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ABSTRAKT

3UiIFH VH ]DP XMH QD YEUREX KOLQtNRYéFK RGOLWNS$ VH
Y\WDYLWHOQ p KR YARRFGEH G M D N iNQY H@ikiRp H R L@ D § QORWWW X E\O\
QDYU&HQ\ W L RSDW HQt NWHUiIi P OD GHIRUPDFL IRUP\ ]DP
REDOHQt JIOLWNX YRVNHP NWHUé QiVOHGQ SR Y\WDYHQt Y
GLODWDFL JiOLWNX S L RK HYX IRUP\ 'DO&at INRXPDQp RSDW
RVW LYD QD N HPHQQp NWHUp GLVSRQXMH Y Wat WHSHOQF
SRUX&d8HQt VNR HSLQ\ 3RVOHGQtP SURWWmMHEN®IP SIRD YDP
Y\WDYRYDFtKR FA\NOX J]H aRNRYpKR RB MHRXRNVHXSTIRN ANVGRHY B R F
WHSORW\ QD WHSORWX f& 7RWR RS aHIQIt QREPA R 1HY N
SURE KOD VLPXODFH RK HYX IRUP\ MHMt SOQ Qt WHNXWEéP |
YEURERX H[SHULPHQWIiOQtKRYRGRHEWRNKR Ba@iRUYY BER O/ KRD
kola.

.OtpRYi VORYD
ik WNR HSLQRYi IRUPD WHSHOQi UR]JWDAQRVW WLAW Q& F

ABSTRACT

The thesis is focused on manufacturing of aluminium castings with inserts by the hybrid
investment casting technology. Three measures were proposed to avoid shell cracking caused

by thermal expansion of insert. It seems that the covering of insert with a wax is the most
efective solution, becasue after dewaxing a gap is formed, which allows insert to dilate. The
other solution was based on change of molochite sand to quartz, whialnigagr thermal

expansion. The last mean to prevent the shell from cracking was adjustment of dewaxing cycle
IURP VKRFN WR JUDGXDO &HUDPLF VKHOO ZDV KHDWHG I
solution did not avoid shell cracking. Then the simulation of shell heating, pouring of metal and

the solidification was made. The information obtained by the manufacturing of experimental
casting was used to prototype casting of impeller.

Key words
insert, shell mould, thermal distortion, 3D-printed pattern
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OovOD

=DOpPYiQt NRY R(MebBIK i DQ)WNBINGY R R R YPIKRHULiIiOX WHD MAGQMR X
GQH&Qt GREX NG\ MH YHONé&P WpPDWHP VQLA&RNIQL PQRAV
JHMPp@ibmso. ORYpP D OHWHFNpP SU$P\WVOX GRFtOLW VQta
VRXPiVWt =GHYDHBSDGXALWt VOLWLQ KOLQtNX D KR ptNX NW
FKDUDNWHULVWLFENEFK YODVWQRWKKRYW Y OHERE FRW WHKSD
SY\X4LWtP YORAHN ]H &8HOH]Q&FK VOLWLQ O]JH W\WR QHYEKF
YEURE\ ELPHWDOLFNéFK RGOLWNS$ NGH MH Y WALQD NRPSF
aQD NUPWLWHNiI NGH MH QDS tNODG QXWQi Y Wat SHYQRVW QH
NRY$ 3 tNODG\QRE O G/ KIXG WO &R E D IMRWHHUWWN tMWH PRAQI
SRPRFt WHFKQRORJLH V¥R URY QUOFRa YMH IDQH QYUD &4t PHWR
MH ]DOpYiQt LQVHUWS PpQ [BEIRPHWULFEN\ OLPLWRYiQR

-DNR ]iO lasto\D\ S\OHWiXRBDCeli, X N'W HVUH FPKX &tYiQR Y\WRNpPuUSHY QR V\
'DOAt Y\XA4tYDQp JiOLWN\ MVRX ]H VOLWLQ P GL =GH MH )
YRGLYRVWL QHER WDNp NOX]Q&FK Y QORWRRNGE G BRIGI OGN
QDS tNODG VQtaHQt QiNODG$ QD REUIR @O LQWNER JTRKIFE IR A F
GRFtOHQR ]DOLWtP P G Q8FK WUXEHN

=iOLWN\ MLQpKR PDWHULIiOX QHa&a MH RNROQt VOLWLQD
ASHUND VWYt 'UDKRNDP\ D MLQp @SHUND VNp NDPHQ\ MVRX
YRVNRYE&EFK PRGHO$ QHER URYQRRB|GR MLa PRGHO$ JKRWRY't

&tOHP SUiIFH MH Y&URED KOLQtNRYE&FK RGOLWNS$ VH JiO
Y\WDYLWHOQ pKRe RRIGHPY QD$SQD]SUREOHPDWLNXS SED KNXiQt V
RGVWUD RYiQt PRGHOX ]D Y\VRNE&FK WHSOTR metodat gD Ft SHI
Y\X&tYiQD YHUW@PYUQQ QD )DNXOW VWURMQtKR LQAHQEUVW

| slitina hliniku |

Yl

["slitina hliniku ] | slitina hliniku |

2EUIIHR tNODG\ RGOLW,M%]VH ]JiOLWN\ >




067 )6, 9891

1 352%/(0%$7,.$ =$/e9%$16&+ ,16(57#

.ULWLFNé&P PtVWNRWRREPILWMREWN\ MH NRQWDNWQt SORFKD
PtVWHP NGH VH QHMVQi]H a4t t NRUR]JH 7DNp JGH Y]QLNDMt V
RYOLPHMKDQLFNpP YOD®WQRVWL RGOLWNX

1.1 Vazba mezi kovy

SHYQRVW VSRMHQt JYRYVDIWROGQ DW O R HKIMYNIRXW N UHRKHNWW D OLF N é F
6FKRSQRVW S HQidaHW ]DWtaHQt MH WHG\ ]iYLVOiIi QD NYDOL
JIOLWNHP D RGOLWNHP P$aH EéW PIHFKDQLFNp QHER PHWDO

111 OHFKDQVUBERMHOQt

OHFKDQUSRMHQt Y]QLNi Y G$VOHGNX VPUA"RYiQt E KHP WX
URJWD&QRVW LQVHUWX D RNROQt VOLWLQ\ Y\WokudtjeSQ X W't
]JDMLAW QR WXKQXWt VOLWLQ\ VP UBRRKG]L QWVH]DOW S ANHHD tV B/H
VSRMHQ't

3HYQRVW YD]E\ P$aH BawewiDdnmu ORGRR -HNODGHP P$&H Eé
Y\WYRGHQHNMNY DURY&FK YEVWXSN$ SEhoRKENEG X $FOLWENKX RUHFE Rt
Y Wit NRQWDNWQt SO RFKIHUBWN E &VWYW\XEKYRR}-EHQBKR NROD

\ \\ N
‘ \\_/ " v //
A 4

2EUIJHR tNODG\ ~SUDY\ WYDUX RGOLWNX SUR SRGSR HQt |
YQ M&t LQVHUW YOHYR. YQLW Qt LQVHUW YSUD

112 OHWDOXUJLFNp VSRMHQt

OHWDOXUJLFNp VSRMHQt Y]QLNi SRPRFt FKHPLFN&FK UHDN
RGOLWHN -HOWHEKHPYLEW@P VOR&HQt RERX NRYS$

7THQWR W\S VSRMHQt ]|DMLVWt YHOPL W VQé NRQWDNW RER
PR&Qp VQtaLW KPRWQRVW LQVHUWX DQL& E\ NOHVOR YeévV
S HQpvVW 'DOat YEKRGRX DEVHQFH SURVWRUX PH]JL NRY\ MH
4t LW SRX]H SRPRFt YHSGHODGNRQGXNKERIYp 9P H]HU\ NWHUI Y]
S L]DOLVRYiQt LQVHUWX VH ]JGH WHSOR &t t SRPRFt ViOiQt

vodivost komponentu.

1D WYRUEX PHWDOXUJLFNpKR VSRMHQt PDMt QHMY Wat YOL
X SPipLYRWWVWY R/ BRMHQt MH SRW HED DE\ LQVHUW E\O GF
X p_H®teplatmezi taveninou a insertem,

10
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x filH QXN §akbil ithvenina VR N Ri€ttu GRViKQH XUpLWp WHSORW\ ]
SRYUFKX QXNOHRYDW JiURGN\ LQWHUPHWDOLFNp Ii]H

x filH USNBRXS HNURpPHQt NULWLFNp YHOLNRVWL ]JDpQRX Jil

Vznk PHWDOXUJLFNp YD]JE\ OJ]H SRSVDW Q MNdrt@KkiNshshrteiR,N\ -DN
GRMGH NH VPipHQt MHKR SRYUFKWDYHRMDHG XGR LOMN MWW 10
UHDNpQt WHSBRWRYGRMGEAWHUPHWDOLFNEFK Ii]Jt 7\ SRWp U

-H QXWQp DE\ KUDQ\ LQVHUWX E\O\ |DREOHQp jRMWUp KUD
QiVOHGQp ®»brHBB YIRUX&HQt VRXYLVORVWL VSRMHQt RERX
pevnosti vazby.[1]

Odlitek

Insert
Trhlina

2EUiI]JHNQLFLDFH WUKOLC

1.2 3 tNODG\ RGOLWNS$ VHvNE@KXWNY QpXauwvDIo p

9tFHPDWHULIORYp RGOLWN\ MVRX YHOPL pDVWR Y\XatYiQ\ ]I
'DO&tP Y\XaLWtP P$aH EEW QDS tNODG JOHS&@HQt REURELWF
XUpLWEFK PtVWHFK RGOLWNS$

121 2FHORYp Ji@LWINY Y

VWRPWR S tSDG VH MDNR SUREOpPP MHYt PRA&QRVW QDWDY}
EEW YKRGQp QDYU&HQt YWRNRYp VRXVWDY\ NRQNUpWQ |
vdostDWHPQp Y]GIiOHQRVWL RG LIQMM UMK QDE\PQUAGHRPRK 1 THO RY I\
WORX&"N\ JiOLWNS$ P$&H WDNp ]JDEUIQLW MHMLFK VQIDXWX Y HQ
odvodu tepla. DO &t SUREOpPPHPD REOH pEEM. WEBOL =JGH~BOLKEXi]t N
poviakRYiQt JiQULQVNWHUEFK VSHFLIOQtFK RGOLWNS$ P$&H Eé&w
VSRMHQt RERX PDWHULIO$ 7RKR P$8H EEW GRFtOHQR SUR(
HXWHNWLFNp WHSORW

2FHORYp ]JiOLWN\ Y OLWLQ MWRXHEXPIYSQ$SPQDSXINADBE MV
Y\WWRNp SRADGDYN\ QD RGROQRVW PDWHULIOX SURWL RSRYV
FKURPHP OHJRYDQi EtOi OLWLQD &KURP MH VLO@Q@NNDUELGR
SRGOH PHWDVWDELOQtKR GLDJUDPX .DUELG\ FKptdoP X MVR X
VH QD REUIE Qi PtVWD S L@B]iYDMt RFHORYp YORAN\

122 :ROIUDPRYp JiOLWN\ YH VOLWLQ WLWDQX

.RPELQDFH ZROIUD RP®oba N RPRBPHIQ R ptV O L Frtou tithBugeL W & FK
Y\X&tYiQD QD KODY\ JROIRY&FK KROt 't280 Kg/m¥ RN RKXX }i\ RWUN \;
Y WRPWR S tSDG Y\X&tYiQ\ MDNR ]i& W&tF K@QROKRUR B XS MV Q'p
'ROIUDP Pi Qt]JNRX WHSHOQRX URJWD&QRVW D SURWR S
VNR HSLQ\ E KHP Y\WDYRYiQt PRGHOX UR PHERJ SICREANHDPSIL W RN

[9]

11
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2EUIHNROIUDPRYpIJiOLWN\ >

123 +OLQtNRYp JIOLWN\ YH VOLWLQ P GL

=GH MH Y\XACdpp@rFClal Buminium wire (CCA/ CCAW)FR& O]H GRVORYD S
MDNR P Gt REDOHQé& KOLQtNRYé&é GUiW 7DNRY&FKWR GUIW
1DS tNODG X VOXFKiWHN MDNR FtYN\ X WHOHYL]RU$ QHER W
D& R PHQEPRWQRVW D MVRX Y&UD]Q OHYQ M&t QHA RE\p!
VYD RYiQtP H[SOR{tQHWEBFRBRRRFt NRQWLRXIDQtKRRDQWE Q©
XYHGHQPKR S tNODGX MH Y\X&LWR SULQFLSX ]DORRHQpPKR C
QiGUAH SRPRFt JUDYLWDFH AY\WpNi® KOLQtNRY& GUIW YH )
QiGU&H SRPRFt VWODpPHQPKR GXVtNX YWODpPRYiQD QDWDY
FKODGLpH RFKOD]RYiQ SROJUFK Y]QLNOpPKR GUiWX

124 2FHORYp JiIOLWN\ YH VOLWLQ KOLQtNX

9\X&tYiQt VO LWILRYWB LIQBNESY QutorYobD RY pREP\VOX D WR JHMI
ZzG$YRGS$ GREUp NRUR]Qt RGROQRVWL WHSHOQpP YRGLYRVW
VQLARYiQt KPRWQRVWL FHOpRRWER SSUBHRRKR SRIKROQ E BRI X
2Y3HP Qt]Né PRGXO SUX&QRVWL D aSDWQi VWDELOLWD ]D
KOLQtNRYE&FK VOLWLQ RPH]XMH 3UiY SURWR VH QD XUpLW:¢
JiOLV2Ng] -HGQi VH R QHMpDVW -MBWNR P REDEAKBX DWEURWR
VQIVOHGXMtFtFK NDSLWROIFK SRGUREQ ML SRSViQD

5R]KUD Q t-odige¥ HU W

VS tSDG ELPHWDOLFMN&RKKR & Orl] @ N$ BROX W- RG®OUW RN QY @ B &
li]H YL] Ii]RY é a®hrD NBDARAK FeAls, FeAlis FeAh )H$O =SUDYLGOD VH
YAV N\W X MFew8 B X F&dAls (obr. 6).To MH GIiQR MHMLFK U\F KGR Xi]t- K X1
SURNi]JiQR &H LQWHUPHWDOLFNp li]JH PDWt [PHQWH WaFXH ®§
VOR §IHQ\

-VRX GY ]iNODGQt FKDUDNWHULVWLN\ RYOLY XMtFt YEVOHG

X Qt]Ni UR]SXVW QRMWH KO LNQYNX iY]SSVREXMH Y]QLN LQWHU

X Qt]Ni UR]SXVWQRWNXWHOHIDLQtNX NWHUi JDEUD XMH Y
ZLQWHUPHWDOLENEFK liJt GR KOLQtNX

5R]SRXAW Qt DWRR KXW PM KOY Q t[$R WRY DVRR &H MELHY N KH Y
FR& P$AH ID'QpNQPLNURWUKOLJIP SyU$ QD UR]JKUDQ't

12
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Weight Percent Aluminium
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2EUI[HNOLQIUQt GLADGUDP )H

2EUIBH+R\SLFNp URFEUDQt $0
-1i]H 2AH)

"HGQi VH R VORXpPHQLQX NWHMIY QD3 PR PKQURRYMWW]QLNBIL VY|
tvaru (viz obrilH MH WDWR Ii]H S RikRskopi&/ Y QDHEA®RP UR]JH]QDW
.U\WWDOL]XMH MDNR VORNGFRYP |GQDAtY s REPX kibitaktuL Q V H U W
SWDYHQLQRX WtP Y Wit WORX&"NX WDWR Ii]H Pi

BULQFLS USWWIOHI [GIHQt GRVWDWWRQp BVYURFNRKP i MWORX S HG
tyto 3 teorie.

1) 9 NU\WWDORMNp WPHt¥FMN\WXMt QHREVD]HQi PtVWD W]Y
GLIX]L DWRP$ KOQQtdoX IY]Hd MPS UKL Qt M H MorfSiagd R Y L W R X

1V DQJOLFNp OLWH UD W X-tbots REBAhWIGyY n€bR tavighérRorphdIdgy.

13
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2) 7\SLFNé WYDGES$Y@MHENX UR]GtOQp YHOLK A VN B DRI YND
lilH AHOH]D

3) VGS$SVOHGNX UR]GtO FECHBAA BReAR HNARWIRRP W Y H U HPQX WM ] Q L N
NWHUp QD-BRIYYPKXOi QDS Wt 7R XU\FKOXMH GLIX]L DWF
Y]QLNDMtFt li]JH 7HQWR SUR FaehiMH. [LUD LRJFN\ JQi]RUQ Q

Legenda:
Smér difuze atoml Al —

Napéti <=
Al tavenina

1 = rostouci faze

2EUI[HRULQFLS- WAV X
-1i]H sAH;

7DWR li]JH MH WHQNE&VIWOWQY \Bti]NRIVRtLVKOLQtNX 9]QLNi WD
YIQLNOpRERIKDFRYI QR R DWRP\ KOLQtNX -HGQi VH R YHOPL
do Al matrice. [112; 13]

90LY N HPtNX QD LQWHUPHWDOLFNpP Ili]H

“H QXWQp JPtQLW &H ~YDK\ [PtQ QK D&BHHIFIN G DY VIR WY DVNVHX
VOLWLQ MVRX LQWHUPHWDOLFNp Ii]H RYOLYQ Q\ RVWDWQtP

-H SURNIiJIiQR &H X KOW@&iNR REFMMOKBPWLBPUNX GRFKi]t NH |P
N HKNp YUVWY\ LQWHUPHWDOLFNE&FK |FRAls. YRUR/H\N YV QA EPX MAH
REVD]XMH VWU XNWbDUIGRPDOX@AHHW DN, 1@L 1 X]L KOLQtNX

VS tSDG S HNURpPHQODLIAUD QIFRtMN VEPWLQ KOLQtNX Y]QLND
SRFHORYE&P LQVHUWHP L-Be\SiHALPaSH( B) OALFeSif2)l i JAFESD ( 2),

Al7FeSi (2) Alss)H61s). 2Na obri]N® O]H YLG W ,aH M]BLNERt]NpP
NRQWDNWX VH VOULRMWRXFK® PQRXVI WtP 6L URVWH MHMLFK
li]H )i]JH1 YR t SUHFLSLWiW\ XYQLW QHMUR]ViIKOHMA&t Ii]H
GRFKIJDURYQiQt W\SLFNpKRIBHRRYLWpKR WYDUX

2EUIIHNQWHUPHWDOLF N gFe§] (bbs4R i Iew®d(B 96 6 %, 7,5 %, 10 %) [1]

14
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'iOH MH PRaQp ]SRPDOLW U$VW LQWHUPHWDOLFNEéFK Ili]t SR

Na YEéVOHSaaiRd Pi YOLY WDNp GRED WXKQXWt Rohtgktu MDN G (
SWDYHQLQRX D U\FHKORVW RFKOD]RYiQt

Povlaky

9\X&4LWt SRYODNS$ QD SRYUFKX LQVHUWMDMHQL BRRY PQUIORR]M\
4H Q NWHUp SUYN\ JOHS&aXMt VEKRSQRY I W PR pSIiGtHPQXH\FW &

Y]JQLN PHWDOXMWSILENp YD]E\

Z L Q N poviak
=LQHN Pi Qt]JNRX WHSRWHE BWRWRtSWHNRX YWD NOXMNHP G
k MHKR QDWDYHQt 7tP GRFKi]Jt NH JOHSAHQt VPipHQt SRYUF¥
EH] R[LG$ 7XUEXOHQFH ]S$VREHQpP SURXGtFt WDYHQLQR X
UR]JSRXaW Qt ]LQN RXXKRy SSROY OEdINMINGLE, 17]L |

1IHYEKRGRX JLQNXUDBLSS 86 HMEMORYiQt USVWX LQWHUPHWDC
50x rychlejf QH& X pLVWpKR KOLQtNX

Al
Fe

Fe (pevny)

i

9)3 ®o%
Fe (pevny)
ww
$e$éd
Fe (pevny)

Al (tekuty)

Al (tekuty)

ya

Zn povlak Rozpousténi Zn Fe

Fe (pevny)

Al (tekuty)
\\0

g folo10°0% 4%

FeAl; FeAl,

2EUIJHSFKpPD Y]QLNX Ii]Hpovlekdrh [BNRY &P

1IHMpDVW ML MH WHQWR SRYODN ]JKRWRYHQ SRQR HQtP LQV
=Q LQWHUPHWDOLFNp li]JH VLOQ VQL&XMt SHYQRVW PHWDO.
PDOp PQRAVWYt KOLQtN Xot. Bo)aky HUPOBIP SRKWPFKX LQVHUWX
tenkouvrstvuF\ls Y iGHFK QDQRPHWUS$ 7D S$VREt MDNR GLIX]Qt
proto S8HOH]HP 'iOH MH PR&Qp SRYODN Y\WYR LW SRPRFt HC

WODNRYEP QDQidHQtR nd PoWeDinserQ.e[m& 1K]D S H

&tQRY& SRYODN
7HSORWD WDYH®t FREX]OMDPHQi &HWS N XNAREPWKONWVDXNHP G R FK
RNDPAMMKR QDWDYHQt 'tNU\WR®GMMIREXiM]QLNX PHWDOXUJ
VS tSDG JLQNX 1D GUXKRXGQMARO G FKEQD FtQX MWLWA&Et QHA

Al-Fin proces
-HGQi VH R SDWHQWRYDQRX WHFKQRORJLL NG\ MH QD RFF
SRPRFt GLIX]H DWRP$ KOLQtNX VROGPHYH]|NMH BD®EEVWN QDb M5

R[LGLFNi pLVWRWD 1iVOHGQ MH SRQR HQ GR QDWDYHQp $0
Y iGHFK PLNURPHWUS$ VH RGYtMt RG WHSORW\DWBYHQLQ

SRQR H@riM0 -DNPLOH MH LQVHUW Y\WD&HQ ] Oi]Q MH Y
aRNDP&LVL DLW

ZYé&aH ]PtQ QpKR -9DQQSIURFHYOQ HO{SIDG\ XUNR USLQRY&EFK IR
WRWL& PXVt LQVHUW SURMtW FHO&P SRVWXSHP YEURE\ IRUF
R[LGS$

15
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2 E Ui]19 NVliv teploty taveniny a doby kontaktQ D W O R X & " NX

Ni/Cu povlak

3 tWRPQRVW R[LG$ QD SRYUFKX LQVHUWX S$VREt MDNR EDL
PHWDOXUJLFNp YD]E\ =iURYH 3itDoudA-$t NWHHMaQPDPH GItQRFH O
aMH SRYDARYiQ ]D piVWHpPQ VPipLYé % KHP atkKiQt VNR HSL
aMHMLFK PQRAVWYt MH PRaQp VQtaLW SRERWCWRNIKEDQLFNDpI
v kontaktusLQVHUWHP [DhMtRHEPIHM 7RWR SR DGt NRY$ MH JYF
NRHILFLHQWS$P WHSHOQp URPNDRAEYRVWItKRWHKO IR >SNt Q'
-DNPLOH MVRX RE YUVWY\ NRY$ QDQHVHQ\ MH FHOé LQVI
900 f& FRAa &¥4BMMRdey SRPRFt GLIX]H 2FKOD]HQt QD SRNRMR"
v peci. [1]

Cu

Steel
= 20pm

2 E Ui ] NNi/Cu povlak [1].

3 HGHK HY LQVHUWS$

3 HGHK tYiQt LQVHUWS$ MH G$OH&LWp D Pi ]QDpQé& YOLY QD
VH SUR VQtaHQt SRpPiWHpPQtKR WHSORWQtKR UR]J]GtOX WDYHQ
4H VH LQVHUW QHEXGH FKRYDW MDNR FKODGtWNR WHG\ MD
QHYKRGQ@& VP U WXKQXWt FR& Pi ]JD QiVOHGHN QDS Wt NWF

NaopakS L RK HYX LQVHUWX QD WHSORW)\ QL&4t QH& MH WHSO|
VOLWLQ\ KOLGIWNRLNXSREHMOXUIJLFNp YD]JE\ 1HYBKRGRX R
LQVHUWX P$&H GRMtW NH Y]QLNX R[LG$ NWHUp EU]Gt GLI
WDYHQLQRX D MVRX YKRGQé&P RbMHHMD. [WR 4t HQt WUKOLQ\

16
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Mild steel

2EUIJRN2[LG D WUKOLQD @dv [UF

V S tSDG dAH MH X WHFKQRO R HKG IBKHIWQ@ K R NORL W E LYQ X A G\WR RK
iN S HGHK HYX LQVHUWX

7HSHOQpP JSUDFRYiQt

$E\ E\OR GRVD&HQR SRADGRYDQE&FK YODVWQRVWt KOLQtNRY
WHSHOQpP J[SUDFRYiQt W]Y Y\WYUJRYiQt 6RXpiVWt WRKRYV
bDVWR QHYKRGQ QD]éYiQR NDOHQtP 3 L WRPWR NURNX
KOLQtNX Y W&t D RFHIONp FHW@ &Y DLOQWHUPHWDOLFNG&FK [i]t
PRKRX ]SSVRELW RGWUAHQt PDWHULIiO$ WHG\ S HUX&HQt PF
Y\84tFK WHSORWIFK Y]QLMR YQByURMLIWDRMW Q¥ BHWNOLQ\ D S
PHWDOXUJLFNRX YD]JEX ptP& GRFKi]Jt NH ]JKRU&GHQt S HVWXS)
funkci. Na obi]NX31zH YLG W SYURYLWRVW D SUDVNOLQ\ XYQLW I
li]t1; 0]

- 150um

2EUIJBN3YyURYLWRVW D SUDVNOLQL.SR WHSHOQpPP |SUD

1.3 0 HQt SHYQRVWL YD]E\

0 HOMRE&tKi QHMpDVigv. Push-SIR RRBIRUHN WHRENWVD BRMNYVFt JiOLW
aRNROQt VOLWLQX MH SRORAaHQ QD ]D t]JHQt D XSHYQ Q ¢
ocelovou hlavouY \WODPRRERNMRYp PDMWUR PHQ@D SRW HEQi SUR Y\WUal
O]JH Y L&rWNGD[21]

17
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pohybliva ¢ast zafizeni

ocelova hlava

extenzometr

vzorek s insertem

\(,, staticka &ast zafizeni

Obri] HM - Push-out test [21].

DVW ML MH SRXatYiQDHRBR&XNDRYXVE LRERFQHBRH ]S$VR
Q GOH SRADGRYDUHFK YODVWQRVWt RGOLWNX

Io

18
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2 7(&+12/2%,( 1$ 9652%8 2'/,7.INIERTY

9éURED RGBYWNSPY ]iOLWN\ MH PRaQi SRPRFtMH RRAHBt 7
WYDURY YHOPL RPH]HQi D SURWR MH pDVWR aiGRXFt Y\Xat

21 /LVRYIQRORWHNXWpPP VWDYX

96URED RGOQUMWWW\VWMH PRAQi WBRPBSWRRFP WOMDWDQ\7DWR WH
WHVWRYiQD QD RFHORYp WUXEFH D VOQWASMSROGLQ<S®Q 11
URJWDYHQEPEWQLWLWAtPX USVWX LQW H UsPZHIRDY®IL AN FKHIS 1D F
GRVWDWHPQ YHONi SUR Y\WWYR HQt PHWDOXUJRARNAtPR]E\
VPUAW QD SRRXWR Y]QLNi PHQA&t ADQFH Y]iWoHPdUpeURIEG W U & H G
P$aH ]QDPHQDW KRU&t PHFKDQWRR pSR S RWIMY tMD. M S IS WY HE B
6OLWLQD KOOLRWNK YP VW DS K G/HHK Vi BRI H@D/ WU W I8t i [IBNS R P R F |

15).
ﬂ . .Ilsovam

polotekuté ocelovy bimc::*t’alické
hlinikové jadro insert soucast

2EUIJBBN3ULQFLS OLVRYiQt Y[ISRORWH|

,QVHUW MH S HGHK iW QD Y\i4t WHSORW\ DE\ E\OR |DMLA&V
SOR&H FRA ]SSVREt Y]QLN PHWDOXUJLFNp YD]E\ 2Y&HP St
Y]QLN R[L&LPD VSRMHQp ==
UR]JKUDQt 90LY WHSORW\ 10}
SHYQRVW VSRMHQt YBbrWXg
16.

VG$SVOHGNX RK iWt KOLQ
Y]QLNDMt QD SRYUFKX F¢
QiVOHGQpPPX PtaH@ID PORVIE “|
EUJGt GLIWIX&ALVBtP ]Y&aH§ ,
GRFKIJSRNX&AHQt YUVW]gjchR

zaPtFKDQWHXXWp $O PDW o

QD

".3

=

e stfihu [Mp:

t

9 800 900 1000 1100
)L( P \?VaHQU Sl‘?W [?CI)_ L)l(:]ﬁ?zlzel.iw ?/Elﬂk Teplota predehievu oceloveho insertu [°C]
obﬁ]Hl\V) [19] © '] 2EUI][IBNVOLY WHSORW\ S
' QD SHYQRVMOLYH VW
Zatizeni Zatizeni Zatizeni

Ochlazovani

.

.,.f!r\’

Al slitina

2EUIJHN3ULQFLS Y]QLNX PHWDOXUJLFNp YD]RY.X O

19
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2.2 Lost Foam

8 WpWR WHFKQRORJLH MVRX LQVHU \ehriY O3 BRW 6 R H \FSDG IHVD
VSRMWRNRYRX VRXVWDYRX WDNp Y\SD LWHOQi YOR&t GR |
RVW LYHP EH] SRMLYD 2VW LYR MH QiVOHGQ SRPRFt YLEUEL
lyOLt 1DNRQHF MH SRPRFtfoM&¥ WtR GM B LSUEKHIQD N OLWt

Insert ~—4 Suchy pisek
Vypafritelny L Ram
model
L vakuum
_hm-——_—ﬂ—

2EUI]BBNSFKpPD /RVW )RDP WHFKZRQRORJLH V

23 7TODNRYp OLWt

98URED RGOLWNS$ VD XMWR WRIE LSOURYERLK iS B § R\FAOXt JNCRMARD N p K R
Y\WWRNRWODNpKR OLWt =GH MVRX Y&KRORX YN Wi NpWY sWyFOH

VORALW Mat RGOLWN\

L2 ]

\b
2EUII9N2GOLWHN V LQVHUWHP Y\URHHC

"tN\ JY@EHQPPX WODNXS&TIRKKNRQNWDNWXYHWNHPQLAERHFQ MFE

GRSRUXpPRYIQR SRXA&tYDW QL&&t WODN\ SRG 03D SURW
EXEOLQ\ 7DWR SyURYLWRVW QiVOHGQ EUIQt[623X]L DWRP$

I\ XALWHILOOSURFHVX VH X WODNRYpKR OLWt MHYt MDNR YHC
WHNXWpKRn$@taQ ONGRVHRUP\ % KHP WpWR GRE\ VH QD MHKR
RILGES$SBRNXG SUREtKi PDQLSXODFH GRVWDWHPQ U\FKOH

WODNRYpP SOQ Qt IRUP\ VOLWLQRX KOLQtNX MH WDWWRLY UV YV
R[LG$ MVRX QiVOHGQ SURXGHP WDYHQLQS REBPPDERQWOSNW

insert

20
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SWDYHQLQRX 1D GUXKRX VWUDQX P$&H EéW SUREOpPPHP U\
JSRPDOXMH GLIX]L D WtP Y]QL ¥ LORFD BHIK B BPYWY M HF N\PRYADL & \
QD FKHPLFN2BJUHDNFH

24 =DOpYiQt LQVHUWS$ GR VNR HSLQRYéFK IRUHP

VS tSDG S HVQpKR OLWt PHWRGD Y\WDY 5WB DNk RV Y KD
YOLYHP UR]GtOQé&FK WHSORWQtFK URJWDAQRVWorryDWH UL C
GRFKiJt NY$SOL WHSRPROPRMBIBHLRNPDFL NRYRYEFK LQVHUW
QD VNR HSLQRYRX IRUPX IRQUPWtSNDYOIQ H

241 B5R]JWDAaQRVW 4iUXY]GRUQEéEFK PDWHULIO$

7HSHOQi UR]JWD&QRVW MH pDVWR SRSLVRYiQD SRRRFt NRH!
SRX]H NRHILFLHQWI DNRX KIBOLINRRVW MHGQRW N\ YENDNRYVWH. ]
QiUSVWX WHSOBMXRQi]JRU XMH NRHILFLHQW VP UtghbFL S tPN
O]JH RGYRGLW &H MH U$]Q®ms URtIBEQ pK RV HEIMBWIPHI RNDP
koeficientem. VSUD[L VH WDNp SIREE$A WRHIINNKHUE MH SUS$SP UQ
NRHILFLHQWSi MHSOGWPPL 2EHFQ ]GRUDMPt P OMAMBMIOR V

NRHILFLHQWHP WHSHOQp UR]JWD&QRVWL PPIRS]VODE&t RGRO

Vtabulce 1eXYHGHQ SNRMILGEHQW W H SHDQV GARINNVDR KMRIOW L

VH SRXSUMMEUREX VNR HSLQRY&FK IRUHP 7DEXOND MH S
o NRHILFLHQW\ WHSHOQp URJWDAQRVWL QHUH]RYp RFHOL D
v SUDNWsEAND tBDG VOLWLQ MH KRGQRWD NRHILFLHQWX ]SU|

Tabulkal-KRHILFLHQW\ WH9262%Q.p UR]WDA&QRVWL
molochit mullit zirkon korund KOL QHUH]R Y.43R1
K Hsr’* 418 506 453 7,10 255 18,8
5R]JGtOQRX WHSHOQRX UR]JWDA&QRVW &iUXY]GRUQ&FK PDWHL

O]H YLGIWN@DVWRPWR S tSDG MH WHSORWQt URJWDAaQRVW
v procentech.

_ —Molochit . HPH@—Mullit —2Zirkon Korund
o
oG
< 3
s
=
o 2
o
o ! |
o |
I Oﬁ/ﬂ \R
(7p]
” N
™~ 1
2 \\

0 200 400 600 1000 1200 1400 1600

800
Teplota [ €]
2EUiJ20NTepeQi UR]WDAQJRS\RW GéB K [PARWHULIO$
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5RVWRXFt NoltMNRO Q@DPHQiI URVWRXFt WHSORW R RYRFK ]t
UR]JWD&QRVWL PDWHULIOX 3 tOL& YHONi UR]JWD&QRVW P$al
S HNURpPHQt UR]P URY &F K 8W|RE MUNBQ 74 SLHFGIBP S HGVWDYLWF
SYHONRX URJWD&QRVWt58BH &\ GIPRHE |HINLQWN SERAMPHN HP HQ
afa 7DWR S HP QD MH GRSUR¥jgptaap OV VOR %8 REINHRXXSUDVNiQ
] WRKRWJGRWQpKR PDWHULiOX

.OHVDMtFt N LYND JQDPHQobu PN\UMW D WD Q/HUIHOPRORFKLW ]I
PDMt GRF& OLQHiUQt SU$SE K URJWDAQRVWL D QiVOHGQ VH ]

Molochit N HPLpLWDQ RRGY MWD& MHDROLQ R Y\VRNp pLVWRW
URJWDAQRVWL MH 1500 3& (RIFRODRMGH]NH VPUAaAWW%Qt PDWHU

3 HGHNNR HSLQ VH E &8Q SURVDGE S L MHSARWRWKWL QD RG
VOLWA@I]N20P$aHPH YLG W &H Y W3LQD PDWHULiIO$ MH S L\
VWiOi 7R ]QDPHQi &H S L W FKWR WHSORMJiIFK QHGRFKi]t NI

7HSHOQi UR]JWD&QRVW NHU D PRLFANR RY WEIRR B Y Q LWHRR Y@ B PV O
NHUDPLFNp ToXeV|SSQREHQR WtP &H NDA&Gi MHMtPREREND SR
P$aH PtW MLQé NRHIRERLSIQW UR]JWDAQRVWL

242 0 HQt WHSHOQp UR]JWD&QRVWL

=D t]JHQt NWHUi VH SRXA&tYDMt SUR P HQt WHSHOQp UR]\
GLODWRPHWU\ 7\ PRKRX ]JP QX GpON\ P LW QD ]iNODG ]P
QHER LQGXNpPRYQRYV W EP4S R @ptick@ F dilatometrs 7VOHGXMt GpON
SRVXYX LQWHUIHUBAEQtNKXEUFDMAN $U F Hotdly RGYWW B Qb F HH
VWXSQLFH VORXAat SURIe\eBR (HW[2SJURGORXAHQt

¢. L U,84 ¢6 (2.1
kde: ¢.- PURGORMEHOQt
U - 6RXpLQLWHO WHEKARWQt UR]JWDAQRVWL
Lo - 3$YRGQUMEHOND

.6 - B5R]GtO SRpPpiWHpQt D NRQFRYp WHSORW\ >

Dilatometrs WODpPQRX W\pt

Tento typ dilatometrtV H VN Gik6FH GUAINX YJRUNX D MHGQR® N\ SUR
obri] HARL).

Pec

LVDT senzor posunu e

——

|

Drzak vzorku  Tlacna ty¢ 0000 OGSO

Vzorek

2EUIJMN6FKpPD GLODWRPHWIX V

22
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9]JRUHN VH XPtV"XMH GR G U &abybyNikoWakid £JRonser txubiteFd-nan D N

RSDpQp WWAUDM@®RKX W\pt 70DpQi W\p S HQidt GpPONRYp ]P Q\
GLODWRPHWUX 'U&iIN Y]JRUNX D WODpPQi W\p RIMRP iO\QIR E H
WHSHOQRX URJWD&QRVWt 1HMpDV W) keboMiD:YIIX&tYiQR N HPH

986KRGRX WODPpQp W\pH MH &H Y\YtMt NRQVWDQWQt WODN QI
A4H YOLYHP VPU&a"RWIDXAGIROM GIIR NMWDNWX VHQ]RBAWX D [NRXPDQ

Tento typ GLODWRPHWUX MH pDVWR Y\X&tYiQ SUR P HQt WH
IRUPRYDFtFRKtMPIVGHP MVBX33840LNDFH

g
|
-'\mmum\‘\“.

2EUIJBN'LODWRPHWU BIWODpPQRX W\pt
BRGUREQ ML VH WpPDW puplikateQ3IDW RPHWUS$ JDEEéYi
Hot Distortion Test (HDT)

-HGQi VH R WHVW NWHUé P t WHSORWQt URJ]WDAaQRVWL
=RKOHG XMH QDS tNODG IDNW &H P$aH S L OLWt QDVWDW \

RK tYiQR RXGBHIWWDNRY pP Wak B $tS8ERMMM S\HOQp GHIRUPDFL
D SUSK\EX MiGUD

=NX&4HEQt YJRUHN YH IRUP WUiIPNX MH QD MHGQp VWUDQ St
sondy (obi]H28) =GURM WHSODIndBKp\@RRKE KR iMH XPtVW Q QDG D
aO]H YROLWHOQ ]DSQRXW MHGQRVWW DQRYE SIKMDY URI\WWD R ¢

RVW LYD QD ]DK tYDQp D QH]DK tYDQp VWUDQ 98VOHGNHP
IRUPRY D H35\36, 3V]

3estup 1 ]

tepla = 3

2EUI]23N6FKpPD +RW 'LVWRUBBLRQ WHVWX +'7
JNRX&HQé& Y]RUHN XStQDFRISUYDBINS  VPH SFHIOQRRQW RN ]

23



067 )6, 9891

243 3UREOHPDWLND SUDVNiIQt VNR HSLQ E KHP RGVWUD RY

VGSVOHGNX UR]GtOQéFK WHSORWQtFK UR]W D aQFRRWKEARIRE H O
celistvosti formy.

9RVNRYé PRGHO

K SUDVNiQt VNR HG i) OGHFEAKPIUR ] BTORNRX WHSYRWRR YRR/ D &
PRGHOX D Qt]JNRX UR]JWDAQRVWt VNR HSLQ\ 3UR ~VS 3Qp R
WHSHOQpPKR aRNX QD YQ M&at SRYUFK VNR HSLQ\ 7HQ UR]V
SULPiUQt REDO IRUP\ G tYH QHA& JE\WHN PRGrHEX 9NWLHNU iw D |

XPR&AQt UR]StQiQt YRVNRYpPKR PRGHO % RIDLAHPt \WHS DDW DRV
[38; 39; 28]

il

B 'y
SKOREPINA

smeér tepelné

VOSKOVY ) roztaznosti
MODEL *©

2EUI]JAN'LODWDDPQt VSiUD Y]QLNBWtFt WHSHOQéP a@aRNH

3RNXG VH YH YRVNRYpP PRGHOX QDFKi]Jt NRYRY& LQVHUW F
VP UHP GRYQLW 7R P$&H ]DS tpLQLW UR]JWDKRYiQt PRGHO
adojde takN G H IR U Pdpify. WWRPWR S tSDG P$&H SRPRFL YOR&HQt
Y\WDYRYiQtP PRGHOX GR FKODGtFtKR ER[X 5RJWDYHQi YUV
QH& RFKOD]HQ& LQVHUW VWLKQH3®GYpVW WHSOR GR JE\WN}

6SDOLWHOQé WLaAW Qé PRGHO

'R'SR U X pridr@ery Shu pro sp O L WietlEyXGiYi GR GDLYADWEPKR PDWHULIO
VH QDS BNURFGI ®RWXiOQt PQRAVWYt YESOQ MHMt WYDU WOR;
GRSRUXpHQpP WHSORW)\ Y\SDORYiQt PRGHOX 8kKR@d@p QDVW
kPLQLPIOQtPX REYPXONORBRGR VRiOHQt PRGHOX

1DS tNODG WHFKQRORJLH 4XLFN&DVW Y\Xatw D DMyHPPHAERO®\
A®DIVWHY3 aHVWdbriKHXB.QtN\ Y L]

2EUiIJZ3NORGHO ]JKRWRYHQé WHREK(

24
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7DNRYIWR VWUPODWEPDP gBRROWYMP YESOQ E KHP VSDORYiQt
PDWHULIO ERUWt VP UM@LARM®E LWD ¥ REHOR BUDVNQXWt VNFR
Y&SOQ ]iURYH ]S$VREt PH QHIQPOHR AR WH t BJRIMO SR VSiOHQt
VRGOLWNX ]S$VRELW[4H[RPHQQt YP VWN\
=S$VRE\ RGVWUD RYiQt PRGHOX

a) =D Qt]kepldtK

X VDXWRNOiIYX SRPRFt-KRy®Ep SYDIL QHMSRXAatYDQ Mat ]
Y\WDYLWHOQé PRGHO

X VERLOHUNOIiYX

X YH YURXFt YRG

X SURXGHP KRUNpPKR Y]J]GXFKX GR VW HGX YWRNRYpKR N£¥
b) =D Y\VRNéFK WHSORW

X YORAHQtP GR Y\K GO0 &S HMHQPLR ]S$VRE MH Y\XA&tYiQ S
VSDORYiQt SODMMWRSIpKR PRGHOX

30DVWRYp PRGHO\ MVIRRD QN Q OLSEERIRED & Y\X&tYiQ\ QD )
SURWRW\SRY&FK GtO$ 6SDORYiQt WLAW Q&FK PRWHOS$ MH U
Y %UQ QD )DNXOW VWURMQtKR LQ&HQAEUVWYt

9URED VNR HSLQ VH ]iO]MMR pNpiivdXB B K OHPMD RMIEINIPRGHO X W
ARNEAPY\VRNEFK WHSORW 7\ WRWLA ]S$VREt MHKR BURK AW
SURGORX&aHQt 7RXWR SUREOHPDWLNRX VH ]DEéYi H[SHULPt
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3 (;3(5,0(17E/1E yEG67

V VRXpDVQp GRE MH ]Y\4RYiQ GEBDQHMNGRWEQP RGUHW RE KY
GRFtOHQR QDS tNODG VQt&HQtP GRWR®RXWR F GFRf8ReH WWDH t
Y\X&tYiQD WHFKQRORJLH WWARD Y LW/ OfDp\KRRY RR G-H/GBR UX MH
V SR M Réidlogiemi adit\@tPL SRPRFt NWHU&FK MH PR&Qp JKRWR)Y
YEURE\ PDWHpPQp IRUP\ SUR YRVNRYp PRGHO\

VS tSDG ]DOpYiQt NRYRYEFK LQVHUWS$ GR NHUDPLFNéFK VI
ZGSYRGX SUDVNIiIQt VNR HSLQ YOLYHP WHRN\HGQD LU RPWDELIR ¥
proRGVWUDQ Qt PRGHOX ]DK HMt D |[DpQRX VH UR]StQDW 7DW
v kapitole 2.4.

([SHULPHQWIiOQt piVW SUiFH VWH]DIDAYN Né 8 R BE@REtoRGEOU MG\
Y\WDYLWHO QD KRAF®BEHOXP $ VSWIDWNEOKP WNR HSLQ E KHP RC
modelu]D Y\WRNE&FK WHSORW

31 THFKQRORJLH Y\WDYLWHOQpPKR PRGHOX

Tato technologie e MUD[L E 8Q YXRBYRI®D VFKRSQRVWL Y\WYR LW R
QD KRWRWRVKDHMU W]Q EH] SRW HE\ GRNRQPXMtFtFK RSH
apDVRY QiURpmr MH WDWR WHFKQRORJLH WDNp ]QiPi SRG (

Princip technologie Ize popsat® NROLN DoNiJRFtFRRVNRY & PRNGH @ aNQVH U &
Y\UREHQ SRPRFRVOLV BRI PDWHPQp IRUP\ MH RGRBOW'QHD S |
velikosti aVORALWRVWL ILQIOQtKR RGOLWNX P$8H H &R QHD $r V
a sestaventzv VWURPHpPHN 1iVOHGXMH YEURED VNR HSLQRYp IRU
SRQR HQ GR NHUDPLFNp VZ2AXNSUHAHFND PRXWNWODGERMLYD 1
YOKNé SRYUFK QDQHVHQ aiUXY]J]GRUQé PDWHULIO D Y]QLND
SURFHV VH RSDNXMH GRNXG QHQt [KRWRYHQ SRAaDGRYDQ#é
model jeQiVOHGWDYHQ D VNR HSLQD SRPRFt WHSHOQpPKR ]SUD
B3R ]JFKODGQXWt RGOLWNX MH VNR HSLQD RG¥WE3IDQ QD D SU

Vyroba voskového Sestavovani @ ; P Vytavovani/spalovani
modelu stromecku Vgrelaskerepiny (Zihani)

SR

Odstranovani e oo . .
skofepiny ®Odrezavan| odlitkt Hotové odlitky

2EUiI]J26N3ULQFLS WHFKQRORJLH43J\WDYLV
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3.1.1 Hybrid Investment Casting (HIC)

-HGQi VH R REGREQRX WHFKQRORJLL MDNR MH WHFKQROR
PRGHOX Y\UREHQpPKR SRPRFt PDWHpPQDpY\)RALPN t AV HD GPLRAGLHY QY
technologit 7/ DNWR Y\UREHQé& PRGHO MH Y\XatBilQRW RI\F pDY ESRE R
VWRPWR S tSDREWMHE QM RMR¥RYéEFK IRUHP SUR YEUREX YRV

QINODGRYRY QiURDPQp
V VRXpDVQp GRE MVRX Y\YtMHQ\ QR YRRW MR K\DNRFO R SILHD KPR &

Zde QHSURE tKjednélv&EdDal$ NWHUp MH aIR WKHEDp D X RIUSHR
(vVizobri]HAV). K PHQ4&t pDVRYp ~V SRt HIDGR MKhFtaN. Q43 K48

Konvenéni vyroba odlitku metodou pfesného liti

vyroba modelu vytvareni skofepiny, suseni odlévani finalni
Upravy

Konvenéni vyroba odlitku metodou presného liti s vyzitim AT pro vyrobu modelu

vyroba vytvareni skofepiny, suseni odlévani finalni Casova
modelu upravy Uspora

Vyroba odlitku s vytisknutou skofepinou

vyroba odlévani  finalni ¢asova uspora
skofepiny upravy

2EUIJHNYDVRYi ~VSRUD SURFHVX S L Y\M4.L

Vp tSDG WLAW Q&FK SODVW RMAFKF RRVGHOK Q®R FSKAJAVINA SO R W i |
750 f& 1iVOHGQ P$&H EéW VNR HSLJWDDKYILWtPQ@DRYE\@ it VI
Y\4tKiQD D LKQHG SRX&SLWD QD RGO pYRUP 35 WBI@HEK P RGH
btP& GRRIGHWMUDQ Qt piVWE[42]QLNOpKR SRSHO

X OHWRG\ ' WLVNX SRXatYDQp SUR YEUREX PRGHOS$
FDM/FFF (Fused Deposition Modeling / Fused Filament Fabrication),

SLA (Stereolitografie),

LOM (Laminated Object Manufacturing),

MJF (Multi Jet Fusion).

©O O O O

X OHWRG\ " WLVNX Y\YtMHQp SUR YEUREX NHUDPLFNéFK |
o DSPC (Direct Shell Production Casting),
o DLSC (Direct Laser Sintering of Ceramics) {4].

27
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3.2 Parametry experimentu

Parametry experimentu jsou informac&dR X a LRADEW &b, QiiY e I[N XAHEQtKR W OH
D JiOLWNX QHER ]D tI$HQiF LNS\RMXALBADD S

321 3RXALWp PDWHULIO\

-HGQi VH RPREBWMIOXLIMHKR YODVWQRVWL D SDUDPHWU\ SRXAal
SRXaLWé SUBRMOMEN ®G MH SRSVIQD VNR HSLQRYi IRUPL

Model

ODWHMLP®GHO E\O ]JYROHQ 3RO\&DVW NWHUé& E\O Y\YLQX
Y\X4tYDQEFK QD YBUREX RGOLWNS$ B\R\PIRFLWKH E Q fB® t P\R B FIK
SULPiUQt YEKRGRX MH RDODA3 Pol) RAVMWY R/SH®I YH IRUP S
PRGHOX 7R XPR& XMH VQLA&RYDW PQRAVWYt QHNRYRY&FK Y

metRG\ WLVNX )'0 ))0 NWHUp XPRAQXMtSRUR D DVWAYWOQH K IQ
WHFKQRORJLHPL U\FKOpKR SURWRW\SRYiQt 'DO&t YEKRGRX

WLAW Qp VRXpiVWL SRPRFt L]R POHRSA B [y PANrBR Bl FRA YHGH

1HY &K PEYAstuMH MHKR Y\WRNi QiFK\OQRVW QD YOKNRVW NV
SRUX&HQt VNR HSLQ\ E KHP SURFHVX Y\SDORYiQt PRGHOX
SRWODpPHQD VNODGRYiQtP S L NRQVWDQWQt WHSORW D YC
tzv. PolyBox (obi]H®8) FRA& MH ]D t]HQt XPR& XMtFt VNODGRYiQt |
SRGPtQNiFK 7RWR ]D t]JHQt E\OR Y\[>45]LWR SUR ~pHO\ H[SHUL

2 E U i]28 MPolyBox[45].

=iNODGQt SDUDPHW thbuid 2/ ¥ & S@] HPRIGH WXYE (@) NRROM QW @ O |

se jednalo o tvaid O i VWikobri]HBB. ProWXWR IRUP X YeSOQ MVRX W\SLF
NWHUp VPREEIRAN\ Y]K$UX

Tabulka2-=iNODGQt SDUDPHWU\ WLVN
VE&aND Yl TeplotapRGOI Teplota trysky

0,3 mm f& f&
OQRAVWYi Dobatisku 3R X &ilaeRtu
5 % 3 hod 11 min 74 9

2 E Ui]29 NVzor
Y&SO0Q SOiV\

27HUPtQ Y\X&dafvarQ RrugaSlicer
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=iOLWHN

ODWHULIO SRXALWé SUR ]JiOLVOMNNDWOYD RRM® HQ LW LERKNHI PRLKEWIR F
taulka3 -HGQi VH R JIOLWHN YH WYDYMMWUXEN\ R UR]JP UHFK

Tabulka3-& KHPLFNp VORAHQt RFH4BL SRXALWp QD ]JiOLWN\

Prvek C Si Mn P S Cr Ni
Koncentracg%] 0,07 1,00 2,00 0,045 0,015 17-19,5 8-10,5

6NR HSLQD

1D NHUDPLFNp VNR HSLQRYp IRUP\ E\OR SRXALWR REDORYé
-HMLFK j¥ ovedehbQ tabulce 4. Do poje\OD ]DPOhFBERIIRYi ]SHY XMtFt YC
aQiVOHGQ E\OD SRVWXSQ S L SUS$E aQpP PtFKiQt S LGiY
nevznikaly v suspenzi hrudky.

Tabulka4-6 ORaHQt SRXALWEéFK VNR HSLQ

Pojivo Plnivo =SHY XMtF Posyp
SULPI oy prpBingy | Ranco6LO E NE Zirkon 50/150
obal fused silica- 200mesl|
=HVLO . N . :(;3(50S Molochite
obaly :H[FRDWS Molochit +£200mesh FIBRES 16/30

3.2.2 =N X4 HoHligk

-DNR JNXditE@tO J]YROHQ W bliE&rWH@@ vigvud) Bldtvorem pro ocelovou
WUXENX JiOLWHN %\0O\ ] YARO|H@\VvBa0o)VSONQWUISENDG VH Gj
WUXEN\ URYQDOD GpOFHGVUIXKpP ®tGDG ERPO YOLWHN SURGC
RERX VWUDQnkFRNYX]R LG FH PP W]Q PP 'HOA&t J[iOLWHI
NRQWDNW VNR HSLQ\ D RFHOL .Y$OL Y W@taGpO B RGIDXREN
YOLYHP WHSHOQp URJWDAaQRVWL

X

@70
@25

v

100

2EUiIJ3N6FKpPD WL&W QpKR YIOFH YOHYR YDUI
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323 3RXALWi ]D t]JHQt

98URED PRGHOX SUREtKDOD SRPRFt ' WLVNiUQ\ 3R S LSHY
N$O E\OR Y\XALWR |D t]JHQt XPRediN.MtFt VWURMQt YEUREX VN

3D tiski UQ D

Pro YEUREX WLA&W QpKR PRGHOX E\OD SRXAaLWD WLVNiUQD C
(Obri]H3L) -HGQi VH R " WLVNIiUQX SUDFXMtFt QD SULQFLSX )'C
MHMta SULQFLRIUOHGRBYVBIWKYNURFtFK 3ODVWRYi VWUXQD
WLVNRYp KODY\ MHGMHPXRERMIDNHQt QD WH SRV dHO QpKF
WU\WNRX QDQiaHQD QD WLVNRYRX SRGORANX -DNPLOH MH
VH WLVNRYHIOQRNRDVR MHGQp YUV&vyakifegédH D FHOé SURFHV V

2EUiJ#N7LVNiUQD 0. 6 [ D XSURVW HG ]D t]JHQt 3RO\ %]

=D t]JHQt QD WNR RISBLQRYp IRUP\

96URED VNR HSLQ\ SUREtKDOD YH GYRX NURFtFK 3UYQtP
soustavy.7D E\OD QiVOHGQ S LSHYQ QD QD URERWSIiFNBR).PDQLSX

=GH E\OR Y\WYR HQR FHONHP RVP REDDRMeGHSOWUMOWHY 3UL
mm.

SUDFRYQt VWDQLFH YSR¥18X VRWW KR HIK RENKRIPIR) tH S LY RIE NN HYU p
XGUARYIQD NRQVWDQWQt WHSORWD D YOKNRVWYKMPGQNODG
UR]JPtVW QéFK JUFDGHO D Y WUiIN$ MH RWipHMtFt VH VNR HS

=D t]JHQt VHSVWOIBGNPDGQtFK piVWt
(1) tGtFt MHGQRWND
(2) 3BRVXYQé& URERWLFNé& PDQLSXOiWRU
B)'Y QiGUANHUDPLFNRX VXVSHQ]t
4 'Y SRV\SRYp NRPRU\
(5) 6X&tFt NRPRUD

30
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2EUiJ3NZD t]JHQt &\FORQH

3RPRFt tGtFt MHGQRWN\ E\O\ QD VW BHUKADS). Tdd BYICA M HIG G U R J
SRXALW SUR YZHFKQ\ VNR HSL&h NRXPDQp S L H[SHULPHQW

Tabulka5-NDVWDYHQp SDUDPHWU\ QD ]D t]HQt &\FORQH
Doba

OKHO RVA PD .ppp sRro sEKDRLFjIle]DF RNDSiYi 3RpHW f
S L SRQR YHUWL S L RND!
poloze
poloze
f 20s 10s 10s 4
3RpHV
'RED VX&HTeplotayvNRp| YIhKostv jpsqxw 'QIUDDH
NRPR F . VY WG
Y WUiN
20 min f& 15 % 4 ANO

33 96SRpHW WHSHOQpPp URJWDAQRVWL

3UR |MHGQRGXaHQt HAHQPKR S tSDGX MH S HGSRNOIiIGiQD ¢
QDVWtQ Qt HaAHQpP SUREOHPDWLN\ SRVWDpXMtFt

¢. L U488 ¢6

;- PURGORMHHOQt

(3.1
kde:

<

U- 6RXPpLQLWHO WHEKARWQt URJWDAQRVWL

L - 3$YRGQUMEHOND

.6 - B5R]GtO SRpiWHpPpQt D NRQFRYp WHSORW\ >
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3UR Y&@SRpPHW URJWDA&QRVWL VNR HSLIQ\RM M ¥ ¥ NVWH B RKIR L ¥ |
VNOiGDMt JHVLOXMtFt REDO\ IRUP\ -H QXWQp SRGRWNQRX\
RYOLYQ QD SRXALWRX NHUDPLFNRX VXVSHQ]t DSRSD/GLYHP
RFHORYp WUXEN\ VH MHGQi R NR430LFabH 6 RX §IUWR p QKRIGIQRY\R >
SU$P Ko&igenty VUR]PH]t WHSOBOW & f& D&

331 =NXaHEQt WpOMWRK VYiOLWN X PP

i

PRI

Lo ocel L BVNR H

Lo ocelt (Locel L BvNR HslowNR Hs

2EUI]33NSFKpPD OLQHIiUQt WHSHOQiI UR]JWDAaQF

Tabulka6-WWXSQt KRGQRW\ SUR YéSRiOHW WN)$26,20.p URJWDAQRVWL

Parametry .vnr d6ibt  .ocel[K7 Ti[f& T2[ f & Lo [mm]
Hodnoty 4,18 . 1¢° 18,8 . 1¢F 20 650 100

'RVD]HQt Kt&bGlKyRB W rbvnice (3.1):
¢ aodls Woophuaaodipd 6 $2zs&" &rr axwiFtr; UaA&"
¢ wpaagabadbpasgaPadepasgiéd LSHAr &rraxwiFtr; UAR"
Laodh ¢ epaapabis@zF raxL UaU

332 =NXaAaHEQt WpOMWRK ViOLWNX PP

i

Lo ocel L BVNR H

Lo ocelt ULocel L BvNR HsUowNR Hs

2EUi]J34NSFKpPD OLQHiUQt WHSHO4AMMR]WDAQRV
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Tabulka7-WWXSQt KRGQRW)\ SUR YéSRpHWOWIRPHJPp URJWDAQRVWL

Parametry .vnr HKitht  .ocel[K?] Ti[f& T2[f& Lo [mm]
Hodnoty 4,18 . 16 18,8 . 1¢f 20 650 140

'RVD]HQt Kt&bGlKy R W rbvnice (3.1):
i aode Woghaaaodiae 6 $7azs®° dvraxwiFtr; U&R"
{ wpaspibadbpaagadadepaapdéd LSVAr avraxwiFtr; UAIR"
$aodh ¢ epaagaliso@XF raxL U4AU

ZYEVOHGNS$ O]JH YLG W &H UR]GtO SURGORXA&HQSUNRtRSLQ\
S tSDG QHMHOG UXKpP S 3FTPG /]JH WHG)\ S HGSBHWVIOGDW X &t
UR]GtOQp WHSHOQpP UR]JWDAQRVWL [DpQH RFHORXG W & K BEWND
WRWR QDS Wt Y Wit QH& PH] SHYQRVWL VNR HSLQ\ GRFKi]t

34 9URED VNR HSLQRYp IRUP\

3UYQtP NURNHP YEBURE\ VNR HSLQRYp IRUP\ MH S tSUDYD YW
E\O JKRWRYHQ SRPR(BHriNREER YIiVBHBRYDOR S LSHYQ Qt NHUI
amodeluke YWRNRNBPRo NOLGQ MAtQBEHN QHEFO®D FLROHQD VSR
YWRNRYi VRX¥ @D P ViSREORXBQt piVWL E\O QDY U&HEMIQiOLWH N
funkci YE@IXN$E\ QHGRIGOR tNUR]YiG FtKR NDQiOMNYBO LY WRRI\R @ RK/
QiOLBAOXQ BkGROXAL W S RIDA\NB)U p Q

- - e . - :‘ﬂ,_o;?';. A K- X B ‘._..:
2EUI[33N.RYRYi IRUF 2EUiIJ3NIDYUAHQI Y
YEUREX YRVNRYpKR soustava.

1iVOHGQ E\OD ]JKRWRYHQi YWRNRYi VRXVWD YJHRS @XFDR QP
3R QDVWDYHQt SDUDRbuMEEE \|PRQVSXREKY YQ RDRIFBORBGRYPER Q X |
GY PNDIG P Lke@aickou suspenzi QLAKHL MHGQD Y\X&tYiQD QD SULPil
sekunGiUQt ]JSHY XMEWRRENOR HSLQBWINBUPD MH QD
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6SDORYiIQt PRGHOX S ARIEDKD C5RH FEIR NRESYObEYHPRE /$R L WHSORW

650 f BAE\ G REORVWDWHpPQpPPX VSiOHQt YaAHFK phydrtoRm®GHOX D
VHWUYiQt QWHBO®RWpP PLQXW

2EUI[@AN+RWRYi VNR 2EUIJ3NatKDFt SH
forma.

3R Y\MPXWt \phice bHBREODVWL S HFKRGX [NXGaHEQtKR YiOFH Q
trhlina (viz obri ] HB39).

7UKOLQD VH QDFKiJt QD RVWUpPP S HFKRGX YiOFH QD QiOLW
WXGta ] HMPp ]GD SRUX&HQt ]DS tpLQLOR SURGORX&HQt
a QiOLVBNHRRVR E\O QDYU&HQ QRY @bi]HBA), KI¥KB RR D pRWRE V WR Y X

GRFKi]Jt SRPRFt YWRNRYpKR N$OX 1HQt WDN ]JDSRW HEt S t(
YEVOHGN\ H[SHULPHQWX

2EUIJ3N7UKOLQD QD VNF
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2EUIMN1IiIYUK QRYp YWRNRYp VRXVWDY

1RY QDYUA&HQiIi YWRNRYi VRXVWDYD E\@D]MM)ALS DSOGR RE
RFHORYp WUXEN\ R GpOFH PP VH S L S LSRMRYiQt PRC
Y\VN\WRY D OSHYRRYIPt WSRMH +PRWQRVW PRGHOX VH ]iOLW
Mt ]i Hl R QDYU&HQEéFK UR]JP UHFK XGUAHO 1D SRGSR HQt S
* 77mm, NWHUp E\O\ SR Ii]L Y\WDYRYiQt YRVNX VSDORYiQt F
1iVOHGQ PRGBOK S LSHYQ QD WHQNi YRVNRY| WWdppré RPRFt |
~QLN SORQ®\] 7THQWR NURN WDNp SRGSR LO BAY®RXW GRH\ONF
PP SRVWDpPLOR S LSHYQLW PRGHO Y&IXNHP

2EUIMAN8B8SUDYHQiI YWRNRYi VR XMMW\EYD1A0HmivPriaww)N \

341 9\KRGQRFRYiIQt HISHULPHQWX

3R Y\MPXWt PedRbWESIURYHGHQD YL]XiOQt NRQWUROD SRPRF
SUDVNOLQD X IRUP\ REVDKviiA®E M S &ttS P18 U JN UIDOVANV NH U T H
UR]SR]QiQR MHGQR]QDpQp SRUWRK®Rt G$NREXVERVWISURYAG |
W VQWRNVRVHSLQ
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2EUiM2N7UKOLQD X VNR HSLQ\.VH JiOLWNH

JRUPD VH ]iOLWNHP R GpOFH PP E\OD QDSOQ QD YRGRX R
barvivem. NiVO GQ SUREtKDOD NRQWUROD ]JEDUYHQt YQ M&tKR
SYRGRX GRA0OR WpRURRDDRYiIYt N REDUYRYiQt REODVWt YH
SUDVNOLQ\ 'tN\ WRPX E\OD RGKDOHQD SUDVNO LobBi@tiQD RSD}
jakona obi]N%2 6Y WOi EDUYD VNR HSLQ\ QDKUD]RYDOD NODVLI
UEDUHYQp SHQHWUDpPQt [NRX&N\ 3RPRFt WpWR VNR HSLQ\
SHQHWUDpPQPRKRPASUBWR EéW NRXWIEWD.] XO LRAUNP \ V

3L QDSOQ Qt VNR RIBYDRYM tFR UNPU D, Webylopbl tibpu de<@tL 34k

YLG W 8iGQp JEDUYHQt IRUP\ 1iVOHGQ VH |DpDO\ ]Y&UD] RY
V GSVOHGNX WRKR O]J]H NRQVWDWRYDW Di N ]\DH NPIRNGtH]G\HQWD DKL
VNR HILERpQWRPWR S tSDG QHE\OR |[MLAW QR SRUX&HQt FH
JNRX&N\ W VQRVWL VNRbDHIS\G. MH JREUD]HQ QD

2EUIAN3URSODFKRYiQt VNR HSLQ REDUYH
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-HOLNRA& QHQt |SRMRR]HBDGRFKiJt YOLYHP Y Wit WYDURYp
VGSVOHGNX Y Wat GpON\ JiOLWNX X EUDD HRR P/ RPYR:{ETOD WM R 9H
S tSDG E\OD Y&3iND YiOFH ]Y WAHQD QD RiP D ]JiOLWHN ]D!

3R SURYHGHQt [NRX&N\ W VQRVWL REDUYHQRX YRGRX E\OD
prasklina (0bi JHM). ZWRKR SO SQRH X&HH Qt WMERRHFKLIQ\WYOLYHP WYDUX \
NRStURMPHMHNE]]JIiOLWNX DOH YOLYHP Y Wat GpON\ JiOLWNX

b

2EUIMAN3UDVNOiIi VNR HSLQD V GpONRX J]NXaAHEC

V QiVOHGXMtFt NDSLVARROSD W HEXHNMNRXPSQDVNiIQt VNR HSLQ
RSD Wyl INRXB@D YiOFL PP D JiOLWNX PP

35 1iYUK\ RSDYWPRIHDt SUDVNiQt VNR HSLQ

VGSVOHGNX SUDVNiIQt VNR HSLQ E\OD Q DbyUroHI®fjistt INRXPii
FHOLVWYRVW VNR HSLQRYp IRUP\ BrifyH PRESYV WO RWHQ M HPQ
o Y\WYR HQt GLODWDpPpQt PHJHU\ ]JP QX F\NOX aARNRYpKR Y\
RVW LYD QY WAWWRNRHOQRX URJWDAaQRVWt

351 =P QD SURFHVX Y\WDYRYiQt

3 HGFKR]t H[SHULPHQW\ Y\X&tYDOIRGPR W EVERBRYQt YA R®F

NWHUpKR MH Y\X&tYiQR JHMPpQD S L SRX4LWt YRVNRY&FK P

VSiUX NWHUi XPR&Qt QiIVOHGQRX WHSHOQRX Hk&§dE]L YRVN
9\WDYRYiQt SUREtKDOR S L WHSORW f& SR GREX

OSUDYD SURFHVX Y\WDYRYiQt VSRptYDOD YH ]JP Q &RNRYp
VNR HSIHRtVf& QD f& 1D WpWR WHSORW E\OD SURGOHYTC
FKODGQXWt VNR HSLWFKORN W]RBKRKXX E\OD FFD f& PLQ

3R JFKODGQXWt E\OD VNR HSLQD QDSOQ QD REDUYHQRX
(obri]HM5 /]JH SURWR NRQVWDWRYDW &H SRVWXSQp RK tYiQ
GLODWDFL RFHORYp WUXEN\ D QHQt WDN YKRGQé&P H&HQtP

=DMtPDYéP SR]QDWNHP H[SHULPHQWX MH aH DpNROLY FK\E
k SRUXdHQt IRUP\ YOLYHP WHSHOQpPp URJ]WDAaQRVWL YRVNRYp
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2EUiMBN3UDVNOLQD QD VNR HSLQ ]JKRWRYHQp S

352 =P QD RVW LYD Y\XAaLW@kIR QD J]SHY XMtFt

ORORFKLWRYp RVW HERKKRRVEKL W PS M UURHOM H MKH B8O RW  +
KRGQRWX VRXPLQLWHOH M FIOM@ F R RIFHIDSRQROAUDEEN D
YHONEé& UR]GtO WHSORWQt UR]JWDAQRVWL ]S$VREAMH SUDVNI

-DNR PR&Qp H&AHQt SUR ]DPH]HQt Y]QLNX GHIHNWWAaINR H
WHSHOQRX URJWD&QRVWt 7\SLFN&P S HGVWDYLWHOHP W F
MHKR& VRXPLQLWHO WRIPHOQ POHRIREDN & RVRWIKY 9\VRNI

KRGQRWD NRHILFLHQWX MH GiQD JHMPpQ3 W UDS/ORWPDFt f
6DPRWQi WUDQVIRUPDFH WRWLA |SSVARFABI|SURGORXAHQt S LE

Publikace [49]XYiGt VMHIOLNRVWt JUQD URVWH W HBRIORW B R $WR®R |
]JYROHQ PDWHULIO V Y WatP WP HGABGRIWABPNRVW JUQ NV
Q NWHUEPL VOpYiu@BRL WM §FRWNSDBS L Q

$E\ QHGRAOR NH NRQWDPLQDHFEPKO RIF KIONRRYEP\ KR\ RY W NLR [ S
Y\WWYR HQDbrUMpHEE® 6X&adHQt REDONOGUREWIORRD® pL P/YWH\E QRWW
22 f& 3UR SULPiIUQt YUVWYX E\OR RS W Y\XAaLWR JLUNRQRYpk
na obr. 47.
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€D O e e e

2EUI48N5XpQt YEURED VNF 2EUIJAAN+RWRYi IRUPD ] I
oVW.LYD

-DN ML& E\OR ]JPtQ QR S L WHSORW f& GRFKi]ttdddl ]P Q E
G$YRGX E\O XSUDYHQ SURFHV Y\WDYRYiQt D QD WHSORW
Y]QLNOD GLOYWDNGY FBRUDSOX SURE KOR YOR&AHQtf@NR HSL(
btP& ]$VWDOD ]DFKRYiQD P\4OHQND &ARNRYpKR Y\WDYRYiQt
SUREtKRORtPF& E\OR |DMLAW @R ]BtRAH R VX HE. QykluN HP H
Y\WDYRYiQt MH VFKHPDBML¥48 [Qi]RUQ Q QD

Teplota [°C] A
700
650 1

600 20 min
573

500 t

20 min

400

300

200

100

Cas [min]

2EUIM8BN6FKpPD RGVWUD RYiQt PRGHOX

3R JFKODGQXWt E\OD VS\HRFH SO QY ] X101 Q X \WR BOWDM/DIR Y MDBN BY
N$OX VH QDFKi]bboD PH&N) D2he@O@DXVWX YEVNI\WX YRVNRYé N$
SUDVNOLQ\ RGS$SYRGQLW QSKBRL WD W HPMHRXp WVEHRS Q R \E ROXD YV N |
1HGR&AOR WDN NH Y]QLNX GRVWDWHpPQ YHONp GLODWDpPQt
VNR HSLQX

1DSOQ QtP VNR HSLQ\ REDUYHQRX YRGRX BhiasR Kod ké W QR
YA\WN\WXMH ]iOLW H Nob®i HHEN @ DzeSprotbXEHHEMIR YDW &H N HPHQQp
SsY\WWRNéP NRHILFLHQWHP WHSHOQp UR]JWDAQRVWL Y\NRPSH
JiOLWN X
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S s S

2EUIM9N3UDVNOIi VNR H 2EUIJ39N=NRX&AND W V.QRVW
YWRNRYpKR N$C

3UR Y\X&tYiQt NRNRHOWPRRRMH YADN QXWQp VSUiIiYQ ]JYROLW
DE\ QHGRFERUHRRHRt VNR H &dn@kiu SYWRN iR M &P X809 Méhlo

SRPRFL ]YE4LW SRpiWHPQt WHSORWX SHLA M@ UW DEEWRIARD
viokovée N$QtJHRMWVHOQpPKR YRVNX NWHU& YIAWN RPt @NHDWDp Q'

ZGS$SYRGX SUDVNiIQt VNR HSLQ X N HPHQQSUBRI[LYNRXASY @RY
DUPRYiQt -HGQi VH R ]SHY® OWRUIER NRYBREPNGUIWHP 3
je patent [50] NGH MH NH JSHYQ Qt Y\X&LaAWRVRXCERVRWEFR MQiN® ¢
REDORMBFRD VNR HSLOXHQWQ WX URXERYLFH 3R S LGiQt
formy pokrap XMH YEURED JE\O8FK REDOS$ 6RKpMNEKIDUPRYiQt O]H

2EUIJBN$SUPRYiQt NHUDPLEBEMN.6 P

353 9\WYR HQt GLODWDpPQt PH]HU\

1D ]iNODG PtVWD Y&VN\WX SUDVNOLQ\ E\OR QDYU&HQR RSTL
WUXENRX D VNR HSLQRX 7DWR PH]HUD E\ P ODSRPREEGQW G
VNR HSLQ\

40



067 )6, 9891

ZY&SRPMWXSYWROH MH ]QiPR GBURG @B X aM@D GV UXEKRWR Y

E\OD QDYU&HQD RBAGWDOVWRIDPR\ WUXEN\ 7DWR PH]HUD E\OD
vosku QD pHO DOMIUKEEN\3 HG UR]ViKOHMEPR GHDORMI GRVNRYi Y

Y \ W DvYrtikile mezera mezi trubkou a modelemWp P$aH QiVOHGQ WaLXEND YR

p =

2EUIiI]32N8NIi]ND YRVNRYp PP YUVWY\ QD NR

3R VSIOHQt PRGHOX Y SHFL D QiVOHGQpP RFKOD]JHQt VNR |
kontroly nalezena prasklina (objfH B8).

ity

2EUI]R8BN3UDVNOLQD QD VNR HSLQ VH JiOLWNHP

8PRAQ Qt GLODWR2ZDW ViDIWWMNRKV WUXEN\ VH MHYt MDNR Q
SRUXaHQt VNR H&h@@hc$EMERNAW R|IWDKRYDW VHMY##UtVP UX N
=iURYH P$aH S L RKRKEEGRPAKUXBENN 1D ]JiNODG W FKWR ~YI
H[SHULPHQW S L NWHUpP E\OD Y\WYR HQD YRVNRYiI REION

zSODVWRYpKR YiOFH
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PrR Y\WYR HQt NRQVWDQWQt WORX&"N\ YUVWY\ YRVNX SR FH
7HQ E\O QiVOHGQ Y\WLa&W Q SRPRFt ' WLVNiUQ\ 3 L QDOL\
GR&OR YOLYHP Y\VRNp W H Sebdrdaforrubdi ¥DDWY GlY@ KR PYXR Y NAXHK H Q t
ven. ProtoE\O YRVN QD ]JiOLWHN QDBQOaANMMHMLIDQRXPHWERGRSODVYV
E\O SRQR HQ GR QDWDYHQPpKRVORRANX IFRMERBXYHWY 3R JWX
vrstvy se proces jednoRSDNRYDO =iOLWHN REDOMIQE3.RVNHP O]JH YL

2EUiI]4N=iOLWHN REDOHQé& YRVNHP

3R JKRWRYHQt NHUDPLFNpn \ARRMISAVWD DR QIO BB RS W SL
JNRXAND W VQRVWL 7D QH]JYLGLWHOQLOD 4a4iGQRX YDGX VNF
XPRAQLW GLODWDFL JiOLWNX MDN YhattBosuX RV\ WDN L YH \

-H QXWQp SRGBWINM@RXSWDIH YH PRKRX Y\VN\WRYDW ]JiOLWN\
jakovS tSDG WU XE KxpesiRectulL Wjigh Yozic DN QHEXGH |DMLAW QD

vWRPWR RWYRUX D S L VQD]H Y\WYR LW GGEBDMEHPR L WS WIXYF
vosku kKXYROQ Qt JiIOLWNX SYHSODSR WBN®RYEFKWR RGOLWNS$ MH
JIOLWNX QDS tNODG SRPRFt NROtN$ NWHUp MVRX E aQ Xaf
(viz obri ] HBb).

2EUIBSNMRAQRVW |DFK\FHQt MSRBPRFY HE6E O 1

-HOLNRA& QHMDNWMRPGSYRGX QHQt GLODWD®HRY WIWHHDPp QD NF
SURYHGHQD VLPXODFH Y\WDYRYiQt PRGHOX 7tPWR WpPDWF
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3.6 Simulace

SimulapQt VRIWZDU\ VH YH VOpYiUQiFK VWiYDMt QHSRVWUDGD'
D VQtaHQt QIiNODGS$ QD YEUREX 3RPRFt Vjréetkaa ady OpYiUFL
VRGOLWFtFK MDNR QDS tNODG VWXGHQp VSRMH VWDAaHQLQ\
a deformace odlitku.

3UR VLPXODFL H[SHULPHQWS$ WpWR SUiFH E\OR Y\X&LWR VRI
V SUYQt Ii]L SURE KOD VLPXODFH RGVWUD RYiQt PRGHOX \
BOHGRYIQR E\OR [iaMWPR QI3 LQIRSYWY@RNPp RG H[SDQ]H RFHOR
Ve GUXKp Ii]JL E\OR VLPXORYiQR OLWt D WXKQXWt RGOLWNX

361 6LPXODFH RK HYX IRUP\

V SURYHGHQ&FK VLPXODSRRXPEQOIR SIRpNWHIR \RGSRYtGDOL Y«
SHFH S HGHK iVppd@D20PLfEXW 3UiY SR WpWR pDVRYp SURG
VQtPN\ NWHUp MVRXHGXELRtFK piVWHFK WpWR NDSLWRO\

6NR HSLQD VH ]iOl4WmNHP R GpOFH

Naobri]NB6 O]H YLG W SUSE K L]RWH BPSIR F K i) BRWERXi RKE YOR Y p
trubky. =H VLPXODFH MH SDWWRXpiWiHLQWIBWRWKI]JOD S HGSRNO
(650 f& SMDNRX E\OR MRPEWRQRHY  =iURYH QHQt FHO& LQVHL
teplotu 7R SDWUQ ]S$VREt &H Y&éVWHEQHHONRG GIR XA EQR RQ M\
1ILFPPQ L SURWWRBHQpP H[SHULPHQW\ SRWibkg VOI\R EBLIPXQD
SRUX&LO

Step No / Time Step :80 /4.000e-03
Simulated Time :1200.0070 sec
Percent Filled CNIA
7200 Fraction Solid TNIA

673.3
628.7
sso.0 Tiiq 578.4

533.3

~ @867 Tsol 503.3
440.0

Temperature [C]

393.3
346.7
300.0
2533
208.7
180.0
133
66.7

2.0

L.,
ProCAST

2EUI]38N3US$E K LIRWHUP SR Vpd&iXODFL PLQ
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Na REU ipR ¥ zobrazendDKURPDG Qp SQXWt Y]QLNOp SURGORXAHQ
symbolizuje talRYp SQXWt D ILDOR#akR P R Golasti S\QXMIHQpPp pHUYHQE
PWYHKEEHMPG W &aH VH JPtQ Qi SQXWt VptWDMt 7TDHWR' RVEO® DV
SUDYG SRGREQIR&aM ttrhG iR MM KMV SUHGLNFL SRWYU@®izO\ WDNy
obri] N42, 43.

Average Normal Stress [MPa]

50.0

43.3
36.7
30.0

2EUI][HIN1IRUPIORYp QDS Wt

=PtQ Qp SQXWGEMQHKBINX WODNX Y\YRODQpKR NRQWDNWHP
NWHUé MH ]DS tpLQ Q UR]GtO QRXHQRV R MEHYR @ WAt i@H G/RIYKD BV |
Contact Pressure (obfHB58). yYHUYHQi EDUYD JQi]RU YW NWEHRBRKNNHRAtVW
kontaktu.

Contact Pressure [MPa]

747
89.3
84.0

2EUI]3NNDS Wt Y\ YRODQp NRQWDNWHP GYR>

3L S WLQIVREQpPP ]Y WelrRFtHolkE kB UR G\O RFDINQ L WNX DOH WI
NH ]JY WAHQt Meébki RHBH) $Pi WY H W DRjehoSRIFRKWWRKWR G$YRG $
SUDYG SRGREQS QIS PRE®RIba koncD GRAERUKNIHQt IRUP\
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Contact Pressure [MPa]

747
69.3
64.0

2EUIB9NZP OD URIP US$ 1TiIOLWNX
6NR HSLQD VH JiIOLWNHP R GpOFH PP

Naobri]NGD O]JH YLG W SU¥H Kill] RWMHPPQ t péd¢R/$H $ERE] VNR HSLQ
sNUDWAtP JiIOLWNHP MH MQG@tWX B KGIERFDKW UMD\ YH G HE O p
verzi(350- f&/]JH WHG\ tFLESAB YGHO&AtKR ]iD MMNXXGRIEMIYXNY O L
S HVDKXMtFtFK [iVOWH]GRLWNR HSLQ\ 8 NUDWAtKR JiOLWNX
QHGRFKMPNNYHONpPPX SQRGOKRRMHQEP SRUXAHQtP VNR HSLQ!

Temperature [C] i_materialu_a_skorepinz

720.0

673.3
626.7
s30.0 Tlig 578.4

533.3
9867 Tsol 503.3

440.0
393.3
346.7
300.0
253.3
208.7
160.0
113.3
66.7

20.0

e

2EUIJGON3USE K LIRWHUP SR Vpd&iXODFL P
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Obri]HEL JREUD]XMH QDS Wt Y MznKin B UHRSGE QR X B WQIt?Pi RFHORY pK
3 SRURYQiQt VEHOHYPIMNX MH YLG W &4H REODVWL Y&VN\
MVRX YéUD]Q PHQ&t 7R O]H RGS$YRBR MU RRE DI W HISOR WR X3]
GpOFH ]JiOLWRX GRFKHENOQp GLODWD Frovng¢i@W R IDNW O]H F

Average Normal Stress [MPa]

69.3
58.7
48.0

2EUI]JBAN6W HGQt QRURIORYp QDS Wt

1LASURGORXaHQt ]JiOLWNX SRWYU]XMH WDNp NRG@WRPNWQt W
D VNR HbBL][@\§2) 7HQWR WODN MHGHQASSRURYQIQQAQLWNX QDI
vPHQ&tFK REODVWHFK

2EUIi]JG2N70ODN Y\YRODQé NRQWDNWHP ]JiOLWN.

Ze simulaceS L S WLQIiVREQpHH $DPWEB Rt AH SRNXG ofii@ltdHN QHS

VNR HSLESDG |[NRXaHQp NUDWA&t YHUAHDJQpWN X SQIB8 RIK Wi
(obrilek 63).
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Contact Pressure
50.0

46.7
43.3
40.0

36.7
333

2EUiJB3N=P QD UR]P W$ JiOLWN

362 O6LPXODFH WXKQXddlitkiD FKODGQXW't

7XKQXWt RGOLWNX SUREtKDOR RIE W\@ M@ X V AR\ MNHBOSTHVUIR) pJ
NGH SHYQRX li]L VIPEROL]XMH aHGi EDUYD

Fraction Solid

0.400
0.373

0.347
I 0.320
0.293
0.267

0.240
0213
0.187
0.160
0.133

0.107
0.080
0.053
0.027
0.000

-

2EUIJB4AN7XKQXWt RGOLWNX

=PtQ Q& VP U WXKQXWt YRMXRIOtt IOIK] RVEE XS DRWR B QXWt S$VRE
vznikumeFKDQYBNH\ D QHP XVt WDN GRMtW NH VSRMHQt RERX PD
]S$VREXMH Y\VRNi WHSORWD ]iOLW N XinyN WHHSLORRW]BySi OHLLVON. ©
SR GYDFHWL PLQXWiBR]REDH Y Xf Esbt) 56\ Obr. 60).

V SUD[L MH E 8Q Y\X&tYiQ S HGHK HY ]iTDLMLNXVQ BY YWHBOMRIR C
a SWtP VSRMHQpP YKRGSQXRBLIE@WRWINFR HSLQRYpKR OLWt
kS HGHK HYX IRUHP QHO]H ]JDMLVWLW WDNWR Qt]JNp WHSORV
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7DKRYp ¢

2EUI]@B3N3QXWt Y\ YRODQp VPU&"RYIiQtP F

Simulacemi bylo NRX4AHQR GYRMXFEMAHQRYWQXEN\ D QD]QDpHQt V
V SUYQtP S tSDG E\O\ SDUDPHWU\ QDVWDYHQ\ WDN &H VH ]¢
simulacL. E\OR SHYQp VSRMHQt GHILQRY IYQWYNS WKRF E tF KN R 8 LQID R
SURVW HGQt(@iVMWHNWUXE N\

2EUiJ@BN(OHPHQW)\ GHILQXMtFt VSRM pHUYHQ

96VOHGN\ RERX VN®ODO]NBT @HH OlL&a@ W Y]QLNOp @RKUPGORYp S
JFKODGQXWt QD S LEOdBG® VLPROMDMFH REVDKXMtFt GHILQLFL
(obri]lHE7 GROH GRFKi]Jt NH Y]QLNXR E\DDD/NRY [GK-R L @MW Q pK R

VLPXODFH E\OD Y\XALWKIeBDNP S UR BEBAKNHO SRIMPARYLQRX ]
VGUXKpP Sodr$]H8Y QDKR H QHQt SWQRGQ JWONDVWHP YS$EHF RYC
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2EUIiIJBINSRURYQiQt NRQWDNWQtKR WODNX UR]G

Obri]HBB |REUD]XMHNRRW DN WQtP W GDIND G=DDENWPHRFH VLPXOD
GRFKi]Jt NH Y]JQLNX SQXWt SR FHOp Bt/OWRHHFKSMHG&R Y@ VKL W
nevyskytuje.

2EUiJBN3RURYQiQt QRUPIORYpKR SQ@deNt UR]GtO
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ZH VLPXODFt MH ] HMPp &H Y]QLN Y Q ln&YQWFKRSfE@eet Y RGO
JiOLWNHP D VDPRW S &B RG O BW NUHiRVSIRMNQH Y RGOLWNX Y\
SQXWt QH& Y S tSDG NG\4a NH VSRMHQt QHGRMGH

37 $QDOé]D VSRMH

3UR SRURYQiQtsH[BKOH BB Q RAoVER R X At-OEIGEK VH ]iOLBYWNH P
S LSUDYHQ\ PHWRORJUQ DL KN\pH Wtereslupy k@R @arkFdita spoje.

371 98URED H[SHUWb&dHQWiOQt

-DNR PDWHULIO RGOLWNX E\OD ]}¢RYDH ¥ OURE XWHADIHFSMOR Y & PK
KRMQ Y&RXAMIQGSYRGX O]JH YEVOHGN\ SRYD ARYDWO pI¥ i Y GV |
SUD[L &KHPLFNp VORAHQt S@Mél8Wp VOLWLQ\ O]JH YLG W Y

Tabulka 8 -& KHPLFNp VORAKQt $O6L 0J
Prvek Si Fe Cu Mn Mg Ni Zn Pb Sn Ti Al

KO”E,ZT”ace 9,00-11,0C 0,55 0,05 0,45 0,20-0,45 0,05 0,10 0,05 0,05 0,15 zbytek

3UR RGOpYiQt E\OD Y\X&LWD VNR HSRQDVYRAMODWbHP R GpO
JMLAW Q WHSHOQ& X]HO GR NW HYW RR FEY p&RENG ONR YM G R VID[d
S HGSRNOVWGRER G$SYRGX E\OD YWRNRYi VRXVWDYD REDOHOQI
HOLPLQRYDOD otllitkG @Ri\\HBS) X |HO Y

4tKiQt VNR HSLQ\ SUREtKDOR S L WHSORW f& SR GREX
Y\MPXWD D S HQH (4@ YQWRMRAGEROPPKR YR]tN X

7TDYHQt VOLWLQSHFUR RIK DVOFRR OrH¢bl RMYO)L a t&/&nina nebyla
PHWDOXUJLFN\ XSUDYRYiIQD 3 HG RGOpwpe&tPNBNAGDI |PL LT
710f& 3R ]JFKODGQXWt RGOLWNX E\O\ SURYHGHQ\ GRNRQpXN
VNR HSLQD.RG RGOLWNX

2EUiIJBN=DL]RORYDAQI. 2EUI|®MNatKDFt SH
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3.7.2 Metalografick é UR]JERU

3RPRFt SiVRYp SLO\ SURE KOR RGG OHQt RGOLWMikuRG YWR
RG H]iQ\ YJRUN\ -HGQRWOLY pa56ijimBa ORraje/dRIEkH. Q \

1D S LSUDYHQé&FK Y]JRUFtFK E\OD ®BRRERVWW & UFNROPHBY X N RXXF
71). Toto SR]IRURMGENHS LQHVOR &iGQp SR]QDWN\ WeéeNpMtFt VH
QXWQp SURYpVW RIRNQMRYRA S LFRRPMR KOHGLVND

2EUI/MNG6QtPHN VSRMH .]H

Vzhledem kRPH]JHQp YHOLNRVWL NRPRU\ SUR OLVRYiQt YJRUNS
NRQWUROX PLNURVWUXNWXU\ E\OR QXWQp Y]J]RUN\ JPHQALW
REVDKXMtFt [IOLWHN L piVW KOLQtNRYpKR RGOLWNX

3L H]JiQt NRWRXpHP GR RFeEORYEUBRNXE AN QG RVBERRAMM @@L RGG O
RG YiD6H OHQi piVW JiOLWNX RG [NXGAaHEQtKR YIOFHRAoOE\OD RS

obvodu trubky byly objeveny oxidy (dBi ] H2Y NWIQUHMY Wat SUDYG SRGREQRV!

Y\WDYRYiQt PRGHOX D &tKDQt VNR pakS3$MRE HEB\ GIIDNP ED\WWR
GLIX]L SIDWYMNHYLID\ YJQLNX PHWDOXUJLFNp YD]E\

2EUIJ®@N2[LG\ QD SRYUFKX ]JiOLWNX
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'DO&tP G$YRGHP SURpPp QHGREOR NH NRPSOHWQtPX VSRMH
QHUH]RYp PDWHULIO\ PDMt QD SRYUFKX W]Y SDVLYQt YUV
NWHUé& EUIRLVNRRIRWMR S tSDG WDNp SUDYG SRGREQ ]SRP
WHNXWPpKR KOLQtNX

3 HYWR&H VH QD SRYUFKX JiOLWNX Y\WN\WRYDOL ]PtQ Qp R
QD]QDpRYDOL PHWDOXUJLFMiBHUMSRMHQt PDWHULIO$ YL]

2 E Ui]#A NOblasti s nepatdn chemickk P VSRMHQtP

38 $SOLNDFH JiOLWNX QD NRQNUpPWQtP RGOLWNX

9\UIiE Q&P RG QLREN&®pEN® O RobpiiHUBD®MW HULIOX $06L 0J OF
E\O Y\WLAW Q WHPOWRHLRIOKX)IRO\V&DVW 1iVOHGQ SURE KO
SRPRFt LIRSURS\ODON RKIROXHXP 5 GREARNPH]L MHGQRWOL

2 E Ui]# MModel oE al@kola.
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98URERX H[SHULPHQWIOQtKRHRK OIS NX Et\ IR JR AW GRUQp |

KOLQtNX W p FapitQi#l3s7R ZWRKR G $¥ RaBedeBAIVOHGXMtFt RSDW HQ
P OD DMLV WRM]LOPBMHWS RO

X Y\WYR HQt]OrWRNR E Y R G,Xiz obril] Wi X

2EUI]BMNB8SUDYHQé SRYUFK ]JiOLW
X RGPDaASRQWFKX JiOLWNX

$E\ QHGRIPBRXEAHQt VNR HSLQ\

S L, R3UWUDSRY.INR Y PRRS HROSX
Y\WYi HMtFt GLODWDpQt

PHJHUX P Hstta yo6kl VeaHRaneBen¥ NR H S
SRQR HQtP JiOLWNX GR YRVNRYp 0i]Q =iOLWHN REDOHQE&é Y
O]H Yhadr VN %6.

2EUiIMN=iOLWNHP REDYABR&EHREVERPPRGHOX RE &t

3RPRFt ' VRAMOEBMWIMventorE\O SURYHGHQ H] PRGHOX D ]MLA
(obri]H®7). Aby VWRPWR PtVWVWBYERONMDYUAHQ\ GYD SUSWRPQ
tvaru ledvinek) XQNFH QiOLWNS$ E\OD SRGSR HQD Y&4NRX QiOHYN\
RGOLWNX MH ]QiPR &H SRHFH P M WY H/ARR WBLIR) P WINDX& S R K\ E X

450f& =iOLWHN WHG\ IXQJXMH piVWHpQHMLIPNR) B KO INGitSNHNCRQ F

=SiURYWhA REODVW QiOLWN %aRi bR & @ DO RPA® AR aWHNXWp KR
kovuv QiIOLWFtFK

SURWR&AHURED QiOLWNS$ D QiOHYN\ SOIiQRYiQD SRPRFt

WL\
GtN\ pHPXBHOR S hDNVNIRWNXDNPDWHULIORYp ~VSR H
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7HSHOQ

3USWRDPQp

2EUIIHN7THFKQRORJLFNEé QiYUK

IDOHSWIiQtP VSRGQt VW Q\ QiOLWIN & BRPHRGQ (LR RS U R/\D [DHON |
koo GRAOR NH VSRMHQt RERX piVWt 3 HFKRG\ PK]LSD&NLV N\
S tWRPQRYVWdo rikdd hirbbla Earamicksuspenzel DWpFL D SR MHWzdE |DVFKC
vznikly RW.HRGHO S LSRIBPIDGIREI Qt bbr K& W QD

2EUI]MBN3 LSUDYHQé PRGHO

ZGSYRGX NRPSOH[QRVWL YQLW QtFK GXWLQ RE aQpKR NRO
UXpQ 6XdHQt NDAaGpKR REDOX SUREtKDOR SRPRFt Y WUIiNX
GRAORDY HQt YQLW QtFK NDQiO$ D FHOé PRGHO E\O XSQXW
YEURED GDRBEDRXS pWRWRYRX VNRDHBENXRX O]JH YLG W QD

2GVWUD RYiQt PRGHOX SUREtKDOR YOR&HQEPnavdiRi 20SLQ\ G
PLQXW 3R Y\MPXMRHI MUBRIVIOHGQpP JFKODGQXWt E\OD SUR)
SRPRFt NWHUp QHE\OR ]JML&W QR &iGQp SRUXA&aHQdstVNR HSL
QiOLWNS$ REDOHQ OoMiL]EBI)D BBY RXUDDYWRR QD &tKiQt
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2EUIIMN+RWRYi VNR

2EUiIJ89N=DL]J]RORYDQI
forma.

S HG &tKiQtP

3 HG YORAHQtP GR atKDFt SHFH E\OD VNE&nHSHGQGHfiritpY. aW QD
SUREtKDO S L WHSORW f& SR GREX PLQXW

ZG$YRGX YEVN\WX oditkQhyla SIR /SRIGIEEKDYRVW WHNXWpKR NR
teplotou NWHUiI pLQLOD JDFK¥®HQt YP VWN$ D R[LGLFNéFK E
NHUDPLFNpKR ILOWUX 7HQ ]JiURYH ]DPH]JLO Yt HQt D JPtUQL

3R JWXKQXWt D JFKODGQXWt RGOLWSKRPRUVFR BNE D EHBIORG RWE U D
aStVNRMWHQItHB2) 1LFPpQ QD RGVWUDQy QG XBNWN IR E R pHSR. N
nebyla tato technologie RVWDpXMtFt 3URWR E\O RGOLWHN RGG OHC

VSROXSUiIFH VAMOKFDYMREGREMIRDEY Qt VNR HSLQ\ SRPRFt Y\VR
bLVWLpPH

2EUIBINEXURYE RGO 2EUIJBN2GOLWHN SR
RGVWUDQ Qt IR!
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1D REUB/®KH YLG W KRWRYé& RGBEWERYRP § @IKWRNNMRORED NR
PDMt QD SRYUFKX WHODNBXHABRNOD &ERLAHNKXGH GR JiOLWN>
QXWQp NY$OL aSDWQpPPX SRYUFKX JiOLWHN REURELW

2EUiIJ83N2GOLWHN RE aQpKR NROD VH JiOLWNHP
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=E9 5

7THRUHWLFNi piVWilaSRJiWHFKRMHEDRQLYFK Y\XatYDQéFK SUR Yéu
a]iURYobsahovalaNRQNUpPpWQt S tNODG\ W FK\W&i.RGO LAMYPES Y\XatY
JHMPpQD QD KOLQRVRINORRERALWROLWNNY QHER" VH MHGQI R
NRPELQDFL PDWHULIO$ =GH E\OD SR]JRUQRVW NODGHQD RE
VH QD UR]K-bdbtekt jD R VMIWRWK W\WR li]JH RYOLYQOQWSEQP W@ LU
SRYODNHP ]JiOLWNX QHERLIMBKI®QS, §GIHK YRR e@ddka
SUDVNiQt VNR HSLQR VY &EKOIRWMNS \BHL] i O Lahakbktedstikaep&R Y D O D
UR]W D & QURAWWG R U Q 6FRSPODVERVWR E\ B HNMOK R

([SHULPHQWIiOQIDPIiVMQIE\QD YEUREX KOLQRNRY&éPK ROGOWW
SY\X&LWtP K\EULGQt WHFKQROR JI$H DN WNDOYIL @/HHE@ Q] piHVRP pRFDG
SUREOHPDWLNX SWUBUVSIEGVMWR B RYQIQt PRGHOX JDXKDFRNEF!
SHFL WHSHOQ®WiFRR NP\ SURYIG Q\ YH ANROQt VOpYiUQ 9
VWURMQtKR LQ&HQEUVWYt

=NX3HEQtP RGOLWNHP E\O RGOLWHN YiOFH NWHUEé& P O
ZNRURJLY]GRUQpP RFHOL %\O\ IJNRX4HQ\ GY YHOLNRVWQt Y
UPHQS&t GpON\ E\O JiOLWHN JDURYQiQ VH INXAHEQtP YiOFHP
biVWL ]i®LOENX | WPPAGp VWUDQ\ ORGHO YiOFH E\O Y\WLaW

V SUYRWQtP H[SHJWRPXEG\@ P EOPOINDRXVT BREIS\L Y\SiOHQt PRGF
GRAGRWXEHQt VNR SHEBILLAD MHKERAD MH G Q ROt/ M NK YK G H P
QHE\OR PR&Qp XUpMOLYEP WENOQpP GLOOGBNRGIX ] FOLWNIK
S HFKR@XWNX QD ©IWRWRWR G$YRGX E\OD QDYU&HQD QRYi
UNWHUpP S HY]DO IXQNFL QiOLWNX YWRNRY& N$O

V GDO&tP NURNX E\OD Y\UREWOQ W MR J Q0L WOIRG-EBRNDBDGKOER WS L
sNUDWAtP ]iOLWN&IB QPHPERSARXEHQt VNR IBHIOEP 6 N Q LIS\ I
VSUSE KX Y\SDORYiQt PRGHOX SUDVNOD 1iVOHGRYDOR ]DYl!
]JDPH]LW SUDVNQXWt VNRHIDS P \]iO X WNHIR D Q W\ V

3UYQt RSDW HQt VSRptYDOR YH ]JP Q Y\WDYRYDFtKR F\NO.
650 f& E\OR QD SRVWXERQH SEKEBANRMRYp WHSORW\ QD WH:
5\FKORVW RK HY& PL@MDOFFKDQ E\OD QD VNR HSLQ QDOH]HQD
E\OR Y\KRGQRFHQR MDDNRt RIHYYEREBYRMhbFtpokusE\OR &H L EH]
ARNRYpKR Y\WDYRBSRUXA@HGRAIOR NSLQ\ YOLYHP WHSHOQp
YWRNRYpKIRYRGEBR E\ PRKO E&W IDNW &H VNR HSLQD E\OD ¢
aYRVN PRKO URYQROMMY.\WpNDW YHQ ]

UduKpKR RSDW HQt EVO ]P Q Q SRV\FRYGRFRIWMR Y p& R/ DD H\S |
RVW LYR NWHUp Y\ND]XMH Y W&t WHSHOQRX UR]JWD&QRVW
pouze VREODVWL YRVNRY pKR/ RERNRWIp KR ONF$HO X H dpifel W N H P
QHSRUXAMRKR Y\SOEYi &H N ¥ RWQ QWHBWW QRR WR]WDA&QRV Wt
UR]JWDAQRVW RFIBABRYRKNR JNOHWHQEQpP VNR HSLQ\ SUDYG SRG
YHONi DE\ Y\GUAHOD WHSHOQRX UR]WD &Ry WobMgEV NX 1L
YWRNRYpKR N$OX E\ PRKOR E&W Y\X&LWR DUPRYiQt SRPRFt
GUIiWX

7 HWt RSDW HQt VSRPtYDOR YH Y\WYR HQt GLODWDDpQt V!
aVNR HSLQRX 1D NRQFH ]JiOLWNX E\OD QDQHNH®QBoYUVWYI
RGVWUDQ Qoryb@t+RSXQPOH]HQD SUDVNOLQD 1D ]iNODG Y@V
4H QHGRFKiI]SOREPRXNAHQt JiOLWNX DOH NH ]Y TedeiQt MHK
S HGSRNODG E\O QiVOHGQ SRWY WWQFBWRYBEARIGIPRNYLP X
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JiOLWNX Y\PYQOMMEHOpP SRQR HQ\ GR YRVNX 7HQ QiVOHGQ
JiOLWNX YH YAHBR VRAHIQE K DRNHSTIOQ WM R AWHFERRDRILFNE |i
MDNR QHMOHSAt HAHQt D PRKO E\ EEW Y\X&tYiQ QD YEURE)
SRNXG QHGIRFKYJtIQN JiOLWNX YH VNR HSLQ |DREDORYIiQtP «
SRW HED JiOLWHN Y H WNRR ¥X\8 RQ- pXIFKA VELVPRKOL VORXALW NF
E 48Q SRXAatYDMt SUR IL[DFL MDGHU

1iVOHGQ E\OD SURYHGHQD VLPXODFH Y\WDYRYiQt PRGHO|
RGVW@eu®H SDWUQp &H SRNXG ]iIOLWHN Yap@kYi WEH® JH N
povrchemvkonDNWX VH VNR HS¢ho REWERFIKYQ MatPX SURK iWt 7R
k MHKR Y W&atPX SUR GORQYYHDQRVIRIMREH Q t

Z teoretick) KR URJERUX Y\SO\QXOR &H S HGHK HYHP IRUP\ MH
YD]E\ PH]L PDWHULIOHP ]iOLVBNDS DGR GOtIOL B X HIONPWR SYH G H
NH YJQLNX WDKRY&FK SQXWt YH VIRGW RIGI YiQL WNX QiRREt&R |
simulaci W X K Q XAKIO B RXWEIQ tK R R G O lawy phX VEA QD LS Wi YQ DV

6LPXODFH E 8Q QHSRVWLKXSIttPIHW D AN UJHDKNEQVERM GHYLQ
k YROQpPX VPUAW Qt RGOLWNX -HOLNR& QHQt ]JQiPR ]GD VH
WDN QHO]H MHGQR]QDpQ XUpLW UR]JVDK HOHPH@®WS$ SRP]
SUREOHPDWLND E\ E\QOWDWpKPRDG\QE\RHEROHOMBQ t

2GOLWtP INXZHEQtKR RGOLWNX D QiVOHGQ&P [NRXPiQtP V¢
k SURSRMHQtWIPOHGOREISRRQWDNWQt SOR&H ]JiOLWNX E\O\ R
SUDYG SRG®ENO\ S L &tK.iDytpakhpR MSXHOERIVEU QG DIX]L SUYNS

AaQHGRAOR WDN NH Y]QLNX] iYL WO RWYWSIRESLWESKELIE QpKR RG (
YKRGQp SRGSR LW PHFKDQLWVN&PW¥BRM Wit B B HPé JNXIPW NE\ E \ C
JKRWRYLW FKHPLFNé& UR]JERU VSRMH PH]L ]iOLWNHP D VDPR\

Poznatky zY EURE\ YiOFH EHO}]iOSWNNRYiQ\ QflitiSN RRERMN\BKRR & R O
PHUSD®WMHULIOHP RE 8QpKR NROD E\O VLOXPLQ $06L 0J

VW HGRYBURERG SR HQt PHFKDQLFNpKR VSRMH E\Ra QD SRY
YEUREX RGOLWNX E\OR Y\X3LWR R®DWRHYS6i0\WMQds MG FItO & L
VNR HSLQ QHY\VN\WRYDPGOLMWGE Qi GHNDNWKIOLIL PN\ SRVXQXWt
NRQVWDWRYDW &H SRXA4LWp WHFKQRORJLFNp H&aHQt MH DS

&tOHP SUIFH E\OR KOHGiIiQt WHFKQRORJLFNpKR H&aHQt SUR ]

RGVWUD RYiQt PRGHO X NR XRVRNFERINAHHIINPRKW D SHYQRVWOQtk
E\ PRKOR EéW GDOatP S HGP WHP [NRXPiQt

58



067 )6, 98291

6(=1$0 3284,76&+ ='57534

1. SODERHJELM, CarlMulti-Material Metal Casting: Metallurgically Bonding
Aluminum to Ferrous Inser{enline]. Worcester [cit. 2022-01-@ 'RVWXSQp ]
https://digital.wpi.edu/concern/etds/j6731396qg?locale=en. Disertace. Worcester
Polytechnic Institute. VeBR XFt SUIFH $SHOLDQ 'LUDQ

2. UTHAYAKUMAR, M., G. PRABHAHARAN, S. ARAVINDAN a J.V. SIVAPRASAD.
Study on Aluminum alloy piston reinforced withcast iron insert. International Journal of
Material Sciencdonline]. 2008, 3(1), 1-10 [cit. 2022-04-17]. ISSN ISSN 0973-4589.
'RVWXSQp
https://www.researchgate.net/publication/312494582_Study_on_Aluminum_alloy_pisto
n_reinforced_with_cast_iron_insert

3. BAUMEISTER, G, D BUQEZI-AHMETI, J GLASER a H.-J RITZHAUPT-KLEISSL.
New approaches in microcasting: permanent mold casting and composite casting.
Microsystem technologies: sensors, actuators, systems integrafooine].
Berlin/Heidelberg: Springer-Verlag, 2011, 17(2), 289-300 [cit. 2021-11-21]. ISSN 0946-

'RV W XI&tQsp/lihk.springer.com/article/10.1007/s00542-011-1237-7

4. VIALA, J.C., M. PERONNET, F. BARBEAU, F. BOSSELET a J. BOUIMterface
chemistry in aluminium alloy castings reinforced with iron base inserts. Composites Part
A: Applied Science and Manufacturifanline]. 2002, 33(10), 1417-1420 [cit. 2022-04-
@ 'RVWXSQp ]
https://www.sciencedirect.com/science/article/pii/S1359835X02001586?via%3Dihub

5. OPSALBAKKE, Aina, Lars ARNBERG, Ja@YH /‘/$1' 6YHLQ -‘5*(16(1 -DQ
KVINGE a Yanjun LI. Formation and evolution of the interfacial structure in al/steel
compound castings during solidification and heat treatment. Journal of Alloys and
Compoundgonline]. 2020, 849 [cit. 2022-04- @ 'RVWXSQp ]
https://www.sciencedirect.com/science/article/pii/S0925838820330498

6. KHOONSARI, E. M., F. JALILIAN, F. PARAY, D. EMADI a R. A. L. DREW.
Interaction of 308 stainless steel insert with A319 aluminium casting alloy. Materials
Science and Technology 2010, 26(7), 833- 'RVWXSQp ] GRL "2
10.1179/174328409X439088

7. BUHRING-POLACZEK, A., T. ROTH a N. NOVACHKtybrid Lightweight Components
of Steel-Sheet Aluminium Compound Castirgarski Vestnik. 2008, 56(3), 154-164.

8. JAVAHERI, V, H RASTEGARI a M NASERIFabrication of plain carbon steel/high
chromium white cast iron bimetal by a liquid-solid composite casting
process. International journal of minerals, metallurgy and matef@iine]. Beijing:
University of Science and Technology Beijing, 2015, 22(9), 950-955 [cit. 2021-11-21].
ISSN 1674- "RV W X Shtps://link.springer.com/article/10.1007/s12613-015-
1154-3

9. HUMPHREY, J. Richard a McNamara N. PORtvestment casting of gold club heads
with high density insertonline]. In: . s. 1-6 [cit. 2022-01-@ 'RVWXSQp |
https://worldwide.espacenet.com/maximizedOriginal
Document?ND=2&flavour=maximizedPlainPage&locale=en_EP&FT=D&date=199806
16&CC=US&NR=5766091A&KC=A

59



067 )6, 98291

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ZHIYONG, Xue, Liang HE, Yu WANHUA a Wu CHUNJINQDrthogonal test of
copper-clad aluminium bimetal continuous casting by nitrogen pressure core-
fillling. China Foundry 2013, 10(6), 385-390.

TAKATA, Naoki, Manamu NISHIMOTO, Satoru KOBAYASHI a Masao
TAKEYAMA. Crystallography of Fe2AI5 phase at the interface between solid Fe and
liquid Al. Intermetallicqonline]. (Volume 67), 1-11 [cit. 2022-01-31]. ISSN ISSN 0966-

'RVWXSQp ]https://www.sciencedirect.com/science
/article/pii/S0966979515300388
%28&+e . ) %$5%,(5 D SIntkBadli@ compound layer growth

between solid iron and molten aluminium. Materials Science and Engineering:
A [online]. 249, 167-175 [cit. 2022-01-31]. ISSN ISSN 0921- 'RVWXSQp ]
https://www.sciencedirect.com/science/article/pii/S0921509398005735

PAVAN KALYAN, Kota, Myilsamy GOVINDARAJU a Ramalingam VAIRA
VIGNESH. Metallurgical Characterization and Mechanical Properties of Sdliquid
Compound Casting of Aluminum Alloy: Steel Bimetallic Materials. Metals and Materials
International[online]. 2021 [cit. 2022-04- @ '"RVWXSQp ]
https://link.springer.com/article/10.1007/s12540-021-00979-8#citeas

EL-MAHALLAWY, N. A., M. A. TAHA a M. A. SHOEIB. Analysis of reaction layer

formed on steel strips during hot dip aluminising. Materials Science and
Technologyonline]. 1201-1208 [cit. 2022-01- @ 'RVWXSQp ]
https://www.tandfonline.com/doi/citedby/10.1179/026708402225007186?scroll=top&n
eedAccess=true

AGUADO, Edurne, Asier BAQUEDANO, Urko URIBE, Ana ISABEL FERNANDEZ-

CALVO a Andrea NIKLAS.Comparative Study of Different Interfaces of Steel Inserts

in Aluminium Castings. Materials Science Forfonline]. 2013, 765, 711-715 [cit.

2022-04- @ 'RVWXSQp ] KWWSV ZzZZ VFLHQWLILF QHW 06)

KOTA, Pavan Kalyan, Govindaraju MYILSAMY a Vaira Vignesh RAMALINGAM.
Metallurgical Characterization and Mechanical Properties of Seliquid Compound

Casting of Aluminum Alloy: Steel Bimetallic Materials. Metals and Materials
International[online]. 2021 [cit. 2022-04- @ 'RVWXSQp ]
https://link.springer.com/article/10.1007/s12540-021-00979-8

SPRINGER, H., A. SZCZEPANIAK a D. RAABEX the role of zinc on the formation

and growth of intermetallic phases during interdiffusion between steel and aluminium
alloys. Acta Materialigonline]. 2015, 96, 203-211 [cit. 2022-04-@ 'RVWXSQp ]
https://www-sciencedirect-
com.ezproxy.lib.vutbr.cz/science/article/pii/S1359645415004140

0$1%6,-(9,0 6UHUNR Ob5DGRPLU 5%$',4% =GHQND =29.2 %57
'2/,0 D OLOH '-85"A-&intbond in aluminium piston alloy and austenitic cast
iron insert. FOUNDRY Trade Journal Internation016, 190(3735), 147-150.

CHEN, Gang, Xusheng CHANG, Guobin LIU, Qiang CHEN, Fei HAN, Shun ZHANG

a Zude ZHAO Formation of metallurgical bonding interface in aluminum-steel bimetal

parts by thixotropic-core compound forging. Journal of Materials Processing
Technologyonline]. 2020, (283) [cit. 2022-04- @ 'RVWXSQp ] - KWWSV
sciencedirect-com.ezproxy.lib.vutbr.cz/science/article/pii/S0924013620301242

528y.$ -DURPMWDOXUJLH QH&HAWHQIREFNNMOHWILENP QDNO
CERM.

60



067 )6, 98291

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

DEZELLUS, O., B. DIGONNET, M. SACERDOTE-PERONNET, F. BOSSELET, D.
ROUBY a J.C. VIALA Mechanical testing of steel/aluminiusilicon interfaces by

pushodt. International Journal of Adhesion and Adhesif@dine]. 27(5), 417-421 [cit.
2022-01- @ '"RVWXSQp ]
https://www.sciencedirect.com/science/article/pii/S0143749606000935

JIANG, Wenming, Zitian FAN, Guangyu LI, Li YANG a Xinwang LIBffects of Melt-

to-Solid Insert Volume Ratio on the Microstructures and Mechanical Properties of Al/Mg
Bimetallic Castings Produced by Lost Foam Casting. Metallurgical and Materials
Transactions Aonline]. 2016, 47, 648497 [cit. 2022-04- @ 'RVWXSQp ]
https://link.springer.com/article/10.1007/s11661-016-3788-9

BOUAYAD, A., Ch. GEROMETTA, M. RADOUANI a A. SAKA Interface
Characterization in Aluminum AlloyCasting Reinforced with SG Iron Inserts. Journal of
Advanced Research in Mechanical Engineeforgine]. 2010, 1(4), 226-231 [cit. 2022-

04- @ "RVWXSQp ]
https://www.researchgate.net/publication/267548895 Interface_Characterization_in_Al
uminum_Alloy Casting_Reinforced_with_SG_Iron_Inserts

29y$yE.29E +DQD D -R]HI3(X/yHI/1E .(5%$0,&.e 0$7(5,E/<
>SRQOLQH@ 2VVWHHAXQLF8a% QLYHU]JLWD 2X2A1B|DISBN >F 1l
ISBN 978-80-248-3365- '"RVWXSQp ]
https://www.fmmi.vsb.cz/export/sites/fmmi/modin/cs/studijni-opory/resitelsky-tym-2-
metalurgie/specialni-keramicke-materialy/Ovcacikova_Specialni-keramicke-

materialy.pdf

BROOK, Richard J. Concigcyclopedia of Advanced Ceramic Materidd&rgamon,
1991. ISBN 978-18-034720-2

A(9yE. )UDQWL&AHN DO-DH)Q*$UFE\WDAQRVWL D SHYQRVWL V
4iUXY]GRUQEFK PDWHU iOBYSWHROY WY Qp QRBW't

High-temperature Characteristics of Stainless Steels: Designers' handbook
series[online]. Committee of Stainless Steel Producers, American Iron and Steel
Institute, 1979 [cit. 2022-04- @ 'RVWXSQp ]
https://nickelinstitute.org/media/1699/high_temperaturecharacteristicsofstainlesssteel 9
004_.pdf

BRANSCOMB, Tom Thermal Expansion of Investment Casting SHeldine]. 2009

[cit. 2021-11- @ 'RVWXSQp ] KW W
www.buntrockindustries.com/Resources/Thermal%20Expansion%200f%20Investment
%?20Casting%20Shells.pdf

%524 -DURRODG\ I\VLNiO GBtFBK®D HWMiIWQt SHGDJRJLFNp
1974, 295 s.

5$429(& uWD&RKDUDNWHUL]DFH NRPSR]JLWQtFK PDWHULIOS
GLODWRPHWUL fodim&.R 20P0 H[Qtt 2022-04- @ 'RVWXSQp ]
https://dspace.cvut.cz/bitstream/handle/10467/8848BH-2020-Rasovec-Jakub-
bakalarska%20prace.pdf?sequence=-1&isAll@&ve % DNDOi VNi yHVNp Y\VR
WHFKQLFNp 9HGRXFt SUIFH 3URI ,QJ OLOHQD 3DYOtNRY

RMI Analytical and testing instrumefdnline]. [cit. 2022-04- @ 'RVWXSQp ]
http://www.rmi.cz/dilatometrie

61



067 )6, 98291

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

% 86.% O - %(2 0 &%$*$/$ D 9 -dHlafonxdie
Characterization of Foundry Sands. Archives of Foundry Enginegome].
2012, 12(2), 9-14 [cit. 2022-04- @ 'RVWXSQp ]

https://www.researchgate.net/publication/270171559 Dilatometric_Characterization_of
_Foundry_Sands

CHERNOV, V. P., E. N. ASTAPOV a E. A. SAFONOVAnvestigation into
Thermalphysic Properties and Thermal Stability of Shell Molds Based on Quartz Sand
and Ash of Thermoelectropower Stations for a Foundry Using Dispensabl
Patterns. Russian Journal of NonFerrous Mefalsline]. 2012, 52(5), 43#41 [cit.

2022-04- @ "RVWXSQp ]
https://link.springer.com/content/pdf/10.3103/S1067821211050038.pdf

BOSS, Kristopher Leénvestigating the production of cores by using reclaimed foundry
green sandonline]. 2020 [cit. 2022-04- @ 'RVWXSQp ]
https://scholarworks.uni.edu/etd/1034/?utm_source=scholarworks.uni.edu%2Fetd%2F1
034&utm_medium=PDF&utm_campaign=PDFCoverPages. Dissertations and Theses.
University of Northern lowa.

STACHOWICZ, MateuszModified hot distortion test to investigate the effect of the
inorganic binder on the high-temperature behaviour of physically hardened moulding
sands. Archives of Foundry Engineerjogline]. 2018, 18(2), 45-50 [cit. 2022-04-17].
DRVWXSQp ]
https://www.researchgate.net/publication/326839595 Modified_hot_distortion_test _to_
investigate_the effect_of the inorganic_binder_on_the high-
temperature_behaviour_of physically _hardened_moulding_sands

675%$.2429E H6t Distortion Testt QRYp PRAQRVWL SUR Y&]NXP WH
MDGHU ,Q .ROERWQWDXWRQHEEHN ] VOPpYiSEK® VNEéFK
IRUPRYDFt PDWHULIO\ %UQR yHY2048, & G-p% iSBNQSBNi VSRO
978-80-02-02827-7.

KEIL, Mitch, Sam RAMRATTAN, Jorge RODRIGUEZ a Alamgir CHOUDHURAN
Apparatus For Investigating Thermal Distortion In Bonded SqaodBne]. In: . [cit.

2022-04- @ '"RVWXSQp |
https://www.researchgate.net/publication/345923327_An_Apparatus_For_Investigating
_Thermal_Distortion_In_Bonded_Sands

BEELEY, Peter R. a Robert F. SMARIAvestment Casting. London: The Institute of
Materials 1995. ISBN 0 901716 66 9.

+25Ey(. OLOIRQP URYi S HVQRVW RGOLWNS$ Y\UIiE QéFK
modelu [online]. Brno, 2009 [cit. 2021-11- @ 'RVWXSQp
z: http://ust.fme.vutbr.cz/slevarenstvi/sites/default/files/clanky/technologie-
vytavitelneho-modelu/technologie-vytavitelneho-modelu.pdf

>'LODWDpPQt VSiUD@ >REUIJHN@URED 12 FHBAGEFKLRG QLW N §
Y\WDYLWHOQpKR PRGHOX 3 HGQiaND SUR BRPQtN PD.
VOpYiUHQVNp WHFKQRORJLH S HG PoNine]. Bimd:FGIHoR O R JL H
VOpYIUHQVWYt O67 )6, 987 YUIQRLTIHRDIS2-64-17]@ 'RVWXSQp
z: https://www.slideserve.com/joelle/v-roba-p-egredlitk-technologi-vytaviteln-ho-

modelu

Investment Casting Patterns. 3D Syst¢omiine]. 2020 [cit. 2021-11-18 RVW XSQp
z: https://www.3dsystems.com/on-demand-manufacturing/investment-casting-patterns

62



067 )6,

9891

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

KUMAR, Parlad, Rupinder SINGH a IPS AHUJA Framework for Developing a

Hybrid Investment

Casting Process. Asian Review  of

Engineeringonline]. 2(2), 49-55 [cit. 2022-01-30]. ISSN 2249 -
https://www.trp.org.in/wp-content/uploads/2016/11/ARME-Vol.2-No.2-July-Dec-

2013pp.49-55.pdf

What is investment casting. Investmentcadomgjne]. [cit. 2022-01- @
https://www.investmentcasting.org/whatinvestment-casting.html

STRAKA, Pavel9\ XaL Wt

'RVWXSQp |

KWWS

WHFKQLFNp Y %UQ
SUIFH 9tWerh¢@ DY

Investment casting with PolyCast: Application note. In: Polymgkaine]. [cit. 2022-

04- @

KGO KDQGOH QHW
)DNXOWD VWURMQtKR

'RVWXSQp

Mechanical
'RVWXSQp ]

'RVWXSQp ]

' WHFK Q R O R[drliheY Brn¥ [oip X022481B0W Y t

% DND
LQAHQEUVWYt

https://polymaker.com/Downloads/Application_Note/PolyCast_Application_Note V1.p

df

Data Sheet: Steel 1.4301: (X5CrNil18.10). In: Xomfnline]. [cit. 2022-04-17].
KW W S YcontgR/aptoadsl 20RO 27SEainless-steel-1.4301. pdf

'RVWXSQp ]

RECKNAGEL, Ulrich 6SH]LDOVDQGH )RUPJUXQG
Formherstellung. GESSEREI-PRAXtBIine]. 2010 [cit. 2022-04- @

https://www.researchgate.net/publication/356420265 Spezialsande Formgrundstoffe f
ur_die_moderne_Kern-_und_Formherstellung

WANG, Xin.Thermal physical and mechanical properties of raw sands and sand cores
for aluminum castindonline].
https://pure.unileoben.ac.at/portal/files/1913494/AC12180044n01vt.pdf. University of
/HREHQ 9HGR XF tPi8fU DipHIng.Q0r.phil. Peter Schumacher, Dipl.-Ing.

Bernhard Stauder.

SVI'51 -XGLW $WWLOD

Leoben, 2014 [cit. 2022-04-@

VW-RINH [+U Gl
'RVWXSQp |

'RVWXSQp ]

", 16=(* D -y]Vhel offigihPoif\thedrdal' 5 |

expansion differences in various size fractions of silica sand. International Journal of
Cast Metals Researdbnline]. 2020, 33(6), 242-249 [cit. 2022-04-@
https://www.tandfonline.com/doi/citedby/10.1080/13640461.2020.18380787?scroll=top

&needAccess=true

'RVWXSQp ]

LANE, Jan M., John CORRIGAN a Philip D. CROUCReanforced ceramic investment
casting shell mold and method of making such mold

TARRANT, LukeFormulation and Development of Ceramic Mould Materials For
Investment Castin@012. Disertace. University of Birmingham.

YVE+$/ 9ODERWPRULY]GRUQp RAfaha Acemid 11999, @37 s. ISBN

8020006710

&,7$&( 352
'RVWXSQp ]

*HQH U [WMIRe). BriowvTitRde.com, 2015 [cit. 2022-05-10].

KWWSV

Z22Z FLWDFHSUR FRP

63



067 )6, 98P91

6(=1%0 328a,7é&+ 6<0%2/# $ EK-$7

Symboly
2]1QDpt Legenda Jednotka
Lo S$YRGQt GpOND [mm]
L SURGORXAaHQt [mm]
ar WHSORWQt UR]GtO [f&
VRXpLQLWHO WHSORWQt URJWDAQRYV [K]

Zkratky

2]QDptLegenda

Al KOLQtN

BCC NU\WWWDOLMNKEREARPEWRURY VW HG Qi
CO, R[LG XKOLpLWE

Cu P

DLSC Direct Laser Sintering of Ceramics

DSPC Direct Shell Production Casting

FCC NU\WWWDOLMNXEREARBQ VW HG Qi

FDM Fused Deposition Modeling

Fe AHOH]R

FFF Fused Filament Fabrication

HDT Hot Distortion Test

HIC Hybrid Investment Casting

hmot. %0 KPRWQRVWQt SURFHQWD

LOM Laminated Object Manufacturing

MJF Multi Jet Fusion

Ni nikl

Si N HPtN

SLA Stereolitografie

tzv. WDN]YDQ

Zn zinek
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