KD WD @ LMADHAMED

D KHIJHVIWHWW N|WpV V]LOIiUGVIJL W XIODIME RQM LD KW LINROXW MID
MHOOHP] HQ D PDUWHQJLWHMJI\V]PY WYL CAH GBWWH VGW DM LN XV D Q
K KDWiV|]YHIHWEHQ $ K KDWiV|YH]HWL ]JyQiN N<O|REL] DY -] WipQ |
VI|YHWV]HUNH]HWL YiOW R EviékNNHD @ U AVIp ADKUH [ K B gyl W X G Q L
K FLNOXV pUWH KDK DWOYQEH]HWL ]JyQiNDW $ NXWDWIiVDLQN VRU
SRQWKHJHV]WpVNRU OpWUHM|Y KHJHV]WpV,L mFasM@MIIBNDW D K
PLQ VpJ& DFpOOHPH]HN HVHWpPQ N+O|QE|] KHJHV]WpVL SDUDPpW

Kulcsszavak:H O O H@nEK®HiYH YRSV VK FLNOXV K KDWiV|YH]JHW K PpUVpNOF

Abstract

Resistance spot welding is still the most commonly used welding process in the automotive industry,
where overlapgpd joints of thin sheet car bodies are matiethe case of higistrength steels, which

are currently used in large quantities, difficulties may arise in the planning of the welding technology,
because softening can occur in the hati¢écted zone (HAZ), which aeaseghe strength properties

of the welded joint. As a result of the resistameedding thermal cycle, the marteresitypically
softens, so the strength is drastically reduced in the-aéatted zone. The degree of softening is
different in the subzoneof the heataffected zonewhich @an be explained by the different
microdructural changes. In order to understand this, it is necessary to know what kind of heat cycle
affected the differeiAZ sutzones. In our research, we measured the welding thermal cycles created
during resistancespot welding in the subones of the heaiffected zone in the case of 1 mm thick
MS1400 quality steel sheets, using different welding parameter combinations.

Keywords:resistance spot weldinRSW, thermalcycle, heataffected zone, temperature measuring
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$OGHQ 6 $ $ $ OHLOLQJHWHEHV]WpPVL K FLNOXV-R@WEHMIH \HHQM QIR

1. Bevezetés

A] HOOH®RRQWIKHIJHV]WpV 56: D] DXWyLSDUEDQ V]pOHV N|UEHQ
DODSYHW HQ D QDJ\ WHUPHOpPNHQ\VpJpQHN KDWpNRR\ViJiQDN
/JHILQNIEE D] DXWyNDURVV]pULIN i[N VPHIONE NVWWBE gHJH WD O R Q O/KBi}
HONpPV]tWpVpY HCpjak@Q@NJ HVYNIEE HO WpUEH NHU<O D] DXWyN W
aPHOO\HO OHKHW FV|NNHQWHQL D NiURVDQ\DJ NLERFViWiVW pV |
KRJ\ D]NDXMRW V]pULINQiO QDJ\V]LOiUGViJ~ DFpPORNDW DONDOPD]
FVINNHQWHQL pV H]]JHO HJ\*WW WHUPpPpV]JHWHVHQ D W|PHJ LV FV|
NDURVV]pULD HOHPHN LV PHO\HNHW VRN |[MAGHGV:E$H Q DIEL®D IPOXIVID
SpOGiW HJ\ DXWyNDURVV]pULD |VV]HIiOOtWiViQiO DONDOPD]RWW I

i E EgGy Volvo V6ODV V]HPpO\DXWy NDURM3[]pULiMiQDN DQ\DJ

$] iIEUIQ MyO OiWKDWy D QDJ\V]LOiUGViJ~ DFpORN QDJ\PpUWnp!
ultraaQDJ\V]LOIUGViJ~ DFpFORNBW @ HOIOMHWP M KR PDUWHQIEWHY V]|YH
D W|IPHIJFVINNHQWpPV pUGHNpPEHQ 4)\DNUIDIN EEEND]O PDNRIW W \D @ FIEIFE
NULWLNXV UpV]HNHQ DONB @P EVENR\GORGIKN. HRXEKMW a @ritikus
KHO\HNHQ WHUPpV]J]HWHVHQ QHPFVDN D] DODSDQ\DJQDN KDQ!
VILOiUGViJ~QDN NHOO OHQQLH

$] HO OHERQWKHJIHV]WpV HJ\ UHQGNtY+O WHUPHOpPNHQ\ KHJHV]
K FLNOXVQDN N|V]|QKHW D KHJHV]WKWUHVIW RPVD@DEMWNDSHQR®
J\RUV K IHMO GpV N|YHWNH]WpEHQ PHJRO YlIBrGselketgékikaaldP H] N|]|V
D] iUDP NLNDSFVROIVB[K& i@ KXRUIMDQGPHKWODSYHW HQ D D] DOL
DODSDQ\DJRN N|]IWWL pULQWNH]EVE KOO MHEN VR PUW PN pRPAR D W\
[+JJ~J\mint az alapanyag tulad QViJDLWyO D OHPH] YDVWDJVIiJiWyO D K&t
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YDODPLQW D] HOHNWUYGR QO OKE&RQROVHOVHNAWIP M P] K&OpVL VHEH
PHJKDWIiIUR]iViUD PiU W|EE HVHWEHQH®Y PUNIHaBMHPN +HBI) YOBSIiONR]iVR
p U Weat Naptdk[8], [9. $ K&OpV VRUIQUPO - WIUWpPQ K&OpVL LG O
PHJKDWiUR]y KLV]HQ HEEHQ D WDUWRPIQ\EDQ MiWV]yd®QDN OH
[10. (EE O DGyGyP&NPVW LG LVPHUHWH]PE HQY HVOHN JHIBEIK HWoH W O H
WHFKQROyJLDL SDUDPpWHUHN EHIOOtWIiViKR] pV H]J]JHO HJ\-WW
HONpV]tWIpPVpKH] >

$ KHIJHV]WpVL K FLNOXVRN PpUpVpQHN HJ\LN HOWHtdeWHGW PyG
DNiU LGIRYWPILY DGKDW D N<O|QE|PWK KD VKi K| B yiRs iUyt €@riadl
HOHPHNHW PHJIHOHO HQ WXGMXN SRJtFLRQIiOQL 1DJ\V]LOIUGV]L
]JYQIiNN«O|Q|V ILIJI\HOPHW LIJpQ\HOQHN KLVIHQH® N]WQ@V ]WQXNDI
WXODMGRQVIJDLWYO 1JJ $ K KDWiV|YHIHWHQ EHOW CHAAHIN*O|QE"
= uppercritical heataffected zone L QW H U N U L WaHRAZX ¥ intéf-eritidaVhidatéffected zong
pV V]XENULWLICKAZ EYsdijddit'éal heataffected zone (JHNEHQ D] K KDWiV]YF
]JYQINEDQ N*O|QE|] KHJHV]WpVL K FLNOXV KDW DPL MHOHQW VH
(OOHESAQWKHIHV]IWpV HVHWpPQ D K KDWiV|YH]HPW VHOQGENt\Wp D& NLI
hegeszpWHFKQROyYJLIWYyO 1¢JJ HQ tJ\ D N<O|QE]|] ]JyQiNEDQ YDOy
SRJtFLRQIOiIV V]*NVHIHH\E QPMHHK@DWHHPWHNWN LV DGYGKDWQDN D PpUpV V
NHOWHWWH HOHNWURPIJQHVHYV WpU [DYDRVKPNRJBEDIV P HHQY SURE
PHJROGiIVIUD PHJIHOHO HQ iUQ\pNROW WHUPRHOHPHN LOOHWY
javasolt []. (PHOOHWW QDJ\ K PpUVpNOHWUH KHY+«O IHO Dt@DUDE D
okozhat V]ILQWpQ URWGPPp@HMAV BUR EEmpetWpJ D WHUPRHOHPHN SI
HOKHO\H]pVH LV D] HOHNWUyYG N|]JHOVpJH PLDWW (JHQ QHKp]V
VIDNLURGDORPBRQ WIOHDIHYIIOWIWVL K FLNOXV PpUpVL HUHGPpPpQ\HNE
HUHGPpQ\BIGEMINPWUNYTTHWHVHQ D] DGRWW K FLNOXVW

$ NXWDWiV FyyG MDP pURJALHHO UH Q G HDp @ HDKOH\WVD O® B JIS/RQDVIR VD EED C
D] HOOKBRI@MWKHIHV]WpVL K FLNOXVRNDW D K KDWHMWYWH]H W PNOQ
KHJHV]WpV DONDOPD]iViYDO

2. Alapanyag és mérési korulmények

$ PpUpVKH] PP YDVWDJ D] 66%$% iOWDO ,JadaNzRes Wira RFRO 0
QDJ\V]LOiUGViJ~ DFpOGHPMNSRERVDIQ i OMIXQ NV V]HWpWHOPW pV PHI
D] pV D OoKIBPNIWIH $ WIiEOI]DWRNEDQ V]IJHUHSO pUWpPNHNHMW
DODSMiQ N|]|OMe«N

WIiECH] DV DSDQ\DJ Y HW ||[RIYJHW p W HC

-HO|Op C Si Mn P S Cr Ni
MS1400 0,22 | 046 | 246 | 0,016 | 0,003 | 0,03 | 0,12

2 WIEM]IDWWDSDQ\DJ PHFKDQLNDL WX

HO|{ )RO\IVKRMWIi| 6]DNtWyVpLRi{ S]iIDOpNBNDG .HPpQ\V
[MPa] [MPa] Q\~ OAY HV10

[%]
MS1400 1391 1496 45 470
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$ K FLWPPNMWYVKH] VSHFLIiOLY NLDODNtWiV~ pV PpUHW& OHPH]HNF
PP | PP YROW PtJ D IHOV ©OHPR]WRNNYWO/RRIDIBENBZEK

PpPUHWHLQHN PHJYIODV]IWIiViQiO ILJ\HOHP EH baddrO@ijantafediHQQ L K
az anyaghanpVWb K KDWIiWLYGEHEY WROMHY W HNIM WXIEMARCE DD DNXOQL
NtVPUOHWHLQN V]JHULQW D PP V]pOHV pV t ARg{KDIhir- OHPH] |
HY OHPH]QHN D V]pOpQDKRHYH Y] WHARONRHN WPBIRQWRVDQ LOOHV]IWH
OHKHIJHV]WHWW OHPH] KRPORNIHO*OHWPpPEH HJ\ Pamely a PP PpU
K HOHPHN HOKHO\H]pVpUH V]JROJIOW $ SUYEDGDUDERW pV D K H(

i EBW™SUYEDGDUDE pV D K HOHPHN HOUHQGH]pVH

$ SUYEPWHBWWUYH]pRE\D/RUIBRPHWULD NLDODNtWiViUD W|UHN
OHJLQNIEE XDGYOtWKHIHV]WpVL N|U-OPpQ\HNKH] H]pUW KDV]QiO\
EHPHWV]pVUHHD KHOOHPHN PLDWW YROW V]eNVpJ +D D] LOOHV]V
DNNRU D K HOYRQiV PpUWpPNH WWR¥IEXHR| WiV KRBHO\PO DN X®|
DQ\DJNLQ\RPYGiV YDODPLQW IU|[FFVHQpPV LV MHOHQVONHIK BWHW
iEUD
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iEWBDNLIU[FFVHQpPV pV D N L&baRdRiaGhi[¥4]HO/Y D | FENDINEB®\O HJ H V
KHIJHVIWpVNRRQMRER iROKGDJtWpV& NpS

OLYHO HOSRIMWEGIMV]WpVNRU D OHJQDJ\REE K DKNHWHPHMH] N|
HOKHO\H]pVpW PLQGHQNpPSSHQ D] DODSDQ\DJEDQ NHOOHWW F
V]iPRWWHY HQ HOWpUKHW D] DODSDQ\DJEDQ OpY W O (EE O DG\
KHO\H]WeN HO D K HOHPHW 0L YN DY KEUH\LYWIpW W@ URQY GX 8 P ] p\
Ui NHOOHWW KHJHV]WI$QK HO KM P HIHOH PHFOWJWHVpKH] HJI\ NLIHMH
KDV]QiOKDWY NRQGHQ]IWRUNLV*WpVHYV HOOHQiOOKHIMIY WPV p &H
QHKH]JtWHWWH KRJ\ D . WtSXV~ K HOHP PLQGNpPW YHJHWpNpW HJ
PpUpVL HUHGPpPQ\HN HOpUpVpKH] $ K HOHP KEDNEV]W WE KBIE B G
PXWDW D iEUD

iEWDK HOHPHN pdUHD KDWY Q YO WhaEdiddlH QNG B¢ pivegesztett dargmbb
oldalL NpS
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Az HOOHQRIONKHJIHV]WHWW N|WpVHN K KDWiV|YH]HW3HMAHJIJOHKH V
V]pOHVDHPIJRGRWW SDUDPpWH UHDRP HDQHBL yEWyAD Ol KNEDWIE |[Y HJHW L
]yQiN KHO\H]JNHGQHN HO $ K KDWiV|YH]JHWEHQ OHMiWV]yGy IRO\
HI\HV ]y MiNOOK FILN O X% RNRIW i V| Y H] H Mégléndsd W W ineldDnuggex
DONRWMD D N|WpVW DPL KHJBW VPRV \Nd NEHQVPIH IR © YHORE HIQ\D SR G
QHP PHJRGGEKDWEWD PDXVKDRADM\O V]YHBWDR K HJ O H QFMHH OIDGI\QMD O i V
SRQWKHJHV]WHWW N|WpV PDNURFVLV]RODWL NpSpQ

iEWD) HOOHSRQWIKHIHVIWHWW KDWPHV| YHHOH SHUWp\OHN 8&+$= &
6&+$= D KHJOHQFVH :1 pV D] DODSDQ\DJ %0

$ K PPUVPNOHWPpPUpPVW PHJHO ] H@©HB PN UIR]Y BNG/SWWAH J VKD ipWY| M E
]JyQiN SRQWRV KHO\pW D KHJOHQFVpPKH] NpSHVWWO BV HY] PSR
OLYHO D] HORMWKMHIHN]WHWW N[WpV D NHUHV]WPHWV]HW PHQW
K FLNOXVW IHOWpWHOH]W6Qa D pad. WHtK VN H W ORDmRIBIE Bogy az
DGRWW K KDWiV|YH]HWIO ]N & NOPIMWM VHEKH G\H]QL D K HOHPHNHW

iEWBDK HOHPHN KHO\H D V]XSHUNUCHAZLNXV K KDWiV|YH]I
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iEWBDK HOHPHN KHO\H D] LQWHU(NNCHAZY LNXV K KDWiV|YH

iEWBDK HOHPHN KHO\H D V]XENUSGMAZY XV K KDWIiV|YH]HW

$ K PpUVpPpNOHWBYUDQNMOWE XV~ K HOHPHN HJI‘DV% M HGIHEOHIROJR
rendszerhez csatlakoztak. A SpideasfendszerHJ\ V]iPtWyJpSSHO NRPPXQLNIiOW pV
OpY V]JRIWYHU VHJtWVpJpYHQOGW |JWH®ONV | B ORGPIDH YN B0V pV QD J
J\RUV H]pUW YLV]RQ\ODJ QDJ\ PLQWDYpWHOL IUHNYHQFLiIW
HVHWEHQ LV ]DYDUWD D KHJHV]W

iUDP HOHKMN® U R|RIE QN VKHVY tWHL
VIDNDV]iQDNa i¥ VAt WYY & RAWtWiV HJ\WW]HU& PR]JyiWOBrle WHFKQL
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OHJLQINIEBIJHV]WpVKH] OHJINJ]H B pIEEp 8 VY RUPW | N WY PIXWDW SpOG |
K FLNOXV PpUpV XWiQL SUYEDWHVWHNUH

9 IEWRPUpPV XWiQL SUYEDWHVWHN NBYWN+ONR PG L & HLH VHWIH WLp «

3. Hegesztési korilmények

$ KHIHV]WpVKH] 7(&1$ WtSXV~ YiOWYiUDP~ HOOHM@S&OiVKHJIH
YH]pUO HJI\VPVRQOIDE~S ,NL PO DNWRW WD NME HWHPWW HOHNWUYGRN
CuCrzrvolt. A K FLNOXV PpUpV FpOMD QHPFVDN HJ\ DGRWW KHJHV]W

KPpUVpPINOHGLDJUDPRN Plitddta \N+ORQIEFD SDUDPpWHUHN KDWiViQD
YROW (EE O ND®®YyQB|] KHJHV]WpVL SDUDPpWHUNRPERQIFLY
PLQGNHWW YHO NLJRPEROYGRWW N|WpVW OHKHWHWW OpWUHKR]

WIiEO#]PWLNOXV PpUpVHNKH] KDV]QiOW KHJHV]Wp

AtHFKQROYJ +HJHV]Y +HJHV] Impulzusok | 6]*QHW +HJHV]
PHJQHYH]p| iUDPHU LG V]iPD [ms] HU
[kA] [ms] [kN]
/iJ\ PXQNDU 85 320 1 - 5
LPSXO]XVRV 6,4 120 2 300 3

Ahogyaz D WIiEOi]DWEDQ OiW K DaWyi D] FXIQ DD WRRWEIQ ROY 1V ]RQ\ODJ K
LGHM& KHJHV]WpV W|UWpQW PtJ D PiVLN WHFKQROYJLD HVHW,
SDUDPpWHUHNNHO PiU HO JHAPHONDN NV P B IWHRV NiQWp X EN pV D]
SXEOLNiB\@XMN]LMOY pJ]HRANVD YLD 8 Mii@DWHOHQW V V]|[YHWV]HUNH]HYV
NpW N+O|QE|] SDUDPpWHUNRPELQIFLYQiO tJ\ D PpUp¥étVRUIQ M

V]iPtWDQL
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4. Mérési eredmények

$] HOV PpUpVVRUR]DWRW D OiJ\ PXQNDU H®GHOH hesszptbp VW H F K
KHIJHV]WpVW K iFLBWORN D] HO JHWHV PDNURV]NYSRV YL]VJiIiODWRN
KHJOHQFVH PpUHWH LV QDJ\REE HEEHQ D] HVHWEHQ PLQW D
KHJOHQFVH iWPpU |LJNIO@HIREW YW H@/DYQHODNPpUpVL KHO\HNHW
PpUPVW YpJH]W+@AN &H$8&p$=D] 6&+$= JYQINEDQ LV D PpUpVL HUHC
IRJODOMD |VV]H

iIEUVMHJHV]WpVL K FLNOXVRN OiJ\ PXQNDUHQ\W. HYGIWEQ @ N+O|

$] iIEUIQ MyO OiWKDWy KRJ\ D OHJQDJ\REE FV~FVK PpUVpNOH\
HWW O NLVHEE DGYGRWW D] ,&+$= ]JyQiEDQ f& D fEBMINLVHEE
K&OpVL VHEHVVpJHN PHJOHKHW VH@ QD-BRNW [SpPOEILOKROpV flEG
PIVRGSHUFUH DGYGRWW DIf 8&P$E HVHEWPHYHWPQ HI\ NLFVLW NLVE
LG PIVRGSHIDRI\REE D K&OpVL VOEEGKPURP J|PEPQPO MyO Oi
a 200 + f&s tatRPiQ\WyO NH]GYH D K&OpVL VHE&w DEE Q) G GLLNNX \
KRJ\ HEEHQ D] LG SLOODQDWEDQ Q\tOQDN V]pW R SCBAZNW Uy G R N
]JYQIEDQ IHOYHWW J|UEH ODVV~ KHYtWpVL VHEHVVpJH D]]DO PDJ\
N|JHOL V]pOpQ W|UWpQW DKRO D QDJ\REE K HOYRQiV PLDWW OD'
N[JHOL UpV]HNHQ

$ PIVRGLN PpUg WL VIFPSKIOMW VRV WHFKQR DR HO QQ P OV NAQWEDOVH O
az UCHAZ,az ,&+$= pV D] 6&+$= JyQiNEDQ PHJIPpU QHa. B hédleheb¥ ]WpVL K
HEEHQ D] HVHWEHQ NLVHEEUH DGYyGRWW tJ\ HKKH] NHOOHW
K KDWHHW PpUHWH LV MyYDO NLVHEE YROW PLQW D] HO ] WHF
iEUD PXWDWMD D PpUpVL HUHGPpPQ\HNHW
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iIEUHHIJHV]WpVL K FLNOXVRN LPSXO]XVRV KHIJHV]WpV HVHWpPQ

OLQGHJ\LN K EVNO)XQVRQWWDWY D iUDPLPSXO]XV KDWiVD D] H(
K PPUVpNOHWUH KHY-OW IHO D] DQ\DJ PLQW D PiVRGLN HVHWEH
HVHWpPQ D] iWPHQHWL HOOHQIOOiIV MyYDO QDJKREEWRHESGMN D PiVR
D PiVRGLN LPSXO]XVQiO D QDJ\REE DODSDQ\DJ K PpUVpPNOHW R
QHP pUL HO D] HOV LPSXO]XVQiO DGy&)l S&HISEWHNWH PAPIQ HO O H DQDC
PpUW K PpUVpPNOHW f& YRI®W Df|& &*G¥EGIR WMNORY @] 6&+$= HVI
FV~FVK PpUVpNOHWINWER PPN WREXO]XV FV~FVK PpUVpPNOHWH D] 8&-
,&+%$= ]JyQIiEDQ f& PtJ D] 6&+$= |YQIED[®YO f&UDRWMWWPQ K&Oy
FVDN D] 8&+$= ARBWDPWYW]i V DODWW K&OW O H-UtD\DIG KERWWL V F
OiWKDWy KRJ\ D PIVRGLN LPSXO]XV HVHWpPQ D] 8&+$= JyQiEDQ M)
HOV LPSXO]XV FV~FVK PpUVpNOHWH PtJ D W|EEL AlyRIiEDQ H]
PHJILJI\HOKHW KRJ\ D PiVRGLN LPSXO]XVRN FV~FVK PpUVpPNOHW
K KDWiV|[YHJHWL ]JyQiNEDQ gVV]HVVpPJpEHQ D KHJHV]WpVL K FL
KHIJHV]WpVQpO PLQW D OiJ\ PXQNDUHQG&QpO

5. Osszefoglalas

Az HOY p N KW BVW ypPvX Q IQHRLDHNG P (DAD\BIS Mij@ H W RHJ i O O D SiogainzuD W
meg.

x A NLGROJR]JRWW KHJHV]WpVL K FLNOXV PpUpVL PyGV]HUUHO
NLDOUNONYW.NHUHVHQ PHJ OHKHWHW WD P LKQ W DV KHH W V8 B\
,&+$= pV 6&+$= JyQiLEDQ OiJ\ PXQNDUHQG& pV LPSXO]XVRV
K FLNOXV JJUEpN MHOOHJH D] HOPpOHWL PHJIRQWROiVRNC
N|]|[WWL NeO|QEVpJHN ORJLNXVDN
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x $ OiJ\ PXQNDUHQGI& HWMPB VDNV B&+$= FV~FVK PpUVpNOHWH
FV~FVK PpUVpNOHWH f& PtJ D] 6&+$= UMV LF&KGRMIW p Ni
NeO|QE|] K KDWiV|YH]JHWL ]JyQiN K FLNOXVDLQDN K&OpVL VF
K PPUVPNOHWUH KHY+0OWOWpNH N tJ\FOJ VDEEBPWYRQ\DEE FV~FV
lassabban.$ K&OpVL VHEHVVpJ GUDV]WLNXV DR VOKFRINNHRWH I
WDUWRPIQ\EDQ DPL D] HOHNWUYG HOWiYRORGIiVif@N WXO
K PPUVPpNOHWWDUWRPIQ\ED @& VKERO WL DJHERHEEPHVHWPQ Pt.
HVHWDpPQ f& V

x $ LPSXO]XVRV KHJHV]WpVQpO D] HOV LPSXO]XV FV~FVK P
volt, mint D PiVRGLN L&S8ROJXYXWDO KRJ\ D] HOV LPSXO]XVQiO
HOOHQOWDI® NHOWHWW K QDJ\REE PLQW D PiVRGLN LPSX

NHOHWNH] K $] HORV+iPBK CPUNEOSBIWHNF& ,&+$= f&
6&+$= K& |[WWL NeO|QEVpPJHN L\PIQ@W\REREIN R GHRAOMAPEX-0] X V
(UC+$= f& ,&+$= f& 6&+%$= FEHRO -UDEW|UWpPQ K&Of

FVDN D] 8&+$= HVHWp QDY ROWOWE REO KDWY K&OpVL VHEHVVp.
f& WD DGYGRWW
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Egyetemi docens, Miskolci Egyetem, Anyagszerkezgitahi$Q\DJWHFKQROyJLDL ,QWp
Mechanikai7HF K QR OQWIpDHWL 7DQV]pN
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Absztrakt

9LOODPRV WiYYH]HWpN KX]DORN OHJIRQWRYVDEEm&haakaiMGRQ Vil
sJLOIUGViJ $(EUBNNEHQWY|JHWE O NpV]+OW KLGHJHQ K~]JRWW KX]I
VWDELOL]iOy K NH]HDIH\Dp QHDNY tBY | Vi BFKPEENE @ Y Off ViiliiaGuk We. A

MHOHQOHJ DO NGKPDYRWW N HISMW IVE OO NHPHOpVW O EL]JRQ\RV V]I
VIHULQW DONDOPDVDEE K NH]HOpVL SDUDPpWHUHN PHJKDWIiUR]Ji'

Kulcsszavak:D O X Pt QALYK|AMA MW Y H ] H WIS NN K KMYPIVE L O L 11 O ¥ LKO D HD]RHROM MO O H Qi C
VIDNtWyV]LOiUGViJ

Abstract

The most important properties of electric transmission wires are electrical resistance and tensile
strength. In this article, a review of the stabilizing heat treatme®NAW 6101 alloy cold drawn

wire and stranded wire to improve the technology is presented. The aim is to determine more suitable
KHDW WUHDWPHQW SDUDPHWHUVY WKDQ WKH FXUUHQW DJHLQJ Kl

Keywords: aluminum alloy,transmssion wire, heat treatment, stabilizing heat treatmetectric
resistance, tensile strength.

1. Bevezetés

AOXPtQLXP IHOV YHJHWpNHN J\iUWiVD VRUIQ |W Ye| QWM & HKX pD/O RANY
ezZHNE O NpV]+O D ahighyV P i VRGNDOWPRIKDWYOWVpJI& YLOODARRY YH]H\
IWY|JHWOHQ DOXPtQLXP IHOKDV]QiOiVD HVHWpPQ HO Q\NpQW MHO
HOOHQIOOiIV XJ\DQDNNRU KiWUiQ)\WPWIDOHQWWY DO DR W M LD
YHIHWpPN VP NP\Hpld HADHHKCH BIBUY V p K H ] W $ K\ WEIMUY VH pV D NHUHV]W
FVINNHQWpPVH pUGHNpPEHQ QDJ\REEDWNDNMDVYIDO i YRBY QD BEOY]
DOXPtQLXP V]JLOiUGViJiW KiURPIpPOHNpPSSHQ OHKHW Q|YHOQL |W
(EE O D] HOV NHWW D YLOODPRV HOOH Q ifons\sz&pohtNbb@aVpW LV
V]LOiUGVill@iWiHOp@H HPHONHGMHQ PHJ MHOHQW VHQ D IDMODJR
D YHJHWpPN Q|YHNY HOODHGH QO PEIRIDMWIWQL D VRGUDW NHUHV]
YHV]WHVpJHN FV|NNHGWRM VARrOMIBYOIQ|YHO K OIMIi|Hi®EYO P PQW
DONDOPD]KDWYy WHFKQROYJLD
9LOODPRYV YHJHWpPpNHN DQ\DJDNpQW W H&RWO \RX\ID QV lVOD| HGVR QW |
EHIRO\iIVROKD Wy N]HKNNBIDHDGBWIQ YL O ODP RV HGHY Birfjag W 8108\ i UWi ViU
MHPBJIQp]pXPVOtFLXP |WY|]pV& YD|PHKW t LXHPO\ NLW&Q V]LOiUGViJD
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Kuzsella L. $OXPtQWXPJHWE O KLGHJHQ K~]RWW YLOODPRY WiYYH]HWp

YLOODPRV WXODrdh@GReiK i pPRNKNDIGI ]HOpVVHO PLYQPNOHV W RO DUWRAR Q)
PYGRVtWN KWy

2. + NHJHOpV

+ NHJHOpVQHN QHYH]]*N DJRNOWNDVROMI LDVRRPUWVpPpNOHW WXGD\
IpPHN pV [WY|JHWHN V]|YHWV]HUNH]HW pY\D Y\i G\ RVEXED M G IR @i J FDN
EHIRO\IVROiVD FpOMIEYyO (QQHN VRUIQ D NpPLDL |[VVIHWpPWHO p\
OHFIWYD D K WiJX0iV RNR]WD HVHWO® WY Kp NE MW PPIGIDWW EHN
UHYIR G pUMHYMWOHJIHY [HO «OHRWLP RVGY.|Q INRIpN PY. W ] HIR S BN\ N pK
UpV]UH R\apWdyiR dgathéma nemegyQ V ~ O\ LV HQADH | FHYHD gV WRUiIiQ D] HJI\HQ
iOODSRW IH@p SWDGWKO ,\HHV]-®WVWIFV|SNHQ®W O NKNJWO/p\WV D
KRPRJHQL]iOiV $,MFLNRIUVAMOPRWWDQ D QHPHJ\HQV~O\L iOODSR
W HFKQRPOHWMDMOyY V.t WOVIDQIRK) NHJHOpVL PyGV]HU D QHPHVtWpV D
K PPUVPNOHWHQ OpWUHK RIIRINV WL KW PR HE ARHKRIMBY ]WM XN~ pV
VIREDK PpUhemegdedWH@\L V]LOiUG B@EDWRW NDSXQN >

21. AzaOXPtQLXP VWDELOL]iOy K NH]HOpVH

$] DODNtWKDWW D|QHKWHN. XPNH]HOpVL WHFKQROYJLIiMD D VWDELO
PyGV]JHUW D KLGHJDODNtWiVW N|YHW HQ YpJJLN HO EHIHMH] WH
D OiJ\tWy KQNELWIOBE K PpW MpWPIBMMNOQH QQHN VRUIQ QHP FpO D] ~N
PHJLQGXOiVBnD\O DN¢WRWW VIHUNH]HW WHOMHY HOW&QWHWpVH

$ VWDELOL]iOy K NH]JHOpV VRO ]I IMHEEGHR PHQVpNPEWHQ W |UW
KHYtWpV YDJ\LV D PHOHO M@V YLDG/ W D MY IVP YOS DK X BHADR KDWY RIJHL G O |
PYyGRQ GREUDegfépKpOHJHOLN H]pUW D NHMY WWEVILM ®HKEW  $ K
LG LQ@W®IXIYD D K PpUVpN-OHYWW © || WWHQIiOWR]LN D] HOpUQL NtYi
meglHOH® HQQWDUWIiVW N|YHW HQ D K&WpV YLV]RQ\ODJ ODVVDQ
W|UWpQLN $ VWDELOL]iOy K NH]JHOpV FpOMD QHP D PLNURV
PHJYIOWR]JWDWiVD KLV]HQ D] DODNtWRWW i@ ] QUGN W HF\N © WDIR
VIHUNH]JHW QHP KRUGR]Qi D KLGHJDQI|IYMNH & PRRD i B OW]H WY\ B |
IRO\DPDWQDN PLQGHQ HO Q\|V ‘X ®DM\bG R-Q@NsOIHGW D %k RilEJH O p V
V]HP O [BDL.H W L
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Kuzsella L. $OXPtQWXPJHWE O KLGHJHQ K~]RWW YLOODPRY WiYYH]HWp

1 iBUW VWDELOL]iOy K NHLIGO B\ K IRMPROMSHWWHN HVHWpQ

$ VWDELOL]iOy K NH]JHOpV FpOMD D PDUDGY IHV]*OWVpJHN FV|N
~MUDUHQGH] GpVH VRUIQ YpJEHPHQ UpPV]OHJHV PHJI~MXOiV (C
FVINNHQ D V]DNDGiVL Q\~0iV SHGLJ K PYHNYNOIH\WIW HQpY KGQWD
YLOODPRY HOOHQIiOOiIV D K NHJHOpV VRUIQ aWiR\WNKILE i ND F/HIi®\ QBON;
FVINNHQpVH QDJ\REE WpUIRJDWKiQ\DGEDQ KR] OpWUH KLEDPH
iUDPOIiIVIW QHP DNDHUWWNEH®®LOW D UiFVKLEINNDO W&]GHOW \
HJ\ DODNtWRWW b8WiYD]JHWEHEL]|RpW IDMWiYDO YDQQDN MHOHC
IRUPiMaPBIQ\HN V]iPD D KLGHJDODNtWiV PpUWpPNpPYHO Q|YHNV]LN
OpLQWHUVWLFLYVDQ YPQGRWEWWHIWHF IAVRPRN IRUPIMIiEDQ

$ K NH]JHOpV KDWiViUD YpJEHPHQ WHOMHV YDJ\ UpV]OHJIHV P
FVINNHQ RO\DQ PYyGRQ KRJ\ D] HOOHQW pW BV W]OIRN+FE XN JAHRJ Vi W)
VRUIQ HJ\PiVVDO V]HPEH NHU*OQHN pV HJ\PiVW NLROWMiN (PHO
HPHOW K PpUVPNOHWHQ DKRO OHKHW Vp,JNQ Vti®LWRN MWW JKR FEDGIL
aPHO\HN V]LQWpQ FWWNRQWN NiUzH FHmMHQDHOei szt |WY|[JHWOHQ
W p U | R J Dkiletkervighd N

$ VWDELOL]iOy K NH]JHOpV D] |WY|]| WakiteYrinQed BsetRextkalriazoftH ]H W p N H
K NHIHOpVL PWENFHK@QR®YyIL\B KRJ\' D KLGE®JPEDWIHIYHWWRUHO G
PHFKDQLNDL WXODMGR®I}¥sSR NIQWRWEBQB NWHQDJI\ VILOIUGViJ~
K NHJHOpVW N|YHW HQ LV (PHOOHWW YLV]RQW D PLNURV]JHUNH
YLOODPRYV HOOHQIiOOi\H®pWDWHION PHGLY BWHOGNY s Fillth®dsQ\ |V W X ¢
Y H]H WHWHIW p Q

2.2. A vizsgélt aluminiumotvozet

$ YL]VJIOW DOXPtENXPFIOYMHWEDPDJIQpP]LXP pV VIQ@SFIHXDB & VOH|Y P\
AIMgSi WY }JHW
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Kuzsella L. $OXPtQWXPJHWE O KLGHJHQ K~]RWW YLOODPRY WiYYH]HWp

Az ebben D FVRSRUW E P/QY Wy DIOW® KQ MBYPRINY WXODMGRQViIJDL N|]p WI
YLV]JRQ\ODJ My V]LOiIUGViJ PHOOHWW LV PHJW D U WNIilD Mi® XNt W\K L
NLFVL 1HMHVtWKWWOiIiUGViJXN MyYDO PHJKDODGMD D V]LOiUGHF
kRUUy]LYYDO V]HPEHQ HOOHQiOOyDN HOR[IOKDWYDN -yO KH
DONDOPD]]iN D MiUP&LSDUEDQ NDURMWD®DPRN OBWNINVQMW N {O B © [
JViUWiViUD $] $00J6L |[WY|JHWHN D OHJQDV\RHE KIDNIPQREMPX E H Q
WY |]HNWHNWD USRVOD|NHW NpPLDW|FMJINNpYEHNEPDEO i ]DW WDUWDO
[8].

W i E QAZ]ENMAW 610IM H O & [N LIDW |V P\WH BV H O H

Si

Fe

Cu

Mn

Mg

Cr

Zn

(J\pE

0,3-0,6

0,1-0,3

max.0,05

max. 0,05

0,35-0,6

+

max. 0,1

max. 0,1

3. Kisérleti terv

$ YL]VJIODWVRUR]DWRW HJ\ NRQNUpWLQSDBRVSYREOWPDOHK t KX
DONDOPD]RWW |WY|]HW VWD-RLDOL]iYYI VK NIQMPDPWIWSPRIPEDQ HOy
J\DNUDQ IHOPHU+«O KRJ\ QHP PHHGO O g OONUINGNEREANDNI & OHV] [
huzal.
$ J\iUWiIVHOOHQ U]pV VRUI@obduc{drs for ovevheide4ines/ | DEY i J9Q D N

megfeleO HQ ]DMOLNelbn B g¥ VEIDEYiQ\ PLQ VpJL RV]WVONRNED VRU
intervallumokban adjgPHJ D PHJIHOHO VpJL PpU V]iPRNDW $ OHJJ\DNUDE
RViwaz®l HVHWpPQ D PHJIHOHO VpJL V]JiPRNDW D WIiEOiI]DW WDU!

2 WiEQ\g OIwW V]iP~ VIDEMI@YEMQPLQ VpJELBW RPL QY iV raJRW[ WHON

OLQ VP 1pYOHJIHYV,
RVIWi [mm]

PPRW
1,50

6]DNtWyV]L
[N/mm?]

6]i]DOpPNRYV V
Q\~0iV > {(

YDMODJRV H
[P APBm]

mme-ig
5,00

AL 3 * 295 *3,5 " 32,53

Az ipari gyakorlatazt mutatta, hogyD MHOHQOHJ DONDOPD]RWW K &AH]JHOpVL
IDMODJRV Ha @ imegeddedatt byt maradt, vagydsy R E O p P DneGfel€. NEtiéhben a
VIDNtWyV]LOVUJIGIVOI NR\D QB DGO pJ J\DNODI PRHHMN tpriE2 Azt pUW pNH'
a gondolatot veti fel, hogy egkisebb K NHIHOWV@lis EROQWRBRWDQL OHKHWQH D
vilamos HOOHQiOOiV pUWpPNHW PLN|]JEHQ D KLGHJDODNIWIM WRWE®!
MREEDQ PHJPDUDGQIQDN

A kisebb K NHJHOWVpJL iOODSRW NpW Ilkisetd KNP 8 M QN PUHKHIWV K N ®l ] HYC
YDJ\ SHGLJ U|YLGHEE LGHLJ W|UWpQ K QWDUWIiIVVDO OLYHO
LG V]*NVpJOHWHpQNIHEEPMDWWIVL LG Whi,YDOKY R pDJW @Er@SKW HRAD J \
NLVPpUWPNEHQ FVhENWNNWG@IWEEF K HNHHHROMW pJL iOODSRW

A] HO Ifigy&lembeY pWHOpPYHO HJ\ RO\DQ NtV paPOIDOWXHHNU V R Wi @ @N RHWE
DONDOPD]RWW f& KabCsoryabtd HJFR QL¥ELMN NHIHA@pR/'\WDUWIiV
LG WDUWDPiW HOOHQEHQ PHJQ|YHOYH IHMH]WpN EUYHDDKVOQWDIEU!
PpUWPpPNDPWXODMG RQV KBDMPD@OItW V]IH D K NH]HQUIDp&jelédleg [ &
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Kuzsella L. $OXPtQWXPJHWE O KLGHJHQ K~]RWW YLOODPRY WiYYH]HWp

DONDOPD]RWW SDUD P p WIHINLNDNDHDON X O WF &W XgO/IVIMHG\RHY | RHNKN YO K D\
K NHIHOpVL SDUDPpWHUNRPELQIFLYW YL]VJIOWXQN

$ YLIVIJIODWRNDW PP iWPpU M& pV [JWPNKRKRJU\~D]|JHIK X DWRQU
IDMODJRVY HOOHQiIOOiVPpUpVW pV D PP MHOWIiIYROVIJRQ YpJ
kivitelezni.

$ K NHIHOpVHNHW %, 1Y b QOiLMRADQEIBON6E0 mres munkaH Uskora
WyULXPL bedHPHHI@ERNY $ IDMODJRYV YLOODPRY HOOHQIOOiIVW 5HVLVV
PpUWPNpPpV]*OpN D KX]DOWHI\NYM UIMPIWSR HI\WHItWVpIpYHO U|J]tW
WHV]LN KRJ\ D NpW pULQWNH] NJ|J]IWWL KX]DOUgjVAULRGWMNRIY INQ
Up]E O NpV]*OWHN D PHJIHOHO YH]HW NpSHVVpJ PLDWW pV UXJy
HOHNWURPRY NRQWDNWXV]NNDWPWNLEWIMDDAVERNDEYW Q167521 Wt

DQ\DJYL]VJiOy EHUHQGH]pXNXIDO® opEHOMNM D pRajadbs villamos
HOOHPRPOEREAPY D V]D Nt WkyaGlFUXZOW WIRL VN R O F N FlUH O MISKRID \ p Q

4. Eredmények értékelése

OLQGHQ K NHJIIOOWRYD WM MWHIVPEKID PRV YL]VJIODWRW YpJH]WeQN
PHFKDQLNDL WXODMGRQViJRN PHJKDWIiUR]iViUD

$ YL]VJIODWRN VRUiIQ YpJ]JHWW V]DNtWyYL]VJIODWRN ZWDWLV]\
iEUD Wt] SIUKX]DPRV PpUpV iWODJHUptigam@anB Y PyQ i\EN|i]RNONYDED R V] C

2 {EWDN-O|QE|] K NH]JHOpVL K PpUVpNOHWHN pV LG N VRUiIiQ PH
iWODJDL D V]yUiVPH] NNHO
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Kuzsella L. $OXPtQWXPJHWE O KLGHJHQ K~]RWW YLOODPRY WiYYH]HWp

$ VIDNtWyYL]VAIODWtWRV]JRO i UaGWV]iJ DPOHPNGINGD @&/i VAL U WRIN MO W
PHIKDWd UR]D PpU V]iP D] DODNYiOWRgPWHODEX®W DO D @ HIEJIQDIOUPNt W K |
pV U-INPISDpNHQ\ ND U DONMKHHWAL \W]|VWY HBMHNDHIIDAMOHRMQHLV HWPEHQ D NpSOpN
PyG NHGYH] EE HVY]DDOE@MNBREEBEGiVL Q\~0iV HANBWIELOQWERO IHQQ
NeO|QIpOH K PpUVpPNOHWHQ pV LGiIiWDODWDWRPIEGRK GIiIN]H QW~ PilVQ V
oszlopaj D V]y UiV P HJNNHD

3 IEWDN+O|QENHJKHOpPVL K PpUVPNOHWHN p VYWLGEDSIRWRQp § RAH J K D W
VIDNDGiVL Q\~0iV iWODJRN D V]yUiVPH] NNHO

$PHQQ\LEHQ FVDN D PHFKDQLNDL W X QaRKietGIR [ Vi R @ IV\K HYWH@EIQONN
OHJNHG Y H WEELHN Rig Q\IHWWpHWpPEHQ D yUYDJI\KW K] NB@h@HW OH Q
ILJZHOKHW N PHJ KLV]HQ D] pUWPBRHBW VLWWMBOEBWKOHW VD KR D
PHJIHOHIO M) HDO p \AQLL WBHIEKV XODMGRQViJRNDW URQWMD D KRVV]EL
nagyolh K PpUVPNOHWHQ HO YD YHYWWQE& NH]W®PMWYV]LOIiUGViJ PLC
V]i]DOPWRWDGIVL Q\~Oi%iFVRAN§BE® K NH]JHOpVL SDUDPpWHU NI
PHJIHOHO HN/]LROWEMIOHP] N-RR Y& W K NH]HOM GRXPROHD M]LV
(minimum 29503D FVDN NLV PpU\BPINEMPRAOp SWE QN ~OyUiW K NH]JHOW K
HVHWpPQ BtDD\REBNLWYURISMPYa yWOIW YpJ]JHWW K NH]JHOpV HVHYV
W | E E Tor®aMmeghaladta (331 MPay elY iUW D ND W

A V]i]DONMNBRNDGiIVL Q\~0OiV HVHWPEHQ PpJ HQQ\LUH &P YROW
yUiW K NHJHOW KX]DO HVHWPE®Q FWNWI X NH]HOWSHVHEPQ SHGL
HOYiUW PLQi®XPI]JDOPNBNDGIVL emE@ENVVDO FRQ yUiW K NH]HO
HVHWpPEHQ PiU PHJIHOHO YROW D] pUWpPN
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Tekintettel arra, hogyD YL]VJiODW WiUJ\D HOHNWURPRYV YH]ahikapN H]pUYV
WXODMERIQYNHOHPEH YHQQL HJ\ K NH]REFVWO VDS HUINVRRDp GKRI\I
NRUIEEDQ EHWXWMEWRIENYiQ\ LV HO tUMD V]*NVpJHV D KX]DOF
HOOHQIOOIVIQDN PpUpVH LV KLV]JHQ HQQHN D WXODMGRQViJQDN
HVHWPEHQ D V]iOOtWiWHV RARHRUMH OB &H® ]DIKHVHWEHQ HOWpPU HQ
WXODMGRQW OPNWRQ\MEE pUWPINWTHEHIWH EJE D NLVHEE HOOHQI

$] IDMODJRV HO O HIDQiOV Wb ¥ fU V4N VBRIHIH R BYWO W H W L

4 iEWDN+O|QE|] K NHJHOpPVL K PpUVPNOHWHN pV K NHJHOpVL LG
HOOHQIOOiIV iIWODJRN D V]yUiVPH] NNHO

$ OHINHGMBDPHEBIOOIV pURP NHWHWW f NHIHOpV HVHWpPQ OHKI
IVV]HV K NH]JHOW KX]DO HVHWpPEHQ MREE YROW D IDMODJRYV HOO!

A f&RQ YpJJHWW VWDELOLJiOiV HVHWPQ VU i¥R &KWN HPHHIO MI\K D]
eOOHQIiOOiVD LV MHOHQW VHQ FV|NNHQW pV WRYIEE FV|INNHQW |
YpJJHWW K NH]HOpVLJ DPLNRU PHJOHS PYyGRQ BIndgy©dHQIiO0iV
IDMODJRY HOOHQIiOOiIV  yUiV K NP ]B pW piwW KWB M EYOy V]t QRDIH.J
HOOHQIOOIVPpUPVQHN QDI%FO®D NWRWIL YR G\ VDp K ip EisM B LRO/\M NMy Y L
iWODJHUHGE®PBWYMW D VWDWLV]WLNDL NLPUWpPNHOpPVW D  WIEOi]

$ IDMODJRV HOOHIHG pWid DMLOBIGEQK PpUVPNOHWHQ KRVV]
YDOvyV]tQRubierPreBton ]yQiN DIPKiQ\ QDQRPpWHU iWPpU M& NRKHUH
NLYiOiVRNDW WD WEWDIO®BWNW]HYNHHOWpY Q|YHNHGPVPYHO KR]KD\
Y L]Vathi komoly HV]N|]SDUNR@HYH]HWW WUDQV]PLVV]LYVY HOHNWURC
LJpQ\HOQp DPL MHDMQ HYGMEMQ QHPNOH > @
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WIiEO§]PMWUpPVL HUHGPpPQ\HN iWODJDL pV D VW

+ NH]JHO| SzDNtW.yYM U GWPaJ 6]Ji]DOpNRV V] )DMQDJRV HQO
n\~ O[i%d] [P APBm]

iwoO| V]yU UHO| iWO| V]JyU UHO| iWO| V]yU] UHO

V]yuU V]yuU V]yuU
Oh 343,30| 6,06 1,76 5,10 0,30 592 | 3458 | 0,01 0,03
165 f & h 339,40| 6,06 1,79 4.60 0,51 11,18 | 31,85 | 0,07 0,23
8h 337,10| 6,57 1,95 4,38 0,60 13,69 | 31,42 | 0,03 0,09
10 h 331,00| 6,09 1,84 3,78 0,47 12,46 | 31,15 | 0,02 0,06
12h 323,50| 3,54 1,09 3,32 0,44 | 13,23 | 31,37 | 0,08 0,26
175 f & h 301,60| 3,57 1,19 3,01 0,56 18,53 | 30,93 | 0,04 0,14

eUGHPHVYILJ\HOQL KRJ\ PLQG D KiURP YL]VJIiOW PHQQ\LVpJ HV
V]yUivD .«O|Q|VHQ LJD] H]rdbarhB & ODpJRWVOBWOWH il 0iV DODWW
minden esetben.

5. Szerkezetvizsgalat

A 9@ V]DEYiIiQ\ iOWDO HO tUW YL]VJIODWRNRQ W~0O PLNURV]H
anyag |HUNH]HW PHJLVPHUpVpUH $ N<O|QE|IPDEBR®ROIAE NH]HOW
PLQWDHO NpVIKWEVRXFBQLG YL]JHV NRHLGO W ireNdRdderkezetjobb
YL]VKDWy PUWGHNpPEEBIJ\D]JRWW pV HO NpV]tWHWW PIZGWBWGDUDER
mutatja

5 iIELREHIJ\DPRWWRV]JHUNH]HW YL]VJiODWUD HO NpV]tWH

$ PDUDWiV HOOHQpPUH D V]JHUNH]HW QHP YRGW WLBYVIMKDWY
HOHNW U R QdPalkdloh&hk y S

$ YLIVIJIODWRNDW D PIRWRQEL .05 8 pNPQ \ VAIF KR U i JHEHOD QW p | +
YpJH]W+<RLQWIEDQ OpY DWRPRN UHQGV]iPiUD pU]pNHQ\HEE YLV
IHOYPWMNOHNRUVtWyYIHNpNI WHBVBLNVOiOyODERUDWYULXP YpJHV NDS
D NLLQGXOy iOODSSRWR® pVyDD LG WDUWDPLJ YpJJHWW K NH]H
K NHI[HOW iOODSRWRW YROW OHKHW VpJ PHJYL]VJIiOQL GH D] D¢
[VV]HKDVR GOAMWIVEUIME X MIM]HOHWOHQ KX]DOUyO [ QaBP\tWiVEDC
iEUDHPO.pPOMBWRWHOHQ PHJILJI\HOKHW N NLVPpPUHW& D V]sUNH
OiWV]y NLYiOiVRN DPHO\HN D] DODNtWIiVL | LUIQ\ VIHULQW UHQG
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6 IEUDLQGXOy K NH]HOHQDINIQViOBDGRW
A 250« QD J\tWHD-OpW B V]|YHWE||HHHNB]HW\NIIWMD EH

7 IEUDLQGXOYy K NHJHOHWOHQ iOODSRW [ QDJI\tWi
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A nagyobb, 2500 QD J\tWiV~ IHOYpWHOHQ PHJILJ\HOKHW KRJ\ D] DOD
D] DODNtWiVL | LUIQ\iED PHJQKKIHMD N | YIHR\RNN BAVHWD @U N LYiOiVRN
KX]DOK~]iVW PHJHO ] iOODSRWEDQ MHOHQ YROWWDEDDR P]LY RWEF
fLI\HONK HDWVPDUDW iV KDWiViUD aRHD®OHN X0q WD @DIS PHWN ULYQiO V|WpW
PHWDOORJUIILDL PDUDWiV HO WW H]JHNHQ D KHO\HN LV NLYiOiVF
V]y KLV]HQ D]JRN D QDJ\PPWWpWE NNBWIPNHR\QHP PDUDGWDN YR
(JHNHQ D KHO\HNHQ YDOYV]tQ&&PHIORIOND|Q W HHVP FW pilD NECW DIG y G y |
NHQ\HEEHN YROW®XRD LKARW RDUD®WYV]HUUH PLQW D] DODSPiWUL
maraWiVW N|YHW PLNURV]RySIRVFYIXYiQODMIWRIQ VIHPEVpN KHO\pC

A f&s, yUiV K NHJHOpVHQ iWHVHWW P XQQVIDI \ V\W/|iWH\D @] HNN Hie]
|HO YpiteliGaraals] iIEU® NLLQGXOy iOODSRWWDO |[VV]HKDVRQOtWYD
MHOHQW VHQ PHJQ|YHNHGHWW YLV]RQW PpUHW+N QHP YiOWR]R
KRJ\ D PDUDWiV VRUIQ NLPDUYGRWW WpUIRJDWUp\hbyNbbD UiQ\D F
V]iPEDQ PHBEON®VO DUUD OHKHW N|YHWNH]WHWQL KRJ\ D K NHJt
IHKpU V]HPFVpN V]iPD QHP YiOWR]JRWW KLV]HQ D]JRN D] DODNt
PHOOHWW+N ~M SROLJRQIiOLW ROIGROWIXHMW]INURIOGY RN PWE|NO HQW
HPOtWHWW D] HOHNWURQPLNURV]NYSRV Y LUWHIIDNDND QMR UNGI OFH Q!
NLYiOiVRNaPHO\GIMWAH QQ\LVpJH LV VIHPPHO OiWKDWyDQ W|EE OHV

8 lra. f&RQ yUiQ K NHJHOW iOODSRW [ QDJ\tWIiVE

OLYHO D V]LOIUGRODDWHKRP NLY i OAMYQ}ALXRDWiViUD D V]LOIl
IWY|] WDUWDOPD FV|NNHQ H]pUW D EHQQH OpY UIiFVKLEiIN V]XE
javul a vezeV NpSHVVpJ (JW EL]JRQ\tWRWWD D] HO ] IHMH]JHWEHQ EHF
K NHHHOHWOHQ KX]DO HOOHQiOOiVD MyYDO QDJ\REE YROW pV
FVINNHQW D KX]DO HOOHQiOOiVD
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$ K NHJHOW KX]DOUyO pV]- QW J\NEPiWEMEOMD DWD @RWKDWy KRJ\
NLLQGXOy i{OODSRWEDQ LV MHOHQ OpY PHJQ\~-OW GyLYiOMBRN P|
UHQGHONH] D PLNURVINYSL NpSHQ YLOiIJRVQDN OiWV]y NLYiO
PDUYGiVL «&PHIGINNW K NH]HOpV VRUIQ YpJEHPHQ IRO\DPDWRN K

9 iEUD f&RQ yUiQ NNHNHM @WOiOODSRW [ QDJI\tWIiVED
6. Osszefoglalas

$ FLNN WDUWDOPIW DGy NXWDWiVW HJ\ QDJ\RQ MHMI@AMHIRAW V WHF
WiYYH]etWwEONWHRNWY KX]DOODO VJHPEHQ J\DNUDQ V]LOIUGVIJL pV D
amelyek a YLOODPRV WIiYYH]JHWpN J\iUWiV VRUIQ MHOHQW V VHC(
WHUPpV]HWHVHQ MHOHQW V JD]GDViJL KiWUiQ\W WHUPHOpPVL YR
D] ,62 PLQ VIWpVQHN YDOYy PHJIHOHOWHWDpV VHRUWGEQDDL V HI®GI DNMA
(QQHN pUGHNpPpEHQ PHU«OW IHO D KX]DO K NH]JHOpVL &8 UDPpWH
DODNYiIiOWRI]iVL WXQDWNDCGRIBHNPEHMHIMDY

9LOODPRV WIiYYHIJHWpN VRGURQ\RNDW DONRWY KX]DORN D
aOXPtQLXP|WY|]JHW D] (1 $: MHO& PDJQPpP]JLXP pV V]JLOtFLXP |W
[IWY | THW

$ PHIJIHOHO VILO@KHIVDIONDPBPYRWW QHPHVtW pd/vilaMoKLGHJIDO
HOOHQIOOiIVD YLVDROWO MW PBHUQL]IORNMAsEATFN ONhIVN @ BeHElN (]
WHFKQROYJEGRDQ yUiQ NHUHYRWOOQHUMNIHNHGPpPQ\HNpSSHQ D IDM
vezetpV PHIJIHOH ® V]LOIUGVIJL pVelDODNUDKD YHPiJH PRHOPINN PHJ D
VIDEYiQE®Q BzNa gonRODWRW YHWL IHO KRJ\ HJ\ NLVHEE K NH]J]HOW
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OHKHWQH D PHJINtYiQW YLOODPRV HOOHQiIOOiV pUWpPNHW PLN|]
V]LOiUGViJL pUWpPNHN MREEDQ PHJPDUDGQIiQDN

$ NLVHEE K NH]JHOW V pJH Q QpIXSRW MOWYDIMNLYSEE K PpUVpPpNOE
SHGLJ U|YLGHEE LGHLJ W|UWpQ K QWDUWiVVDO

A] HO JIHMWNHOHPEHYpWHOpPYHO HJ\ RO\D aRHOPQ BN WW H LY BW HX
alkalmazott 175f & KHO\HWW HJ\ N LfRALWY INlVHZABKkK NH] VO pB K QWDUW i\
LG WDUWDRQV PHIO Q HYQED Y H K QW yWRUM i @ GHOOHQ ULJWel
W X O DM G R QWiMIRBN\DRAQ OQPWKR W M/ X0 HW CCH I H D BIQ DFLIQMO NDOPD]RW W ¢
kialakult tulajdR Q ViJRNNDO gVV]JHVHQ WHKiW KDWIpOH K NH]JHOpVL SDU

$ EHPXWDWRWW G ID)JUR® W NP B OiEDENDI §PW KR®EY pJ]JHWW K NH]HO)
VRUIQ D K NHJHOpV LG WDUWDPiIQDN Q|Y"WHNB G@BRWHI VI \Q]\D- DLW y1\/
IRO\DPDWRVDQ FV|NNHQW GH D V]DNtWyV]LOiU Gsgri hagypldb D yUi
YROW PL@RW K PUVpNQOGHWHQ K pNHHMOpVW N|YHW HQ

A V]i]DOWNBNDGiIVL Q\~0iV D MHOHQ OHJ DIPG MIHQRHIN] IR MOV DW\H]FKEQYR
nemfelelt PHJ GH PpJ D NLVHEE K |RMhRQ HPyDGR WW HHIRWD GKDWy pU

$ IDMODJRV HOOHQiOOiV YRQDWNRI}i&IEDGRD O INHGW HR EE ]H (
HVHWpPQ OHKHW WDSDVHWMDIDpYIL SHUDPpIWHHWRPELQiIFLY HVHWPpE
HOOHQIOOiIV PLQW DfRRQNYWHMEHOMi3W KX]DORNDW YL]VJiOYD L
Q|YHOpPVPYHO D] HODI YDV i\K KW[MOHYWIVWGIHE L Bl VHOMYEHND LV P
PHJQ WW

$ VJHUNH]HWYL]VJiODW VRUIiQ D NLLQGXOy iOODSRWEDQ LV
PHIMHOHQWHN SROLJRQIOLV PRUIROYJLIYDO UHQGHONH] D PLN
(JHQ NLYiOiVRN NHOHWNH]pVH F\PINNHQMKPH \WW RY IDPWECCOORS Wi W D P
PDJ\DUIi]]D D WDSDV]WDOW IDMODJRY HOOHQiOOiV FV|[NNHQpVpW

$ YL]VJIODWVRUR]DW HUHGPpQ\H DODSMiQ WHKiW FpOV]HU&

K PpUVPNOMHWE VEV|NNHQW HG LWIDAIONAMNBREN B H O Q L
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Abstract

This paper aims tbriefly analyzePCD coatings for cutting tool applications. It explores the benefits
of PCD coatings, whicead to improved tool performance. The paper discusses the challenges
associated with wdéathermal stability and cost considerations. It also suggests solutions such as
developing thermally stable grades and cobalt leaching. In addition, the paper highlights the
limitations of PCD coatings. Overall, it provides \aluable literature review for professionals
considering incorporating PCD coatings in their tooling processes.

Keywords:polycrystalline diamond, CVD diamonB{D coatings,cutting tools,automotive industry

Absztrakt

$ FLNN, RROMD|YLG V]|DNLURGDOPL iWWHNLQWpPVW Q\~-MWVRQ D
SROLNULVWIO\RV J\pPiQW SRBR&\FHEHWRDOWRNU YWY DPFRFPH®WHWL D
HO Q\HLW DPHO\HN UpYpQ D IRUJiFVROYV]HEIV|RIPOND GWN-RJ MN \D V8 B
EHYRQDWRN NRUOIWDLYDO PLQW SpOGiXO D J\HQJH K VWDELC
N|OWVpJHN (]JHNKH] D NLKtYiVRNKR] NDSFVROyGyDQ EHPXWD\
LUIQ\]DWRW gVV]HVVpJpEHQ W RLXIX) HKIZ\JR RV 3i&y WBH\YVLIRQMDPVR NV
DJRQ V]DNHPEHUHN V]iPiUD DNLN D] LO\HQ EHYRQDWRN DONDO
WHOMHVtW NpSHVVpJpQHN Q|YHOpVH FpOMIEyYO

Kulcsszavak:SROLNULVWIO\RV J\pPiQW &9'" J\pPiQWUSKPRNY PIAMYL IRL

1. Introduction

Diamond is classified as an allotropic form of carbon and possesses diverse applications due to its
unique structure. Primarily recognized for its utilization in jewelry, it has further applications in the
medical field, nicroelectromechanical systems (MEMS), and various other applications. There is a
growing interest in utilizing monocrystalline and polycrystalline diamond materials for tools or
electrical devices. Naturaliamonds are usually single crystal8 billion years old, created under
extreme conditions (high T and p) below tBarth$ surfaceThe application of natural diamonds is
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limited by their rarity, high cost, and difficulty finding them in appropriate sizes and shapes. For that
reason, the discovery thdiamonds can be artificially synthesized was revolutionary.

Polycrystallinediamond (PCD) is a synthetic diamond produced in the laboratory in a sintering
process. It has unique properties and is utilized in medicine and as cutting, sawing, grindiimg, dril
tools, or abrasive grains in various industriefTable1] a comparison of the mechanical properties of
several cutting tool materials is demonstrated. It is seen that the PCD is the hardest one among them,
and its bending strength and stiffness @s® outstanding among the monolithic ceramics combined
with excellent toughness.

Selecting a cutting tool material and its particular grade is essential when planning a successful
machining operation. Therefore, basic knowledge of each cutting tooliahated its performance is
necessary to select each application correctly. Considerations must include the type, mechanical,
physical, and chemical properties of the material to be machined, the shape of the part/blank, the
machining conditions, and the ajity requirements of the machined parts for the considered operation.
Note that the cost per machined paibfluenced by the size of the production lot, yearly production,
the existing machines, available labor skills, etc.) should also be consideetedting the technically
and economically proper tool material.

Modern manufacturing applies cemented carbide as the primary tool material. However, it does not
perform satisfactorily when the machined part is made of high silicon alurmmatnix (HSAM) or
other metaimatrix composites (MMCs) containing highly abrasive reinforcing particles, especially in
high-speed machining in the automotive indugiry

In such cases, when the tool failure mechanism is mainly abrasive wear, PCD proved to be a
superior tool material. Over the last 20 years, PCD has been accepted for volume production
machining of hypereutectic aluminusilicon alloy components inheé automotive industry, the
machining of nonferrous alloys of copper, the machining of abrasive plastics and plastic composites
with glass fiber reinforcement, e.g., printed circuit boards, as well as volume machining of wood
composites, such as chipbdg2dif5]]

Table 1. Comparison of mechanicptoperties of different cutting tool materigj

Material K [MPa "‘m*? Rrps [MPa] E [GPa] HV
[Diamond 3.5 40 1140 8000-10000
single crystal
Diamond 8 11001300 800-930 5000:8000
polycrystal
Cubic BN 7-9 570 480680 43004600
polycrystal
AlLO; 2-4 300700 340380 18002300
SiN, 5-7 500-1000 290330 10001900
Zr0, 7-9 600700 100200 10001500
Cemented carbic
(WC+Co) 1011 20002500 500620 10002000
High-speed stee 14-25 25003800 260-300 700900
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There are mainly two types of polycrystalline diamaudting tools. Firstly, there are tools when

the cutting edge is built from a higitessure sintered diamond compact. This PCD segmentais of
specific size and shape and is mounted onto the tool head. In industrial practice, it is called a PCD
tool. Secondly, tools are made of a rigid base material and then coated by a PCD layer, mainly in a
CVD deposition process. It is called CVD diamondthe industry. These practically used terms,
however, are inconsistent since both cases involve the application of PCD as the working tool
material. Therefore, to differentiate the two cases, a more consistent terminology is used in the
following:

bulk PCDfor the first and
PCD coating for the second case.

Further, we briefly introduce the most common processing techniques of bulk PCDCBnd P
coatings.

2. Processing of PCD tools

2.1.Processing and architecture of bulk PCD products

PCDipped toolsrepresenthe vast majority of PCD tools. The tips are cut out of PCD discs (blanks).
Bulk syntheticpolycrystalline diamonds (PCDare produced from fine powders of raw material,
which are compacted into the required shapes and then sintered in@dsghre, highemperature
process for various machining and grinding applications.

Theoretically, a temperature of T=26¢0& DQG D SUHVVXUH RI S *3D ZRXOG
the sintering process to produce a dense protlmiever, practically, using metallic catalydite
Co, these parameters may be reduced to a temperature of T=1300f & D SUHW¥9Y.XG&Pd, RI S
and a holding time of t=15 min.

The cobalt is also a bonding material, giving sufficient toughness to the brittle diamond product.
However, it limits the strength and application temperature.

Figurell|demonstratethe sintered microstructure of PCD and various PCD tips made out of a PCD

blanK[71]|[8]]

a) b)

Figure 1. a) Sintered structure of PCD, b) PCD bulk products and PCD tips cut out of the PCD blank
(o7 ][]
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The extremely hard PCDBlanksare cut into inserts with electdischarge machining (EDM) or
laser cutting. The small inserts are then brazed onto the tool bodies.

A surface finish like trimming with EDM, laser cutting, or grinding (polishing) is executed to
ensure the required edge quajfjgure2. shows typical cutting tools with PCD inserts.

Figure 2. Typical cutting tools with PCD inserts: drill, turning insert, and milling tool cartr@

2.2.Processing of PCD coatings

221, "co.. 'Zte " tiltec—cte of—_Gtte ¢" <o %o

Polycrystalline diamond (PCDjoatingsare typically deposited using two main processes: Chemical
Vapaur Deposition (CVD) and Physical Vapor Deposition (PVD).
The characteristics of these process are as follows:

CVD process The direct deposition gbolycrystalline diamondilms by activatedchemical

vapor depositionmethods expands the utilization tie uniquetribological properties of
diamonds to tools or components with complex shapes and relativelyslarfgee areas. The

rapid development of process and system technology has reduced deposition costs such that the
development of2VD diamondprodicts has become commercially attractive, too. In the CVD
process, a mixture of hydrocarbon gas and hydrogen is introduced into a reaction chamber. The
hydrocarbon gas decomposes under high temperatures and low pressure, leading to the
deposition of diamondnto the substrateonded to it by strong chemical bond$ie diamond

growth occurs through the chemical reaction of carbon atoms from the hydrocarbon gas. During
the high temperature of the CVD coating of PCD, high residual stresses arise in the substrate
reducing its toughnes3.oday$ most common deposition methods inclinéfilament CVD,
microwave plasma CVD, combustion flame, D@rc jet, laserassisted, anchydrothermal

growth The characteristic structure of @QvD-synthesizedPCD layer indicating the applied
pretreatments and their effect on the film structure is iIIustraW

PVD process In the PVD process, @in film of diamond is deposited onto the substrate
through physical means. It is achieved by vaporizing diamasdsy highenergy techniques

such as arc discharge or laser ablation. The vaporized diamond condenses onto the substrate,
forming the PCD coatg bonded to the substrate by weak secondary forces.
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High-pressure higihemperature (HPHT) processing?CD coatings can also be synthesized
through HPHT processes involvitggh-pressureand high-temperatureconditions that convert
diamond powders into a dense cogfing[10](£12]|

Figure 3. Formation of CVD diamond film on a cemented carbide tool substrate. Appdyireiching
on the nanaliamondseeding prevents void format|{i8]

222, ‘etce%o of —f"<fZ 4 f—co%oe

PCD coatingsconsist of diamond grains held together by a bonding matesi@mmony cobalt (Co),
nickel (Ni), and tungsten carbide (VW@b). Cobalt is widely used due to its excellent bonding
properties, while nickel offers better chemical resistance. Tungsten carbide is sometimes added to
improve the coatin@ toughness.

The bonding matél acts as a binder, holding the diamond grains together and bonding them to
the substrate. It provides mechanical support and helps transfer forces during machining operations.

The properties of the coatinguch as hardness, toughness, and wesastace are influenced by
the bonding material. Higher cobalt content may enhance toughness but can decrease hardness. The
ratio of diamond grains to bonding material also affects the properties. Higher diamond volume
fractions leado higher hardness and weasistance but lower toughness.

Therefore, selecting and optimizing the bonding material should consider factors such as the
intended application, operating conditions, and tool geometry, which are crucial for achieving the
desired coating propert

3. Performance and application of PCD coatings

3.1.Factors affecting the performance

The performance of PCD coatings is influenced by several factors, bisdyorized into material
properties, coating deposition, and operational condi{ibakle2).

The interlayer characteristics are essential to ingtbe adhesion of coatings. It involves ensuring
good chemical compatibility with carbon, adherence to the substrate material, and thermal stability of
the interlayer. The microgeometry and roughness of the substrate surface also play a crucial role in
determining the crystal morphology and interlockiadfectingthe adhesion between the coating and
substrate.
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Table2. ODLQ IDFWRUV LQIOXHQFLQJ WI{H]IFI%]"F_LG}DWLQJﬂV

Influencing factor Effect

The choice of substrate material impacts RoBting adhesion, wear
Substrate material | resistance, and performance. Typical substrates include tungsten carb
cemented carbides, and higpeed steels.

PCD coating thickness affects wear resistance and cutting performanc
Coating thickness | Optimal thickness variesRP WKLQ ILOP - —P B HB8RQ(
application and material. The thicker coating is more prone to delamin

Adhesion refers to the strength of the bond between the PCD layer an
substrate material on which it is depogit&trong adhesion between the

PCD coating and the substrate is essential for coating integidtgnsures
good scratch resistance of the coatiactors influencing adhesion inclug
substrate preparation, roughness, coating deposition technique, Iresidy
stresses, and interfacial bonding.

PCD grain size and distribution affect coating wear resistance, cutting
performance, and surface finish. Coarser grains provide higher strengt
hardness, better performance, and finer mezhisurfaces.

Coating adhesion

Grain size and
distribution

The coating morphology, including grain orientation and coating rough

Coating morphology affects cutting forces, chip evacuation, and machined surface quality.

Figure4] illustrates SEM images ofsurface microgeometries with differenbughness levs|
including polished, ground, ultrasonic vibratiassisted machining (UVAM) treated, gldssd
blasted, andarundum blasted surfadfs]|

Figure 4. SEM micrographs of the different migeometriesealized on steel substraE[ésS]

Besides substrate roughnes®ther factorssuch ascoating thickness, loading type, contact
geometryandsliding conditionsare essential for wear performanc

The crystal morphology can significantly influerite friction and wear performand@able3). It
is important to mention thadtigh hardness is associated with high roughness ilRthgox x % P
range The grain size of anocrystalline coatings raegfrom d.znox %2 x QP  lihfl i 4 €mooth
surface suitable for machining adhesive materials. Combining m#&rd nanocrystalline coating
morphologies in multilayer structures interconnects the properties of both layer morpholbgies.
grain size of the ultrmanocrystalline diaond coatings falling into the nanometer scale is not

correlated with the surface roughggs2]|[[16]]
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Table3. Crystal morphologieand related characteristics IRCD coatingg16]

Morphology class
Microcrystalline Nanocrystalline Multilayered Ultra -nanocrystalline
(MCD) (NCD) micro/nanocrystalline (UNCD)
d=5 P d =5-500nm; d=3-10nm,

Ra= P Ra=1.0 P Ra=independent of d!
Prone to abrasive New processing The properties of both It is a far more refinec
wear due to high technologies provide { layer morphologies surface, even for
roughness and more dense structure| are interconnected. thicker films, but a
possible non and highly phase pure¢ higher nordiamond
crystalline carbon diamond film. Ra is type carbon ratio in
phases and defects. | still too high to the films than for

achieve low friction NCD.
and wear.

3.2. Advantages of PCD coating# cutting tools

The unigue properties of PCD coatings are primarily utilized to enhance the performance and extend
the lifespan of various industrial tools. The advantages of using PCD coatings for machining tools are
briefly discussed below.

High hardnessThe extremehardness ofliamondgrains in PCD coatings enables efficient cutting,
improving productivity and reducing machining time.

Low friction. PCD coatings have a low friction coefficient, reducing friction and minimizing heat
build-up during machining processes, which enhances tool performance and dimensional accuracy.

Temperature resistancePolycrystalline diamond coatings can withstand higimperatures
encountered during machining without significant degradation, maintaining their wear resistance and
performance. The excellent thermal stability mak them wellsuited for automotive tooling
applications involving higtspeed cutting and maclivig operations that generatensiderabldeat.

High Thermal ConductivityPCD coatings have exceptionally high thermal conductivity, allowing
efficient heat dissipation during machining. The diamond grains in the coating efficiently transfer heat
away flom the cutting zone, preventing excessive heat tugléh the tool. The thermal stability and
heat dissipation properties of PCD coatings contribute to improved tool life, reduced thermal damage
to workpieces, and enhanced machining precision, partiguiarl hightemperature machining
operations encountered in the automotive industry.

Chemicalinertness:PCD coatings are highly chemically inert, with minimal reactivity towards
nonferrous metals and materials encountered in automotive machifihg inerhess prevents
chemical reactions between the coating and the workpiece material, reducing tool wear and enhancing
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tool life. The exception is represented by the group of ferrous materials due to the strong tendency of
Fe and C to form chemical compounds.

Resistance tocorrosive agents: PCD coatings resist corrosive agents commonly found in
machining environments, such as coolant and cutting fluids. This resistance prevents coating
degradation, maintains coating integrity, and prolongs tool life.

These advatages of PCD coatingdlow for increased machining productivity and a lower risk of
tool failure[12],[[17]]f19]]

Additional benefitand consequences of applying RE@ated tool§20]]

enhancd tool life compared to uncoated tools, reducing tool replacement frequency and
associated costs

higher cutting speeds, resulting in faster machining and incrgasedctivity;

reducel cutting forces, enabling smoother and more stable machining, which enhances surface
finish and dimensional accurgcy

improved surface finish by reducing tool wear and minimizing tool marks during cutting
operations.

3.3.The agpplication of PCD coatingfor cutting tools in the automotive industry

Besides other applicationBCD coatings findhar mostextensive applications in various automotive

tooling operationsincluding PCDcoated drills, end mills, inserts, and reamers for rmiting

operations. In addition to the formerly mentioned advantd@€® coatings facilitate efficient chip

evacuation during drilling and milling, preventing chip clogging and improving machining efficiency.
Some types of cutting tools where PCD coatingjsliad areshown inFigure 5.

a) drill b) endmill C) cutting inserts for turning d) grinding wheel
toold[23]]

Figure 5. Examples of CVEproduced PCD coatings on different cutting tools.
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Drilling tools: drill bits, step drills, and countersinks for creating holes in automotive
components.

Milling tools: end mills, face millshall mills, andslot cutterdor variousmilling operations on
automotive parts.

Turning tools inserts for precision turning operations in automotive manufacturing.
Grinding tools grinding wheels and abrasives for efficient material removal and finishing in
automotive applicationg.hey areespeciallyincreasingly usgin micromachining processes.

A magnified SEM image of the PCD coatings on a cutting insert isisgégure6]

Figure 6. SEM micrographs ofa) the crosssection of a CVD diamormbated cutting insert and
b) the top view ofhe cutting tool edgg25]

A sketch of the microstructure and the SEM micrographs of the PCD caoagtirggluced by the
CVD process on the grinding wheel showrFigure 5d) areillustrated i

a) b) c)

Figure 7. CVD-produceddiamondgrinding layer: a) the schematic view of the layer crssstion, b)
the broken section, c) the top view of the layer surface. Geometrical charactedstiftn thickness,
b« xwidth of the crystallite tipdy height of the crystallite ti;fE’A]
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4. Some aspects contributing to the proper selection of PCD coatings

This section discusses the most challenging problems encedntéth PCD tools. These are the
various casting defects, thermal instability, and wetated failures.

4.1.Casting defects

Casting defects are the miary causef the failure of PCD toolsThey can be classified as follows
porosity and microinclusions
casting cavities
macroinclusions

PCD tools are more effective than carbide tools when handling -simalicasting cavities and
inclusions. However, when the size of these defects increasesinB&3 tend to chip. As shown in
Figure 8|a), the PCD insert within the PCD layer can chip when the size of the defects exceeds the
loadability limit of the PCD tool material. With further increases in the size of these casting defects,
the PCD inserts experience bulk fracture through the carbide substrate, a§fSgereBjb).

a) b)

Figure 8. a) Chipping of the PCD insert within the PCD laye),Chipping of the PCD insert through
the PCD layer and carbide substrgig

Microchipping of the cutting edge is the leading failure cause of f8G&ted tools, which have
lowered toughness due to stress concentrators of processing] 26idii27]]

4.2. Thermal instability

3&" KDV OLPLWHG WKHUPDO UHVLVWDQFH DQG WHPSHUDWXUHYV
performance of PCD cutters. Cobalt acceleyatee transformation of diamond into graphite or
amorphous carbon and degrades the mat&iaih tranformationscan occur at ambient temperature
DQG DWPRVSKHULF SUH\avauuhk abdve f& ZKLOH LQ

Thermal degradation also occuas about f &ue to the substantial difference between the
thermal expansion coefficients of cobalt and diamdrte arising thermal stresses brea& strong
diamonddiamond bonding andnay leadto cracking and chipping in the PCD layer first, then
spreading tothe cutting edges involving the cemented carbide substféiese issues limit the
SUDFWLFDO XVH RI FRQYHQWLRQDO 3&" WRRO PDWHULDOV WR DL
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a) depicts the process schematically, b) shows theconsequencesf tool
overheating during manufactur{fit]

a) b)

Figure 9. a) A schematic representation ofetlgraphitization (Gprocessdueto the break of the
diamonddiamond (D) bonds at higiemperatureb) flaking as aresult of tool overheatinflL]

4.3. Solutions for improving thermal stability

The main reason for the failure of PCD coatings is their thermal degradation, limiting their use,

especially during higlspeed machining. Thereforgnproving their thermal stability is critical in
increasing their performance.

Scientists are working on creating a tlager composite of diamortbntaining/cemented tungsten
carbide substrateombining high wear resistance and thermostability. Tfieyattempting tacreate
thermaly stable PCD (TSPCD through cobalt leaching, twstep sintering, or using a ceramic matrix
material like SiC as the catalyst.

431. ‘,fZ- Z%f..S<* %o

After PCD finishing, the metallic phase can be removed by acid treatment, leasamgpact of 100%
DEUDVLYH SDUWLFOHV &R BDR&WintoMthdRCP Rayed GhighSethides diamond
degradation and improves thermal resistance. Without cobalt, diatoai@mond bonds remain
strong, with less graphitization and crackirapd the kat conduction of the diamond surface
increases, lowering the maximum cutting temperature. However, the resgtimgrk ofempty pores
can increase vulnerability to oxidatioreducing the PCD cuttér strengthat high temperature3.he
authorsof a recent worff28]]reported a significant improvement in the tribological properties of PCD
due to Co leaching. They demonstrated the advantageous effectlof & hWWHPSHUDW XUH
annealing during Gteaching by indirectly influencing the transfer film formation and mechanism
during friction of the Cdeached PCD against asNj counterpatrt.

432, ™ie—t' eco—f"ft [ (Zf>tleH T whe et HZfSETET

The first solution for producing TSPCD coatings involved a combination of -tedohed PCD
toplayer attached to the WC/Co substrateade separately) with an intermediate nsintered
diamond crystal layer containing sintering aids. This construgtas subjected to an HPHT process,
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resulting in a low degree of 4gfiltrated TSPCD compact. However, this patented prqf23smay
result in high residual stresses, making the coating sensitive to brittle failure during machining.

The high internal stress problem of the istep sintered’SPCD product can be overconty
applying Si catalyst HPHT sintering procesd he garting and finishing stages of structure formation
of thermally stable PCD blanks in HPHhteringare shown ifFigure10] First, adiamondmicro-
powder layer, covered by a Si plate from the toig placed onto the cemented carbide substrate
(Figure10]a). Then, the diamond layer is infiltratéwm one side by liquid Si and from the other side
by CoWC-C meltduring HPHT sinterindKigure10]b).

The process results ia threelayered compositeomposed of dhermally stable diamonr8iC
compositetoplayer, a sintered PCD intermediate layer with Co infiltration, and the cemer@edoN
substratf30]|

Figure 10. The initial (a) and the finalb) stage of the singlstep HPHT processith additional Si
catalystresulting in a thredayered PCD coating due to doukdéled infiltratian|[1] |{[30]

4.4. Wear

As mentioned earlier, weaW\SH IDLOXUHY DUH RQH RI WKH OHDN2&rQJ FDXV/|
damage, representing a critical aspect of their performance in various industrial applications, is
realized by several mechanisms i@Pcoatings. These mechanisms are, e.g., abrasive wear, adhesive
wear, and diffusion wear, which all have distinct causes and effects on the §odtirability.

Understanding the wear mechanisms in PCD coatings is crucial to optimize their perforndnce a
design.

Abrasive wear.Abrasive wear occurs when hard particles or surfaces rub against the PCD
coating, causing material removal. Abrasive wear is characteristic of cuttingtnégigth (e.g.,
Ti) alloys.

Adhesive Weadhesive weanappearsat theinterfaces of théool/chip and tool/workpiecdue

to the chemical affinity of thenachined metalli@lloy (such as titanium and aluminum) to the
carbon at high cutting temperatures. Simultaneously, the high temperature at the interface
induceschemical diffusion, forming a buitdp edge (BUE) and buidp layer (BUL).Finally,

the debris adhering to the tool surface, originating from tbekpivece and the tool material, is
removed by pluckingacceleratinghe tool$ wear.Due to their inherentapability for proper
lubrication and low friction coefficients, PCD coatings can reduce adhesive wear in dry
machining and cutting applicatisn
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Combined abrasive/adhesive welar continuous cutting processes, such as turning and drilling,
the predominat wear mechanism is adhesiabrasive wear, which is thermally activated by
high temperature

Chipping In nortcontinuous material removal processes, @gring milling of the titanium
alloys, chipping and fracture of tharittle PCD coatings or insartare commonly found,
especially in higher cutting speed operations, due to thefleéghency dynamic load and
vibration of the tooling system.

Diffusion wear. Diffusion wear occurs when high temperatures and pressures initiate atomic
diffusion between lte PCD coating and the workpiece material. It can lead to chemical
reactions, material transfer, and wedowever,this diffusional mechanism is not characteristic

of PCD coatings+due to their high thermal stability, which helps mitigate diffusion wear
high-temperature applications.

Thermal degradationinitiated wear.Excessive wear may appear at high temperatures in the
form of intergranular cracking and chipping due to graphitization or oxidation processes or
developing thermal stresses

Residualstresses initiated wearHigh tensile residual stresses develop during the electric
discharge machining of PCD tools due to the mismatch of thermal expansion coefficients of
constituents. It leads to inner cracks at the interface of diamond and binderggimateakens

the strength of the polycrystalline structure, and reduces the wear resistance of PCD tools.

The above aspects must be considered during the selection and optimization of PCD coatings for
specific automotive toolingequirement$s]][[31]]{34]]

One of the most widely used asad PCD-coated tools is the higepeed maching of highsilicon
aluminum-matrix metalmatrix composites (HSAM MMCs)Someliterature worksdeal with the
unique features of the micrand macrdevel wear mechanisnexperienced in PCD tools during the
interrupted cuttingdrilling, grinding) of the HSAM MMGs subjcted tohigh-speed machinif§26]]

The existing theoryrevealing thewear modesin PCDsis valid for the conditions of the usual
machining processes and ragiplicable tothe particular case dfigh-speed machining ahe HSAM
MMCS[1]] where the following are observed.

The wear resistance of a PCD insert increases as the grainnsisases. Thigpeculiarity
contrasts withother materials used in tribological joints, where the wear resistance improves as
the grain sizelecreases. This fact is fundamentaséweralwear theories, including those used

in metal cutting for carbide arfdgh-speedsteel tool materials.

Additionally, the tool life of a PCD tool can be extended by allowing it aniiute rest
between drillingsuccessive holes, compared to a PCD tool used in continuous operation with
only 5seconds for loading/unloadingThe known wear mechanisms c§nkplain this
phenomenon.

The grade and properties of P@Dated tools greatly vary with the producers. Thesfttmited
information and no general recommendations can be found in the literature on properly selecting PCD
coated toolsThe worl[1]]provides soméelpful information as a practical rule of thumb.

PCD tools containing larger diamond particlgiameterof 20- m) are the most wear
resistant but have the lowest strength and toughness.
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Fine grades of PCD tools (typically with a diameter af 5 m) possessigh toughness but
poor wear resistance.

Examples of tool failure occerting duringthe machining of HSAM MMCs arehownin|Figurel11l

a) b) c)

Figure 11. Typical failure modes in PCboated cutting toolsa) OM macrophotagyraphshowing
flaking on a tamondcoatedturning insert, b) SENmage of the turning tool edge damaged by
abrasive wear and slight flaking, c) SEM micrograph illustrating severe flaking of a diacoated
cutting edge of a milling togR25]

4.5.Cost considerations

When assessing the use of RCaated tools in automotive applications, iteissentiato conduct a
cost analysis comparing them with other weassgistant options.

The main factors to consider include the initial irte@=nt, tool life, machining, and maintenance
cost§[35]]

PCD coatings typically involve a higher initial investment than conventional coatings due to the
advancednanufacturing processes and the high cost of diamond materials. However, this cost can be
justified by the extended tool life and improved performance of -B@ided tools, resulting in lower
machining costs.

Additionally, PCD tools offer a significantyonger life than non-coated tools or tools with
alternative coatings, which can reduce the frequency of tool replacement and leadteroegst
savings.PCD tools also allow for higher cutting speeds and feed r&iggcing cycle times, lowering
labor costs, and improvingverall machining efficiency and productivity. Due to their superior wear
resistance, these tools require less frequent maintenance and have lower costs associated with tool
reconditioning or replacement.

Considering these advantagtw® costeffectiveness of PCIdoated tools is evident, particularly in
the automotive industrywhere highspeed machining for increased productivity is crucial. Thus, tool
longevity and performance are critical factors that can be achimsiegPCD-coakd tools.

4.6. Further | imitations

While polycrystalline diamond (PCD) coatings offer numerous advantages, it is essential to consider
their limitations and challenges in automotive tooling applications.
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The ultrahigh hardness of PCD makes manufacturing PCD tools with conventional abrasive
grinding very difficult. Unique methods, like elecitisscharge machining (EDMbr its special
version, i.e., electrical discharge grinding (EDG) &s@r machining,ra applie[8]]

Another difficulty is represented kgelamination or spalbf PCD coatingaunder certain cutting
conditions e.g., when turning isccomplishedvith a high feed rat§36]] or whenthe PCD tool is
subjected tohigh-impact forces like in the case of necontinuous machining (e.g., milling or
grinding)[37]]

To minimize the delamination risks, tool geometry, cutting parameters, and workpiece material
compatibility should be carefully considerdd.this consideration, PCDoatings argrimarily suited
for tools with simple geometries. Complex tool geometries, such as sharp coroengpbexprofiles,
can pose challenges duri@yD deposition and affect coating integrity.

Understanding these limitations and challenges isi@rdior adequately applying and optimizing
PCD-coated tools. Conducting thorough testing and evaluation is recommended to ensure
compatibility with specific machining requirements and mitigate potential risks.

5. Summary

This article aimed to provide a brietit comprehensive literature review on PCD coatings for tooling,
exploring their advantages, challenges, limitations, and possible solutions.

Besides introducinghe main processingnethodsand the architecture of bulk PCD products and
PCD coatingsthe aitical role of bonding materiais the tool performance wasnphasized.

The broad advantages of PCD coatings on tools were highlighted concerning practical applications
especially in higkspeed machining operati®melevantto the automotive industry. dsides their
specific benefitstthe increaed tool life andnachining productivity+the mainfactorslimiting their
performancewere overviewed.In this regard, He paper elucidated the most common wear
mechanismsztabrasive wear, delamination, and fladsi£occurring in PCD coatinggresenting the
efforts to overcome the associated difficulties.

Another focus was puton their weak thermal stabilityproviding insight into thepotential
solutions, including developing therrhalstable grade§TSPCDs) uig innovative techniques like
cobalt leaching andloublesided infiltration of PCD coatings usingi catalystsduring TPHT
sintering.Cost considerationmay supplyreaders withvaluable information omthe economic aspext
of adopting PCD coatings in toong.

The authors hope to equip professionals with the knowledge to make informed decisions regarding
integrating PCD coatings into their tooling processes.
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Absztrakt

A cikkben avoestalpire J\i U W P affotm 1100M xWUHPH DODSDQ\DJ pV KHJHV]WHWW
UHSHGPVWHUMHG pVV H@Ek ¥ YH P\ERQriutauR OeH @ i @ DI ¥ADDDWD | R-O\iV

K D Waldpanyag a jelenlegH OpURHWQDJ\REE V]LOiUGViJ~ WHUPRPHFKDQLN
DFpO WtSXV $ KHJHV]WHWW N|WpVHN HONpPV]tWpVpKitehyNpW N+O
matching(1100 MPa)pV HJ\ X Q G H@Q60DMWRF KK RIID IDQ\DIRW K DaVjQ DOONVKROW  tJ)\
UHSHGpVWHOUMWHIBREHQLVHPSRQMWRiIEYO H]HN Hatuk. LA kapodt ]HKD VR
HUHGPpPQ\HNVILORSMINIQV N+<O|QEVpJHNHW UWVQ\EDWYYNDDY RM QI
LUIQ\EDQ WHUMHG UHSHGpPVHN N|]|WW &zdpwD N<19] 8 ] W HWR YD N W
liUDGiIVRV UHSHGpPVWHUMH G pWNP O \J HPEH@WHOOHQIOOiV

Kulcsszavak: [iUDGiVRV UHSHGpVWHUMH G priiomechahiké3k B QUGN VD Fp O\
HOHNWGS V] R INV]WpV

Abstract

In the present paper, fatigue crack propagation resistance investigations on voestalpine's alform
1100M xtreme base material and its welded joints are presented. The tested material, with yield
strength of 1100 MPa, is the highest strength thermomechanically treated structural steel type
currently available. Two different strength classes of filler metalsnatcliing (1100 MPa) and an
undermatching (960 MPa)were used for the welded joints, therefore these can be compared in terms
of fatigue crack propagation resistance. The results obtained showed significant differences between
cracks propagating in the rollindirection and in the thickness direction. However, the resistance of
the welded joints to fatigue crack propagation did not differ for the two different yield materials.

Keywords: fatigue crack propagation, high strength steel, thermomeichl rolling, gasshielded
metal arc welding
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.RYiFV - :LOKHOP * /XNIPGiVRV UHSHGpVWHUMHGDPV 6 O DFpPOEDQ ¢

1. Bevezetés

$] DFpO DIOHJIRQWRVDEE V]J]HUNH]HWL DQ\DJ Yok OHIWQHHh&KMNp VH ] p U
JOREIO lavvakmakv[iy[2. $ PHJIHOHO NpPL®»KHQVHUOOpPWHON|EOPpQ\H
K NHIHOYM KDRHRQ @D V|DWNWYD®D IRO\iVKDWiU~ YDVWDJ OHPH]HN
(]JHN D] DFpOWtSXVRN iONWVO4 pYQDOHPHWVWWHINVNDHWMPDUWHQ]
1DJ\V]LOiIUGViIJ~ DFpORN HVHWpPQ D HUVRRHFEDQQ NMANWeKIDHHIOHW \
VHJItW Vmppivkban110003D IRO\iVKDWOHP NNV DV I8 i QW E\DYWyDIi UG ViJ~
DFpORNDW HOV VRUEDQ QDJ\ WHKHUEtUiV~ DONDWUpPV]IHNEHQ pV
HOOHQpUH KRdalomhad MannskiD L®GI D O N D @#®Kkai[HIN6]. Ennek egyik oka
lehet az, hogyD QDSMDLQNEDQ pUYpQ\HV WBDHRMMWYIDVEN QHFONHWWL DI
WDUWDOPD]QDIHP O pORWROIB® KRJ\ KLIiQ\SyWO )\ MH®IABIR WILNID ©
DODWWL YLVHONHGpPV IHDWpUDPISE ] D\BHNRRNSDBDHNY BHIQ KeéttJHV W
szerkezetekH VHWPUR> OWHNLQW WHUYH]pVW pV BUWBUMHGW YL]VJIiODW

OLYHO D QDJ\V]LOIUGWHO OFHEDKRIN QI QiIND D PR]Jy VIHUNH]HW
DONDQ®P[NY D KDJ\RPiIiQ\RV DQ\DJYL]VJIODWRN PHOOHWW D] LVP|
HOOHQIOOiIVXNDW LV$PHVPHMEOGY LUYIQQXQBPHYpPWHO& VIHUNH]HWHN
SIHUNH]HWHN IHYHGMPRY W|UpV EHN|YHWNH]pVpPpQHN J\DNRULViIJD |
NODVV]LNXMUEOQHDW BB XBWEVIHUHN QHP WI|UHNHGQHN D NiURVRC
IRO\DPDW N|YHWpVpUH KDQHP PHIRQQBGHWWNIBDV|HY\ DWW YANINHNO
W|UpVL YDOyYyV]tQ&VpJKH] WDUWR]QDN tJ\ D J\iUWiVL HUHGHW& F
DONDO P D \nagMfontb$p LMD W |UpVPHFKDQLN DLV VDIOMNDORERVH Y @N E H
NHU-Q%VH >

MiveO QDJ\V]LOiIUGViIJ~ DFpORN HVHWpPQ QHP iOOQDN UHQGHON!I
HUHGPpQUHMOHQ NXWDWYPXQND FpOMD HJ\ D QDSMDLQNEDQ E
NDWHJyULIED WDUWR]y WHUPRPHFBG YIRWVX VWD SeNEq08tmU MCHG [0
HOOHQI @O iV]iath ®z 110003D IRO\iVKDW iU ~P bugenD dsaiNua&efmatching
KDQHP PDWFKLQJ WtSXV~ KR]DJDQ\DJ LV UHQGHONH]pVUH i0O«
hozaganyagok DO NpV]tWHWW KHJWYI@DHWW N|WpVHN

2. Hegesztési neézségek

$ QDJ\V]LOiIUGViJ~ V]HUNH]HWL DFpORN KHJHV]\M@VQWNO\QHK|
V]|YHWV]HUNH]HWE ORDEYEWDKHIHV]WpV HVHWpPQ H]W D V]|YHW
K FLNOXV LUUHYHU]LEL @ekHD VilDIWROW RNVDOMMDQNIEE D K KD
KDQJV~OIBR@&DN$ >QDJ\V]LOiUGViJ~ DFpORN HVHWpPQ D OHJIQDJ\
VIIYHWV]HUNH]JHW NHGYH] VDOGIRNYOQ W R HVCDAH R NHRQ VABIMIMOD N X Oy U
K KDWiV|YH]HWhajdo@ i#) X5 Vdmely IRNR]JRWWDQ MHOHQWNH]LN D QD
NDWHJYULINEDQ $ QDJ\V]L Ok IKGR/DIVi W] N M/]HQHN DIF pNOL O i J\X O i V L
HOV GOHJHVHQ D] LQWHUNULWLNXV ]yQiUD s KREDUWiRIDE $ V]XSFH
DXVIWHQLW ERPFPO RUGMKEBWpVpD K&OpVL HnGrtdiz OW [ \¥DHWD OP ~
V]|YHWV]HUNH]HW DODNXOQEPLD KH LW M UMRIEGW BRYJKDWE D] HUH
V]|YHW V]H Wanatdtenitisp Majd pedigD] DXV]WHQLW ERPOiViEWOWDU QWP ® ~
UpV]HN DODNXDKDRHIHUHM]WpVL K PpUVPNOHW Db/ D V]|Vt
WDUWDOPI@OH¥] KSKDWiV|[YH]HW NLOiJ\XOiViQDN PpUWPpPNH [eJ
V]I|YHWV]HUNH]AWMPW pdpWVONH DODPLQW D] DFpO NpPLDL |VV]H
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K F LN OIRY[08y ®nagyobbI DM ODJRYV KQBBWRBEHMLOiJ\XOiVW HUHGPpQ\H]K
DFpONDVHNHBANM@I D GXUYDV]HPFVpPV |[YHJHWEHQ LV MHOHQWNH]KH

1DJ\V]LOiUGViJ~ D mpaagaiyagtVOIPW]QViI¥ WHU<OHWH LV VRNNDO |V
DODSDQ\DJ HO iOOtWiVDNRU DONDOPD]RWW J\iUWiVWHFKQROYyYJL
H]pUW QHKp] RO\DQ KR]DJDQ\DJRWJDIODY\W®IPD CDF B O U BW INGHMS
D UHSHGpPVNpPS] GpV HONHU+OpVpKH] V]*NVpJHV DODNYiOWR]y N
I|]OJ[WW D V]LOIUGViJL NULWpPULXPQDN PiU QHP ELJ20R24. KRJ\ PHJ

1HKp]VpJHWz MHCRHIQ D K KDWiV|YHIJHWEHQ ORNiOLV MHOOHJJF}
NeO|Q|VHQ HOHJHQG GLII~]JLYyNpSHY KLGURJpQWDUWDORPPDO S
lehetnek. $ KHIJHV]WpVE O DGyGy MiUXOpNRV IHV]+OWN@DHWP|pVNDV QL
DODNYiOWR]y NpSHVVpJ IRNRJRWWDQ Q|YHOLN D UHSHGpVNpS] G
NLOIJ\XOW ]yeR VWH B HNUNKHSHI\OV p UIRPHONV i W LIB[p[RLN HO >

EJ\ DOWHUQDWtY PHJIJN|]JHOtWpV D] GHF pGoLAON LRD/A WDAP\RWi \DilU D DE WU
GLDJUDP D] DFpORNDW KiURP N+O|QE|] NDMWHIFM]PEM| §RURDMD K
KHIHVIWKHW= N[ UJQ@MNLQW HQ KHJHY]JQWKKHYH Q@K H2IHWMAXHW >
GLDJUDPEYO OiWPDERQKRHQREIM/PNY H®| Y KHIBWKHRHBEYpYiOLN
YLV]JRQW D]W LV KDQJV~O\R]]D KRJ\ D NDUERQQDN2®LO\HQ IRQW

i E WEaville diagram p4].

A nagybb NDUERQHJ\MRYWOWRNRWW KHJH\WPW K H3MvNie diaghamM HO H Q W
RVIWIO\R]iV,D DQDISWNILD i UGViJ~ [kérpld®&R N HKAHH HtW pApW Hajgod | DEIO\R ]
K E HY JaVedolO Mkalmazni, mivel ezek L Q VpWHBREQ\LUH D ,,, JYyQiED, WDUWR]
6 4 6 0 6 4 DKRO D] DFpORNQDN HJ\DUIQW PDJDV L
NDUERQHJIJ\HQpUWDpPNeN H]pUW D KHJHV]WpVL N|UsOPpQ\HN KDW
OHJIRQWROYD H]J]HNHW D WHFKQROyJLDL MDY DNW D WYFDNCCDAP L@ WK L
KHIHVIWHWW N|WpV V]LOIUGVIJD p26.V]tYyVViJD LV HOIRJDGKDWYy
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3.% YL]VJIOW DQ\DJPLQ VplJ

$] iOWDOXQN YL]VJiOuestlieDO MDD VAdbmIROM Wireme(S1100M) volt,
amelya WHUPRPHFKD QLN RWDRQ| thoHH®O]WD BF@OV]iOOtWiVL iOODSRWIED
PLNURV]NYSRV |HO-RMGDPWNVIVE N {H B O.p OBNHDW L

i E WRalform 1100M xWUHPH V]|YHWV]HURDBIJK VBHIHNG,. [

$ YL]VJIOW DFpO PHFKDQLNDL WXODMGRQV&IDLW iRdki]®MWPLDL
tartalmazz Na P&EL]RQ\ODWRQ IHOW+*QWHWHWW NDUERQHJ\HQpUWDpPN &

WIEGH | DWVJIiOW DFpO YDVWDJVIJD pV PHFKELC

(J\H]PpQ 6]DNtW 6]i]DOPpPN Charpy-V
Q[E:n\r/n}NB .HHI?/EOQ\ IRO\iVKDO V]LOiIURGM V]IDNDG| W PXQNDO&
Rpo.2[MPa] [MPa] n\~ O, A[%] on, KV [J]
15 394 1193 1221 11,6 88

WIiEOH]DPM VJIi OWPRPAO|VV]HWPWHOH >V
C|Si|Mn| P | S |cr|Cu| N |[Mo|V | Ti |A | No | zr
0,23|0,45| 1,86| 0,012| 0,001| 0,85| 0,093| 2,43 | 0,36 0,03| 0,002| 0,063|<0,001| <0,001

4. HegeszéspV D] D]JW N|YHW RSWLNDL PLNURV]NYSRV YL]VJiOD\

$ N|WpVHN HONpPV]tWpVH HOx\Wo/x IEmDEGID SO BRPBIJENGIW ,PXQNiOW X
O H p O HimpaketdO i mltdd be
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iEMWDDHPH]HN OHpOH]pVH

A hegeszHWW N|WpVHN HONDPpN WWWW KIKOIMiUiV D KX]DOHOHNWUYGIV
$ KHIJHV]WpVKH] NpW N<O|QE|] VIJLOIUGVIJL NDWHJIYULIED WD
hozaganyagot DONDOPD]JW X Q NL,2 PR QiGANFHW VW & hoRa@aviyagok mechanikai
WXODMGRQNpPpPRLIDL pMWV ]| HHNDWHERNDORIODOMIN |VV]H

WIEGH] DO NDOPD]RWW KR]DJDQ\DJRN PHFKD

6]DNtW 6]i]DOpN Charpy-V
VILOiIUBRM V]DNDG W PXQNI

YRO\iVKD

$ KRIDIDQ\DI| o~ by

%lKOHU 8QLF . ° . .
%|KOHU DOI®G . 11401250 . *

W i E Q\z]akalmazott hozaganyagdkp PLDL |[VV]HWpPpWHOH >V

$ KR]DJDQ\DJ| C Si Mn P S Cr Mo Ni V

%|KOHU 8QLR 0,1 0,8 | 1,94 | 0,015| 0,011 0,52 | 0,53 | 2,28 | <0,01
%|KOHU DOI®CI 0,08 0,46 | 1,54 | 0,01 | 0,007| 0,64 | 0,52 | 2,73 | 0,22
*Cu=0,06; Ti=0,06; Al<0,01; Zr< 0,01

A KHIJHV]WpVL SDUDPpWHUYHKNE ®pVIKDMEIURPDDBMDQWW |[UWpPQW .R
HUHGPpPQ\HLW ILJXXQBI®GEB HNINBYGiV YpG Ji]RV tYKHJIJHV]IWpVKH]
NHPpQ\VpJ pV «W PXQND HOpUpVpKH] PLRFQ@ OMHHERE HMHOMW R W @&
tgs K&OpVLis wok. $ K&OpVL LG DODSMiIiQ PHIJKDWIUR]JRWW KHJHV]Wp
tartalmazza.

WiECOH | BMIHV]W HIWIV NN OPD]RWW SDUDP

sor | EUDPHU[ )HV]-OV +HJHV]WpVL g K&OpPV )DMODJIRYV ¥
[A] V] [cm/min] [S] [J/mm]
1 180 19,1 24 688
2 190 19,7 27 5 666
34 260 25,1 50 624
5-8 280 28,7 61 632

$ N|WDdiHE WB3 / WtS XV~ isaDRISRALUEYyetem, Anyagszerkezettam V
$Q\DIWHFKQROY Np/ s OBBINERVtF LYy EDHDPH]HNHW KHJHV]&ipV HO W

141



.RYiFV - :LOKHOP * /XNIPGiVRV UHSHGpVWHUMHGDPV 6 O DFpPOEDQ ¢

PHOHJtWHSY WOWHO\[NVRUW NpH 0 OD NW R M VE I W WERBUR B6D W VBB V-
KHIHV]W WHUDNWRWYMMHJIN|[]L K PpUVPNOHW PHJIN|JHOtW OHJ j
YpG Ji] $U pV, NHERBIUpNH YROW O SH WAR/atatBoPoR s¥matius E HV V p J
UDM]D D DIEWIQN HONpV]*OW N|QMPWKBWGLJ D] JEUIQ

i E WADarratsorok sematikus rajza

iEUD\ HON p|W] p&IY pI$tWpVH

$ SUYEDWHVWHN HO NpV]JtWpVH XWiQ D] RSWLNDL PLNURV]NyYS
WtSXV~ PLNURV]NyYSSDeRUYQ JMI WM Ws \W[WIHWV]HUNH]JHWL NpSHN D
az A" pvV B" MHORUD UpVDORM\WONHU 8QLRQ ; KR]DJDQ\DJJDO Np
(undermatching)la A" pV A MHIG& D U p \BHOGIW HIN % | K O H U-NDOChbRagayaggal /
N p V]t W [N HEtcBing) N p V ]+ O\ H 10 ¥ewaka@mazott MHO|[OpVHN D N|YHWNH] N
DODSDQ\DJ ,. LOQWHUNULWLNXYV K KDWiV|YH]HWHL ViY )6= I L(
GXUYDV]HPFVpV K KDWIiV|YH]JHWL ViY 9 YDUUDW

$] RSWLNDL PLNBRN]N@DRDNRQOY K EHY L@ HOLNG V] KEOHW LH QG
KHIHVIWHWW N|WpVHN V]|YHWV]HUNH]HW p E6l Qi EYAIPRA HVDHHI& V ]i P R
UpV]ODO/DHRMIQOODStWIODWO |REJ)N K KDWYWRNHMHWHYVVpIH LV KDV
alkalmazotf HO WNpWP U BV ]HWpWHO& KR]DJDQ\DJRN PLDWW D YDUUDWIpP
OiIWKDWy
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iElBDKHJHVIWHWW N|WpV RS VPDNMBHNQ.RV]NYSRY NpSHL

5. Faradasos repedésterjedésebességizsgalabk és eredményeik

$ IiUDGiIVRV UH & H\GH & MENYM iHO@pNWAIRAX dlfon 1100M xtreme alapanyagon
mindannakD N+O|QE|] KR]DJDQ\DJRNNDO N paVY{pd H VWY NKradastsd W HW W N
OHPH]JHNEUBSHGPpVWHUMHGpPVL HOOHKIQUIR® i RQPMRMH MTER)K HOMD Mill
SUYEDWHVWHNH VW] PDXAINSO @ MXOQYR NN HV HWR B HIQQBETHF y IS4V W H N
KHIHVIWHWW N|WpVHN HVHAWIREEHQ BHGeHT6 HpW YD YRIOWWQ\RN D]RQ
LUIQ\RNDW MHOKGIQHN]WHWW N|WpVHNE O NLPXQNiOW SUYEDWHYV
NIWpVHN 1iUDGIiVRVY UHSHGpVWHUMHGpPVVHO V]JHPEHQL *tHOOHQIC
YIiIOWR]JWDWW X Ni By BN WHWEDWHVWHN JHRPHWULIMIW ~J\ WHU
MHOOHP] PpUWHNMANH QWHWWHO D] DODSOHPH] YDVWDJVIiI4UD pV D
PLQG D] bODSDQ\DJ PLQG D KHIJHVI]WHWW N|WpV HVHWpPEHQ D O
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7.iEUMIIUDGiIVRV UHSH & p\EW H WMIHEGIW R N K Riedetst /P D\ R WEV O
NLPXQEU@PEADWHVWHN EHPHW M DpDHMNHRWAHQMNFRQ KHO\H]N T

$ YL]VJIODWRNDW D O$@NROFHUNNHWHWDQL pV SKOWIDENHFKQF
WDO{OWKBWY XQLYHUJ]iOLY HOHNWURKLGUDX®IYNIM]VMQNDHOL]SJi
YH]pUOPpPVL PyG D] H@GnUMISBIK D pV E \A|[ifpes MW [iJLVEDQ SH
iOODQGY WH UK H@ltp 6 PLRSOL]WB G D M~ JWELU HOIDVAP D ]i V BV HPBKOHOHW W
DV]LPPHWULD W pefesHy L ]jvU WOpINA VIBD O] @ ®AE POW p N & YR DA r&6D W R N
VIREDK PpUVpNDWWHMP] € DERQsOW VRU 7HNLQWHWWHO DUUD
VIRIWY H UpiWWY B pNEDO P D | WHHSNHGDPWaEEUWHHFEL SURN U R y$gie@@ D Q Gy
N]YHWS fpUpVL DGDWRN IHOGROJR]iViKR] pV D] HUHGPpQ\HN P
EHIHMH]pVH XWiQ D VJRIWYHU iOWDO D YL]KDOMWRMXWRUIQ J\&M

$ YL]VIJIODWRN H U H®DR/] QGIKH G OMFMPOARH Y p W-HO U |[VEPND pV
a EUPMKWDWMINDGNpPW iEUIQ WHOICRKDW® QN HHE e 23W1),
DPHO\HN HVHWpPEHQ D SUYEDWHMM® @)QWREHEP A QNHOWH/V/HIi FO [DA\BI\W W
PLQW D W|EEL SUyYEDWHFIMWQ B W B VIENDERUEHN IRN B iODV]WRWW W
volt PLQGNpPW SUyEDW bay W\l P WG R WWL AMIRO R [ KYDIW DYL ]VIiOW SUYED

Az HI\HV SUYEDWHVWHNpONBEHGpWRAPULHWIP J|URSILD 0i VDG PIRIWD
UHSHGPVWHUMHGpPVUH MH@a@NP]) NLQHWLINDL iEWDNBRQP®INVKD Wy N

JJUEpL MyO PXWDWMiN D N+O|QE|HNEOXHONAGNHAEV® EHPGX\OM
YLVHONHGpPVH N|]|[WWL N*O|QEVpJHNHW

A Paris (UGRJDQ |VV20i@ JIpODOGYMiQDN & DV ONHIMIH V HEEQ @K J\TH"
PyGV]HUpPQHN D OW]DRX VIR VWMWY P ONWRANHHLO i FLYV LQGH[H NGO H I\« W W
VRUIQ D] XWROVy pU]pNHORL NGISNIGD WP M LV AR NWAE O i ] D W
IRJODOMD |VV]H
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iEWDDODSDQND pEYD KHINHW [N | W pRAHINERBO BLMLPXQNiOW SUYEDW
HOYpJ]HWWIHB B G pWERWAHBEMNAGADI QDB R S p YIPIOUHWH Y p WHIElp LV ]i P

iEWDDODSDQNE PE YD Kt IWHW IN | WBpRAHIN-ERBO BLMLP XQNiOW SUYEDW
HOYpJIHWW 1iUDGiVRW i E M SRVOTHE RASHIGAPICH BH Y p WRIEIp LV ]i P
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iIEWDDODSDQND pEFYD KHIHV]WHWRN NHWEN BINVEN PXQNIiOW SUYEDW|
HOYpJIHWW 1iUDGIiIiVRW HEMBHGENVONWHURMNMHGER@HWLNDL GLDJUL

iELMDDODSD QB PEYD K H INHW PWHIWRE IDH QEMD DLNNP XQNiOW SUYEDW|
HOYpJ]HWW liUDGiVRV UHSHGpVWHUMHGPV YL]VJiODWRI
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WIiEQN|DMD GiVRV UHSH G p\EW M \WMIKGBIHW G Pp Q\H L
KorrHOIFL
APUYEDY yo|{2uLHo) " c index 1o
jele [mm/ciklus, MPam*?] [-] [MPam®?
Alform 1100M xtreme alapanyad-/ RULHQWIiFLYy
Al TL-1 QLQFV HUHGPpQ\ VWDWL
A2 TL-2 2,379 2,80E08 0,9889 108,48
A3 TL-3 T-L 2,283 3,78E08 0,9846 103,63
Ad TL-4 2,444 2,25E08 0,9863 91,169
A5 TL-5 2,66 7,84E09 0,9713 96,75
Alform 1100M xtreme alapanyadl-6 RULHQWIiFLy
A6 TS1 3,481 2,98E10 0,9854 60,339
A7 TS2 3,222 8,23E10 0,970 60,767
A8 TS3 T-S 3,457 3,48E10 0,9862 65,322
A9 TS4 3,108 1,13E09 0,9807 65,898
Al10 TS5 3,136 1,04E09 0,9856 72,924
+HJHV]W HWMigh X06\WozadbanyagX QGHUPDWFKLQJ RU
C1 21W-1 21WC 3,704 7,62E11 0,9846 122,986
Cc2 21W-2 21WC 3,161 6,10E10 0,9844 141,14
C3 21W-3 21WA 3,631 9,52E11 0,9779 114,5
C4 21W-4 21WB 3,363 2,97E10 0,9815 129,193
+HJHV]HWWrmi11@AMC hozaganyag PDW FKLQJ RULHG{
D1 21W-1 21WC 3,05 1,11E09 0,9856 114,869
D2 21W-2 21WB 3,059 9,02E10 0,9959 136,678
D3 21W-3 21WA 3,573 1,31E10 0,9892 123,192
D4 21W-4 21WB 3,413 2,26E10 0,990 127,258
+HJHV]W HWMigvh X06\WozatanyagX QGHUPDWFKLQJ RU
C5 23W-1 23WA 4,885 5,16E13 0,9022 74,009
C6 23W-2 23WC 2,666 3,06E09 0,9718 84,587
Cc7 23W-3 23WC 2,654 4,11E09 0,9802 87,876
C8 23W-4 23WB 2,513 5,73E09 0,8484 83,975
+HJHV]HWWrmi11@AMC hozaganyag PDW FKLQJ RULHG{
D5 23W-1 23WA 4,211 1,58E11 0,968 59,906
D6 23W-2 23WB 2,688 6,27E09 0,9079 70,724
D7 23W-3 23WA QLQFVY HUHGPpQ\ QHP VLNH
D8 23W-4 | 23WA 3,034 | 2,10E09 | 09093 | 60,15
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AParis (UGRJDQ |VV]HI+JJpV NpW SDUDPpWHUpPQHN D NDSFVRODWi

iEWD3DULY (UGRJDQ |[VV]HI+JJpV NpW SDUDPpWHUpP&®HN NDSFV
[30@ DGDWD DODSMiQ

Mind a 6. WIEOi]DWEDQ OiWKDWy NRUUHOIFLYV LQaB( muhkdpNHN P
6 4 DFpOEYO V]iUPD]y D G DAVNDD FH\ORGDWVIRFRDWDQQDN V]RUR'
NRUUHOIFLYV LQGH[ PHJEt]JKDWY pV MyO UHSURGXNiOKDWY YL]VJi

$] HUHGPpPQ\HN pUWPpPNHOpPVpKH] D] HJQH piKY Lkapalti @datokat FVR SR
VWDWLV]WLNDL PLQWiINNpQW NH]JHOWeN pV PHJIYL]VJIOWXN I
NeO|QE|] VpIpW (K&HJyEERYFR @R KD V]Q DG W X QIY W Rseighibkanicia
VILQWHQ (O V]|U D N*O|QE|] D-@pSSIMDIV RiOMWDHQW PHLY N VP H3ZiOOL
KRJ\ D] HOWpUpV V]JLJQLILNiIiQV D PLQWIN, KHIHV]WHMWW®HQ GV
RULHQWIiFLYQNpQW . pV D] RRIGGIU P WK HLOHNP REW YR D WV
PHJIOODStWRWW )2k +ORJI\ RU HIO@HS BALLGW i L WMNLFY pW]H J Qakla NiQ V
PLQWIiN MDHKiWRULH QW iFLQWiLW +Ngy¥gyYHL. QWIiED |VV]EMBQKDWYyYN
LVPHUHWPEHQ D]W LV PHHYHYYW DWW RN WMEDOA @M LHOWY  : |[VVIHY
PLQWiN D]JRQRVQBNYWHNVAWKKHWHEPpQ\-O D]JW NDSMieh KRJI\ H
HVHWEHQ V]LJQLILNIQVDQ N ON QE|QQUNYH B RDYWHWOW PLQWIiNDW
VWDWLV]WLNDL MHOOHP] L D WIiEOi]DWEDQ IRJODOWXN |VV]H
DPHO\HN V]LJQLILNIQVDQ QHP N+O|QE|[JWHN YDJ\LV DPHO\HNH\
VIHUHSO V]yUiVLpNB\NWWRDMKDYRYR2E@V YIB3@ RAVOONINEDQ WDOIO
DGDWRNNDO D : RULH@WIiRGY ] MINQ VOIHWMHL Wdy DNiU N«O|QiOO
PLQWiUy® PHJIiOODStWiV WRYIiEE HU VtWL D WIiEOQIDW pV D
YL]VJiIiODWRN PHJEt]KDWyViJiUD pV UHSURGXNiOKDWYyViJiUD YRQT
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WIiEO§]PMWUpPVL HUHGPPQ\HNE O NpSJHWW VWDWLV]W

Minta 2 U L HQ Whishhayching| A minta EWOD 6]yUi\ 6lyUiVvli
HOHPV HI\eWW I
n T-L 4 2,442 0,160 0,0655
n T-S 5 3,281 0,177 0,0540
K T-L 4 100,01 7,61 0,0761
0K, T-S 5 65,05 5,08 0,0781
n 21W / undermatching 4 3,465 0,250 0,0722
n 21W / matching 4 3,274 0,261 0,0799
0 4 21W / undermatching 4 126,95 11,21 0,0883
U 4 21W /matching 4 125,50 9,06 0,0722
n 21W / undermatching V 8 3,369 0,258 0,0765
21W /matching
K : XQGHUPDW 8 126,23 9,47 0,0750
21W / matching
n 23W / undermatching 4 3,180 1,139 0,3583
n 23W / matching 3 3,311 0,798 0,2411
K. 23W /undermatching 4 82,61 5,99 0,0725
0K 23W / matching 3 63,59 6,18 0,0971
n 23W / undermatchingp V 7 3,24 0,93 0,2876
23W /matching

6. Osszefoglalaskovetkeztetések

A] HOYpJ]HWW YIND SIOWW RN HGHpQ\HN DODSMIiQ D NJ[YHWNH] PHJ
$ VWDWLV]WLNDL V]JHPOpOHWEHQ HOYpJIJHWW I[iUDGiIiVRV |
PHJEt]JKDWyViJD pV UHSURGXNIOKDWyViJD PLQG D] HJ\HGL HU
MHOOHPIQ NDYOIDSWM PREAGKDERIDQ |[VV]HI«JJIpV iIOODQGYLQDN PH.
HI\HWOHQ NRUUHOIiIFLYV LQGH[ pUWpNH YROW NLVHEE PLQW
HI\eWWKDWyMD YROW QDJ\REE PLQW
A vizVJiOGMOOM alapanyagliUDGIVRSHGpVWHUMHGpPpVVH®D WHREHQQpMO
LUIQ\EDQpVY D YDVWDJVi8 LVIKQMEDIQNIQVDQ NCODQHU]IpEHQ\HEE
YDVWDJViJ LUIQ\EDQ WHVMHGQGL IULNSPH\G N B NQUER/DHIBIQ | V3Bl UL p V
NLWHY DGLNOLNXV W|KpVIip WWMYNMNiHI\DUIQW EL]RQ\tWMIiN
$ KHIJHVIWHWW N|WpVHN IiUDGiVRV UHSHGWHUMGIGSD § HXDI pAVH P
D N O|QEVpPpJ D YDVW§ Jitvé 23Wi ahrabQPLQW D K H.Q@J 6 \EHIDY
illetve 21W).
$ NpW N*O|QE|] KR]DJDQ\DJJDO NpV]JtWHWW KHJHV]WHWW N|Wp
HOOHQVDAIYIDLNIQVDQ QHP N<O|QE|JLN VAP ¢2mK YQYNUBDIPA L L L
LUIQ\EBVR $ YL]VIIOW DODSDQ\@UQHWHW p EQ QI WNHBEVWNO|QEVpPJ D
XQGHUPDWFKLQJ KR]DJDQ\DJJDO NpV]tWHWW KHIJHVIWHWW N|W
YLVHONHGpPVH N|]IWW
8J\DQEDNNRU D KHIJHVI]WHWW N|WpVHN IliUDGiVRV UHBWIGpVWHL
LUIQ\EMNQ pV D YDVWDR23W LVJRIRDILNIQVDQ N<O|QE]|] D YDVW
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WHUMHG BHI\HPSBYMNVHONHGQHN PLQW D KHQJHUOpPVL LUIQ\E
D] KRJ\ D YDVWDJViJ LUIQ\EDQ WHUMMIG ] yH S HNGH Y H ] W4 & EK R X
PLQW D KHQJHUOpPVL LUIQ\EDQ WHUMHG UHSHGPVHN $ KHJH
LUIQ\EDQ WHUMHG UHSHGpVHNUH

$ KHIHVIWHWW N|WpVHN &{KyOM N ®D MFHIDLO D 1G ¥iyD/ BilJDODSD Q\D.
$ NDSRWW HUHGPpQ\HN DODSXO V]ROJiOQD M O@IDGiv®W W HSIH 8
WHUYH]pVL JJUEpN PHJRIPWIUR]iVIKR] >

7. Koszonetnyilvanitas

$

NXWDWyPXQND D] (XUySDL 8QLy pV D PDJ\DU iO O)BIfM @VH R RWP WL V

$0DS WiUVILQDQV]tUR234M5R@M6 D *SI2BMHNW NHUHWPEHQ YDOYy
IHOV RNWDWiV pV D] LSDU HJ\*WWP&N|GpVpQHN HO VHJItWpVH FpC
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Absztrakt

1IDSMDLQNEDQ DNiUROUIVKDW3D~ V]HUNH]HWL DFpO YDVWDJOHP}
DPHO\HN HO Q\|[V WXODMGRQViJDLN UpYpQ J\DNUDQ NHUsOQHN
*]JHPHOpPV VRUiIQ H]JHN D V]JHUNH]HWHN J\DNUDQ YD Qrgabisk NLWp Y H
KHIHVIWHWW N|WpVHNHW LV IRQWRV D I[iUDGiVRV UHSHGpPVWH
NXWBRWYQ 6 4 DODSDQ\DJ NpW N+O|QE|] Vdirdeérinaehingiozagi DW HJy U |
DQ\DJJDO HONpPV]tWHWW KHS$H WWHGR WON HW pl 6l D B/MQE] WiJ L OQIRON N i Q
KHQJHRWO@DVLYDVWDJIViJ LUIQ\EDQ WHUMHG UHSH G VhodagN |[]|WW
DQ\DJ HVHN PG NDIiUDGiIVRV UHSHGPVWHUMHGpPVVHO V]IHPEHQL

KulcsszavakfiUDGiVRV UHSHGpVWHUMHGpPV QDJ\V]LOiIUGViIJ~ DFpO KX
Abstract

Nowadays, structural steel thick plates with yield strengths of up to 1300 MPa are available, which,
due to their advantageous properties, are often useabinile structures. As these structures are often
subjected to cyclic stresses during their operation and include welded joints, it is important to test
their resistance to fatigue crack propagation. In our research work, S1300Q base material and its
welded joints prepared with two different strength grades of undermatched filler metal were
investigated. The results show a significant difference between cracks propagating in the rolling
direction and in the thickness direction. However, for the two diffenetérmatched filler metals, the
resistance of the welded joints to fatigue crack propagation is considered to be the same.

Keywaords:fatigue crack propagation, high strength stestlieldedgas metal arc welding
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1. Bevezetés

$ QDJ\WV]LOIUGViIJ~ DRORRVDHEBUN]JHUHSHW W|OWHQHN EH D
DONDOPD]IVRNEDQ NpOQ|QRIMHNDGYWNIPESDUEDQ $] HPROSSOW pYWL
PLNURpPpWWKGDWRYV RPHOOMHWIW HD KHQJHUOpVL pV D K NHJHOpVL
NeO|QEQIDJ\V]LOIUGViIJ~ DFpORNDWekl HME B Y PHNNY QN NILD SDMPDH Q)
130003 D IHOHWW LvaRaglenmekeR frgdlombarnvannak [1 £7].

$ QDJI\V]LOIUGViIJ~ DFpORN DONDOPD]iVIQDN V]iPRV HO Q\H O
YPNRQ\BDEEQ\HEE G Klemék vFHtEMKHWY PRPI¥ VIHUNH]JHWHN HVHWDPQ
HO Q\|[lV $ NLVHEE NHUHV]WPHWV]HW NLVHEE DQ\DJLJpQ\W MH
ROGDOIQ HJ\DUIQW H]iOWDO D J\iUWiVL LG @®SVYDPJIJHUHGFRLQONEOW
kisebb W|PHVYEHUNH]JHW e]ahé&rd¢iad\M BHWP M D Ut WiV W] 442). HgyR_meKkod Ja >
Q|[YHOW V]LOiIUGViJ pV D VIHUNH]HW P&N|GpVH iOWDO PHJINtYiQW
LOOHWYH D] LVPpWO G LIpQTEHYQWKOOWHNNHORVIMREBQL @ D V
PUGHNEH@ NRPSOH[ PHIN|JHOtWpVW LJpQ\HO

-y PHFKDQLNDL WXODMGRQViIJDL pV SRWHQFLiIOLVY HO Q\HL HO
PpJ PLQGLJ WDUWRJIDW NLKtYiVRNDWW dWUWpIDMK QR CPyH LIH CpH/O D K
SDUDPpiégvuBDNVIWiVD WHUpQ $ IDMODJRV K EHYLWHO pV D K&
SDUDPpWHU DPHO\HN EHIRO\IVROMIN D N|[WpV WHKHUEtUIiVIiW D(
KHIHVIWHWW |[N|WpV]NEW|QEOWpPU K KDWiV pUL D K KDWIiV|YH]H
WXODMGRQViIJ~DN 1DJ\V]LOiIUGViJ~ DFpORN HVHWpPQ D K KDWiV|\
FVINNHQpY D OHJPHJKDWIUR]YEE (JHQ DFpORN HKHSG RV pPWISKHEY \
pU]JpNHQ\VpJ LV (PHOOHWW D QDJ\ IRO\iIVK-IDWIDVPWDW\W | NP H
GLOHPPIiMD PLYHOOBPJIRODINKDWiIiU~ DQ\DJRNKR] OHKHW PDWFKI
beszerezni [[1 [8], [9], [16] £20].

$ QDJ\WV]LOiIUGViIJ~ DFpORNDW V]iPRV WHppGHKK®W Q HJ ¥ W BNDHUNIJ E
KDMyN N|QQ\&V]JHUNH]JHWHN pV QDJ\ WHUKHOPpPV& KHJIHV]WHWW
pStW LSDUL JpSHNEHQ D] DXWyLENDEDgLY\MBHK B P D ER/AIED Q
szerkezetekL VPpWO G LJIpQ\BakWIWHHOEHM]YODY J\DNUDQ PHJILJ\HOKH'
PHIJKLEiIVRGIJJI\DNUDEEDQ UpV]JOHJHV YDJ\ WHO[RHVVZWAQNUHPHQ
iVPpWO G LIJpQ\EHYpWHOQHNpNZIW KWWHV]IWUHMWHWHUNH]HWHN H
UHSHGpVWHWDNHMGH D] D]]DO VIHVEIQW B O ® HIH ®HOEYR'PIQ WWHNH G p \
RVI]WKDWy ODVV~ Q|YHNHGpV VWDELO Q|YHNHGpPV pt#biLQVWDEL
WDUWRPIQ\ED NHU<O D NIiURQR®I VWYQNVHPRQ B WNWHKOD \R B \WH3D {p V H
YDOyV]tQ&VPL&YIpUDGIVRVY UHSHGpVWHUMHGpPV QDJ\PpUWPpPNEHQ |
V]pOHV pUWHQOHPQ HEH YNHWHNOPpPpQ\WINYWHO VFHUNH]JHWL MHOOHP] N E
UHSHGpVpPOYHMWMYR@DWWIW pV VHBERHDOBINMPRYH ]| ROVDIOVID OLYHO D N-eC
szerkezetiD Q\DJRN N<O|QE|] V]IYHWV]HUNH]HWW HEE B VO PN|FY KIDAQ\LHN] DHL Q
N*O|QE|SHGHVWHUMHGPVL YLVHQANB &P VIO iWHE BHAD/K M NDPHM ] Q L
[23] 425].

JelenN | ] O H Pp@@dyt S1300QM HOl&d UNH]HWL DFpOQDN pV NpW N*«O|QE|] V
WDUWR]y KR]DJDQ\DJJDO HONKV§tWHBDVGNY RH JH W RBM EHEMEN W/HVGHA\
HOOHQIOOiIVIiQDMN. EHE® XMWEEW D] DODSDQ\DJ V]JLOIUGVIJL NDWHJYy
KR]DJDQ\DJ VHP iOO UHQGHONH]pVUH H]pUW PLQGNpW DONDOPD
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iEWIDJ\V]LOIUGViJ~ VIHUNH]HWL DFpORAI4BIDNDOPD]iVD D

2.$ YL]VJIOW DQ\DJPLQ VpJ pV D KHIHV]WHWW N|WpVHN HON

21$ YL]VJiOW DQ\DJPLQ VplJ

$] iIOWDOXQN YLIF|VYDYW BJVid~DQ\DJPLQ VpJQHN PHJIHOHO V]HU
P&EL]JRQ\ODW QHP iOOW UHQGHONH JmedPH FKIDQMN B H WX O ME\R YV
NpPLDL |[VVIHWpPWHO [HOMWHOINB]pVIG HNDE G WA DBxddhiigkai $
WXODMGRQViJDLW pV Np#®LDWiRdtiEwarMOpW D] pV

WIEH DWW VI @OW DFHMKD QLNDL WXODMGR

(J\H]PpQ\H 6]i]DOpPNH Charpy-V
'HHT/EOQ\\' IRO\iV KRDWi 6]%'\'[}\/}"\3’8}[’]\/“ VIDNDGiVL| W PXQNLF&
[MPa] m A [%] on, KV [J]
468 1300 1560 12 78
2 WIiECH]PMWVJIiOW DFpO NpWLUPHJ\@ ]HW;
C|Si|Mn| P | s |cr|cCu| N |[Mo|V | Ti | A | N | zr
0,23| 0,45/ 1,86| 0,012| 0,001 0,85| 0,093| 2,43 | 0,36|0,03| 0,002| 0,063|<0,001 | <0,001

$ YL]VJIiOW DQ\DJPLQ VpMNOQ|O Hidfeiiess HN pIRALID L

V]iPtWRWW NDUERQHJ\HQpPUWpPN &(9

2.2A hegesztH W W WNWH O N p V] tWp V H

$ YL]VJiOW DODSDQ\DUWKNpPWVNYEVOE|N|WpS XV ~
KR]DJDQ\DJJDO NpV]tWHWW+N HO $] IHQNIDAPIDG RWIW WKRWDN CB@\IDR @
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PP pV DOIRU®P& * /| PP WtSXV~ KR]DJDQ\DJRN YROWDN $ KR]DJ

IHOWWOHWW W PHFKDQ LN DL pWAOW DE@k RONY PLFONLDIW VJH W 2%/ HB& NHW SHG
WIiEOi]JDWRN WDUWDOPD]]iN

WIiEQIPDWOHU 8QKRI®JDQ\DJ PHFKDQLNDL WXO

$O0Vy HJI\H]F . ]
1RO\ IV KRR} 6]DNtWyV]Ld 6]i]DOpNRV V Charpy-9 W P X(

WIEQIWWOHU DOIRCKR]DIDQ\DJ PHFKDQLNDL WXO

$OVy HJI\H]F . ]
IROVIV KRR | BIDNIWYVILG6]iIDOPNRV V Chamy-9 W PXQ

[MPa] Rm [MPa] Q\~ OA W -40 f &n, KV [J]

. 11461250 . .

WIiEQIWWOHU 8 hbRganyagNpPLDL |[VV]HWpPpWHOH >V
C Si Mn P S Cr Mo Ni \Y, Cu Ti Al Zr
01| 08 | 1,94|0,015/0,011| 0,52 | 0,53 | 2,28 | <0,01| 0,06 | 0,06 | <0,01|<0,01
WIiEQIWWOHU DO I®GQRozaganyjagNpPLDL [VV]HWPpWHOH >V

C Si Mn P S Cr Mo Ni \'
0,08| 0,46 | 1,54 | 0,010,007 0,64 | 0,52 | 2,73 | 0,22

$ KHJHV]WpVL SDUDPpWHUHN PIHIAKD\W PUER] Y\ DV B Q& BIFDN WLLLBN DQ W
VILPXOiFLyVaini\L WU HORIIQ vaddmint a 2@ N|JOHPpPpQ\EHQ BEDPIWIDNRW YV

YiODV{WRMWVW LGROW  $] tJ\ PHIKDWIiUR]RWW7K MUl @jiNdiw L SD UD
be

7. WIEOH DKW JIHVIWHWW N|WpVHN NpV]tWpVH VRUIQ
sor | EUDPHU[ JHV]-OV +HJIHVIWpVU tss K&OpPV] )DMODJIRV f

[A] V] [cm/min] [s] [J/mm]
*\|N 180 19,1 31 5 562
7DNI 240 22,7 53 493

$ N|WpVHN OpWUBER]WRKRY HOMIiUiV D o¥X Y& H OHHIN Wity G Y\R OYW G
Miskolci Egyetem$ Q\DJV]HUNH]HWWDQL pV $Q ‘DY WHDRXi Q R D WB$0DD L KQVDp ] %
WtSXV~ iUDPIRUUWD @\t W RABEOX M5IXHO mmHY ; OHpOH]pV& OHPH]HN
SRJtFLYEDQ HJ\HVtWHWWN $20HPOB]|NVYMP QYO HWRURSDWITHQO
VHEHVVpJ pV YDUUDWNpPS]pV ELIWRVtWiVD pUGHNPEHQ D] HOV .
WtSXV~ KHJHDQW PRJUDWWRMU $] DONDOPD]RWW HO PHOHJtWpVL |
K PPUVPNOHW SHGLJ PHIN|JHOtW OHJ f& YROW $ NtVPUOHWHN
Ar + 20% CQ YpG Ji] NHYHUpN YROW O P Vi|BiLY PIOV W\ EEH FIHW V p J.

YDODPLQW D pV D WIiEOiJDWRN DGDW Dy N PP VOIS DN W]K O W # N
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2 IEWBWDODN|WpVNLDODNtWiV pV D YDUUDWVRURN VHPDWL

3. Faradasos repedésterjedésebesség vizsgalatok és eredményeik

$ 1iUDGiIVRV UHSHGPVWHUBDHGpPVNRQFLIiIQDWRNBW $Q\DJV]HUN}
$Q\DIJWHFKQROYJLDP&NQGVP7 6l WHEBMWPiQ\~ X QLY Hiudra0likoas HOH N\
DQ\DJYL]VJIiOy(MIQRW|HIHH® N HO $ el SzdrebpnH/OHDBKOMBIEVO H P [ p V H
PUGHNDEHQVIiOW DODSDQ\DJRNEYO pV D N+O|QE|] KR]DJDQ\DJRN

KiURP SRQWRQ (FABUSKUHYED VKB W\D W W P X QHNWOWIX|GWo WH N B R HD F\U]y
NLPXQNiDiFDDDDODSMiQ W|UWpPQW

3 IEUDURP SRQWRQ WTIAR)BH QED WHN WKW NLPXQNiOiVD D KHJHV]
EHPHWV]pVL LUIQ3RN MHO|OpVpYHO >

$ NpW YL]VJiOW B/OpPSBRQRVIEHY®WTFLYM~ PtJ D KHJHVIWHWW N
RULHQVYB4FSYMED WMN YW EWHWW QN +HIJHV]WHWW N[WpVHN HVHWpPQ
a4 iEUD VIHPOpOWHWL

$ EHPHWV]pVHN KHO\H D YL]VJIiODWRN VRUiQ HOWpU YROW tJ\
kaphattX QN D KHJHV FWHWW YV HNQW B pYplV DODWRN VRUIQ D YH]p
WHUKHOpPVFEV|NNHQW pVH\D OB@ Giy) DWH WKW O #H\SHEREEWY WAHEUBAIVE] W p V

WHUKHOpV DV]LPPHWULD WpQ\H] YHO pV V]LQXV] DODN~ WH
ODERUDWYUIXWEHN) UQJREDK PpUVPNOHWHQ WiH]MAVRHRIU K90 psv LY L
frekvencia f =20 Hz volt DPHO\HW D EHIHMH] [i]LVEDQ | . A7 pUWPpNSE
HUHGPpPQ\HN PHJIHOHO |VV]HKDVRQOtWKDWYyYViJD pU@dNpEHQ D
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DJRQRV YROW YDODPLQW D YL]VJIODWRN V]HPSRQWMIiEyO PH.
QpYOHJH V+RUM p QK LEdzgrQsvplQ W

4 iEWDIIUDGIVRV UHSHGHENAHADBMBOGMRNKR] DONDOPD]JRWW 73 %
EHPHUuNe RV LH QW KAHLYHMI W K W Alb&W| oV p V H

$ YL]VJiODWR N] tMat@EPPOHIUDM]ROKDWyN+DJp € SEHOPWRHIOH W iP L
J|E panelyeka] pE.iEUINRQ Oi$W KDWY NQ V]HPLOp/®\E pINV NW VD EDH O:&
SUYEDWWEPMH OpQ\HJHVHQ QDJ\REE HOYLVHOW LJpQ\EHYpWHOL
SUYEDWHVWp $ MREE V,]& PO pEUNV® WHIQ/Q HN GBI NDEVYHEDWHVWQHN D]
bemutatukaT6 pV ~ RULHQWIFLYNEDQ (DS RWW FRUMHGBGEPSMNHDW M X N |
YDVWDJViJ LUIQ\EDQ WHUMHG UHSHGpPVHN QDJ\RQ HOWpU YLVH

$] HI\HV SUyEDWHEWMHNO V]iBP@]WDWEWG®IVRY UHISEBGHPWHUMI

NLQHWLNDL GLDJUIERRNRD GipWVKEWPWSVRUDL YLVV]DW+NU|]JLN D
HOWpU YLVHONHGpPVHNHW
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5 J{EUWD) DODSD QLM POKHIWHW IN | W pRAHINEQBO BLMNP X QNiOW SUYEDW
HOYpJJHWW 1iUDGiVR W K ESWHGHVOIHURNE Glp V

6 iEWDalapanyp JEY®pV D KiHIHW N | VBpRAHINEQBO DLMNP XQNiOW SUYEDW H
HOYpJJHWW 1iUDGiVR W HESWHGHVOIHURNE Glp V
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iEWD) DODSD QSHNE POKHIWHW |N | VBpRAHINEQBLO BLYMNP XQNiOW SUYEDW F
HOYpJ]HWW 1iUDGIiVR W NESHGEIVAIHURNEERW MHO& SUYEDWHVW Q

8 iEWD DODSD DSHIE POKHIWHW IN | W pRAHINEQBO DLMNP XQNiOW SUYEDW
HOYpJIHWW [iUDGIiVR W i EWGHIVAHWRN [GIED L
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iEWD) DODSD DSHNE POKIHIWHW N | W pRAHINEQ &/ iR L P DINQOW SUYEDWH V)
HOYpJJHWW 1iUDGIiVR W HESWHGHIVAHWR/N (GED L

AParis (UGRJDQ |V V3&@-I0®\D O G yW ilIDMH X MpHNHVPLNDL ®aLDJUDPR
OHJNLVHEE QpJ\]HWPMNJRPOWMAIRYRWHR W D NRUUHOIFLYV LQGH[HNI
FLNOLNXV W|UpV] \UYWYNHNMIWE @i]DW |RJ® D\WNED i ] B VWED R
WRYIEELRPFXQ GMUPDWFKLQJ PHBQKIOHUpBQLIJR® ; 4 D] XQGHUP

PHIJQHYH]pV SHEG%KDH® D@|RICRlapanydgk R]DIJDQ\DJ SiURVtWiVUI
$ WIiEOI]DWEYyO VIHPEHW&QEWD |[VRIHYHWPpPVPE O PiU OiWKDWYy YR
QHP PLQGHQ SUPEDWHBDVYEYD WXGWXQN PHJEt]KDWY BIWEHPWLNDL
V]iUPD]WDWQL (] HJ\UpV]W PXWDWMD D KHJHV]WHWW N|WpVHI
LUIQUIEDQVHUMHG UHSHGPVHL N|]|[WWL N+O|QEVpJHNHW PiVUpV]
pV |[VVIHKDVRQOtWiViW
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WIiECH]DWD GiVRV UH SHGHENAHAPBKSBRIMG P p Q\ H L
A \ n C Korr HOIFL .
P_Lél}éED “HO|[{ 2ULHQ index fe
: [mm/ciklus, MPam'/?] [-] [MPam?|
S1300Q alapanyad-/ RULHQWIiFLy
Bl TL-1 2,876 3,14E09 0,9938 85,254
B2 TL-2 2,800 3,57E09 0,9906 82,398
B3 TL-3 T-L 2,900 3,13E09 0,9914 81,266
B4 TL-4 2,852 3,49E09 0,9921 81,936
B5 TL-5 2,932 2,5C(E-09 0,928 87,782
S1300Q alapanyad-6 RULHQWIiFLYy
B6 TS 1 QHP pUWpPNHOKHW NHYpV D(
B7 TS2 2,%3 | 414E-09 | 09186 | 55,044
BS TS3 T-S QHP pUWPNHOKHW NHY|
B9 TS4 QHP pUWpPNHOKHW NHY
B10 TS5 3,024 | 3,3%E-09 | 09%B0 | 64,447
+HIHV]WHWW N|WpV 8QuidedmatchiKgR)] DJD @ WLLH QW iFL
El 21W-1 | 21WB 4,289 9,652E12 0,9711 83,902
E2 21W-2 | 21WB 2,678 1,17E08 0,9872 86,463
E3 21W-3 | 21WB 3,542 1,76E10 0,9714 85,668
E4 21W-4 | 21WA 3,288 6,16E10 0,9854 84,433
HegestHWW N |WpV DN Rozaganyaguhdermatchingll) RULHQWI
F1 21W-1 | 21WB 3,787 4,87E11 0,9885 78,515
F2 21W-2 | 21WB 3,398 2,48E10 0,9766 87,137
F3 21W-3 | 21WB 3,88 3,49E11 0,9873 85,662
F4 21W-4 | 21WA 3,526 1,66E10 0,9927 86,284
+HIHV]WHWW N|WpV 8QuidedmatchiKgR)] DJD @ ULLH QW iFL
ES 23W-1 | 23WA 8,873 7,40E18 0,812 32,16
E6 23W-2 | 23WA 3,705 2,37E10 0,9632 54,721
E7 23W-3 | 23wB QLQFV HUHGPpPQ\ QHP VLNH
ES8 23W-4 | 23WB 4,222 | 2,35E11 | 09745 | 65814
HegestHWW N |WpV DN Rozaganyaguhdermatchingll) RULHQWI
F5 23W-1 | 23wB QHP pUWpPNHOKHW NHYpV D{
F6 23W-2 | 23WB QHP pUWpPNHOKHW UHSHA
F7 23W-3 | 23WB 3,321 3,57E10 0,9373 65,602
F8 23W-4 | 23WB 4,997 4,75E12 0,9747 49,921
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OHIJMHJI\H]]*N KRJPYOW{ MHORBBWANRULHQWIFLYyM~ Slg&RWHVW H
liUDGiIVRV UHSHGpVWHUMHGpPV HOV V]DNDV]iUD D UHSHGpV O
PUWPNHOKHW DGDWRNDW H]pUW H]JW D SUYEDWHVWHW D VWI
ILJHOHPEH DGDW D WIiEOi]JDWEDQ DGDW D WIiEOi]DWEDQ

A iEUi®arB(UGRJIDQ |V VINiMJIFD/U D Rapasblalp HWKDWy D] HOYp
YL]VOWRN HUHGPp@JHIE DIQDISMNIW+*QWHWW N DJRNQDN D YL]VJiOD
amelyeket+ D MHOHQ N|]OHPpQ\E ki@ DEXBrVEDINMRAMWMW HPRIJIDODSD Q\D JR
KHIHVIWHWW N|WpVHLQ YpJH]W+QN $ NpWJISPV PRI B W iNRSFN B D
6 4 DODSDQ\DJRQ pV KHIJHV]JWHWW N|WpVHLQ HOYpJ]JHWW YL]VJ

10 iEWParis (UGRJDQ [VV]HI+JJpV NpW SDUMHAEWBUDQBIMNPYRQSENQ (
bemutatott, valamin&lform 1100M xtreme DODSDQ\DJRQ pV KHJHV]WHWW N|WpVHL
DODSMiQ

Minda8 WIiEOi]DWEDQ QifLYVWQ SR PUW pEGBINY PNESDWR ODW pV T
DQQDN V]RURVVIiJiW NLIHMH] NRUUHOiIFLYV LQGH[ PHIEt]KDWy
WDQ~VNRHBIPOGDStWKDWyY WRYIEEi -QRI\QDINRWE V]L@EDGViJL ND
taUWR]y DEpORQ HOYpJ]JHWW YL]VJIiODWRN HUHGPpQ\HL My |VV]KD

$] HUHGPpPQ\HN pUWPpPNHOpPVpKH] D] HJ\HMWKY Lhyalti @iaxakdt FVRSR!
VWDWLV]WLNDL PLQWIDKRQW WHPHDO WRPNQWAN HOHPV]iPR RNiQ O
PHJYL]VJIOWXN D] HJ\HV PLQWIiN D]JRQRVVIiJiW LSOWHEAWH>N+O|Q]
[38@ KDV]Qi®IWKQNPWROGDOL V]LIQIOYND@QF.DY]LMWHRE|] DOD
RULHQWIALYWBWYL7]VJiOWXN PHJ pV PHJIOODStWRWWXN KRJ\ D]
NeO|Q NH]HOXDI® NDKHIHVIWHWW NJW pDUiRschaktiriglireerynatchig
(9) p Undematching(11))piURVIWiVW HOHPH]WesN pV PHJiO SBEnSamRahW XN KR
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a Ky PLQWHVHWEEBHQ V]LIJQLILNIQVDN DHBL@WIQNWMVEBDK WV HIXRQKI
8J\DQLO\HQ HOHP]pVW DpV : RWHHOMWWH WWD &iWdr adesG W N YpJ
HOHPV]iPRN PLDWW $ KDUPDGLN OpSpVEHQ IHOWpPpWHOH]YH D]W
RULHQWIiFLYy D : RULHQWIiFLYYDODOWRQ@QRVPHUHGRPIDWHKNY HJ R W QD
NIWpV RULHQWIFLYQNpPpQW . p "t azarosrak éknthe@ov@ NRdyQsam N
(UHGPpQ\+«O D]W NDSWXN KRJ\ HIHN D PLQWIiN BRRG G HHRQIHVYHWEM Q
$ NeO|QiOOy pV D] HI\W\DIGHPAL W WP IDQ RYNNDW/D W YW EF\VO LINDMLE MR O B@ [
[ VVIH DKRO DNKMOOW|REHW&E&RLQWIN VIHUHSHOQHN DPHO\HN V]LJ
YDJ\LV DPHO\HNHW D]WiQ |[VVIHYRQWXQN

9 WIiEC§]PMWUpVL HUHGPpPQ\HNE O NpSJHWW VWDWLV]W

Minta 2ULHQWIiFLY Pl Aminta EwWODO 6]yUiV 6]WiVL
HOHPV HI\eWW|
n T-L 5 2,884 0,032 0,0113
n T-S 2 2,989 0,050 0,0168
Ky T-L 5 83,73 2,73 0,0326
Ky T-S 2 59,75 6,65 0,0113
n 21W / undermatching (9) 4 3,449 0,667 0,1934
n 21W / undermatching (11 4 3,648 0,224 0,0614
U 4 21W / undermatchin(p) 4 85,12 1,16 0,0137
0 4 21W / undermatching (11 4 84,40 3,97 0,0470
n 21W / undermatching (9p 8 3,55 0,47 0,1332
21W / undermatching (11
Ky : XQGHUPDWH 8 84,76 2,73 0,0323
21W / undermatching (11
n 23W / undermatching (9) 2 3,964 0,366 0,0922
n 23W / undermatching (11) 2 4,159 1,185 0,2850
Ky 23W / undermatching (9) 2 60,27 7,84 0,1302
Ky 23W / undermatching (11) 2 57,76 11,09 0,1920

$ WIEOI]JDWEDQ WDOIOKDWY V]yUiVL HJ\8WaV i BV B X QN NNHENDHOW
WDOIOKDWyYy DGDWRNNDO RH 230 ® DnSenid<dbing y(11XiRIR VOWMRY Q W i M i W
NLYp&YMHGYH] HN DODWWLDN PLQG D N<O|QiOOy PLQG D]
PHJIiOODStWiV WRYIEE HU VtWIUD ND®FFOQ]DW YMVIiODWRN PHJE
UHSURK®WiQiJiUD PHJIRJDOPD]RWW iOOtWiVW

4. Osszefoglalas

$] HOYpJ]JHWW YL]VJIODWRN pV D NDSRWW HUHGPpQ\HN DODSMiQ
$ VWDWLV]WLNDL V]JHPOPOHWEHQ HOYpJJHWW [iUDGiVRV |
PHJEt]KDWyViJD pV UHSURGXNiOKDWyVHD NLLYPG BDWIOHB O WM
IHOHWWL NRUUHPLRLG VD L\QWS BI\aNajal HN D INHPR MWD NH OWHNL QW Y H
V]yUivVL HJI\-DVODISHWYNMYyQDN PRQGKDWYy
$ YL]VJIZUQ BODSDQ\DJ [iUDGiIVRV UHSHGpVWHUMHGpPVVHO V]
LUIQ\E-DQpWV D YDVWDJV-i6 MJLQELDDONIQVD® WL @ELUNVRYHWO |QE
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5.
$

a Paris(UGRJDQ |VV]HI«JJpV NLWHY Q pV D F LpNGWAINEN WH J\DVUL G
EL]JRQ\tWMiN

$ KHIJHV]WHWW N|WpVHN IiUDGIiVRV UHSHGWHUMHGpPVVHO V]HPI
ezD N*O|QEVpJ D YDVWS) dagiR BLE i @ LED) D7TKHQJHYOpVL LUIQ\EDQ
$ NpW NeO jdEratching KR]JDJDQ\DJJDO NpV]tWHWW KHJHV]WHW
UHSHGPVWHUMHGpVVHD KHOBEHQ p VOIHII B IRVDQ QHP N-O|(
A YDVWDJViJ LUIQLEDHQXVWtSN|YHWNH]JWHWpPV z PEEHFRJDAP D]iV
UHQGHONH]pV*QNUH PHY I MONOiOWiP-©O BDEDADMIiFLYyM~ KHJIJHV]WH
HVHWPEHQ WHKIiW QLQFV W}OJQIENING &V PNDW FEKEQFJKIR]DIDQ\DJJ
KHJHV]WHWWG N R\ WHHNS HI®DVWHUMHGpPV VRUIQ PXWDWRWW YLVF
$ YLVIRQ\ODJ NHYpV YL]VJIODWL HUHGPpR\ KHIG & W N\p KA WL WN | M
liUDGiIVRV UHSHGpPpVWHUMHGpPVVHO V]JHPEHQL HOOHQIOOiVD D
LUIQ\@B) HOWpNPpMWUIQ\EDQ WHUMHGW pigeSeaae VENNEK oka & p W
LUIQ\EDQ WHU MHNGW pWIS N G MNVWR \LWiHBNEp¥ LHUW @ D

A] DODSDQ\IKHJHNV]WHWW N|WpVHN FLN©DJLHNXY| WWU RV FW]t ¥ Y\G\H
NeO|QEVpJ

$ NDSRWW HUHGPpQ\HN DODSXO V]ROJiOQDN [iUDGiIVRV UHSHG
WHUYH]pVL JJUEpN PRJKMWIiUR]iViIKR] >

$] 6 4 DODSDQ\DJRQ pV KHIJHVIWHWW N|WpVHLQ HOYpJ]H\
IVV]KDQJEDQ YDQEDN]HQWPRQ/QiIiO QDPI\REE V]LOiUGViJL NDWHJ\
alform 1100M xWUHPH DODSDQ\DJRQ pV KHJHV]JWHWW N|WpVHLQ KD\
HUHGPPQ\HLYHO

Kdszonetnyilvanitas

NXWDWyPXQND D] (XUySDL SWQPBR JDWDVPDDOD DjQRDPSDL 5HILRQ

$0DS WiUVILQDQV]tUR2B34MDM6 D *SQ2BMHNW NHUHWPpPEHQ YDOYy
IHOV RNWDWiV pV D] LSDU HJ\*WWP&N|GpVPQHN HO VHJItWpVH FpC
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Abstract

The critical elements of higbressure gas transporting pipelines are often ¢hmplex loaded girth
welds The aim of the paper is to introduce our fedlale pipeline fatigue and burst tests applying
cyclic internal pressure and superimposed external bendiegssion girth weldsA unique testing
system was built to study the behavior of the girth weldslong pipeline sections containing girth
welds with no defects and with artificial flaws were tested. The artificial notches were located in the
HAZ zone of the girth welds and along the longitudinal axis of the pipe, crossing the girth welds.
100,000 fatigie cycles were applied, thHaternal pressurevasvaried between 60% and 100% of the
MAOP, and the bending stress was two, fesiwand eighttimes the axial stress from thAOP. The

tests were evaluated using video camera recordings, internal pregsutmirst time functions and
burst pressure values. gafety factor has interpreted that can be used to assess the risk of flaws.

Keywords gas transporting pipeline; fultcale pipeline test; complex loading condition; cyclic
externalpressure; statibending; safety factor
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1. Introduction

The strategic role of pipelines, including hydrocarbon transporting pipelines, is unquestionable today.
This role can be interpreted within a country (interpretation in a narrower sense), but also between
neighboring countries, or within larger regions, continents and between continents (interpretation in a
wider sense). An incident on such a pipeline can therefore cause disruption both within a country and
beyond, in wider regions. A direct consequencetho$ is the regulation at different levels of
legislation and/or standarfis] £5].

High-pressure pipelines are used for transporting various media (e.g. hydrocarbons, hot and cold
water) and are made up of-18 m length (formerly 142 m length) pipesections and pipe bends of
different geometries and lengths. The individual sections are joined together by welding, so the
pipelines contain a large number of girth welds. An example is the Hungariarpreggure
hydrocarbon transporting pipeline systaemtich has a total length of nearly 8,000 km and a number
of girth welds of nearly 700,000. It is no coincidence that the construction and inspection of girth
welds is subject to specific standafflk [7]. A statistically based studf] showed that failres due to
construction defects and material discontinuities occur more frequently in girth welds than in other
parts of pipelines. During the construction of pipelines, pipe sections are often subjected to external
loads that result in excessive bendsigesses in the girth welds; during operation, cyclic loads are
caused by changing internal pressures and environmental influences. The combination of these and
material discontinuities in the girth welds have a significant impact on the service lifehofvglds,
cracks can develop which can cause catastrophic fra¢@jres

Full-scale tests are expensive possibilities of assessing the integrity of different structural elements
or structureg10]. This is no different in the case of structures subjeztinternal pressure (e.g.
pressure vessels, pipelingsl]), where the expenditure will in virtually all cases yield the required
results: manageable risk and service life, safer operation, predictable remaining service life,
predictable inspections andénventions.

Different solutions are used to test fatlale pipeline sections. Tests can be performed with
external load and/or internal pressure, or with gatic and/or cyclic loading conditions. Fig. 1
shows a fowpoint bending test of large diaiee pipeline section, both the sketch of the test frame
and a pipeline section after failure (local buckling) can be gegn

(a) (b)
Fig. 1. (a) Scheme of test sap; (b) test setup after formation of a local buck[&2].
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Fig. 2shows an examplef a fourpoint bending test and a reeling test of small diameter pipes,
where the same test system and-on@ne pipe section during the test can be obsdi&id

(a) (b)
Fig.2. (a) Four-point bending test(b) reeling tes{13].
Considering that the girth welds of pipelines often contain differences due to the welding
technology and may be subject to external impacts (damage) during construction and operation, the

use of notches (artificial defects) is also appropriate when degigmd implementing fulscale
investigations. Examples of such notches can be seen in [Hi4j. 3

Fig. 3. Notches in girth welds made by electron beam weldiap

The effects of soitransmitted loads and loads due to soil movements were insestiginder
bending[15] and sheaf16]; the experimental setups are illustrated in Fig. 4. Road traffic loading tests
are less common for hydrocarbon transporting steel pipelines and more common for concrete water
and wastewater pipeling$7], [18]. In the examples shown, no internal pressure was applied to the
pipeline sections.
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(a) (b)

Fig. 4. Investigation of the effects of stiknsmitted loads and loads due to soil movements on
pipeline sections(a) bending stresgl5]; (b) shear stres§l6].

The aims of the research and this article are twofold. On the one hand, we present a test system
developed for the investigation of ftdtale pipeline sections subjected to internal cyclic pressure and
external static bending loads. On the other handrekelts of the tests divelve pipeline sections
without and with artificial defects (notches) are presented; furthermore the importance and the
applicability of the results are discussed.

2. Testing equipment and their characteristics

The elements and equignt that make up the test system are located in two areas, one in a laboratory
building and the other in a test pit built in front of the building. The tests are controlled from the
building, and the experimental pipeline sections are located in thgittebtvo systems are available

for testing structures subjected to internal pressure, and a separate system has been developed for
external bending loading.

The two pressure increasing systems are essentially identical in design, one for pressure8 up to 10
bar alledNEW) and the other up to 700 bamalled OLD). The lower capacity system is used for
fatigue testing and the higher capacity system for burst testing; block diagrams of both systems can be
found in a previous publicatig®]. The hydraulic cfnders and control units in the laboratory area are
shown in Fig. 5; the hydraulic power supplies are located in a separatediamtly next to the
laboratoryto reduce operating noise.

Based on these abilities and capacities a unique testing systdmaamadeveloped for the complex
loading of pipeline sections. Cyclic internal pressure and superimposed external bending loads can be
applied for the investigations in the thyigeint bending (TPB or 3PB) configuration. In this series of
experiments the sted girth weld was positioned in the middle of the tested pipeline section. The
experimental layout together with the introduction of the key elements in the test pit can be seen in
Fig. 6.
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Fig. 5. The laboratory area with hydraulic cylinders and cohwaits of the testing systems.

Fig. 6. The pit area of our developed system with a pipeline section.

The superimposed bending moment was set using a certified load cell and verified using a certified
extensometer with an extended arm. Positioning ofa$ted girth welds was performed using a scaled
plate with drilled holes (see Figs. 7 and 8).
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The burst process was recorded with two video cameras, both positioned at the edge of the pit area,
following the burst process from above. One camera was @uaitiin the direction of the longitudinal
axis of the tested pipeline section and the other perpendicular to it.

Fig. 7. Setting the deflection by load cell and its verification by extensometer with extended arm.

Fig. 8. The positioning plate with scales and holes, and the measurement of the deflection by
extensometer with extended arm.
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3. Details of the investigations

The investigated pipeline sections were made of P355NH seamless steel tubes for pressure purposes
[19] with a nominal diameter of 114.3 mm (DN 100) and with a nhominal wall thickness of 5.6 mm (t).
The nominal lengths of the tested items were 4,000 mm (4 m).

In order to ensure that only the right quality of girth welds are tested, i.e. that the quality of the
girth welds does not affect the results of thets;nondestructive investigations were carried out
before the fullscale tests. For this purpose visual testing (VT), liquid penetrant testing (PT), and
radiographic testing (RT) were performed.

Twelve pipeline sections were tested with different characteristics. The experiences of the
Hungarian transporting pipelingerator (FGSZ Ltd.have pointed to that external undercuts and lack
of fusions (between the base materials and weld metals) can beifidnadequate girth welds. Other
experiences of the Hungarian transporting pipeline operator have shown thapattyrdnear)
longitudinal damages are also common and significantly increase the operational risk, especially when
interacting with both gth and spiral welds. These were the reasons why we also tested girth welds
with artificial notches. The notches were cut using a hand grinding machine and located either in the
heataffected zone (HAZ) of the girth weld (circumferential direction) or tghothe girth weld (axial
direction). The external undercuts and lack of fusions were modelled using circumferential notches,
the thirdparty (near) longitudinal damages interacting with girth welds were modelled by longitudinal
notches. Since the artifitiaotches were made by the same person using the same hand grinder, their
maximum nominal width was 2 mm. The shape of the artificial notches followed the shape of both the
pipe and the grinding wheel, with their width decreasing slightly in the direofighe pipe wall
thickness. Fig. 9 demonstrates the two types of notch configurations.

@ (b)
Fig. 9. (a)Artificial notch in the girth weld HAZ of the Y10 pipeline sectigartificial notch
through the girth weld of the Y8 pipeline section.
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All pipeline sections, except Y3, were subjected to 100,000 cycles of fatigue loading. The cyclic
internal pressure was adjusted to the real operating pressure and was changed betweenl60%
of the maximum allowable operating pressure (MAOP, 64 bar). The applied axial stress from bending
was two, four six and eighttimes (in relevant figures 2 sigma, 4 signtasigmaand 8 sigma,
UHVSHFWLYHO\ RI)WdtHh®mbaxindn WiathhHpvegsurg. During the fatigue tests 0.2
Hz testing frequency was applied, moreover during the fatigue and the burst tests water was used as
WHVWLQJ PHGLD 'XULQJ WKH ORQJ WHVW SHULRG WKH DPELHQ
but this variation had no significant effect on the implementation of the tests or the mode of the
fracture behaviour of the pipeline sections. The main characteristics of tsedldltests can be found
in Table 1.

Table 1.The main characteristics of thdlfiscale tests

Pipeline Fatigue External Notch Notch Notch Notch length
section ID bending location direction depth [mm]
Y3 N/A N/A N/A N/A N/A N/A
Y1 applied N/A N/A N/A N/A N/A
Y2 applied N/A N/A N/A N/A N/A
Y4 applied ol N/A N/A N/A N/A
Y5 applied 2 N/A N/A N/A N/A
Y6 applied 2 N/A N/A N/A N/A
Y7 applied o girth weld circum 0.37 *t 29
HAZ ferential
Y8 applied o through axial 0.5*t 41
girth weld
Y9 applied ol girth weld circum- 0.67 *t 40
HAZ ferential
Y10 applied ol girth weld circum- 0.5*t 30
HAZ ferential
Y11 applied ol through axial 0.67 *t 40
girth weld
Y12 applied 8 1 girth weld circum 0.5*t 40
HAZ ferential

For the fatigue tests, a system with a maximum load capacity of 100 barseddqsee Fig. 5
NEW). Throughout the process, the variation of the internal pressure and deflection was continuously
monitored. These values were recorded every 530000 cycles over a time interval of-60 fatigue
cycles (258300 s). The internal presretime functions recorded during the fatigue test of the pipeline
section Y4 are illustrated in Fig. 10 as an example, and the defl¢ictierfunctions are illustrated in
Fig. 11 as an example too. The cycle numbers in the figures represent theuoylotgat the start of
each sampling.

Fig. 10 shows the stability of the internal pressure change, except for the initial transient. (This is
emphasized because the time required to complete 100,000 cycles was nearly six full days (nearly 139
hours).) Thedeflectiontime functions in Fig. 11 on the one hand reflect both the change in internal
pressure and the stability of the pressure change, on the other hand a very small (on the order of
micrometers) reduction in deflection changes can be observed.
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Fig. 10.Internal pressurdime functions recorded during the fatigue test of pipeline section Y4.

Fig. 11. Deflectiortime functions recorded during the fatigue test of pipeline section Y4.
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After the fatigue tests, both the visual testing (VT) andalkégraphic testing (RT) were repeated.
These were followed by a hydrostatic pressure test at 1.5 * MAOP (90 bar) for 6 hours. The burst tests
were performed using the 700 bar maximum load system (see Fig. 5, OLD) and during the test the
internal pressurealues were registered per second.

4. Testing results

Results of the visual testing (VT) and the radiographic testing (RT) repeated after the fatigue tests
showed no detectable changes in any of the cases. This means that the fatigue stage did not cause
sigrificant changes in the quality of the investigated girth welds. All ten tested pipeline sections
withstood the 6 hours long hydrostatic pressure test without any significant loss of internal pressure.

Fig. 12 illustrates the average deflection vs. fatiggee number curves for each pipeline section
subjected with superimposed bending. The data are derived from the systematic processing of
IXQFWLRQV VLPLODU WR WKH IXQFWLRQV RI GLDJUDR,=DQ EH VH
Land 8 [stresses, furthermore for circumferential and axial notches are clearly distinguished in the
figure. As the figure illustrates, the magnitude of the stress plays a determining role. It is noteworthy
that the curves for each pipeline section show the geenes and their location is fully consistent
with our approach.

Fig. 12. Average deflection values and their changes during the fatigue tests.

Figs. 13 and 14 show the internal pressure vs. burst test time diagrams for the investigated pipeline
sections, where theraws indicate the burst points.
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Fig. 13.Internal pressure vs. burst test time diagrams of the investigat&th Yipeline sections.

Fig. 14.Internal pressure vs. burst test time diagrams of the investigat&ddXgipeline sections.
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The main characteristics of thvl-Y5 and Y6Y10 diagrams are the same; however different burst
test times can be notice®artially different behaviour was observed for Y11 and Ylgeline
sections due to the larger size of the notshand the higher stre§4) resulting from the higher
bending load.

The average internal pressure growth rate values both in the first stage and in the latter stages can
be assessed as quasitic values, no significant dynamic effects were observeall btases we have
experienced tinekke changes on the curves which demonstrate the volume increase of the pipeline
sections. The increase in volume is the natural result of efdastc deformation; during these
periods, the system draws water frdm tvater supply network.

A dimensionlessafety factor was interpreted to quantify the behavior of the pipeline sections, with
the following equation:

5=BABL? PIK} ”é‘g‘:&maeae.é,é?o L= 4 )

where BP is the measured burst pressure [bar] and MAOP Makienum Allowable Operating
Pressurdbar]. Table2 summarizes both the main characteristindthe burst pressure (BP) and the
safety factor (SF) values of the investigaticassuming that thealue of theMAOP is 64 bar

Table 2. The main characteristics and the burst pressure (BP) and the safety factor (SF) values of the
investigations

Pipeline Notch Notch Burst Failure location SF[ 4
section ID location direction pressurepar]
Y3 N/A N/A 446 pipe surface 6.97
Y1 N/A N/A 447 pipe surface 6.98
Y2 N/A N/A 447 pipe surface 6.98
Y4 N/A N/A 473 pipe surface 7.39
Y5 N/A N/A 446 pipe surface 6.97
Y6 N/A N/A 462 pipe surface 7.22
Y7 girth weld circum- 457 pipe surface 7.14
HAZ ferential
Y8 through axial 348 axial notch through 5.44
girth weld girth weld
Y9 girth weld circum 461 pipe surface 7.20
HAZ ferential
Y10 girth weld circum 467 pipe surface 7.30
HAZ ferential
Y11 through axial 152 axial notch through 2.38
girth weld girth weld
Y12 girth weld circum 250 circumferential 3.91
HAZ ferential notch

Three selected pipeline sections (Y3, Y6 and Y8) at the end of their burst tests, iwatleat
the moment of their failures, can be seen in Figsl7ZL5espectively.
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Fig. 15. The Y3 pipeline section at the moment of its failure.

Fig. 16. The Y6 pipeline section at the moment of its failure.

Fig. 17. The Y8 pipeline section at theoment of its failure.
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5. Conclusions

The own developed test system is suitable for testingdalle pipeline sections without and with girth
welds subjected to cyclic internal pressure and superimposed external bending. The outside diameter
of the pipes tde investigated is limited by the structural element (device) designed to transmission
the bending load.

The failure of the tested pipeline sections without artificial notches occurred similarly, but in none
of the cases in a girth weld, and the failuregsures (burst pressures) were significantly higher than
the operating pressure. The failure of the tested circumferentially notched pipeline ssittiomise
exception (Y12 pipeline sectiowgccurred similarly too, in all cases in the pipe surface,rdégss of
the notch depth and the magnitude of additional stress from befidiagailure of the exceptional
pipdine section(Y12) occurred in the notch at a significantly lower pressure than in other similar
casesFurthermore, the failure pressuresréipressures) were significantly higher than the operating
pressure. Failure of the pipeline sectiotontainingaxial notch(Y8 and Y11 pipeline sections)
occurred in the notch and at significantly lower pressure than the other unnotched and notched
pipdine sections.

Both the performed fulbcale tests and the determined safety factor values have confirmed the high
loadbearing capacity of the girth welds produced to the required quality. The higibdasdg
capacity covers both cyclic and complex Isadhis also implies that previous damages in the
Hungarian gas transporting syst¢@ have occurred in girth welds of unacceptable quality and/or
subjected to significantly higher overloads.

The investigations and their results have demonstrated thertampe of the fullscale tests.
Moreover, these investigations have confirmed that furtheiséalle tests should be executed in the
near future.

Pipeline sections containing girth weld should be investigated applying higher axial stresses from

the supamposed extaral bending (e.geight times of the axial stress from the maximum internal

pressure).

Similarly necessary to test pipeline sections that contain deeper and/or longer artificial notches on

the tensile bending stress side of the girth welds.

The effect of the temperature, basically the lower temperatures, should also be investigated. The

operating pipelines have belodURXQG VHFWLRQV ZKHUH WKH WHPSHUDW XI

under the climatic conditions in Hungary.

In many countriesincluding Hungary, there are plans to blend hydrogen into the natural gas

transmission systefi20]. Therefore, the tests should be extended to cover the testing of girth welds

exposed to hydrogen.

The future planned studies and investigations should b@daout by varying the parameters

separately in the short term, and jointly in the medium and long term.
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1DJ\ 1yUD
TDQiIUVHIpG OLVNRO\BPLUVIJHHIWHPHWWDQL pV $Q\DIWHFKQRO)
6]HUNHJHWLQWHJULWIVL ,QWp]J]HWL 7DQV]pN
3515 Miskolc, Miskolc( J\H W H P Y-iradiR hbra.h‘laqy@un'miskolc.htil

Absztrakt

1IDSMDLQNEDQ NLHPHOW V]JHUHSHW NDSQDN D] DODFVRQ\ V
technROYJAIRLNNEHQ YIWVRIQDW DOi NHU<OWHN D N+O|QE|] K iwYlL
NeO|QE|] HQHUJLDWHURH®VIHIRIDIHNEFHROBSMIiQ OHKHW VpJ DG
NeO|QEPJONDOPD]iVL HVHWHNHW D QXNOI$iUMNO HQWD HDH PV FIGQI
OHKHW VpJDXDN)BEROMDYYW HD WRNREQEHPNpVUH NHU*OQHN Ne+O|C
KiIURPGLPHQJLYV IHO+OHWL VWUXNW~UiIN DONDOPD]iVt OHKHW
*]JHPDQUBEGEN|WHIHN WHU ORIPMDWR PIRIROBIVRNUD LOOHWYH D N
DONDOPD]iViUD $ U~GN|WHJHNQpPO W|UWpPQ YL]VJIODWRN NLHP
KDWpNRQ\ViJ NpUGpVN|UH NDSFViIiQ $] DONDOPD]iVL NRUOiWRD
VWUXNWOWNWYH N+O|QE|] iUDPOiIVUHQGH]M [FYOusdHatkdttattH p S tW p V
IHMOHV]WpVL WHQGHQFLiINDW

Kulcsszavak DWRPHK P¥HW®piQVYLWHO iUDPOIiWHH®&6HD IHO OHWL

Abstract

Today, lowcarbon energy production techniques arprority. In the study, different methods of heat
transfer enhancement in different power generation units have been extensively investigated. Based on
the technical summary, it is possible to examine the use cases for nuclear fuel rod assemblies. The
heattransfer enhancement is analysed according to current technological possibilities, with a special
focus on the application possibilities of thrdienensional surface structures. The investigations will
cover the solutions that can be applied in the desigrod bundles and the relevant application of
different legislation. The investigations in rod bundles are of particular relevance to the issues of
safety and energy efficiency. The application constraints clearly show that the incorporation of
surface sructures and various flow control elements are the future directions of development.

Keywords:nuclear power plant, heat exchanger, heat transfer, flow regulator, surface structure

1. % HYH]HWpV

$ N*O|QE|] P&V]DNL WHU*OHWHNHQ KDV]QiOW EHUHQGH]pVHNEH
DODSYHW IRQWRVViJXNNDO PDJ\DUi]JKDWy DONDOPD]iVXN MHOH
pV D JViUWiV VRUIQ D N|OWVpJHN FV|NNBQWpNpWRHN UG PIp G\H PLH (
PHJEt]JKDWYEEi pV WDUWYVDEEi WpWHOpPUH $ VRUR]JDWEDQ J\il
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iOWDOIEDQ 0: YDJ\ DQQiO QDJ\REE $ QDJ\ NDSDFLWiV HJ
IpPIHOKD Vi$§Q MODHOW QW (1p UGWH UDJH VDIWNDR.H E H U H Q G Hdexeiék W |PHJ
RSWLPIiOLVQDN NHOO OHQQL*N pV H]pUW D K FVHDH HRNRMWDNHO |
ELIWRQ@ViDVWVE ORNWRKQ 1] 34V LV

6]iPRV DWRWHXFQEBON VSLUIORJIVIUWBVI|YHJ JIHMOHV]IW N p\
DWRPHU P&YHOHKHWNUDp WHV]L D ND]JiQFV|YH® YORPA N QB Q WH VY p/E
MDYtWYD H]J]JHO -D]XEPDP\WRYPMNOHW ND]JIQEMAEtI\WLALDEBKM POPHYpNOH
FVINNH@WDRPVK FVHUpO Q@MIEDGXQViIVJYyN NLNV]|E|OpVpPW > @

$PHQQ\LEHQ D K YH]HW OHPH Jdz N9 HHFORVHDON\ HOVSHHONNDEDMIWD A LW i V i W
HUHGPpQ\H]L KDQHP D KLGhWEREGhe® B RIVNIIRD\DWGKNDWUDPOIVIW WX
NHOWYH YDJ\ HUQWHUBMWWZAERKWUHNKNRRYD D SDVV]tY pV DNWtY P
LQWHQ]LILNiIOiIiV PyGVJHUHL HJ\HWOHQ V]JHUHOYpPQ\EHQ HJ\HV+O
HI\HQHV FV|YHNE O N|WHJHNE O iOOy K FVHUpPO-IHFP®EOKHRNWWN K
esHWpQ $ K OHDGiV HI\eWWKDWyMD D NeOV K V]JLJHWHOPpPVKH] Y
NIJIWWL IHO*OHWHQ QDJ\REE PLQW D VLPD IHO*OHWHQ OLYHO I
PpUHWHL QDJ\REEDN D VIRNiIVRVQiIO > @

$ NJIYHWNH] JHQHUiIFLYV J JOHYIiODV]WyYN D N|YHWaem¢kNE O iOO
DPHO\HN OHKHW®yYHEBWHY DN HVHWEHQ D J ] W~ QA KHWMWYW NRIBSDD
U|JItWHWW FV|YHNNHO-\MOOKW RWW O HKE&RHWID ;P\DMMDWILiJRW HJ\ WR)
J JOHYIi ODVOWKHYtW K|] WDUWR]y FV- YMONBFW|NNMQ WVpRIWRIPHRHUJL
Yt] iUDPOiIVRNKR] [UYPpQ\O pV NHYHU EHUHQGH]pVHNHW OHKHW |

$ Yt]K&EWpVHV Yt]]JHO V]DEiO\RWHOW HQXWEOHQU pW WHIPN Y RKRW
KRJ\ D UHDNWRUPDJ ¢«]HPDQ\DJUXGDN IRNR]JRWW K WHUKHOPpPVH
ELIWRVtWY N|YHWHOPpQ\HN]RPADWYOAM N VItD@mHIWp USO V]iUPD]y K
V&U&VpJH pV D UBDPWWRLUWNDNEPQIWHW YH]JHWpPpNHN KLGUDXOLI
DPHO\HW W|JEEHN NJ|J]|WW D KHO\L KLGUDXOLNDL HOOHQiIOOiIVRN
IHOV]tQL IHOIRUUDOIiIVIKR] pV NLpJpVpEH] NYRH B W KRHHW R BRNL NCO| L« NHI
okozzapMJ\UDGLRDNWtY KD Jbanak ki DV HRIC\DNHD EOK &W N|]HFVVHEHVV
K PpUVpNOHWL PH] LQHN NLHJ\HQOtWpVH D K&W N}IKEWPWDRPOIiV
IHOWPWHOHNHW EL]WRVtW D N«OYQ B|]UHDNW R U RINWY] BIFRIDEH Q] P XW
PHJYDOYVtWRWW idW XYW HRPYQUDEBVV]HUNH]HWEH EHYH]HWHWW V¢
YDJ\ NHYHU ODSiIiWRN IRUPIMIEDQ $ UHDNWRURN D FHOOiIV pV
vezettek, amelyeket a stabdJG UiFVRN NJ|]p N WIBWWHISEMHFDp St BEANWHN E
* ]JHPDQ\DJEXUNRODW pV D NHYHU UiFVRNHNHQW | (DHPPWQUEKPDAPY
KRJ\ |[VV]HIRJODOMD D N+<O|QE|] K iWYLWHOL IRNR]iVL WHFKQLN
NWHJIJHN WHUYH]piVHi@& DWpNRQ\DEE

2.THUYH]pVL DpO/DISRPBNIHNWpUWpPNHOpPpVL UHQGV]HUHN

$ 1IXNOHIULV 6]DEiO\R]i\EINuddal R¥gMAIY Colmnissipra 10 CFR 50.109 [7]

szerint YDOyYV]tQ&VpJL NRF Ni]EWpbaMistcHRBlp WisesSesit PyGV]HUHNHW

DONDOPD] D V~O\RV UHDNWRUEDOHVHWHN YDOyYVgtQ&VpJIJpQHN pV
$ NRFNi]JDWNH]HOpV DODSMD KRJ\ VO|EE N YWHPNKRINDN RNV \W S t W V +

DPHO\HN NHGY H] eWie heethtviek@dQ \DWRPUHDNW R VR UANRBLO.WHW p VH

PIUFLXVL IXNXVLPDL NDWDV]WUyID HVHWpPEHQ D V]|N iU DODFVR
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MiUy HVHPpQ\H PLDWW OHiOOWDN D GtJHOJHQHUiIWRURN DPHO\
1&W RHNH K&WpVpKH] V]*NVpJHV Yt] NHULQJWHWPpPVpKH] V]eNVpJH
(QQHN N|YHWNH]WpPEHQ D Yt] pV D J ]-BEXRUNFRID WHPLUUNWQDXR]BFE

f& 1|O|WW KDWDOPDV PHQQ\LVpJ& K WG pR DKNVE IR QAWHWAH U P\
NJUQ\HJHWEH W|UWpQ edLERFViWiViKR] YH]HW

OLXWiQ D FLUNYQLXP IpPPEXUNRODWRW D J ] HOKDV]QiOWD D L
YDVWDJ IDO~@ RPOVWHRNWYRHG p Q t RIQVAADBE Ol X/ X E DWSHUD K PPWi ViU D
D] HOV JiW LOOHWYH D UDGLRDNWtY HOHPHNHW WDUWDOPD]
*]JHPHO HU P& PHJKLEiIVRGiIViQDN NRFNi]JDWiW PLQLPDOL]iODQGY
HU VHEE HOV JiWDW NHOO pStWHQL > @

$] DWRPHU REMIWNREFHOpPVE O V]iUPD]y HO Q\|[N QHPFVDN D EL
KDQHP D WHUPHOpVL <]HPHOWHWpPVL YDJ\ P&V]DNL pV D JD]GD
iEUD

iEURFNi]JDWNH]HOpPVL NJUQ\H]HWL PRGHOO AGEDRNRPHU P& «]F
FVDSDWiQDN FpOMD D P&V]DNL NRFNi]JDWRN PLQISP.DOL]iOiVD )

( NRENi]JDWL GLV]FLSOtQiN PLQGHJ\LNH PDJIiEDQ IRJODOMD D °
(J\ PIVLN KR]]iDGKDWy GLV]FLSOtQD iaY, athelyl Byad Diolggkdy @yl D VW U
PDJIEDQ PLQW D] RUV]iJ NRUPiQ\iQDN WtSXVD iOODPRVtWiV YDJ
VIDEiO\R]iVL pV MRJ&. NHUHW VWE iEU
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JRQWRYV HJ\ BGHREMN i§ |VV]HV N|YHWNH]PpQ\pRHN. PDRQ R @ Q\Li\
OHKHVVHQ D] HOOHQWpWHYVY NLPHQHWHO& HVHPpQ\HNHW pV N|C
N|IJTYpPOHPpQ\ UHDNFLYMiW pV D NHUHVNHGHOPL KDV]QRW > @ $
IRO\DPDW DPHO\EHQ HO VDWFRNOWKHMQRMWMNMRFND OHKHWVpPpJHYV
D] HJ\HV N|YHWNH]PpQ\HN UHODWtY KDWiViYDO HJI\-WW PDM
WHFKQLMNGNXDORFISIIDWFV|INNHQWpPV YDJ\ NRFNIi]DWiWDGiV YpJeO ¢
vagy techLNiNDW YpJUHKDMWMIiIN (]JW D IRO\DPDWRW Q\RPRQ N|YH
PHIJROGIVRN KDWpNRQ\QYLVGHIDNNEMHHI pV V]*NVpJ HVHWpPQ D IRO\DP
WRYIEEIHMOHVIWHWW LQWpP]J]NHGpVHNNHO 3pOGiIiXO D NRFNi
YIOWR]JWDWIiIVRNNDO V]JHUYH]JHWL YiOWR]WD WirRRNiNDMdigvD FilHP p
PHJYDODWHYWD EHV]iOOtWYNNDO N|W|WW V]HU] GpVHNNHO EL]JWRYV
$ IXNXVLPDL EDOHVHW SpOGiMiW N|[YHWYH D] HU P& *]HPpEHQ |
D] OHQQH KD D] HU P& QXNOHIULV ¢4 PW QNHIWEDNG VW) ¥H|& B BBU-NN/ QHL
FVHUpOQpPN (] HJ\ RO\DQ Q\LOYiQYDOy P&V]IDNL YIiOWR]JWDWiV
UREEDQiV N[ YHWNH]PpQ\HLW DPHO\ MHOHQW VHQ EHIRO\IVROWD
N|[JTYPOHPpPQ\EHQ NLDODNXpPN& INPSWWN FBAND/OPD]iVD FEWDYN D]
P&V]DNL NRFNi]DW FV|NNHQWpVpQHN OHKHW VpJHLW WHUHPWKI
UDGLRDNWtY HOHPHN pV D] DWRPHU P&YHW N|UOYHY ELRV]Ip
EXUNRODWD WHOMIY\DtOVRDIN\PE H W WEH®/ IRLQLPDOL]IiOK®Wy D] pJ
YDJ\ D UDGLRDNWtY HONtFHMOLDNW BRMHHURHRDR ¥ HQ
$ YL]VEIOWRQVIJL ~-WPXWDWy FpOMD KRJ\ DHMQOi\>R® DWW WDIM
DWRPHU P&YHN UHNDNODWRIIMIYQIDNVRQDWNR]yDQ PHIJIKDWIUR]RW!
WHOMHVtWpVpUH
A reaktormagD] DWRPUHDNWRU N|]SRQWL UpV]H DKRO D PDJKDVD
DODSYHW UHQGV]HUE DD D]VDDONTPDQAVJEYD i CEHOUHXGBWNBWD p Y] IDP
* ]HPDQ\DJJ\&MW V]HUNH]HWHW D K&W N|]JHJE O D PRGHUiIWRI
WRYIEEL VIHUMBJMY NP NOWRBU Q\RPiIiVWDUWY HGpQ\pQHN EHOV L
YDODPLQW D N|QQ\&YL]HV UHBNWRWERE WERH@W J \W-H/WB BEEWMDMAK] L
UHDNWRUPDJ WHUYH]pVpYHO NDSFVRODWRV QHXWURQLNDL Wl
EL]WR §¥mpantokat D UHDNWRUPDJ YH]pUOpVpYHO OHiIiOOtWiViYDO
szempontoit, valaPLQW D UHDNWRUPDJ PHQHG{VBHQINRPHIW P & YHHINS
UHDNWRUPDJMiQDN EL]WRQViIJRV WHUYH]pVpKH] .RQNUpWDQ D
D ONDWU pV [HSdfbty-Bandér@ommittee$ foglalkozik
a) h|[HPDQ\DJUXGDN DPHOIRNEHWKHNWNHO YDJ\ DJRN QpON<O EX
*]HPD @étet WDUWDOPD]QDN DPHO\HN K W WHUPHOQHN pV DGC

b) hf[HPDQ\DJN|WHJHN DPHO\HN ¢]HPDQ\DJUXGDN N|WHJHLW WD
DONDW U p WG iNXddzet FS|YHN WiYWDUWy UiFVRN DOVy pV
*]HPDQ\DJFVDWRUQIN DPHO\HN D] ¢ ]JHPDQ\DJUXGDNDW pV I
PHIKDWiIiURIRWW JHRPHWULDL NRQILIJXUIiFLYEDQ WDUWMIN

c) $ UHDNWRUPDJ YH]pUO UHQGV]HUH D OHIiOOBMOHPQGW]H UD
UHDNWIDPEWIVR]iIVKR] pV OHIiOOtWiVKR] KDV]QiOW DONDWUpV]
QHXWURQHOQ\HO NHW V]LOIUG YDJ\ IRO\pNRQ\ D NDSFV
mechanizmust.
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d $ UHDNWRUWDUWIO\RQ EHO@QVyD WDUWY® PHSURN iH/]ifW B N] WIR VQ \ R
QHKp]Yt]JUHDNWRURN HVHWpPEHQ D NDODQGULD WDUWIO\RQ E
DODWW iOOy Yt]UHDNWR URW] i ©WR] 5 HEH UpVQ IS HUJi B N W LYYH] W W F
DODWW 00Oy RUHRMN JFY VHW PENFQ

e) $ K&W NJ|]JHJ

ffl $ PRGHUIWRU

g) (J\pE PDINRPSRQHQVHN SpOGiXO J JOHYIODV]WyYN IRUUIVYL]

3.+ iIWYLWHO IRNR]iVIQDN OHKHW VpJHL

$ K FVHUpO EHQ D K D IRUUy IRO\DGpNEYO iWDGYGKNWDELGHJ |
UpYpQ $ IRDUYGHIINRO\DGPpNRW V]LOiUG IDODNRQ NHUHV]W+O
IRO\DGpN NHYHUHGpPVPW YD3\ DN PORDQRIG VIKVEEWERABMEDL DIX Y ~
GXSODFV]|Y HkylekeE WIBUPpODPHO @V WtSXVRN

SHQGNIR@WRY D] pUGHVVpPJ pV D |HQ +0OUHIMLY WEI[ WU W P N|I¥ V] HWid Y
ERQ\ROXOWViJD PLDWW NLIRJIVROKDWY pV D J\iUWiVL N[OWVp
IHO*OHWL pUGHVVpJ OHRKNNWHKIGR@BW PDRXGBIVYDRPQ® PpUKHW
SURILORPpWHUUHO PpULN $QIHE -QH®HVYPGONNpN pMWH D/tGXWHD YL
DEV]JRO~W pUGHVVpJ D PiVLN D UHODWtY pUGHVVpJ S$EV]RO~W |
D] pUGHVWhJD IRQRPPRVHV PV NLV]iPtVAIWIXBEXSHIDQ|MHDPOIVL UHQG
V~-UOyGiVL WpQ\H] pUWpPNH D N|YHWNH] NGESESHQDRDYO UR ] KDV
PUGHVVpPJJHOpBGRIVY¥PJ D FV pUGHY VFPIHIWPPUPMH PPWtBNNRU
PUGHVVPJ D N|[YHWNH] NpSSW QY | piBEEHK/NWI N L

$ K iWDGiV VHEHVVpJH pV KDWpNRQ\ViJD D] DQ\DJ K YH]JHW Np
D SDUDPpWHUHN LV YIiOWR]QDN D KLGHJ IRO\DGpN pV D FV pUGH

31.EUDPOiVL HVHWHN D QRUPiO ¢«]HP& UHDNWRURNQIO

Az HO ] HNMW® OiWKDWy D] |VV]HI*JJpV D IHO*OHWL pUGHVVp.
[VVIHI*JIDVHWRYIEELOWPDQ@QRY K FVHUpO NQpO DONDOPD]KDWYy
EHPXWDWVIWDIiGBW HWIBWVWD N|QQ\&YL]JHV DWRPUHDNWRURN QXNO'
QRUPIO N|U*OPpPQ\HN N|]|WW > @

A ODPLQUODIPVOiIV D UHDNWRU OHiIiOOtWvigZD DV R D UD Gl hXHWW NG VLHNV EVAF
QpYOHJHV WHOMHVtWPpRIQX N PBbYW \HHOBRE RAIRIBB Y PUXGHNO GpVUH WD
ODPLQiIULYV iUDPOiIiVL HI\HQOHWHNHW DQDOLWLNXVDQ PHIJROGRW
WHOMHVHQ NLIHMOHWW iUDPU|VEDW BPKEIPpi@ED@HEY ID{VRWHOWV
3 ' DUIQ\

Az HI\II]LWXUEXOHQVOKNWIDP®WINODQRVDE BV HYQ\W ity RIND \PRN | G
reaktorok (PWR= Pressurized Water ReactorQRUPiIiO P&N|GpVH VRUIQ IRUGXO HO
K PPUVPpNOHWL PH] MpQHN LVPHUHWH QHPFVIPM]Dypudjdk IRQWRYV
V]iPtWDQL KDQHP D]JpUW LV PHUabb WpKRQ\ dBNRW WO W pYUHW NKIR K
MiUKDW D I&W HOHPHN EXUNRODWIQDN NpPLDL pV PHWDOOXUJLD

Az HINTIJIWXUEXOHQV K iWDGiVL HI\eWWKDWyNNW]HOW DM HDNQ HBD
PHJHJ\H] |VV]HI*JJpVHNNHO EHFVeOLN PHJ D FV iWPpU KHO\HW
KDV]QiOYD 6]iPRV V]HU] V]HULQW H] D PHIN|]HOtWpV ADOIiEHFV-
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[11] N|JOHPp Q\ agHae3 konstans mG RV t Wi V i Wa MDiBué BO\RRIWY HU NRUUHOIFLY
helyette DM i Q BHRIW Wi U R-ARW]JWiV~ UiF¥ HVHWPpPEHQ

%Lrath;E/zFrairx (1)
[VVIHI«JQPVWHWHYV RV]Wpedig)iFV HVHWpPQ
%L ravt( Fratva )

[VV]HI+JahplPAW D] RV]WiV iWPpU K|] YLVIRQ\tWRWW DUiQ\D

A K iWDEINMWWKDWY Q|YHNHGpPVH ~J\ W&QLN KRJ\ HOV VRUEDQ
amelyek fokoziN D WXUEXOHQFLiW D IRO\IVLUIQ\EDQ pV N|YHWNH]p\
PpUpVHN D]JW PXWDWWiN KRJ\ D K iWDGiVL HJ\*WWKDWy FV|
Q]YHNHGpPVPYHO $ SRQWRV K iWDGiVL NRUUHOiFLy HEEHQ D
gHRPHWULIMiWyO $ FV NRUUHOiIFLYYDO NDSRWW IDOK PpUVpNO
PLQW D UpHEGWPWREQDDGYGYy SRQWDWODQViJ > @

$] HO ] HNEHQ EHPXWDWRWW IRO\DPDWRN UpV]OHWHY HOHP]p
mind az~M WtSXV~ UHDNWRURNQiO

3.2.Termohidraulika a gyorsWHQ\pV]W UHDNWRURNEDQ )%5

$ J\RUVWHUOHPWWRURN VSLUIOLVDQ KX]DOED WHNHUW I&W HOHPFL
KDV]QiOQDNSi® FINGIN K&W N[JHIJHN iUDPODQDN pV HOQ\HOLN D
IHOV]DEDGXOy KW (JHNEHQ D UHDNWRURNEDQ Yt] KHO\HWW IF
YyOPRW WHUYH]QHN K&W N|JHINpQWV]RWQBRJIJRAEE KRJIN]JHWNNpS!
UHQGHONH]QHN PLQW D Yt] PDJDVDEE D IRUUiIVK PpUVpNOH
N|OFV|QKDWIiVXN > @HJI$YpJHPRQWNMpPQ D WHUPRKLGUDXOLNDL
EORNNROiIVL IRUJDWYN|Q\YHNUH pV D WHUPLNX\D IDJ DOV VDUMRU
VILQWMpPQ D IRUUy SRQWRN IHOGHUtWpVpUH |[VV]SRQWRVtWDQDN
J\RUVWHQ\pV]W UHDNWRURNEDQ YDQ QDJ\REE MHOH®@® VpJH D
K iUDP PLDWW eUGHMNYNPHERKY D E)JHOP~OWEDQ YiOWDN HOpJ I
PDJ K&W NJ|]JHJ iUDPOIiViW QDJ\ UpV]JOHWHVVpJIJHO pV IHOERQW
PDIJWHUYH]pVW WHOMHYV HJpV]pEHQ D] ~J\QHYH]HWW DOFVDWRL
LG EHQ DJ®)HHQDJ\REE MHOHQW VpJJHO EtU D PDJWHUYH]pVEHQ
IHOER QaMkN&YYJ QDJ\RQ HO Q\|V N<O|Q|VHQ D] RO\DQ |[VV]HWHW
huzalO DO N | U EJH\W B § HDUVE i OiFEiID

2 IEUDYWWDO VSLUIOLVDQ EHWHNHUW®WP HGIRPRARANIVYFHOFD YiOW
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A hH[DJR QO U Q GE UyWEE [3 i O FHiNDYIB® W HDHIWULXPK&WpV& J\RUVU
MHOOHJ]HW HNO US&NDreiRnExs iEUDS KX]DORN D] Si]®IPIBQNY WV
WDUWYUiIFVNpQW V]ROJiOQDNSi@FNYH MW H Q\H N RIGNQIQ RAD U %/ D/GIL LD O
KX]JDORN IRNR]]iN D K&W N|JHJHN NHYHUHGpVpW D]iOWD&O KRJ\ D
WHUHOLN (] D IRNRJRWW NHYHUHGpPV HO Q\|V PLYHO HO VHJtV
K PpUVFNOAWRN NLDODNXOiViIW D IRUUy FVDWRUQINEDQ 7RYIiEl
HOYiODV]|WORFNMDWiVWyO pV PLQLPDOLRINBMMDDYHUPPBNHW D
UHD NWIQUIDVGIR]iVW RNR]KDW Q EbhrkoRtfhecBdnikdiN iRUORQAR Quiezetkidr. JA
GUYWEXUNRODWRN DJROFENRBRPH FWX ®DRPiVFV|NNHQpVW RNR]QD!
Q\RPiIVFV|NNHQpV -NLW Q5B POAUFY®N W&QLN G+/]iPmI0 5HNQ® O G
MHOHQW VVp YiOLN

iEWD iUDPOIVL PLQWIi]DW YiOWR]iVD D KX]DO V]|JpYHO $ SLUR
IJUYPQ\iUDPOiVW. PXWDWMD > @

Az «]HPDQ\DJEHW@NHMpPEHQ D] iUDPOiIV NpW UpJLyUD RV]WKDWy
JUYPQ\iUDPOiV YDQ pV D EHOV UpJLyUD DKRO NRPSOH[ NHUHV]
D V]pOV UpV]FVDWRUQIGEDQVBEMNEPBE QDJ\REE PLQW D EHOV U
DOFVDWRUQD D[LiOLV VHEHVVpJH pV iUDPYRQDODLQDN PLQWi]D
KHO\][HWpW O $ SHUHPFVDWRUQD OHJN+sOV UpJLYMiQDN N|]
IUYp @®POiVRNDW PXWDW DPHO\HN KDMODPRVDN D KX]DOODO HJ\

$ EHOV DOFVDWRUQINEDQ D IHOWHNHUW KX]DORN D] ¢]HPD
iUDPOiIVW D]iOWDO KRJ\ S|UJ iUDPOIiV\Wepkdr AW p QW pQ PID i R JK R
D[IOLV iUDPOIiV HJ\ UpV]H D KX]DO PHQWpPQ AV|SU|JHW  ,pV NHUHV
WHQJHO\LUIQ\~ iUDPOiV HJ\ PiVLN V]JHJPHQVH D KX]D@®RQ PHJDN
i E U[DR].

$] [UYPQ\HN SHULRGLNXVDQ NW®HWNHIQH R LD GHHID \H J \HWF KX ] D
KiURPRURYV J\DNRULViJIJDO $] |[UYpQ\HN EHIRO\IVROMIiIN D] iUD
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DOFVDWRUQIN EHOVHMpPEHQ Hlpuw iUDPOiIiVL MHOOHP] LN PF
DOFVDWRUQIEDQ D | DiRIDNPFROUVDD [IIUIDRUiVPW D KX]DO HOJiUMD D] il
D Q\RPiV PHIJQ D V]pO IHO OL ROGDOKR] NpSHVW $KRJ\ D KX]DO
HJ\ UpV]H DPHO\ iWMXWRWW D KX]DORQ HJ\ QDUVINL SRQOWLY DS
HOOHQWpPpWHYV LUIQ\EDQ IRURJ pV KRVV]PpUHWH D UpV]FVDWRU
l«+JJ $] DOFVDWRUQIEDQ NLDODNXOyYy PiVLN |[UYpQ\ D KiWVy |UYp!
iUDPOiIiV PLDWW DODNX@ HNKH\] DH QUNIpRXEPEGHD W | EEQDOUHH O+ O HW H
VIRUXO OHJILJ\HOKHW KRJ\ D OHJQDJ\REE |UYpQ\HN D V]pOV D
EORNNROQL D SHULIpULiIV UpJLYEDQ D] |[UYpQ\O IiUDPOiIiVW $ )
viszonylag kicsik.

iIEUDYWED FVRPDJRONWHEHPHPDQ\DJ

OHJ NHOO MHJ\H]QL KRJ\ HIJHNQHN D] |[UYPQ\HNQHN D PHJMHO
1+JJ |[VV]H pV QHP 1¢JJ VHPPLO\HQ JHRPHSVOEDNPDIi O'\BERDBNNO P L (
RVIWiVD D] iWPpU K|] YLV]RQ\tWYD

$ VSLUIOLV KX]D®@ yP NBIWWVN.DWIRNX iUDPOiV V]iPRV HO QQ\HO
K&W N|]HJ NLOpS K PpUVpPNOHWH HJ\HQOHWHVHEEpP YiOLN DPL
NLVHEE PpUWpN& LQJDGR]iViKR] YH]JHW DPL HOHQJHGKHWHWOC
P&YMOH KH]ik#H®iQ\ KRJ\ D EXUNRODW K PpUVPNOHWH D VSLUiO]
iUDPOiVQDN N|V]|QKHW HQ HJ\HQOHWHVHEEp YSOOLAD D NI VOB |
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KX]DO WDOiIiONR]iViQiO NLDODNXOy ®WDWRRBMH @ \ ¥YSH UD KK X } VO k
HVHWOHJHV IRUUy SRQW NLDODNXOiViW 9pJeO SHGLJ OHKHW Y
OpWUHKR]QL DQpON+O KRJ\ W~OOpSQp D EXUNRODW pV D QiWUL>

EUDPOiIVHORV]QiWW INHVHOWIGMRWW «]JHPDQ\DJIJN|WHJHNEH

$ Q\RPRWWYL]JHVY UHDNWRUEDQ D PHJIHOHNM WK JOYRMiK FAp UN P NG
KDWiURN pV EL]WRQViJ V]HP SR Q\8NiE WD WR/OWWR VY VED U YWD OVDD |
NJWHJEHQ NHYHUDQODBOW RNNDDY ¥ DPHO\HN VJHUHSHW MiWV]DC
1&W HOHPHN IRPPlYIHO® WXUEXOHQFLIW IRNR]y HVIN]|]IN

iEEUDPOIVL PLQWIi]DW|DHJ] EMODYDMPEHQ RV]WMEWW WtSXV~
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Az [UYpPQ\iUDPYItWMD D K HOYH]HWpVW D] *]JHPDQ\DJU~G IHO-OF
|I&W HOHPHN N|JHOpEHQ PtJ D NHUHV]WiIUDPOiV KR]]iMiUXO D]
W|UWpQ K FVHUpW MDYtWMD 0tJ D NHUHV]WiUDPOINVQKR]]iMi
PpUVpNOgHQXWMPOSLDFV HAZE. UPYi@QWK D& yUDPOiVL PLQWI]DWRW J
NHYHU ODSIWRNNDO H @elyVNR MVOAH QW YWAHDQU W JQIIFUNHGHWW  KHO\
RNR]JKDW D] DOA\WHVRUQIDBBOW PWRPHWMWAGH]pVH KR ek WpQ\H]
PHJKDWIiUR]]IN D NHYHAM .V EAJDODM M AEAHPYAMO\S REINVWR P X WDWMD EH
HOOIWRWW UiFV N+O|QE|] NHUHV]WPHWV]HWL VtNMDBLEDQ $
N|]pSSR QayhaByDeBpL NXV |[UYpQ\ NHOHWNH]JHWW pV NpW NLVHEE P
UpJLYEMRYiEE KDODGYD D NH lakieMipsviBriagytanpelysslz YVONRBDR/@U QD N|]H S
N|U O E Heat @lfordult D] yUDPXWDWy MiUiViYDOa NOMINGEPWHRV L|WiQpBL
HOW&RQMIeN|]SRQWL |UYpQ\ DO D&l MiEit|]JHO N|U DODN~

iIEUDUDROLWQWIi]DWFDPW R UNDIEIEH U H V] W P HIah RAAVW RWNR W/ t S X V ~
WiYWDU[8Y. UiFV

Al DOFVDWRUQD DODWWL iUDPOiIVRN HO UHMHO]pVH PpJ D] L
EOWDOIEDQ D] DOFVDWRUQD iUDPOiVL DQDOt]LVY NyGRN PLQW S|
D] HQWDOSLD HORV]OiVIQDN HO UHMNMMMPNNUER EDWADYCEHNN D] -
azonbanJHRPHWULDL 1«JJ NHYHUpVL WpQ\H] NUH WiPDVINRGQDN pV
D] LUIQ\DGY HJ\HQOHWHNHW $] DOHRDWRHILHNU B OYR\GID WKNRI\y i
HO UHMHO]pVHN HVHWpQI DV HNUSH. ke oM INREH &) HUHGPpPpQ\HN V]
NJUEHQ DONDOPD]KDWYN D WXUEXOHQV VWUXNW~UiIN DODSYHW
XWiQ

ACFD-NYGRN DWRPHU P&YL WHUYH]pVUH YDOy DONDOPD]iViYDO
(CRP = Coordinated Research PrdjeaeferenciaV]LPXOiFLYMiQDN UpV]JHNpQW D F
NHYHU ODSIiWRNNDO HNO @/iBfNOIRVQ W E MR Q\DUDPOiIVHORV]OiV  YL]
VILPXOiFLYNDW YpJHJWHN D NHUHYV N{rGgra@dl. IRUIJDORPEDQ NDSKI

4. gVV]HIRJODOIV

A] HOPPDHWDIWiV VRUIQ iWIRJy YL]VJiODW DOi NHU+OWH& D Ne«O|C
NeO|QE|] HQHUJLDWHUPHO HJ\WpJHNEHQ $ WHFKQLNDL [VV]
PHJYL]VJIiOQL D] DONDOPD]iVL HVRHWHBNYW IDJ HNNOMH i L \K 1&/W LAV
MHOHQOHJL WHFKQROYJLDL OHKHMW WpOH® N LRUPLUM B OkH B FoR/®IHP »
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VWUXNW~UiIN DONDOPD]iVL OHKHW VpJHLUH $ YL]VJIODWRN N
DONDOPD]KDWYNWPHIJRMEMWYH D N+O|QE|] MRJV]DEIiO\RN YRQ
U~GN|WHJHNQpPO W|UWpQ YL]VJIODWRN NLHPHOWHQ IRQWRVDL
NpUGpPpVN|UH NDSFViQ $] DONDOPD]iVL NRUOIWRN DODBMiQ MyO
NeO|QE|] iUDPOiVUHQGH] HOHPHN EHpStWpVH MHOHQWL D M|Y |

$ N*O|QE|] HOMiUiVRN My DODSRW Q\~-MWDQDN D WRYIiEEL
I&W HOHP U~GN|WHJHNQpPO 2z)RQ WRR]YWMHN@ SIRHUW L NRIGIK D KR J\
WHUYH]pVL DODSHOYHNHW NHOO DONDOPD]QL D U~GN|WHJHN
YRQDWNR]QDN D] DONDORDHRWWLWHEKQARORILVNUDHKHW VpJHN
WHFKQROYJLDL I'HMGH\WWREQO RBIAKGZHNV DY N+O|QE|] iUDPOIVW Py
HOMiUIVRNNDO tJ\ ELIWRVtWYD D MREE K iWYLWHO NLDODNtWiV
IHO*OHWL VWUXNW~UiIN N|[]|[WW NHOO HPOtWHQL D IHO*OHWL p
megjelerK HWQHN DVNNJYRY®RE|] , dRelyReiti O W R JaVIRID « O HW L ppyU GHHO/-\OpHIW L
WH[W~UD PHJYiOWR]i%iKR}*@HMWQ@BEHVVpI VRN HVHWEHQ QHJLC
IRNR]iIViUD
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Dr. /[ XNiFV =VROW HJ\HWHPL GRFHQV LQWpP]HWLJ
Miskolci Egyetem

7LVIWHOW 5HNWRU $VV]RQ\ 7LV]WHOW 'pNiQ OU 7LV]WHOW 3UF
_.ROOPpJiN

a] $Q\DJV]JHUNH]HWWDQL pV $Q\DJWHFKQROyYJLDL ,QWp]HW MH
PHIWLV]WHO IHODGDR®W KNRJJA]KQWNBPGON| NHW .RUV]JHU& tYKHJIHV

iWD®QHSVpJIpQ
(OV NpQW HQJHGMpN PHJ KRJI\ BRHOMYP@MHNNHO PHIWLV]WHOL

LWeQWHWHWW WLVI]WHOHWWHO N|V]|QW|P 3URIHVV]RU *HUDO
DEEDQ KRJ\ PRVW H]HQ D] *QQHSL UHQGH]YpPQ\HQ UpV]W YHKHW

$] LWW +O N W|EEVpPJpQHN WDONQ]BWPQAN GRQVipNK@N\ D] (J\HW
PUNH]pVH ywWD P&YHOL RNWDWMD W|EEHN N|[]|WW D KHJHV]W,|
OLVNROFRQ YpJ]HWW PpUQ|N|N N|]*O FVDWODNR]YD ;QWPp]HW Q]
QHPJHWN|]L V]RQONHGLWXWBWiVL WHYpNHQ\VpJ*NNHO WRYIEE IH
WHU+*OHWpW 5|YLGHQ PDJDVDQ YDQ D ND¥W Wy HNROQXPHILA]HQ W)

$ P&V]DNL WXGRPiIQ\RN IRO\DPDWRYV IHMO GpVH VBFRP $yHW OKH
DQ\DJRN pV WHFKQROYJLIN PHIJMHOHQpVH PDJiYDO KR]JWD KRJ\
JUINJOW LVPHUHWDQ\DJRW $] HOPpO\+OW HOPpPOHWL WXGiV Pt
J\DNRUODWL LVPHUHWHNHW LY ODFER H & NpG\H]GIKAH W PO DQ P RG &
YHJHWpV D VDMiW PR]JJIVWHUpPQ EHO<O PLQGLJ SUYEIiOWD D]
P&KHO\FVDUQRNXQNED WHOHStWpVpW HOpUQL DPLYHO QDSU
PpUQ|N|N KDJ\KDWVQINHWO O X W piPeN XWiQ

,QWpP]HW+*QNEHQ yWD IRO\LN KHJHV]W V]DNPpUQ|NL NpS]p
VIDNPpPpUQ|NL NpS]pVVp DODNXOW (JW N|YHW HQ PiU QHP FVDN
PLDWW KDQHP D 1HP]JHWN|]L O+ HUINADJMQIVN. B HWDYBIWWHWD HPLDWW
J\DNRUODWL HV]N|]SDUN IRO\DPDWRYV IHMOHV]WpVH

(EEHQ PRVW HJ\ KDWDOPDV HO UHOpSpV KRJ\ D P QFKHQL H
NH]GHPpQ\H]pVpUH D] (J\HWHP<QNUH NHU<OKHWW]HN]|N P(DpUWD G
VIHUHWQpP H]JHQ UHQGH]YPQ\HQ LV PHJIN|V]|QQL :LOKHOP SURIH\

7RYIEEi VIHUHWQpPP PHJIN|V]|QQL D OLVNROFL (J\HWHP YH]JHWpV
IRO\DPDWRV WiPRIJDWiVXNUyO ELJWRVtWRWWD ,QWp]J]HW<QNHW

9pJ+O0 GHKVQRI®VYy VRUEDQ N|V]|QHW LOOHWL D] LQWpP]JHW V]LQV
pV (J\HWHPHQ EHO-OL V]DNPDL SDUWQHUHNHW DNLN D UDNOD
GROJR]JWDN KRJ\ H] D PHJQ\LWy *QQHSVpJ PD OpWUHM|KHWHWW
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(QJHGMpN RHIpYKRJHULQW LV NLHPHOMHP pV N|V]|QHWHW PR(
YH]HW WiUVDPQDN DNL VRNV]RU D N R@uDan)htdy 2023Vsreplanbie® NH G p
27-pQ PHJQ\LWY *QQHSVpJHW WDUWKDWXQN

eV YpJH]JHW+O HQJHGMHQHN RPOHGREDWRNWHPRPOHPpD\HP V]HU
ODERUPHJQ\LWY *QQHSVpJHWKW@HRV DDMMHEPHR BREDP&ERONRGLN
NROOpJiLP PD LVPpW PDJDVDEE OHWW D OpF 5HPpOHP H]JHO I
WiPRJDWYD N|QQ\HBE OHV] HPHOQL UDM

IV]IQIP KRJ\ PHJKDOOJDWWDN

Elhangzott 2023. szeptember-p7Q D A.RUV]HU& tYKHJHV]WpVL ODERUDWYyU
VIDNPDL UHQGH]YpQ\" PHIJQ\LWyY «OpVpQ

3URI 'U B6LPpQIDOYL =ROWiQ *pSpV]PpU@dL W [QBEREFRDWLNDL .
$Q\DJV]JHUNH]HWWDQL pV $Q\DJW HRK QFRO-WH NI H [HMp ] )W RZDPID W
(takarva) 'U *iWL -y]VHI D 0DJ\DU +HJHV]WpV(obldHV+OHW 0%+ ("
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GREETING

Prof. Dr. Gerald Wilhelm
University of Applied Sciences of Munich

Your Excellencies, distinguished faculty members, esteemed guests, Ladies and Gentlemen, dear
students

| want to welcome you to celebrate the opening of the Lab of Advanced Construction metals and
Arc processes.

It is a joint lab of he University of Miskolc and the University of Applied Sciences of Munich. It is
coordinated by a Hungariggerman team and it is supposed to be operated by a binational team of
Bachelor, Master, and PhD students.

First | would like to express my gratita to the staff of the University of Miskolc who was
involved in building up the lab in particular Dr. habil. Marcell Gaspar, Mr. Sahm Alden and Dr. Akos
Meilinger as well as to the companies that support this lab. In this context | say a special thank you
Froweld Kft, Fronius, OTC Daihen Europe GmbH, Kemper GmbH, Abicor Binzel GmbH, Nippon
Gases Germany GmbH, and Messer Gas Hungary Kit.

We are looking forward to implementing R&D activities including PhD thesis on a high scientific
level as well as indasal driven projects.Furthermore we intend to develop advanced teaching
methods by using digital training tools. As engineering science is related to practical applications it is
necessary to be embedded in an industrial environment to understand pteshimical challenges
and customer needg&specially with respect to the fact the weldability of a product depends on
multiple parameters such as metallurgical aspects, the construction, the welding process, the level of
automation, etc., the combinatiai theoretical knowledge and practical experience increases the
capability to efficiently develop new technical solutions and applications.

Universities benefit from the practical experiences of the industry and vice versa our industrial
partners benefitrbm our ability to deal with complex technological tasks. It is a-wiim situation.
Beside that this lab is supposed to function as a basis for a transboundary collaboration of young
people on a European level.

Today wewould like to show you the resultsf our first efforts. We are looking forward to
presenting you the opportunities the lab offers. In addition we want to point out potential areas of
cooperation to realize technological solutions that meet customer needs.

Furthermore we invite you to paripate in some lectures and fruitful discussions.

Thank you for taking your time and have a nice and interesting day.

Elhangzott 2023. szeptember-p@Q D A.RUV]JHU& tYKHJHV]WpVL ODERUDWyU
VIDNPDL UHQGH]YpQ\ PHJQ\LWy «OpVpQ
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3URI 'U +RUYiIWK =LWD D OLVNROFL (J\HWHP UHNWRUD 3URI 'L
Sciences of Munich RYiFY]VHI FpJYH]HW )JURZHOG .IW

OXQNIEDQYKHIMDMBRUDWYULXP . XND KHIJHV]W URERWM
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