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ABSTRAKT

$QDO&]D WXKRVWL UDPHQHOS Q%R UQ RYIp® R P D RERMEDQ t8 ] D
SRPRFL RSWLENPORMNHEBIMXLPiOQt YHOLNRVWL H]Qp VtO
UDPHQ E\OD PLQLPiOQt D JiIURYH DE\ Y]QLNDMtFt FKY Qt |

ABSTRACT

Stiffness analysis of an arm of an industrabot with linear kinematics during a drilling
operation. For solving this problem are used optical scarffiading the optimal cutting force

for drilling by criterions: minimal deformation of robots arms and, at the same time, the
emergingvibration from the cutting process is also minimal.

JEY29E 6/29%

SU$P\VORYé URERW WXKRVW YLEUDFH S HNWVMN ¥ H/AHH
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI ERCILITRY

1 092

.D&Gi YBUREQt VSROHPQRVW VH VQD&t VQLARYDW Y&VOHG
S L ]JDFKRYiQt QHER ]YéaHQt NYDOLW\ DE\ REVWiO\ Y NRC
Cestou KGRVDA&HQt WRKRWMRY FIOH IMNWLY LW\ RIUGRROHWLW I D IDW
YEUREQtFK L QHYBYREQIGEKPSGRAAQt GRE\ MH DXWRPDWL]
vsouladusREVDKHP 3U$P\VOX $SOLNDFH SU$P\VORNEFK UR
-HMLFK ]DYiG QtSQUDBR)AFAMWR e VQLARYiQt YEUREQtFK pl
~pLQHN ]Y&aHQt HIHNWLYLW\ YEURE\

ViVWEHONRYpKR SRpWX QDVD]HQéF & GHB®H \GIREY §PKDU
YEUREQtKR HW ]JFH MDNR REVOXK MW RGHROERE KHWVERMSH 3
S tSDGHFHKURBHEY WaLQRM EQNFRALINGD YEMRERt SWWRLR R GO
SU$SP\WORY& URERW VQtatPH pDV PDQLSXODFH REUIE Qp
QiNODG\ QD SR LJRYiQt REBWEKRXR/ WWD@X H UBP\VORYp |
pracovQt D JHRPHWULFNp S HVQRVWL MDNR ptVOLFRY t]HQp
96VOHGQi NYDOLWD SURGXNFH E\ WHG\ QHGRVDKRYDOD S

9H VP\VOX |DGiQt GINVGHD RPDPKD YU KEHW S WEHPEFKQR OR ULR
RSHUDFL Y UG HEN. JS2R70.AE\ SU$SP\WVORYé& URERW SUDFR"
SURVW S GIHMYVDQEFK WROHUDQFtFK WYDUX D D®RJRRJX
YEUREQtKR Y &N UEXGH VIOMtiDWlp JMLVWLW MDNEéFK WROH
vybaveQé YUWDFtP Y HWHQHP UHIiOQ GRVIiKQH

&tOHP WpWR GLSORPRYp SUIFH MH DQDOé]D MHGC
SUSP\VORYpKR URERWXW NPHHFUKBRX LM N p WpITH WIIH NSRIGR\PWQCX I
V]JiYLVORVWL QD VIORLYMPH|BEWRPAROREDIEHQMY UMBIQRPRY i
SUIFH MH H&a&HQD YH VSROXSUIFL V 0&%( 6\VWHPV V U F
Boleslav.

'LSORPRYiI SUIFH VH EXGH ]DEEYDW P HQtP SUS$P\VO
0 HQt EXGH SURYIG QR RSWLFKRBQO NNHQMHE \HBQ R ¥ VWKIQ MHC
]DWtaHQt U$S]QéPL HWREKRWWRLDKDRPGAQRFHQt EXGH GiOH Y\F
WXKRVWL URERWX S L U$]QpP ]DWtaHQt 'iOH EXGRX ]KF
QiIVWURMH S L U$]QéFK BRWAYRYVYRAVKHU \FKWREWEH SRXAaL\
QDOH]JHQt RSWLPiIiOQt SRVXYRYp VtO\ SUR YUWIQt

$QDOE]ID WXKRVWL UDPHQH SU$P\WORYpKR URERWX F
pohybu ramene robotuaptimalizaFL REUIE FtFK SURFHVS$ URERWHP
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IZY(IIRF.Y istav vyrobnich strojd,
STROJNIHO B RSN

INZENYRSTVI ERCILITRY

2 632/835E&(

2.1 MCAE Systemss.r.o.
0&%$( 6\VWHPV MH pHVNi ILUPD MHMtP4&4 SURVW HGQLFWYtl

~VS 4Q DSOLNRYIQ\ QHMPRGHUQ Mat ' GLJLWiIOQt WHFK:
WHFKQRORJLFNp WUHQG\ YH VY W ]JDP HQp QD SURJUHVL

FrPD ]JDORAHQiI Y URFHX LPLV{{EOGEBDOWWRMOH) BUSNRSQ
WHFKQRORJLt SUR ' WLVN DGLWLYQt YEUREX " GLJLW
REODVWHFK SUSPHOXtP3GRGIDNDWHO$SP W FKWR WHFKQR
naEt]t WDNp MDNR VOXAaE\ 3RVN\WXMH H&AHQt ILUHP 6WU
V URFH ILUPD RWHY HOOD B G K KRXOFHVEOMPNX HGDOHNR

)LUPD VH DNWLYQ ]~pDVW XMH YaAHFK G$OHAaLWEFK

InduVWU\ 3UDKNa dbr. Ml [eQJCAE Systems na MSV Brno 201® H ILURIP FL
ANROLFtKR VW HGLVND MVRX SR iGiQ\ WHFKQLFNp VHPLCQC

ALURNRX YH HMQRVW

0&%$( 6\VWHPV MH YaXGH WDP NGNRWQHWRWRHDIVY W HN MM Y

B 0&$( 6\WWHPV QD OH]JLQiURGQtP VIWMUERMtUHQVN]|
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22 a4.2'% $XWR

“H QHMY Wit pHVNé YEUREFH DXWRPRELOND UHSXEOARE RGO
QHMY Wit H[SRQWMY B/ 2MHIG @ P MO WK PSP \EQR UORGHpPQRV W
Boleslavi VWWHYHUQtFK yHFKiFK 'DO&t Y&éYREDQiFK RIE\Y M VRXF KGID

9ODVWQtNHP 4aNRG\ $XWR MH RG URNX VSROHpPQRVW 9RON
V t G O HuBenvbuku. [2]

+LVWRULH ANRG\ VDKi D& GR/DDRINDQ .ONBHGWGI®DbNQi Y\L
SUYQt PRGHO DXRMRHPRELGRFHi]t NH VSRMHQt VH VWURMtUHQ\
=D SUYQt D GUXKp VY WRYp YiON\ VH SRGQL NP REtOM LQUE FYKO F
VSROHpPQRVWt +LVWRULFNé Qi]HYDARRGD WHHYQDIR B & RIRNHX W\

B /RJR ANRGD $XWR > @
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

FAVGEIRTE 2 robotiky | -
3 352&(6 9é€92-( 328R,735#0<6/29e+2

ROBOTU PRO OPERACIV57E1E

31 3U$P\VORYé URERW

5RERW MH DXWRPDWLFNEéLQWHER WBRYDWE PHFWHPQEFKRSQE
RULHQWRYDQp LQWHUDNFH V S LUR]JHQé&P SURVW HGtP ¢
VSRpPtYi YH YQtPiQt D UR]JSR]QiYiQt SURVW HGt D PDQLSXC
VH Y WRPWRJSURVW HGt

3USMORYp URERW\ ]|D D] XMHPHWHRF NOUREORKRS thWQ F+

VQtaHQt YEUREQtFK pDV$

SUIFBURVW HGt pORY NX QHEH]SHpQpP
QDKUD]HQt GUDKp SUDFRYQt VtO\
QiKUDGD ]D MM VWRERRMMMLFNp REUIE Qt

3U$SP\WORYp URERW\ VH \spukiuiRjsoX vEl U PR/ LF\KR XY i Q \
RSHUDFH NWHUp Y\4DGXMt GREURX RSDNRYDWHOQRVW
SRORKRYiQt SRORKD RULHQWROFH ,BIDN NgH G&IQ QRQYi QR
SRX&LWt SU$P\VORYéFK 4t RBEFRPS GIHVWOH SROSRHERIWD BN pL K F
YEUREREVOXKD YBUREQtFK VWURMS$ 3U$P\WORYé URERW
REUREHQpP GtO\ D XNOiGi MH GR XUpPHQ&FK SR]JLF QHER RC
GR pHOLVWt VRADRW MWt BEEtPVHIJUDFH SUSP\WORYpKR URI
Y&P QtN QiVWURMS$ Q WEIRF KRDRUOLFS XLO-NMAFE Y S5 6 +PW PH Q WU X
REVOXKD SRWp MHQ NRQWUROXMH SURFHWRERWE\ p IS RSS
KRW R ¥gkyYNaWWDNWR DXWRPDWL]RYDQYPUDJQPFRX LJ&W & H®RR Fok
HNRQRPLFNp HIHNWLYQRVWL Y\X&LWt > @

'DO4atP Y\XALWtP SU$P\WORYéFK URERW$ MH SURYIiG
RSHUDFH -DNR NRQFRYé HIHNWRU QM BOVPBDREQEREGR QX
3RP UQ UR]Jat HQp MH VYD RY DQXWIRFERBAL DR Sp A GGHUBEI R @ X
HIHNWRU MH SRXALWD VYD RYDFt KODYLFH 'DO&tP PRaQé
HIHNWRU SRXALW S tPR H]QE QDPMHWORIMSQLHERY @ HY (@D MBI RtQ
QiIVWURMHP QDS YUWDPND, RUFRI OFRMW@i QNtD LEWiXV S DR 1plpd
9éKRGRX WDNRYé&FK SRXaLWt MH GRVDK SU$SP\VORYpKR UF
REURELW UR]P UQp REURENRQWOWRBLWHI WDYRE tH HOYpE KVRXAIR
UDPHQH SU$P\WORYpKR URERWX 3 L REUIKHQANWRKR UG2F
S$VREtFtFK QD QiVWURM 3URWR VH SU$P\VORYp URERMW
PDWHULIO$ MDNRolstyred, &ap¥RD S®DIPVQH GRVWDWNHP S$P\VO!
aH VH OL3dt S HVQRVW REGHtJUNDRY V8N CHRESRFBE H K QikiRa)é Mhb
dosahu.

X X X X
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3.2 RobotABB IRB 6700-150

SUR SRW HE\ WpWR GLSORPRYp SUIFHtMR SRERMMXDRGHGPROHP
ABB, typ IRB 6700150, sDQJXOiUQt NLQHPDWLF NRDOt }eWpkdvoRMOK URX 555
OHGQD 9é UR K&pitoBWtWHNSMBFRYQt SURVWRU QD REU

B RobotABB IRB 6700150[4]

7HQWR URERW Pi MVWKRSGRYRE®PRQWL P D SUDFRYQt SUR
QD REUIJNX S5RERW VH XSHY XMH GR SRGOIMBAX J2NODGQX W
PP 90DVWQt KPRWQRVW MH DVL NJ SRGOH B\HBPHWY 5RER
o hmotnosti do 150840 2SDNRYDWHOQRVW QDMHWt QD SR]JLFL MH P
GUi]H MH PP '"tNW QY p/ WBREBVISGVOHPY XMH Y\44t WXKRVW
]iNODGQt WHFKQLFNp SDUDPHbuteURERWX MVRX JREUDJHQ\ Y

Tab 1)Parametry robottRB 6700150[4]

Dosah ramene 3.20 m
-PHQRYLWi QRVQRVW 150 kg

7 ALAW RG KODYQt R 300 mm
ORPHQW QD ]iS VWt 1135 Nm
2SDNRYDWHOQRVW Y 0.14 mm
2SDNRYDWHOQRVW Q 0,06 mm
5R]P U\ [iNODGQ\ 1004 x 720 mm
Hmotnost 1200 kg

20



- IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO
INZENYRSTVI ERCILITRY

713

1604 1067
2445 3200

Obr. 4) SUDFRYQt SURFMMORIEBO MIRERW X

33 9UWDFt MHGQRWND

Robot ABB IRB MH Y\EDYHQ Y HWHQHP RG VSROHPQRVWL 3'6
GLVSRQXMH YENRQHP N: MHKR KPRWQRVW pLQt NJ D
AWtWNRYp ~as@nykapitolerR 32, Y

Bl °UWDFt MHGQRWND 3'6 *PE+ > @
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3.4 Robot KUKA KR 60 HA

1D WRPWR W\SX SU$SP\VORYpKR URERWAE 8 UR E PKLQ H RSE RSW DWHD p
SRXAatYiQ RG URNX Y SURSWRWUARK QLDWHRECRE (bbr.6 je

]QIJRUQ Q SUDFRYQ+GDRYWRWUDREHRWX UREZRME X R & Gt MMWR W NN
je vkapitolel15.

Tab 2)Parametry KUKA KR 60 HA

-PHQRYLWpP XaLWQp ]DWtaHQ 60Kg
OD[LPiOQt FHONRYp UR]JORA&H 95Kg

3 HVQRVWDIER/RROKAW QHORS DN 0,7 mm /0,06 mm
3 HVQRVMD BURKOAXWQt RSDN|1,4mm/0,2mm

Supplementary load
\ f 600 125
RS "L-§\‘

+70°

155

1945
650

1480
- /

1325

675

852 892

1570

B 3UDFRYQt SURVWRU URERWX .XND .5

35 5R]JERU SUDFRYLaAW

3UDFRYLAW P MH X]DY HQi EX ND R UR]JP UHFK DVL [ P WpP
ANRG $RW@RGYH % RDUHD/FROMIEAW MH Y\EDYHQR SU$PEMORYEP URE
QD OLQHiIUQtP YHSRI®IOSYUBERWNH SUDFRYQt VW$O R YHOLNR
URERW MH Y\E DFérdaCoNioV Wp P H P

22



- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO
INZENYRSTVI ERCILITRY

4 $1$/6=% 7(&+12/2*, 8 +2 352&(68
957E1E

41 3URFHV YUWIQt

9UWIiIQt MH SR VRXVWUX&HQt GUXKi QHMpPpDVW Mat RSHUDF
U\FKORVW P QtFt VH SRGpO RVW t RG PD[LPWhIGSDVRRE YR G
QiIVWURMISURFHVX YUWiIQt NRQi Y WALQRX KODYQt URWD
sS tSDG\ NG\ KODYQt URWDpPQt SRK\E NRQi REUREKIN QDS
GRFKiINM\WYi HQtSOG@QD PHER NH ]YHVGERNIGRWDLGEp SGtU\ S
S HGOLVRYDQp S HGNRYDQp DWG 2VD URWREW I @iQWwU
SOR&H

9UWIiIQt P$aHPH UR]G OLW QD
X IDYUWIiYiQt GtU\ GR SOQpKR PDWHULIOX

x 9UWiQt NUIWNEFK G U SRP U '/ - | MBHSp™NMDSEHEL
SOQpKR PDWHULIOX

x 9UWiQt KOXERNEFK G U SRP U ' /! GR SOQpKR PDW

x 9UWiQt SUSFKR]tFK G U

X 6SHFLIiOQt S tSDG\ YUWIiQt

x 9UWiQt GR W &NRREURELWHOQ&FK NRPSR]JLWQtFK D C

=INODGQtP SDUDPHWUHP S £ MUWIiGIRMXWREYWINESKO RV YV
HIOQOpKR SRIQEBXUDNWHULVWLFNIi YODVWQRVW YaHFK URW
MH aH H]Qi U\FKORVW §H WP RIMRF NQLRAW M AH I N Xa $MH FAHH
H]Qi U\FKORVW QXORYi D QD REYRG YUWINX Pi H]Qi U\F
Y\MDG XMt H]JQRX U\FKORVW SRVXKR SRX \E WOVRRXWQDYV OH

R,L @H&HJIHsr’ [m/min] H
Ry L BH J[mm/min] B

RLERBHR L sr’’HIH¥:eH&;® E B{mm/min]

Kde: ' >PP@ MH SU$P U REUIE Qp GtU\
n[mint@ MVRX RWipN\ QiVWURMH S tSDGQ REUREN
| >PP@ MH SRVXY QiVWURMH QD MHGQX RWipNX

VS tSDGHFK NG\ MVRX QiVWURMH YtFHE LWp SODWt
zubf,.

E&L—I,U[mm] H
Kde:zf@ MH SRpHW ]XE$ E LW$ QiVWURMH
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3L YUWiIQt Y]®WNIVRGSBBUDPHWU\ SU$ HQX QWD TREUMVR X ](
SODWt Y]WDK

#y, L >, HD, L = H [mn] H

kde: bbo >PP@ MH MPHQRYLWi 4t ND W tVN\
bo >PP@ MH MPHQRYLWiI WORX&"ND W tVN\
& >PP@ MH &t ND ]JiE UX RVW t

I >PP@ MH SRVXY QD RWIipNX

NS

Obr. 7) 3U$ H] W tVN\ S L YUWIQEBIGYRXE LWéP YUWIiN

3UR YUWBQpKR PDRVMESRDX\S atVNY 1i5 QDMWWR/2Y WD K

3UR YUWiIQt GR StHIFSYBDSRYDWpit NS D B WIXEINIDXKL
1iVOHGQé&P GRVD]HQtP GR URYQLFH SU$ HIXMWGE@N YUW]
E LWHP GRVYaMiYiPH Y]
HU

#1/2L—8[mm2] -
3UR YUWHRYWRVBQp GtU\ GRVWIiYiPH Y]WDK

52 % HU
#y, L= ;’ Uimm?] I
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI
3L YUWiIQt AURXERYLWéP YUWINHP VH MHGQRWOLY
Y\SRptWDMt SRGOH W FKWR Y]WDK#$

X MPHQRYLWiI WORX&"ND W tVN\

D, L ece\ H—g[mm] H

X MPHQRYLWwy &t INFPWW i@t GR SOQpKR PDWHULIOX

Ya
6Hq g Ny

[mm] H

>, L

X MPHQRYLW it BN¥NDWiQt GR S HGSUDFRYDQp GtU\

15? x
>, Lm[mm] -

42 .PLWiQt VRXVWDY\

3URFHV YUWIiQt ]S$SVREXMH Y]Q L Nliv kg jakd§t Kbrohk@ | WV IR & X M D
NPLWiQt 3U$P\WORYé URERW REUREHN D QiVWURM WY
FKDUDNWHULVWLNDPL D WpP YA&G\ GRFKi]Jt NH NPLWiQt
SORFK\ ]Y\aXMH LQWHQ]LW X R R Vi LHYERIADQ RV WWIURBVRIW B ]
MHGQRWOLY&FK VRXpiVWt URERWX .PLWiQt UR]G OXMHP]

90DVWQt NPLWiQt YRQIENU GDSWUWRNIHP 90DVWQt NPLW i
XWOXPt D Y WALQRX O]H ]JFHOD ]DQHGEDW

'tN\ SHULRGLFN\ SURP QOLYp EXGtFt VOMDH HHA QaL NS NG L
EXGH MHGQDW R NPLWiQt [S$VREHQpP QHY\Yid8HQRVWt URW
H]QéP SURFHVHP

%H] SHULRGLFNpKR YQ M&atKR EX]JHQt YJ]QLNi NPLWiQt \
QD wWyYuGéat VWUXREWXEI QP PVWHREIRBDOO IXRNNGHHBME Y\YRO|
ZURYQRYidaQpKR VWDYX D NPLWiQt GiOH SUREtKi EH] S tYR

421 =iNODG®OLPLQY SRSLVXMtFt NPLWDYé SRK\E
+PRWD R KPRWQRVWL P XORaHQi QD SUXALQ R WXKRVWL
SRORK\ KDUPRQLFNé NPLWDYé SRK\E .G\a |DQHGEiIiPH W(

AL¥® D SUSE K YEFK\ON\ MH VL@X@RYR Y\Q DP GRS XK'GRMtF

&= L TgHe <¢sA—F T) B

kle xa DPSOLWXGD KDUPRQLFNpKR NPLWiQt >P@
YODVWQt NUXKRYi IUHNYHQFH >UDG V@
M SRpPiWHpPQt Ii]JRYé ~KHO MH GiQ SRpiWHDPQ

>;
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VtecKQLFNp SUD[QN&H WOXKMRMLIUHNYHQRIHZARXAatYi IUHNYHC

$ MHMYBSiFHQi ¥RiddaR:W D
L2 L[] |

OtVWR DPSOLWXG\ VH SUR SRSLV NPLWIiIQt P$aH SRXatw GI
efektivni hodnota = RMS (Root Mean Square) = 0,707 x amplituda x, =0,707-x,
stiedni hodnota = 0,637 x amplituda X =0,637-x,

rozkmit (velikost §picka-spicka) = 2 x amplituda Xgp s

OHOLPLQ\ MVMRR XKYiHHEX Q\

=2-x,

7 i
X4 x=x, -sin(Qt—p)

7 X,
Xgpi Xof Xgp-sp
-

horni
polaha

-

o
e
e

rovnovazna
poloha

-y

aktualni (i}

poloha
dolni : |‘g < L] > W

poloha

Bl °HOLpLQ\ SRSLVXMtF{lIBIDUPRQLFNé SRK\E

8 QHKDUPRQLFNéFK VLIQiO$ |WUiIFt SRMHP DPSOLWXGD V

SUR HIHNWLYQt D VWHHFEQLKWG SEWX MH QHMYtFH Y\SRYtGDN
NPLWRMS (oot PHDQ VTXDUH 7DWR KRGQRWD EXGH SRXALWD
Y]QLNDMtFtFK S L H]QpP SURFHV>XRGQWRWHX MHWD K i & UHRQHOHWNOVH.

ol el &1, T@P .
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI
43 6WDQRYHQt VSHNWUD D YHOLNRVWt H]JQéFK VLO

3 LYUWIQt GR PDWHULIOX Y]QLNDMt H]Qp VtO\ +ODYQt F
VORAHNGpP SRVXYRYPDVFLV@DAHP S tSDG NG\ MH SRXAaLWw
NWHUé Pi GYD V\PHWULFNp E LW\ MVRXERVWRHGODHVIAR (
RERX E LWHBKY] i @VIARMHt W\WR Y]WDK\

SRVXYRYi VtOD Fr=F1+F2 [N] [ |
H]Qi VtOD Fc= Fea+ Fe2 [N] [ |
3DVLYQt VtOD Fo= For + Rz [N] .

VS tSDG VSUIYQpPKR D S HVQpKR QDR VS URYtQDIMN i XS (
tyto vztahy:

BRVXYRYi VtOD Fu=Fe=FR/2 [N] |
H]Q' VtOD Fcleczch/Z[N] -
3DVLYQt VtOD Fu=Fe=FR/2 => Fp=0 [N] B
i
Fal = /1
R/
|
i
i
-
- Pt
Foz
A e
r _X
'?e\[/':-"
- -
5 |Fe F| &
[ S Y b !

Bl 2)60ORAN\ YEVOHGQp Vt@® S$QRRBUINELQtOPD@EURXERY

3UR XUBPHI®t VtO\ P$AHPH Y\FKiy#aw:] HPSLULFNpKR
(6L % H&E < HB ¢qN] I

Kde Cec [-@ MH NRQVWDQWD Y\MDG XMtFt |HMPpQD YC
Xxfc [-@ MH H[SRQHQW Y\MDG XMtFt YOLY SU$P UX
ye¢ [-@ MH H[SRQHQW SRWKDX XQNDt RtWY PN X
D >PP@ MH SU$P U YUWIiINX
f >PP@ MH SRVXY QD RWIipNX
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HodnotyCrc, Xxca yb)¢ MV R X HPSLULFNYRE YOMIDABR XYMt YOLY REU
PDWHULIOX HIQp SRGPtQN\ QHER JHRPHWULL RGERURMH 7\\
OLWHUWbWNXDMW QBR]tFK YEUREF$ QiVWURMS$

3UR XUpHQt H]Qp VtO\ P$3HPKWPKBNHNQAFKRHRG JRUX REU]
PDWHULIOX -H GHILQRYDQé& MDNR VtOD YH VP UX KODYQtKR
SU$ H]X VM]WDK SUR P UQRX H]JQRX VtOX

(6 L GoH#y,[N] -

kde ke >03D@ MH P UQé H]Qé RGSRU REUIE QpKR PDWHU
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO
INZENYRSTVI ERCILITRY

5 0 E&E 6<67e0<

5.1 Pontos

3UR P HQt GHIRUPDFt UDPHQH S HGP WQpPKR SUS$P\VC
P tFtFK ERG$ E\O Y\EUiIQ V\VWRBWRENERF tFIGOVWH R R
VSROHPQRVWL *20 *PE+ NWHUé& XPR& XMH VOHGRYiQt D
1D UR]GtO RG NRQYHQpPQtFK ]S$SVRES$S P HQt SRVXQXW;H
P HQt 3UR OHS&4t SRFKRSHQt Skavet nebX Mzdaliza®st R &V pipQ D
PonWRV EXGHPH ]QDpLW MDNR 3RQWRYV

v v

B =) Pontos {] b) 3BRQWRYV VWRWLY SRptWDpD

-HGQi VH RWORMpPPE |JH GYRX VWHUHR NDOLEURY
JINODGQ VStQDQEéP /(" RVY WOHQHMNYWW®B W L ¥X DP X% RPRW

VQtPNS$ |D YRHOLQKNQMP 0S[ QHER LQY%&aFF K R DN
kamer). 1]

6\VWpP VQtPi SURVWRURYp VRX DGQLFH OLERYI
VNWHUpPPNROLY pDVRYpP RNDPALNXRE DO LINHRIHION QP
P HQpKR REMHNWX

6\VWpP 3RQWRV P$aH QDKUDGLW NRQYHQpPQt H[WH
'tN\ U\FKOp D VQDGQp ]JP Q P tFtKR REMHPX P$aH Eé

SRKOHGQLFH D& Y WUQp YHOQMNKHAIQUIRD Y6MYRip PVMH S L
P HQt VL ViP NRQWUROXMH S HVQRVW NDOLEUDFH

THQWR G\QDPLFNé P tFt VI\VWpP SRVN\WXMH W\WR

"VRX DGQLFH
" SRVXQXWt
Deformace

Rychlost
=U\FKOHQt

X X X X X
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OH]L Q NWHUp S tNODG\ SRXaLWt SDW QQBESOHNWNGUB®\ H
9\KRGQRFRYiQ\ E\O\ YLEUDFH NURXFHQt tRj&kéoEeQt U\FKO
(obr.11a).

3 L SRXaLwWt Y\ WRNRU\FKORVWQtFK NDPHU MH PRaQp P
VHNYHQFH WHVWRYiQt YH Y -iasth)QéFK WXQHOHFK QHER FUDV

B 20 HQt Y WNMDW ilH Q H) Crashtes{1]

% KHP SURFHVX YBURE\ P$aHPH XSODWQLW SRX&LWt V)
DQDO&]X OLVRYDFtKR QiVWURMH 3 L 4SDWQp NYDOLW Y@&UF
WYi HFtPL QiVWURML 1iVWQURWAORYIHP I RIRRKEOH MNRHQRYiQt
QDVNHQRYDQp VtW V &$' GDW\ -DNR Qi]JRUQé& S tNODG MH
6\WWHPV 98UREQt SDUDPHWU\ QHER Y]iMHPQp VWDWLFNp D
GHIRUPDFH YLEUDFH |BENQE QDP EHQDO@XYDRARGG QRFHQ\ V\
3RQWRV &tOHP P HQt E\OR [MLAW Qt S$YRGX S tpLQ SDWQ
WYi HQt OORKD E\OD UR]G OHQD QD VSWUD\@LFNRX LD EGOQ@C
SRVX]JRYiQD VWDWLFNi WXBURMOWNDOWQRMHtp®tMQt [SNGRGR Y p
UiPX VWURMH SR GREX S$VREHQt VtO\ 9H GUXKp piVWL VH
RQOLQH P HQtP GiOH YLEUDFH D U\FKORVW 9éVOHGN\ SR
U\FKORVWL WODNX D WH D H RHFIXOWMOQ SAKR YYE\B RWNRS

Static machine stiffness - Bend

0
Preload Force (set) 500 KN - force (actual) 164 KN
Load Force (set) 2500 KN - force (actual) 1947 KN

Position: centered load

B 0 HQt QD WYi HFtP VWURML V\VWpPHP 3RQWI
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INZENYRSTVI ERCILITRY

+ODYQt YODVWQRVWL

xS HVQRVW PP S L YHOLNRVWL REMHNWS$ 11 P#
XSRpPpHW VQtPNS$ ]D VHNXQGX SUR 0S[ URJOL&HOQt
xS L VQtaHQt YHOLNRVWL VQtPNX D& VQtPN$ ]D VHN

xPRAQRVW LQWHJURYDW H[WHUQt NDPHU\ VH JiSLVHP
xPRELOQt |D t]JHQt D EHI[NRQWDNWQt PHWRGD

SDUDPHWU\ V\VWpRigR g BORRNEFRLN RX Y

Tab 3)Parametry Pontd4]

Technical Data

system Configurations SM/4M/12 M HS
Sensor Dimensions typ. 700 X 200 x 140 mm?3
Weight 7 kg
Camera Resolution (5M) 2448 x 2050 pixels
Camera Resolution (4M) 2352 x 1728 pixels
Camera Resolution (12M) 4096 x 3072 pixels
Camera Resolution (HS) 1280 x 1024 pixels

Frame Rate 500 Hz at 1280 x 1024 pixels
1000 Hz at 1280 x 512 pixels

Measuring Violume typ. 0.5 x 04 m2upto 2.5x 2 m?

Accuracy 0.01 to 0.05 mm
Measured markers unlimited
Power Supply 90-230V AC
Computer Notebook or

High End Rack mount PC
Transport Case 900 x 400 x 270 mm?3
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0 tFt ERG\

3UR OHS&t YLGLWHOQRVW D UR]JOLALWHOQRVW S L Y\VRNEéFK
SRYUFK P HQpKR REMHNWX RSDW HQ\ UHIOH[Qt YUVYWYRX 7\
P HQt VH SRXatYDMt ERG\

X .yGRYDQ@E3 REU
x 1HN)YRYDQMA4H REU

.DAGé NyGRYDQé ERG Pi VY$M YODVWQt ELQiUQt NyG XPtV)\
ERG\ MVRX Y WALQRX PDJQHWLFNp %RG\ QHNYGRYDQp MVRX

VL PXVt QHNYGRYDQp ERG\ ViP |DNyGRY DM B pAREREORBR O RER
ERGS$ ]QiPEFHIGFKR]tFK P tFtFK VQtPN$

.yGRYDQp P tFt ERG\

B 6DPROHStFt QHNYGRYDQp ERG\ D MHMLFK DS

3 tSUDYD VA\VWpPX 3RQWRV S HG P HQtP

IHMSUYH PXVtPH XUpPLW S, LEH INVQKE URPMWHHP BSXRN VERUEXERY D
objekt. 3SRWpPiYWVORVWL QD P HQpP REMHPX D Y]GIiOHQRVWL
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STROJNIHO

INZENYRSTVI ERCILITRY

ztabulekY]GIOHQRVW NDPHU PH]JL VHERX 'iOH MH QXWQp Q
ODVHURYéFK SDSRERX WHD® i QN Eudk.Y6))H G X

—

\'.

B 2EU 1DWRpPHQt NDPHU

'DO&tP NURNHP MH |DRVW HQt ND P HNO LEDMVE R Y MQta F\DH
]JH GYRX QBHPENSXPtVW QEPL D GH ILAQR N DY REE ER G\

B .DOLEUDpPQt N ta

5.2 Aramis

$5%$0,6 MH EH]NSRMLWFDNEWQMVRpP SUDFXMtFt QD SULQFLSX G|
NWHUE&P O]H P LW DRPISRQR@W\ RDWHULIOX 1DEt]t RVY
GHIRUPDFt QD SRYUFKX WHVWRYDQ&FKGREK HNVWER BHWF
96VOHGEDBIPHWIQi PDSD UR]JOR&HQt GHIRUPDFt QD WHVWRYL
URJVDKX VH SRK\EXMH RGNYHNRHPINBKPDA IFRHW UMNROLN PHV

6\WVWpP $UDPLV EXGH SRXAaLW SUR VWHMORXYIROQ PIH MHA
ERG$ UR]ARVIR QEFHQpPP REMHENWXMH URYQ & P8&BtYypQRYV
VIVWpPX MVRXVBEMGHID\pY

Tab 4)Parametry Aramis

Typ ARAMIS 4M
JUHNYHQFH VQtPiQt 60 Hz +480 Hz
5R]OLaAHQt NDPHU 2358 x 1728 px

3DP " VQtPNS$ 3RXAatYi 3& 5%0
5R]P U\ VHQ]RUX 235 x 185mm
SUDFRYQt WHSORWD 5+ f&

Hmotnost 6,5 kg
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x

Naobr.l7 MH ]D t]JHQt $i58H BXGHPH JQDpLW VR WP $UDPLV MDN

B 6\VWpP $5%0,6

5.3 Tritop

3UR XVWDYHQt MHGQRWOLYé&FK P HQt |JH VIVWpPX 3RQWRV Q
VIVWpP RELWEBOHpPQRVWLHE® i* VE+ R |RWHRDSHDR iWWHUE Y\XAat
SULQFLS$ IRWRJUDPPHW WL Q 8 RIR FSFR CORM/AR SO R X DGQLFH D
RULHQWDFL P URIFKWREGS K SR P HQpP REMHHRNXEXWWNWBR p G
Y\WWYR HQt VRX DGQpKR W\VMWHPXRED REQi [NXVWXS VQtPiQt REI

B 3RVWXS VQtPiQt REMHNWX

6\WVWpP 7ULWRS VH \VGWOHKR$A RIB® XY W\H F K

.RQWUROD SOHFKRY&FK GtO$ D NDURVpULORQDFL SURHABVYYUBR
JNRX&FH QiVWURMS$ QD SRpPiIWNX VpULRYp YEURE\ QHER Y MHNM
.RQWUROD NYDOLW\ UR]JP UQ8FK REMHNWS$ QDS Y OHWHFWY
2Y HQt SODVWRYE&FK GtO$ QDS YH li]L NRQWURO\ SUYQtFK
2Y HQt D ]D]QDPHQiQt XStQHN D S tSUDYNS$

0 HQt PRGHO$ D SURWRW\S$ QDS LQWHULpPU YRJLGHO D YQ
2Y HQt WUXELF D GUiIW$ V RKOHGHP QD MHMLFK WURMUR]P U
0 HQt R HIRY&FK KUDQ GYRXUR]P UQ8FK SRORWRYDUS$ SOHFK.
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STROJNIHO
INZENYRSTVI ERCILITRY

x $QDO&]D GHIRUPDFO DXIWDL B NVg HIVRWP\RY HN
x 0 HQt SROH UHIHUHQpPQtFK ERGS$

B Sestava Tritop

5.4 DMG Microset VIO 20150 Linear

"HGQi VH R P tFt VWDGURL W R UJPKWIWL R F\H 0 B (t |&-BR0NOE PW M
SUR S HGVH LJRYDFt RSHUDFH SUR IUp]NX0'GUR PRIORE:
RSRW HEHQ(DGINVVBURMWHWRMS$ 9,2 /LQHDU XPR& XMH RSDNR
—P D Y\QLNi Y\WRNRX G\QDPLNRX P HOQt GtN\ SRX&LWt OL

[1]

B DMG Microset VIO 20150 Linear
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6 TUHOST

7XKRVW MH VFKRSQRVW SHYQéFK W [OHYV QHGHIRUPRYDW

“H WR YODVWQRVW PHFKDQLFNE&FK piVWt QHER NRQ\
SU$P\WVORYp URERW\ DWG 1t]Ni WXKRVW SU$P\WORYpKR U
S HWtGBRORKRYBD]Q RYOLY XMH S HVQRVW SRORKRYiQt
MHGQRWOLY&FK PHFKDQLVPS$ ]BRK\MBLWAEHF®Et \D5 RS8R Q/t FHE
]JY\GRYiQt SRW HEQpPKHRD GLIPRDRXSRK\ERY&FK IXQNFt >
chamkteristikouRK\EX WODNX QHER WD¥X NUXWX QHER VW LKX

V D[LIOQtP VP UX MH WXKRVW HRyHuER Y k@D GHlaAWB KHP (
VW LKX *$

E,G <RXQJ$Y ORGXO
S S thQé SUS$ H]
¥ % RVRY& PRPHQW D SROiUQt NYDGUDWLFNé& PRPHQW

0$AHPH VWAMGG LW QiVOHGQ

TuhostvSRV XQ X W't cp=F/y[N/m] [ ]
TuhostvQDWRDpPHQ't ch=M/ MNm/rad] [
Tuhost vkrutu ck = Mk / MNm/rad] ]

Kde: F- VtOD >1@
y- SRVXQXWt GDQp GHIRUPDFt Y\ YRODQp VLORX ) *
M - moment [Nm]

M ~KHOPQOWROQ®OXSiQéPL GHIRUPDFHPL >UDG@

7TXKRVW NRQVWUXNFH SU$SP\VORYpKR URERWX MH ]iYl

'UXKX SRXALWpKR PDWHULIOX

*HRPHWULFNéFK FKDUDNWHULVWLNIFK GHIRUPRYDQp|
Konfiguraci robotu

7XKRVWL VSRM$ D NORXES$

OHFKDQLFNp WXKRVWL SRKRQ$

7TXKRVWL RR\QING\D Ft

'UXKX |DWtaHQt D W\SX SRGS U DWG

X X X X X X X

.RQVWUXNFH SU$P\VORYéFK URERW$ MH Y\VWDYHQD

X WtKRYp VtO\ GDQp tK\PROMMNRYXWNFHOD KWRWQRVWLt ]iW
X G\QDPLFENp VtO\ Y]QLNDMtFS RKLERKN B K XM B GEQR @/ DN

X YQ M&®\ Y]QLNDMtFt S L UHDOL]DF LL WIRIKXBORRI F/N
]D t]JHQtP
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SUREOHPDWLNRX WXKRVWLGCQU$PQY GREE B BERE PR KR YE ]
1DS *DXWLHU D NROHNWLY > @ QDYUKXMt PH&dR@X QD ]MLa
YEVWXSQtFRVEBDVOHFKMPURAWRUP NROHNWLY > @ D@FRPKRXMt WXt
URERWX SRPRFt U$]QéFK REUIE FtFK RSHUDFt S L QLFKa&
SU$P\VORYpKR URERWX *RQJ D NROHNWLY adefempMLa" XMt Y (
SUSP\VORYpKR URERWX

2EY\NOi NLQHPDWAHRWMMRUSH#PXVUORY pirRIURERWX MH QD

A

L [
4 ”;"",J'/—' ?*
L i

BN LOHPDWLFNHRBKKRDURERW X
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7 STATISTIKA

9HONé SRpHW QDP HQéFK GDW VH MHYt OLGVNpERX SR]FR
Y\YRGt YEVOHGN\ ONROHP VWDWLVWLN\ MH |]S HKOHGC
ptVHOQEéFK D MLQéFK FKDUDNWHULVWLN XVSR iGDW GBD

7.1 9\PH]HQt SRMP$

6WDWLVWLENE VRXERU MH PQRALQD Y&aHFK SUYN$ NW
]JNRXPiQt .D&Gé ] SUYN$ MH VWDWLVWLFNRX MHGQRWN
XUPpLWp VSROHWQY YLGGDHVQWQLR MARIRNEQ X QBN W ]GD SUYHN ¢
VWDWLVWLFNpKR VRXERUX SDW t QHER QHSDW t ,GH
Y\PH]XMt > @

6WDWLVWLHP PHEPHOQt
-DVQp Y\PH]JHQt SUREOpPX NWHUé Pi EEW P HQ HA&aH
6WDQRYHQt UR]KRjekshQtFy 9B O WIQLRMWL D ]S$SVREX MHMNM
8Y GRP Qt VL aH YéEVOHGN\ P HQt Y\ND]XMt MLVWRX
variabilitu.
X 9\WYi HQt SRGVNXSLQ KRPRJHQQtFK Yé&VOHGNS$ ]
SURP QOLYRVW
X BHVSHNWRYDW QiKRGQRWEBNEGRI Qi KRGQEFK YEE US$ V
Y VRXERUX P OD VWHMQRX SUDYG SRGREQRVW aH P
X 6WXGLXP QHMHQ FHONRYp YDULDELOLW\ DOH L YDUL
SRGVNXSLQDPL Y pDVH
X 3URYIG Qt @QRRWSRWWXQSR]JRURYIiQt
X 9iaHQt UL]JLN FK\EQéFK ]JiY U$ pLQ QéFK QD ]JiNODG
YEE US$
Xx B3UHIHQWRYiQt GDW S HKOHGQ YH JKXa&W Qp IRUP pt’
Xx &KDUDNWHUL]RYiQt GDW ptVHOQ XGiQtP SWsIRK\ QD
variability.
8Y GRP Qt VL QHMHQ YDULDELOLW\ VWXGRYDQp QiK
YDULDELOLW)\ Y\S RS QR I RKWHDKNDUMMIVANH U LV W L N

X X X

x

72 (WDS\ VWDWLVWLFNpPKR [NRXPiQt
“HGQi VH R MHGQRWOLY pSKRY FFSYHPL FBNBHFN BRSBP LWP HQ

721 6WDWLVWLFNp JMLA"RYiQt
ZQDPHQi JtVNiQt GDW WHG\ VRXERUX QDP HQE&FK KI
H[SHULPHQWIiOQt SUiFH QHER" FK\EQ JtVNDQp OQHE
VHEHSHpPOLY M&tPL SRVWXS\ QX®OI WRGSUBMbWL Y-ROMHW V]H
SRGPtQHN ]D NWHU&FK E\OD GDWD JtVNiQD > @
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722 =SUDFRYiQt VWDWLVWLFNéFK ~-GDM$
PHGVWDYXMH W tG Qt QDP HQéFK KRGQRW MHMLFK VHVW
VWDWLVWLFNéFK FKDUDNWHULVWLN NRUHODpPpQt D UHJUHVC

7TDEXON\ YaHFK QDP HQéFK KRGQRW YéVOHGQp VWDW
S HGVWDYXMt Y RGERUQéEFK D Y GHFNéEFK SXEOLNDFtFK piVYV

723 9\KRGQRFHQt ]SUDFRYDQ&FK ~GDM$ D MHMLFK DQDO&]D
JH NRQHpPQRX liJ]t VWDWL\DWLFK [ESUiRHQDpSODOMMNR GLVN.
3 HGVWDYXMH SRURYQiQt QiPL JtVNDQ&FK YEVOHGNS$ V WHF
XYHGHQéPL Y OLWHUDWX H DSRG 9 S tSDG RGFK\OHN SDN
SRVWXSX GDO&tKR aHW HQt

VziY UX VH XREBpQE YeYOMBMHINW ML VW HGQt KRGQRW
YDULDELOLW\ NWHUi E@éYshodyMilGRH @D pLOWK UYWIHE SRGRE
ELRORJLFNEFK Y GiFKWBLOREBISFLIQHKP&¥ RXERU$ V AQRUPIOQt
UR]JORAHQ@AMYBVW ML SIRXNENE BUSWR D VP URGDWQi QH
VP URGDWQi RGFK\OND MDNR PtUD YDULDELOLW\ QD&HKR P
SDN S L SRURYQiQt SU$SP U$ ]iNOD G R NKFG DQ M @B 8LHPY FIXPY\R R E
QXORYRX KieStRvampiakty¥M H VSMEY MDNR PtUX SRORK\ XYiG W PH
PRGXV MDNR PtUX YDUMBBIQRGWKF KRKOH GHFS RpWX Q MDNp U

3UiY YIJKOHGHP N SUDYG SRGREQRVWQtPX FKDUDNWtE
PDWHPDWLFN\ PRAQR S HVQ Y\VWLKQRWWWILAHFKDO NW\N Q R\
VNXWHPQRVW Y\A&DGXMH Y SUD[RWYRBO KVIRSWR XS RISSHY @ (PR V
rozsahu jejich platnostj16]

73 &K\E\ P HOt

$E\FKRP REGUAHOL FR QHMY URKRGQ Mat YéV MHGW NHED SR Y
YaG\ SURYFR QHMY Wit UR]JVDK S®RpHW PV WEAHFEKEAHRH VW
prvky, POXYtPH R W]Y ]JIiNODGQtP VRXERUX -HKR UR]JVDK SRptF
S tSDG YHOLFH Y]iFQé % aQ SUDFXMHPH SRX]H V XUpLWRX
soXERU EéYi S tOLa UR]JVIKOé D ] SUDNWLFNéFK G$YRGS$ QD
SUDFXMHPH SRX]H V QiKRGQ Y\EUDQRX piVWt MHKR SUYN$ R
VRXERU -HKR UR]JVDK SRpHW P HQt R]JQDpXMHPH Q 3 L R
zcHOD VKRGQp YéVOHGN\ Y]KOHGHP N QHS HVQRVWL St
H[SHULPHQWIWRUD D REWtaQRVWL GRGUAHW S HVQ VWHN
EDURPHWULFNé WODN YOKNRVW Y]GXFKX Y ODEWRUDWR L D¢
skupin [16]:

731 &K\E\ KUXEp
JVRX QHYKRGQRX YROERX PHWRG\ UHVS SRVWXSX QHER I
9éVN\W KUXEp FK\E\ YaG\ QHJDWLYQ RYOLYQt VSUIYQRVYV
YEVOHGN\ SURWR ]JH VRXERUX Y\ QXU B MR Pilg/tD 7 QUEDB/RLNEG IVNHIP H

$E\FKRP PRKOL RGOLALW Y&VOHGN\ |[DWtaHQp KUXERX F
MHAW SDW t GR VRXERUX MH YKR®QY SRKAWS VIRPRIEY QILF
PR&QR W\WR RGOHKOp RGOLAQpP Y&veacNPRSHXWR YDDIW R3Y h
REMHNWLYQt SRVRX]HQt QDS 4 WHVW 'HDQS$Y D 'L[RQS$Y W
R.
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4L TyoeF Taua [

8 4 WHVWX VH DGtPH QDP HQp KRGQRW\ SRGOH Y
TestoYDFt NULWHULXP 4 SDN Y\SRpWHPH

Ty F T
3L 2 = .
4
kde xe MH JNRXPDQi H{WUpPQt RGOHKOi KRGQRWD

] FHOpKR VRXERUX
xs je hodnota s« VRXVHGtFt S L XVSR iGiQt SRGOH Y|
5 MH YDULDpPQt UR]S Wt

9\SRPWHQRX KRGQRWX 4 SRURYQIiPH V QtaH XYHG
KRGQRWRX 47 SRGOH SRADGRYDQp SUDYG SRGREQRVWI
OL Y\SRPpWHQi KRGQRWD 4 Y Wit QH& WDEHORYDQi 47
Y\ORXPRWGBOA&t YESRPpW\ 7tP VH QiP ORJLEN\ Y GDOA&t ¢
3RNXG MH 4 PHQA&t QHA& 47 ]$VWiYi WHVWRYDQi H[WUpPPC
8H VH MHGQi SRX]H R\QRORGIDE UOWYpPPQtFK KRGQRW XY
P HQ6]

VWpWR SUIFL E\O\ H{WUpPPQt KR GO RQ RWHPWR M VQW |

RGOHKOp KROYBVSRGREQRVWLt 3 EXO\ Y\ORXPpHQ\
Tab 5)Tabulka hodnot QT
Qt
n P =95% P =99%
3 0,914 0,988
4 0,765 0,889
5 0,642 0,760
6 0,560 0,698
7 0,507 0,637
8 0,468 0,590
9 0,437 0,555
10 0,412 0,527

732 &K\E\ VRXVWDYQp V\VWHPDWLENp
MDMt VWiOH VWHMQé FKDUDNWHU D JNUHVOXMt Yé@VOH
VRXVWDYQ VY\dat QHER QLA&&t YEVOHGN\ -HMLFK S tpLQF
ASDWQp QDVWDYHQt QHER SRUXFKD S tVW UmRitielndst VW iO
W FKWR FK\E XPR& XMH XUpLW MHMLFK YHOLNRVW H[S!
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XSUDYLW SUDFRYQt SRVWXS QHER Y\P QLW S tVWURMH 9H

YEVOHGN\ SRPRFt S HSRptWDFtKR IDNWRUX VWBQRYHQpPK!
P HQtP piVW[6Y]JRUNS

733 &K\E\ QiKRGQp

ZSSVREXMt QDKRGLOp YOLY\ XSODW XMtFt VH QHSUDYLGHO
RNDPALWéEFK SRGPtQHN P HQt 1D UR]JGtO RG VRXVWDYQEéF
systematickyodstranit. Jejich velikosze SRX]H V XUpLWRX SUDYG SRGREQR
PHWRGDPL PDWHPDIM®LFNp VWDWLVWLN\

74 7 tG Qt VWDWLVWLFNéEFK GDW

7 tG QDPYD]XMH QD HWDSX [MLRIROHQ LD I X |SHGII®EOM Hc DWD S
QHER YDAH |BOHGLVHN YIOBRWQRYWtYDNULBMPQtP W tG Qt FRA

VNXSLQ LQWHUYDOS$ W tG SRGOH YDULDQW REP Q W tGtFtK
MH W HED GRGAHW QiVOHGXMtFt

-VNXSLQ\ PXVt EEW Y\WYR HQ\ WDN DE\nghGRotp R&Qp GR
soubory D SUR NDA&GRX KRGQRWX PXVt SODWLW ]JEFHOD MHGQR]QD

- PrOL W tGtFt ]QDN QHVSRMLWé GLVNUpWQt FKDUDNW
W tGtPH GR VNXSLQ SRGOH YaHFK W FKWR REP Q

-je-OL W tGtVSR®DLWE QHER QHVSRMLWE& V YHONEP SRpV
Y]JKOHGHP N S HKOHGQRVWL W QG IOWWSRIGWR Y 38126 R FLKWHR VR |
EOt]Np REP Q\ W tGtFtKR ]QDNX GR VSROHpPQEFK LQWHUYDOS$
UR]G OHQNtpHWQRYV

- SRpHW LQWHUYDO$ HBADDI W RLSRKQEBRDPWQRH]L D&

-SRNXG MH, WRRPREBHQp,QWHUYDO\ R VWHMQp &4t FH UR]GtO
LQWHUYDOX MH Y&G\ V\Wridkak) abseNaehbdualy MiorBiace/ opRROG Q t F K
GDWHFK 3URWR E\ QHP O\ EEW S tOL& 4LURNp

-YAHFKQ\ LQWHUYDO\ E\ P O\ PtW GRVWDWHpPQE SRpHW MHGC
PRKRX EEW L SUi]GQp LQWHUYDO\

-MH YKRGQp YROLW VW HG\ LQWHUYDOS$ MDNR FHOIi ]DRI
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75 SWDWLVWLFNp FKDUDNWHULVWLN\
SULWPHWLFNé SUSP U > @

- S~J
TESATe |

Rozptyl [18]

J J
S. - , |
GL=i :T.FLEL =1 TgFTE
J E J
HEs Es

6P URGDWQi RGFK\OND > @

oL ¥O [ |

+UDQLFH ~FK\OHN

9ROtP SUDYLGOR GYRXAWLEBPD RSINKRRG@MPKR SRNXVX tC
QRUPIOQtP UR]G OHQtP EXGRRKWRB ERWRXYVFERUBWGYSRGRE

T8t 0 ]
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8 3/E129E1E (;3(5,0(#7

8.1

9\PH]HQt H[SHULPHQWX

([SHULPHQW MH G QH poeiMigkvREXCDVIVQEP G\ D W HRBHWEL N\
ALYRW -HKR ~NROHP MH RY LW QHER Y\YUiWLW FKR
([SHULPHQW MH KODYQt QiVWURM SUR HPSLULFNp UR
H[SHULPHQW VH Y\]Q RISXONNHR SIDWHROYQRWRAVIWD WtP L RY L\

x

x

x

([SHULPHQW\GPGEWPSIRGOH U$]Q&8FK KOHGLVHN
1) 3RGOH W\SX REMHNWX QD NWHUpP VH H[SHULPHQW

5HIiOQé H[SHMHPWAGWRXVWDYD FtOHY GRPEFK D FtOH
SURVW HGNSHD OMHMEEKNWHUpP SURYiIGt VXEMHNW QD
SFtOHRNDW REMHNWLYL]RYDQ pK. Q0 RUFP QPH] iR ®I B & R SS th
]SURVW HGNRYDQpKR P HQt UHRSDGSptRR KSR [RUERY QU
jako SRGNODGQS WU pHMPKR SUREOpPPX QD WRPWR QHER
objektu SDW {]iNODGQtP DWULEXWS$P UHIiOQpKR B{SHAH P
H[SHULPHQW MNRIGIEIFKX MASRGLFNEFK pLQQRVWt QDS F

O\AOHQNRYé HfgeHtt stuBtY¥S RGY GRPEFK D Y GRPéFK F
PLOQORWWOL]IRYDQEFK Y PRIJNX WYR HQi S HGVWDYL
Y GRPRVWMPRAMRRWMHFK H&HQt SUREOpPPRYéHRKve/LWXL
YIWDKX N MHKR Y\XaLWt S L H&HQt XUpLWpKR SUREO

3RptW BApR¥enttMH WR VRXVWDYD FtOHY GRP&FK pLQQR
na SRptwDpL WDN &H VH RSDNRYDQ UHDOL]XMH Y&SH
teorie proGHILQRYDQRX PQRALQX YVWXSQtFK SDUDPHWUS$
SUREGpEBIN.FN&PL S tVWXS\ YESRPWRYpKR PRGHORYiQ
FLWOLYRVWQt DQDOE&]D

2) +OHGLVNR RERUX Y Q P4 VH H[SHULPHQW UHDOL]X

2EHFQ ;;; HISHUNIGAHDW;;; O]JH GRVDGLW MDNéENROLY R
THFKQLFNé HHBHUWRHQWHULPHQREOBVWL] RYHIF-E& LN\ Q
objektu.

3) +tOHGLVNR PtVWD UHDOL]DFH H[SHULPHQWX > @

/DERUDWR U Q ttjeltpkperinfeit, pdW HU & MH F K D U DidaNzHje) LV W L
zaS HGHP VWDQRYHQé&FK VWDQGDUGQtFK SRGRUFKN R
SRGPtQNiFK

3URYR]Qt H[SWHK WRIGWHULPHQW UHDOL]JRYDQé& Y SUR
3 tURGQt H[SMKLPRGWSHULPHQW UHDOL]JRYDQé& Y S tU
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4) +OHGLVNR ]JS$VREX t]JHQt H[SHULPHQWX > @

SNWLYQt H[Dbjekl, PAH)QM& VH UHDOL]XMH H[SHULPHQW P$aH
atutoDNWLYDFL S tSDGQ L tGLW O HQp SURMHY\ REMHNW
objektusubjektem.

6LPXODpQt HHSHRLWHQWR H[SHULPHQW MH FKDUDNWHULV\
realizie SRGOH S HGHP VWDQRYHQpPp VWUDWHJILH [DGiYiQt YV\
H[SHULPHQWIOQ VLPXORYiQ\ SRADGRYDQp SURFHV\ QD RI
30iQRYDQé H{BHWRHQWHULPHQW NWHU& VH UHDOL]XMH °
P HOQt

([SHULPHQW GiYNRY ét]FHQW @RIYQWHED NWLY Qt

5 +OHGLVNR FtOH Y\XAaLWt H{SHULPHQWX > @

9 GHFNé H[SHWHHQR H[SHULPHQW UHDOL]JRYDQé& Y SR]
V]INODX@IRXPX 9&8VOHGN\ VH Y\XatYDMt N UR]JYRML YH Y G
MLQ&FK RERUHFK

SUDNWLFNat HMWSHWIRPH[SHULPHQW V MHKRa Y\XaLWtP VH
FRMVRX VXEMHNWHP IRUPXORYDQp NRQNUpWQt SUREOg
QHVWD QOO QYXEMHNWS$ VSROHPQRVWL S tURG\ REHF
REMHNWS$

V QDAHP S tSIEXGHPG\ P LW NLQHPDWLFNp YHOLPLQ\ SUSF

RSHUDFL YUWiIQt VH EXGH MHGQDW R H[SHULPHQW

X
X
X
X
X

7HFKQLFNE@
5HiOQé

6LPXODpQt
SHDOL]RSDR®ERBREGRtQNIiFK
9 GHFNeé

8.2 Struktura experimentu

= XUpLWp QDG D]JHQp ~URYQ MH Y\WYR HQ HAVEhOVNE WEP ¢
REMHNW MH REY\NOH SRYDARYiQ ]D VRXVWDY¥EER& MH QD 2|
XUPLWp ~URYQL HE(M XPYpLWE SUREOpPP 3

1DG DJHQRX ~URYH VWUXNWXUX WYR t aNRGD $XWR O

WHFKQ®WRIN)P Y Ha&aLW HBjelutd ExdupRrXVogel. 3URE @ (*\B S dstavuje
Y\MiG HQt WXKRAEW IN B REBMANYRYE URERW $%% SHEHRSHUDFL
SUREGIMXY\ADGXMH H[SHULR@ERNWIOQt HEAHQt
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HALWHO SUREOWHPEH QiY U KneH [SH D O P HPW XD] tS/RMDRYX] KIR |
HaHWPECY] 1D QHMQLA&t URJOLARYDFt ~URYQL O]H SDN H|
SUYN$ NWIHNUODGWORMWUXNWXUX H[SHULPHQWX

E = ¥{Tg, ng, re, pe}

nadfazena struktura [

: ]

fesitel problém objekt
R 1 PR0@Q | Q=¢(Q)
*

rozbor PR: ¢(Q2)

o Em Em Em Em Em B B B B Em Em S B B B Em S Em Em B B B Em o oy

soustava "EXPERIMENT™

]
]
e : n 1
vypoctovy dekompozice expenme_nta]m |
problém Pr: 0(0) problém 1
Py: o(Qy) R? - PE: 9(Q) 5 !
7 5 -
- 5 ]
. soustava - < = 1
= "VYPOCET" - experimentalni tym T = :

2 Py =
£ L :
5 - : —y I posou- ]
c , lp-:glocuzefm b | navr . rea _zacetu e |
vysledka vypoéta | | experimentu | i experimen experimentu :
PV ! ng 'E PE |
1
R I

vyhovuje

syntéza diléich fedeni <

nf‘“)"ho"uj e posouzeni fedent vyhovuje

) PR ¢(Q)] -

B - NODGQt VWUXNWXUD H[SHULPHQWX ]DpOHQ Q
SUREQPP X

VQDaHP S tSDG VH QHEXGHPH ]DEEYDW YéSRpPpWRYEP
vobr.22 WHG\ RGSDGI
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3RNXG VH MHGQi R t]SQ@QRYDHMEPPAQWQYP S LEEYDMt G
VWUXNWXU\+GtDID@t BNWNYDFH tJHQt P HQt SURMHY$ D SOiQR
R SURFHVQt piVW VW H®NUXUR HH®H DIAPSIR W XO&BIRQRFHQt P HQt

fidici aktivaéni méfici vyhodnocovaci

7 7 7 :

HW,. HW, HW,y, HW,, PEQ(QE)
@ o

— s = )

- £ 3 E = g 3

R 2 & H < 5 ) =

- Veli¢ina: S R £ B = §=

Problém = =11 2 =1 2 8 S

==Y 1 =1 > @ | ) =

PE(P(QE) 5| fizeni I : - - Y- = = = = .S“ g

\L 2 i — - I'I 4 . : 5 1 6 :: - o)
] . fizeni [ i ' ekt méfeni |1
1 planovani ) ktiv. J.') aktivace 115/ bjekt ~ 1] vyhodnoceni p
navrh weoc | I [ AKlvace Y 0 0O odezev =2 7 posouzeni
e > mefeni || 1 | objekm =<E 1 mefeni vysledki
HuW, fizeni || | Huw, | ! —Ls{  Huw,.
3 p —l-) méteni [ a | 1| méfeni [ 1 i 1B
3 A~ |
1 1
1

podnéti 1 1
| Huw, Lo——y——" |

4
—
|
W— |
v 1
-l
e
|
I
“
=
4
=
B
4
=
’1""1
vyhovuje

|TP|~j(Q)| | Tp I | Tr | | Ta | |T1111n| | Tm | I Tv | NS

B 2EU RPSOH[Qt ]JREHFQ Qi VWUXNWXUD H[SHUL

HWeg- ([SHULPHQW Ii-O/G(tF KWL ANP SURVUWHBGOGN\DFXWRPDIRVWLt Y
experimenty17].

HWr+ tGLFt HW ]JHF

HWa tDNWLYDpPpQt HW JHF

HWm P LFt HW ]JHF

HWy £t Y\KRGQRYDFt HW ]JHF

X X X X

"t - teorie experimentt SUS QLN WHRULt SRPRFt QLFKA MVRX UHDOL
SURFHVQtKR HW JFH> @

x 7THRULH SOiQRYi®@MR WRtWHBRULH R WRP MDN NRPEL
DNWLYBPQbLQ\ D MDNp P D Mt ®DW] KRG\ REBALPiO Q'

PH]L UR]VDKHPVWDMQNVWLFN\ QM P t]OQ ¥YP MiV NREF K
LQIRUPDFt

Xx 7THRULH #HWOWRUWHRULH MH WYR HQD WHRULt t]JHQt
REMHNWXHRWLt t]HQt P HQt DNWQYPhQ tFKDYHOIMpH Q LD>
projevy objektu.

X 7THRULH DNWLYDFH 2D H[SHWGIPNVOMNYiIDREXt WRH RFEKM3FH QWX D
procesS$VREHQt RNROt H[SHULPHQWIOQtKR REMHNWX ( C
MHKR P BWRW®AY\ $NWLYDFt P$aHHR&GWXMDHGERYIGR |
SURYRI]X Y PHGLOPpQSDBOHNMWUH FNp SRGUIAG Qt YH V¢
QDS Y\SViQt YROHE QHER UHIHUHQGD DSRG
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X THRULH P tFtFKztRMHWNREGE VEARULH INJLNIOQtKR MHY X
S tVOXYQNiOQt YHOLHUPRH@MHNWWLFNé MHY VH Y\
teplot.

X THRULH P tFtFKAVMRXWWRDWHRWLH XVSR iGiQt P tFtK
realizaceS tvOXaQp P tFt PHWRG\ GiOH WHRULH S HQ
3DW t VIHPREOHPDWLND XUpRBYQDtP VRNEWK FN&AR UP
VSROHKOLYRVWQIFKFKOBMW\QBRMWS

X THRULH Y\KRGQRFHQt JSUDFR{WHRtWREWOIRGNE R \H
]JSUDFRYENQOHGNS$ P HQt RGSRYtGDMtFt VWDWLVWL|

SWe +t3URJUDPRYp+tO\EV@XR&tOpt WHRULH MH YKRGQp DC
Y\WWYR t RGSRYtGDMtFt GtOpt SURJUDPRYIi Y\EDYHQt > @

6MHGQRFHQtP SURFHVQt WHFK@RNNppiWWRUHBHBNPF
JtVNNRPSOH[Qt [REHFQ Qi VWUXd6M2RUD H[SHULPHQWX

83 .LQHPDWIHRNDHLQ\

3RG SRMPHP PHFKDQLFNé SRK\E R]QDpXMHPHM\PBYVHRQY®F KP
vzhledem17]:

{ NPDWHULIOQtP REMHNWS$P Y UHDOLW
{ NWHRUHWLFNéP REMHNWS$P S L WHRUHWLFNEéFK ¢

A‘IDZ(U

'rA_.‘IBZ(t=O)

—
Upip2

b)

b Tammalt = 0)

]
- 1
s
—_— a
AtAz
Fataz(t)

B . LQHPDWLFNp YHOLpLQ\

SURVW HGNHP WRKRWR YSPNHNtWMMHHEWPINDOERBAGWURMQ
HOHPHRWKUQ®@ -HGQi VH R piVW W OHWRPNWHUFNMHSRBEF
bivektorem:

]

L TdRAE a a
Voy
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3RORKRY& ELWHHNWRDKMMH NH JOREiIOQtPX VRX DGQLFR®
NWHU&P MH GHIlp@RY (@r248.0DGQt

3RNXG GRFKiJt NH |Pp®VEHLYEBMWRUXEVROXWQt SRK\E W O
VRX DGQLFRYpPX VI\VWpPX ;<=

=D DEVROXWQt NLQHNWY RWQBPXYMHPRH. pLQ\ SD

absolutni posuv: iy =1,(t)—7,(0) B
absolutni rychlost: v, =u [
absolutni zrychleni: a, =u I

KUHODWLYQtPX SRXtB® GRRKIJPIPH GY W OHVD XUpHQi G
1,2 (Obr24o) D SDW t N QLP

relativni posuv: U 4,5, =Tap, (1)~ 745, (1=0)

relativni ryvchlost: VB, =4,

—

relativni zrychleni:  a,p =u 5

'HIRUPDpPQt NLQHPDWLMEEG XMOLUPLQX QDS pOWRIX GILYHNW
MHG L Q p FOBN24R)H V H

3DW t N QLP

deformacni posuv: iy 4 =7y 4 (1) =Ty, (1=0) -
deformacni rychlost: v Ay = U4, [
deformacni zrychleni: a Ay Ty, L

3RP UQp GHIRUP DHh\MDSERNDRWP Db (‘443 WYWDAHQE QD

YIGioHAL/®WRGS$ $. V$tomto smyslu je p® UQ&é GHIRUPDpPQt SRV
GPONRYEWYR!HQtP

"HGQHP]INODGQtFK ~NROS$ H[S HNMH PXHUp\M QD QN LRHFFKIDVDLLIN é F K
HOHPHQWiUQtFK SUYN$ PDWHULIOQtFK W OHV QD ]iNODG
s Wite W\S\ HORK

$ MH ]DGIiQ HOHPHQWiUQt SUYHN QD W OHVH D PDMt VH X

{ NLQHPDWLFNp YHOLpPLQ\ SUYNX Y GDQpP pDVRYpP RNI
{ pPDVRBWSBE K NLQHPDWLFN&FK YHOLPLQ SUYNX D MHMLF
{ NYDOLWDWLYQt ]JP Q\ pDVRYpKR SUS$E KX NLQHPDWLFN

% MH ]JDGIQR FHOp W OHVR D PDMt VH XUpLW

{ NLQHPDWLFNp YWOLHVYDR\YFEDQPKR pDVRYpP RNDPALNX
{ pDVRYé SUS$SE K NYOEPDVOVFOI®OBER -HMLFK FKDUDNWH
{ NYDOLWDWLYQt ]JP Q\ p P\DRWLPANRE BK EH @ KpM QQFHH O p KR \
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3 L WHFKQLFNEéFKVHH S/t50a 1P H/OMIHRHKDAPH. WS X % NGH V
W OHVR

ZINODWKBRIIYQpKR SUS$E KjEouHWHHRWLHAMAIQRNXXY isja3tDn@eR V W L
HAHQEéP SUREODPVPWRIFP P HQtP W\SX ~ORK\ $ BQIISWDRNR YO E
bylo podkladem pro H&HQt H[SHULPHQWIOQtKR L QDG DJHQpKR S
Y\&D GIX]M H

1)UUPLW QB OHPHEWiIUQt SUYN\ Y QLFK& VH EXGRX P
] KOHGLVND FKDUDNWHUX SUREOpPPX D] KOHGLVND P
QH]IYLVORSWDNKQt S Y YQNFW AOVM BDRDP JitY LVOp SUY N\

9\MiG LW JiYLWLROMWDWHFNE&PL YHOLPLQDPL JiYLVOE&
JiYLVORVWL XPR& XMt XUpLW NLQHPDWLFNp YHOLpPLQ
YHOLpPLQIFK QH]iYLVOEFK SUYN$ XUpPHQEFK P HQtP

HALW ~ORKX $ UHDOL]JRYDW YODVW®tHISHQL P W QRN
SUREOpP

9éVOHGN\ P HQt |]SUDFRYDW ] KOHGLVND MHMLFK R
SULPIUQtKR H[SHULPHQWIOQtKR SUREOpPPX
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— IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO B RSN

INZENYRSTVI ERCILITRY

9 1E95+ 0 E&E&+ 0B6M(72'< 0 (1E

91 OHWRGD P HQt
1) =DGIQNRDXpHO PHWRG\
&tOHP P HQt MH QDOp]W RSWLPiOQt YHOLNRVW SRVXYRY

UDPHQH SU$P\WVORYpKR URERWX PLQLPiOQt D VRXpDVQ I
E\OR WDNp PLQLPIiOQt

%XGH ]DGIQR UR]PHRRWQWRUXPRYRRI/IUS L YUWIQt
EXGHPH VQtPDW RGFK\ON\ P tFtFK ERG$ QD UDPHQL URET
ERG$ S L AAYUWIiQtupn EH] IDWtANQM i G HVOIHSUNDEE K& XX K B R
]JP QiFK SRVXYRIVMHEGRXFOWOLYE&FK REODVWHFK SUR YUWIiQt
SRVXYRYp VOR&N\ H]Qp VtO\

2) 6WDWLVWLFNé VRXERU
VQD&HP S tSDG VH MHGQi R PQRALE)IR EVM K GRERONDYIWHFK S
SURVWRUX SU$SP\VIWDIRYBRR SRERMRXERVWPL SUR YUWIQt ¢

VQtPiQ\ P tFt ERG\ D ]iW 48Qp PRPHQW\ QD SRK\ERY&FK RV
YUWiQt QD XUpLWpP PtVW VH JDGDQRX SRVXYRYRX U\FKO

3) 9ODVWQRVWL RE U iENISRIRODDX\SHIUMXW X

Podskupina yYSN EN15631997)
=DORAHWSKXHURLGi@@ky JUDILW

Litinas NXOL®NRYDILWHP R YODVWQRVWHFK > @
Rm=>700 MPa
Rpo,2= 420 Mpa
HB = 225305

7THQWR PDWHULIO VH SRXatYi SUR YEUREX YHONEéFK UD]QL
ILWLQRYER\G DOSHFXW QD VWHRE GR VY UINX REU

Pl i

B 8SQXWt REUIE QpKR PDWHULiOX
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4) 1iVWURM

6GUXAHQAUYRKMOR H]Qp RFHOL R SUYQtP SU$P UX PP D GU
%\O\ YUWIQ\ GtU\ SRX]H tk PBWGER tKOWRXKESAP SU$SP UHP QHGRA
UR]P U kuYsduMma obr20.

D6,8 h10

AN
3

B 5RIP U\ YUWINX
5 H]Qp SRGPtQN\

2WipN\ Y HWHQH EX&RX RRQFMWDQMREQRWD E\OD GRSRUXpH
URERWLFNpPKR RGG OHQt aNRG\ $XWR K X3 RNDGQRRK RU WFUK\D iRM WE 3
NRQVWDQWQt 3 LSRIVXXPYYWWiRORWW ]Y&édt R GDQé VWXSH

S tYRGX FKODGtFt NDSDOLQ\

=DGDQEéEDMWBRMXYRYEFK W\FKRCPRFMWI MEBWHUYDO UR]G OtP
VORA&HN
40 mm/min
50 mm/min
60 mm/min
70 mm/min
80 mm/min
100 mm/min

H]Qp S RG$duQedeny vabulced.

X X X X X X

Tab6) H]Qp SRGPtQN\

Vrtani| D [n Ve Ve V. Foola |k F. |F Fp |Fe

& [mm] | [ot/min] | [mm/min] | [mm/min] | [mm/min] | [N] | [mm’] |[MPa] |[N] |[N] |[N]|[N]
1] 68| 12000 2564 40| 47,51 003| 006]4033.61|228.57| 288| 0| 367.68
2| 68| 1200] 2564 50| 56,189| 0.04| 0.07|3787.45|268.28|338.03| 0| 431,55
3| 68| 1200] 2564 60| 65247| 0.05| 0.09]3598.97|305.91|38545| 0| 492.09
4| 68| 1200 2564 70| 74.546] 0.06| 01| 3446.9|341.82|430.69| 0| 549.85
5[ 68| 1200] 2564 80| 84.007| 0.07| 0.11]|332038|376,31|474.15| 0| 605,33
6] 68| 1200) 2564 100] 103.23| 008] 014]311927| 4419|556.79| 0| 710,84
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— IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO
INZENYRSTVI ERCILITRY

H]Qi VtOD E\OD Y\SRpW Mallr Faifring CalcRIaM ZD® ¥ 6 URE F H
YUWiNX
=DGDQp KRGQRW\

X 6\PHWULFNp YUWIiIQt aURXERYLWEéEP YUWINHP

x Litnas NXOLpNRYéP JUDILWHP VH VW HGQYWKRGQR WRXKQV
meze pevnosti Rm = 885 N/mm2

X 2WipN\ SU$P U YUWINX OLQHiIUQt SRVXY KORXEND G

Naobr27 MH XNiJND JH VRIWZIROMX BQR YEB\RD HBM OatFK KR

g walter Machining Calculator

A

Vrtani | Symetrické

_|||LLII=|I_TEF| h ‘ ) ‘ 3%

Litina s kulizkowym grafitem Pramér Rezna rychlost otacky, RPM
perliticka
K (HB 265, Rm 885 N/mm?) 6.80 26 1200
Dclmm Ve | m/min n|RPM
posuv na otacku linearnl posuv Hloubka diry Uginnost Stupen opotfebent
0.08 100 30 90 0
fn | mm/rev vf| mm/min Im [ mm & % %
Vypottove vzorce Posuvna siia 55679 Ff| N
fr objem materidlu za 3.63 cm*/min
[ jednotku Easu

Doba obrabéni 18.00 sec.

Kroutici moment 150 Mc | Nm

Potfebny wykon 0.19 Pmot | KW

I Software Walter machining calculator

SRXALWp Y]RUFH SIBRtIR$RpPpHW MVRX Y

6) 9\EUDQp MHGQRWN\

,QIRUPDFH R VWDWLVWLFNpP VRXERUX QH]JtVUNL”HPHKR
YEE UX =D MHGQRWNX SRYDaXMHPH XUpPLWRX SRVXYF

YUWDQpKR RWYRUX
9éE HGWRWHN SURE KQH QD ]JiNODG PtVW SUR YUWi

vVKRULJRQWIiOQt RVH ®UREXERWLN DO pY BRH MR HH O H |
KRUL]JRQWiOQt YUWiIQt SRX]JH MHGQD SR]LFH
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9\EUDQp MHGQRWN\

1) 9OHUWLNIOQt YUWIQt

a. Oblasty EOtJNRVWL ]iN&mIeh@B URERW X

B 2EODVW YUWIQt %

b. OblastvSRORYLQ GRVDKXQbhB#AQH URERWX

B 2EODVW YUWIQt $



- IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO
INZENYRSTVI ERCILITRY

c. Oblast na okraji dosahu ramene robafDblast C

B 2EODVW YUWIQt &

2) +RUL]JRQWIiOQt YUWIiQt
a. OblastySRORYLQ GRVDKX URERWX

B 2EODVW YUWIiQt
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%XGRX ]DGiQ\ KRGQRW\ SRVXYRY&FK U\FKORVWt SUR YUWi
NDAGRX ]DGDQRX SRVXYRYRX U\FKORVW YUWiQt 1HMSUYH E>
YAHFKQ\ ]DGDQp SRV XREOMY WILF KORNUWLLY i S Q RERK QHWRQYt HIRW
Y\KRGQRFHQp QHMYKRGQ Mat SRVXYRYp U\FKORVWL YH |E
KRUL]JRQWIiOQtKR YUWIiQt

7) 8UpHQt VWDWLVWLFNpKR JQDNX

BWDWLVWLFNéP ]J]QDNHP WRKRWR P HQt MH RGFK\OND SR(
UR]JPtVW Q&FK QD URERWX S L YUWiQt RG MHMLFK SRORK\ S L
NYDQWLWDWLYQt 0 HQtP JtVNiYiPH YVWXSQtVGIDMD ~P-RNWH U &
VH MHGQi R YtFHUR]P UQé GDWRYé& VRXERU SURWRAH VOHGXN\

Ox=X-Xn [mm] [ ]
dy=yr-yn [mm] |
d:=z-zn [mm] [ ]
h=n-nn  [mm] [ ]

'‘DO&atP VWDWLVWLFNéEP JQDNHP MH PRPHQW VtO\ QD MHGQ
NWHUé EXGH \s$atnanedh rBbota.R

M1 [Nm]
M2 [Nm]
M3 [Nm]
Ma [Nm]
Ms [Nm]
Me [Nm]

=DGDQéP VWDWLVWLFNéEP J]QDNHP S L NDaGpP B HQt EXG
SRORKD YUWDQpKR RWYRUX

Vi1 [N]

Vi6 [N]
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INZENYRSTVI ERCILITRY

V grafu p32jsougraficN\ JQi]RUMMHGQGRRWOLYi P HOQt

€

120

°3

© 100
N
O 80
Y

60 ‘
< Z(Evv_ EZ AES
<L < N
S5 40 sE3S v_ } I}Ap
= 20

0

1 2 3 4 5 6
D"Z V] €

B -HGQRWOLYi P HQt

8) 8UpHQt P HQpPKR SURVWRUX

7YDU P HQpKR SURVWRUX MH NU\FKOR HOQWP YSHOR\NWR
E\O FHO€Qé SU$SP\VORYé URERW ytP Y Wat MH P HQé SUR
YIQLMNDWRKRWR G$YRGX EXGH Y\XAaLWR L GUXKpKR V\VWpF
S3RGOH YHOLNRVWL P HQpKR SURVWRUX VH SRWp NDOLEL

9) =NXEBAt SRGPtQN\

SUDFRYQt SRGPtQN\ VH PXVt GRGUARYDW GOH S HGS
]DKUQXMt WHSORWX YOKNRVW HOHNWURPDJIJQHWLFNp S
WDNp GRFKiJHW NH NROtViQt HOHNWULFNptekQHUJLH SQH.:

2NROQt WHSORWD SUR P HQt E\ VH PKOB GSRK\E RPY D+
VAVWpPHP 3RQWRV QHVPt WHS O RWIU $EHK/XK i@ R6se YuBeO H U T
SUSE 8Q NRQWURORYDW OH]L GDO&t QHAIGRX{Ft YOLY\ SL

x 3URQLNiQt RNROREKR SURVW HGt
X 98UD]Q M&t ]JP QD RNROQtKR RVY WOHQt
X 3UD&Qp SURVW HGt

3L MHGQRWOLYéFK P HQtFK VH EXGHPH VQDAaLW
P HQtPL D R ]JDFKRYIiIQt VWiIOéFK P tFtFK SRGPtQHN
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10) 3SBRORKD VQtPDQéFK ERGS$

0 tF ERBXGRX UR]JPtVW Q\ QD VWUDQX URERWX YLGLWHOQ
9KRGQi YHOLNRVW P tFtFK ERG$ EXGH Y\EUIQD SRGOH P tFtK

B 5RIPtVW Qt P tFtFK ERG$ QD URERWX $%%

11) =S$VRE P HQt

ProdynamidNRX DQDOE&]X SUS$P\VOR E K@ \\ERMEIRAYELG,
SUR P HQt RSRW HEHQt ®IicvoseURIMH V\VWPpP '0*

'"tYH QH& SURE KQH P HQt QD URERMWDD &% %0 R @ HAV ©'D %18
EXGH FHOé QiVOHGXMtFt SRVWXS Y\I[NRX&aHQSQRVWRPI\NORY
firmy MCAE Systems.

3RVWXS P HQt

1) 7YRUED SURJUDPX SUR YUWiQt SU$SP\WVORY&P URERWHP
2) 5R]PtVW QRtFK ERG$ QD SRYUFK SU$P\VORYpKR URERWX
3) .DOLEUDFH V\VWpP$ 3RQWRYV

4) 8PtVW Qt VIVWpP$ 3RQWRV GR SRADGRYDQpKR SURVWRUX
5 1IDVWDYHQt SRVXYRYp U\FKORVWL QD GDQRX ~URYH
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI

6) =tVNiQt UHIHUHQpPQt GUiIK\ P tFtFK ERG$ S L AAYUWIiQ
V\VBpPPRQWRYV

7) 9UWIiIQt VQtPiQtP WUDMHNWRULH P tFtFK ERG$ XPtVW

8) 9\KRGQRFHQt RGFK\OHN P HQé&FK ERGS$

99 .URN D& RSDNRYDW SRGOH SRpWX ]DGDQéFK ~UR’
robotu

%XGH SRXaLW QRYé QDRVW HQé YUWiIN SUR NDAGRX S

12) =S$VREKRGQRFHQt
&HONRYi WXKRVW

X 3BRURYQiQt WUDMHNWRULH ERGS$ Y QH]DWotKHQpP \
oblastielektro Y HWHQH

X 9\KRGQRFHQt FHONR YtjpF MXNRYIW IH |EQREORBEI RGFK\
polohy elektreY HWHQH

©looo

B & H O NuRost
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7TXKRVW MHGQRWOLYéFK NORXE$

9\WYR HQt ® tPFHERG®D ND&GpP UDPHQL

VIKRGQRFHQt SU$SE KX RGFK\ON\ ~KOX Y QH]DWtaHQpP
=tVNiQt SNYR XWMafaKtRRMHG QRWOLY&FK SRK\ERY&FK RVi
98 SRPpHBNVKXUW XKRVWL Y QDWRPH@Qt NDAGpKR NORXEX
~KRGQRFHQt NDAGpKR NORXEX

X X X X X

B 9 KRGQRFHQt WXKRVWL NORXES$

2SRW HEHQt YUWIiINX

Xx 0 HQt RSRW HEHQt YUWIiNX \S®R®EPtinédr OLFURVHW
x =KRGQRIFHMHGTQRWOLYEFK HID&ARIRIRIGPHQHNiVWURMH
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INZENYRSTVI ERCILITRY

109/$671E 0 (1lE

101 6FKpPD SUDFRYL&W

0 HQt SURKIKIMORMIR® FHWRVORDGM ODY QD SUS$P\VOF
ABB IRB-6700150 QD OLQHIUQtR]YHGIHPt E'X FH 3UR P HQt E\O
VI\VWpP\ 3RQWRV -HGHQ V\VWpP VQtPDO SRX]H YUWDF
Kk Y\KRGQRFHQt FHONRY pSRIGEKK & NAaINawHM b B

'UXKé V\VWpP 3RQ@WBNMS RRIPRYpP $ DAEGSCEHXGHPH J]QDplL
ArX). Data zZWRKRWR V\VWpP % UR OD KRFEBEXQBRMWHQt WXKRVWL MH
ramen. Naob36 MH J]Qi]RUQ QR VFKpPD SUDFRYL&W

primyslovy robot

méfici objem 2

trigger start

pracovni
prostor robotu

trigger start

pontos 2

pontos 1

obrobek

méfici objem 1 g

B -VMHGQRGXAHQp VFKpPD SUDFRYL&W

e

102 3 tSUDYQp P HOQt

V SURVWRBIFI& SI( 6\WVWHPV V U R SURE KOR S tSUDYQp P |
P HY¥AVWpPPX 3ROWHRM SUREtKDOR QD URERWX .XND .5
]YROHQ\ SRGREQp MDNR3E B Wi X \ ARMERNV X $ % %

Tab7) SRGPtQN\ S tSUDYQpKR P HQt

AURXERY LV6& ¥RJWIiN 6 mm
ODWHULIO y61
2Wip N\ 1100 ot/min
SRVXYRYi U\FKORVW 55 mm/min
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9UWIiIQt SURE KOR X NRQFdir GRSDKXU DIRE RWKRUID Qp RGFK\ON!
VP UHFK ; S<LDY®WiQt URERWHPMMN NDRWRAR WWWURMH 6P U R)

VP

XMH RG QiVWURMH GR NR HQH UREBRW3S MHVEB UWDERRMHAaQWD

S tSUDY Qp KRMJOAE SyQems s.r.o

Odchylka [mm]

ODCHYLKY XYZ

15

0,5

050 500 1000 500
-1 WE%U"Ev }
-1,5 WE®BU"EV }
Z WE%u"Ev }
-2,5
-3
-3,5
-4 R : :

*}JA }(E IA vV ev_uv_ 01 ,l €ev_u I

Bl 2GFK\ON\ WUDMHNWRULH Y HWHQH X S tSUDYC

Odchylka Zdosahuje hodnoty 3,5 mm, odchylka Y hodnoty 0,5 mm a hodnota odchylky

;s WpP PP &HONRYi H]Qi VtOD 9%EHN GAHGERK W RPY U Qi WMXKRVW &
je tedy235,5 N/mm.

64
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103 9UWiQt D MHKR ]QDpHQt

%\O\ Y\WYR HQ\ SURJUMRE SRR OYIUWEIRK YUWIiIQtFK VH P
SRVXYX SUR YUWiQt 2WipN\ E\O\ NRQVWDQWQ't RW PL

1. 1iMH]G Y HWeHQ@H GRP QDG REUREHN U\FKORSRVXYHP
2. =DSQXWt YUWDFtKR Y HWHQtNX

3. 9UWDFt SRVXY D QiVOHGQp YUWIQt

4, 2GMH]G Y HWHQH U\FKORSRVXYHP

5. BRVXQXWt REURENX R SRW HEQRX GpONX SUR Y\YUW:i

9UWIiIQt SURE KOR YUWIiINHP R SU$P UX PP GR KORX!
BylozaYHGHQR QiVOHGXMtFt |QDpHQt MHGQRWOLY&FK Y|

All
3UYQt StVPHQR ]QDpt SRORKX URERWX Y$pL MHKR NR

A toblastvSRORYLQ GRVDKX URERWALSWROH LBWRIONRI O3 Y
B toblastvEOt]NRVWL NR HQHN URIBDRW X SWRQY H

C toblastnaNRQFL GRVDKX URERWX SUR YHUWLNiIiOQt YUW
H+*REODVW SUR KRUSRRIRWVNIIOR t G'RMWDIKX YWRERW X

3UYQt ptVOLFH ]QDpt KRGQRWX SRVXYX SUR YUWIiQt

1 tposuv 40 mm/min
2 xposuv 50 mm/min
3 tposuv 60 mm/min
4 zposuv 70 m/min

5 £posuv 80 mm/min
6 xposuv 100 mm/min

'"UXKi ptVOLFH ]QDpt R NROLWIiP\F WMIHGIQp KR GVIEE/N\DDR
YUWDFt SRVXY ENYRGIDSRYWDWHpPQpPX SRpWX RSDNRYIiQt

1D XYHGHQpPP S te@MHGRiI RHSUYQt Y HUIEg polavigyt Y U W
dosahurobotuy UWDFtP SRVXYHP PP PLQ

3RNXG E\OR PH]L SUYQt D GUXKRe&f pNM\HGBLFit \KY HRGH B R
Y UWsYQUW WE BT ] D \bed bogobku).
3R SURYHGHQN YA MPHKEQtP SRVXYHP E\O Y\P Q Q YUW.?l

X X X X

X X X X X X

104 3 tSUDYD DRERWM K VEWWRpPSHQt

10410 tFt REMHP\ D YHOLNRVW ERGS$

0O tFt REMHP

6QtPiQt HOHNWURY HWHQH %\OD ]P HQD=SSLEXRK\Qp Y
E\O XUPpHQ S HREMHP ODFRGHPWHQ\ KRGQRW\ SRW HEQp SU
SURE KOR QDVWDYHQt Y]iMHPQpPKR ~KOX NDPHU MHMLFK
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NDOLEUDDKOUNRAVW P tFI38RxREMELBKH¥M3UR WDNRYé P tFt REMI
jsouvh@dQp UHIHUHQpPQt E&R@l. R YHOLNRVWL

6\WWpP 3RQWRV E\O QDNP@LEMRYIQ QD S HVQRVW
0 tFt REMHP

6QtPiQt SUSP\WORYpKR URERWX S3tBD\WEX P E\R KRV R EINDIE PM T
9HOLNRVW P tFCRBOXRASIKHESAMmM. 3UR WDNRYEREMHP RPRX YKRG
UHIHUHQpPQt ERG\PFP Y®HOOWRRWALW\ WGHORIGXt MEGYHQt P tFtK
]D t]JHQt 3SRQWRV VStQDQ&PL EOHVN\ 3RQWRV MH Y\EDYHQ

6\VWpP 3RQWRV E\O QDNOD@8EMRYIQ QD S HVQRVW

Kalibrace sWwWpP$ QD N taH

5HIOH[Qt ERG\ YHOLNRVWL PP E\O\ QDOHSHQ\ QD VQtPD(
VWUDQX YLGLWHOQRX RG VI\VWpPX 3RQWRVY  %RG\-R YHOLNR
Y HWHQR

10.5 Fotogrammetrie

SUR WRWRaQp XVWDY HEMOMIFRK@RW OLYSFIKP YJWM VWRS 'R RE!
REMHP$ D E\O\ XPtVW Qp EHWRQRYp NRVWN\ SROHSHQp -
YHOLNRVWHFK PP D PP 7\WR NRVWN\ EXGRXQWDORW &IMD & UR
VRX DGQé V\VWpP 3U$P\VORYé URERW E\O QDIRFHQ ]JH Y&aH
IDNYGRY MU pHQtPSREIRK\ERGS$ 3RVWXS SUR XMWDYHQt EXGH U

6RX DGQ& V\VWpP E\O ]YROHQ QiVOHGRYQ

X OsaXtVP XMH YaGHAORRANWYRBR NRHQH URERWX
X OsaZ+tMH XUpHQi RVRX YUWIiIQt D VP XMH RG REURENX
X OsaY*NROPi QD JE\OMRWRNRFY SUDYLGOD SUDYp UXN\

Postup fotogrammetrie:

1. 1DRVW HQt D QDVWDYHQt EOHVNX NDPHU\ 7ULWRS
2. 8PtVW Qt EHWRQRYéFK NRVWHN GR P tFtFK REMHPS$
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3. 5R]PtVW Qt NYyYGRYDQéFK ERG$ D NDOLEUDpPQtFK W\pt
robotu

4. 3R t]JHQt VO REHAK SRORK D ~KO$

JRWRIJUDPPHWULH E\OD QXWQi SR NDaGp ]P Q SRI]LF
projekty fotggrammetrie (pozice A, B, C, H).

106 0 HOQt

6SRXaW Qtu RERQtV\VWpP$ 3RQWRVGSORRYHWBEA RWi§dRR RWt Q'
VRXpEVIOHP QiMH]GX HOHNWURY HWHQH SUDFRYQtP SRVX
YUWiINX VDPRWQp YUWIiIQt D piVW RGMH]GX Y UmWlodna 3UY «
GRVDKX URERWX l1iVOHGRYDOR Y\KRGQRFHQt D QDOH]HC
SRORK\ HOHNWURY HWHQH RG UHIHUH Qlga3teh@) iK4a H3RWp
SHIHUHQpPQt GUIKD E\OD ]JtVNiQD P HQtP YNWHtp EH DD ®/Wa
posuv provedeno jen aXx@$YRGX pDVRYp QiURPQRVWL FHOpKR P }
RSDNRYDWHOQRVWL YHGHQt SR BIDNHRX DDWHK YR VIV %H G H (
]DWtaHQt E\OD WHVWRYiIiQD D RGFK\OND QHS HNURpPLOD

JUHNYHQFH VQtPiQt X VI\VWpPX 3RQWRGS$YRGR DS RWR G
Y\KRGQRFHQt YLEUDFt 1DVWDYHQt Y\adt IUHNYHQFH VQtP
GDW SRPptWDpHP D ]Y WaHQt YHOLNRVWL MHGQRW®tY&FK
1DS YHOLNRYYWWDPFRP SRVXYHP PP PLQ 15H 9% RSKD\E RAYLD (
SRptWDpH

JUHNYHQFH VQtPiQt VIVWpPX 3RQWRV E\OD ]JYROHQD
S L GDQp pDVRYp GpOFH P 6QP NV \VM EPK® RO POBE®AXR SDF
NDPHU D& SR P HQt VH S HQidt GR SDP WL SRptWDpH 58
P HQt POHOV\VWpPX 3RQWRYV QHE\O\ Y\KRGQRFRYiQ\ YLE!

-HGQRWOLYI YUWiIQt R VWHMQpP SRVXYX E\OD RSDNR
pouze 3X.

0 tFt VI\VWpP\ D SU$P\VORYé& URERW $%
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o0 AW

N e

3 tNODG SUS$E hosuvethWa @m/iMin:

A) 5HIHUHR QD t
6SXaW Qt SURMHNWS$ QD RERX SRptWDptFK

IDVWDYHQt SRW HEQpKR SRpWX VQtPN$ SUR SRVXY PP I
a. Pontos 1+60 Hz

X PP QiMH]G PP YHMB5I0Q%s odjead = 65s x 60Hz = 3900
VQtPNS$

b. Pontos 2+10 Hz

X PP QiIiMH]G PP YUWIQt Vv \Y/ V RGMH]G \

6SXAW Qt SURJUDPX URERWX VSX&W Qt ]i]QDPX

SHIHUHQpPQt YUWIiQt

8NRQPHQt ]i]QDPX S HSRpHW D XOR&HQt
RSDNRYiQt SRVWQBSQt PURHQHIHU

B) 0 HQt S L IDWtaHQt YUWIiQt

6SXaw Qt SURMHNWS$ QD RERX SRptWDptFK

8SQXWt REURENX

IDVWDYHQt SRW HEQpKR SRpWX VQtPN$ SUR SRVXY PP I
a. Pontos 1460 Hz

X PP QiMH]G PP YUWIQt Vv \/ V RGMH]G \
VQtPNS$

b. Pontos 2+10 Hz

X PP QiIiMH]G PP YUWIQt V \/ V RGMH]G \

6SX3W Qt SURJUDPX URERWX VSX&aW Qt ]i]QDPX

QUWIQt

8NRQPHQt ]i]QDPX S HSRpHW D XOR&HQt

3RVXQ REURENX R SRW HEQRX GpONX SUR GDO&t RWYRU
RSDNRYiQt SRVWXSX SUR P HQt

9\Y UWEDtQ D



- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

IAINGEII = robotiky | .
11=35$&29E1E 0966/(' .#

111 6RX DGQé V\VWpP

6RX DGQé VVWWYR BHAQ SRPRFt | RoMRIUITDtEpR2BNG/3ARAHR ¥ t
IRWRJUDPPHWULH J]QiPH SRORKX MHGQRWOLYéFK UHIHUH
v oblasti osy A1, yVREODVWL HOBMNWURMWRQHRMEEK RRWWNERIGS E
QiVOHGQ Y\WYR HQR Q NROLN XVWDYRYDFtFK JHRPHWU]|
HOHPHQW\ P$ad®.H2YLG W QD

8 VW D YpobzigitBY

= ERG$ QD HOHNWURY HWHQL E\O YawWYR HQ YIOHF M
1. 2GHBEUYs@pQ volnosti

RovinaZE\OD Y\WERGHDH&tFtFK QD EHWRQRY&FK NRVW|
2. 2GHEW QW& XSH YROQRVWL
ZERGS$ QD RVH $ E\OD YAWWAY RI Gl QI NAXERH. EMO Y\SURM

= 3U$VHDPQLFt RV\ro¥inGQURZAEYOHWWY®PR MQ GUXKé ERG 6SRMQI
WYR t BVR Y RG Y HWHQH GR RV\ URWDHG@ MRERWXQ$ = WHI

3. 9\pHUSiQ SRVO MBI VWXSQH

8VWDYHQt WHG\ SURE KOR SRPRFt IXQNFH $OLJQPHQ
SRPRFt JHRPHWULFNéFK HOHPHQWS$ QD RVX YUWIiIQt RVD
NUXAaQLFH QD URRLBERGX BGHIKHKPHWN RV Y HWHQH D URYLC
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$E\ VH GDOD MHGQRWOLYi P HQt XVWDYLWEWtRPWRERULQFL
VI\IVWpP$ 3RQWRV E\O\ YLG W YAHFKQ\ W\WR JHRPHWULFNp HC
NRVWN\ P HERFRKYREMHKP MPAKWRER 3RQWRY 7\WR NRVWN\ E KHTF
QHP Qt VYRX IBRRIHBHQBQtFK ERG$ QDOHSHQE&FK QD W FKWR N
ERGRYé& PUDN SRLQW FORXRX DIG\W E WA WWPWBKRYEYO Y\WYR HQ
HOHPHQW E\O YSH/BRUWWXiQRWRJUDPPHWULH D LPSRUWRYiQ
VIVWpP$ 3RQWRV NGH E\O VYi]iQ V AYLGLWHOQRX?® NRVWNRX
XVWDYHQt SRPRFt UHIHUHQpPQtFK ERGS$ 7tPWR ]JS$VREHP E\C
SUR YAHFR®D1IP4REUGtPH HOHWPBOMHISIUHQPQt SRLQW FORXG
XVWDNMHNOW XiOQt SRLQW FORXG YLGLWHOQ®& |H VIVWpPX 3RQW

,PSRUWRYDQ#é& HOHRIDXEPX VRO DHE@EP W\VWpPHP D DI
HOHPHQW XV W DLYPHS@ U VWEIYEREmeam
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO
INZENYRSTVI ERCILITRY

JRWRJUDPPHWULH E\OD RSDNRYiIQD SUR YaHFKQ\ REO
VIVWpPX D XVWDYHQt MHGQRWOLYéFK P HQt SURE KOD V'

6RX DGQé VI\VWpP SUR KRUL]JRQWIOQt YUWIiIQt E\O Y\W’'
sm UHP YUWiIQtMB BWDL@RYiQD RVRX NUXAQLFH Y\WYR HQ
Y\WWYR HQt VRX DGQpHKRobvad/ WpP X YLGtPH

9\WYR HQt VRX DGQpKR V\VWpPX SUR KRUL

112 =S$VRE Y\KRGQRFHQt ]i]QDP$ |H VIVWpPX 3RQWRYV

3R QDP HQSRAEH¥FKYEFK VLO YUWiQt SRW HEXMHPH JtVNDV
zpracovat VSURJUDPX 06 ([FHO -HGQRWOLWHGW B I/I®H X SFRKU IS
]1ilQDP$ ]JH VIVWpPX 3RQWRYV 9 &¢iOvErGAANES\RDOFESOHaDER YiQ\
keUé XPR& XMBWHSHUHQWYQtPL ERG\ XPtVW Q&PL QD P HQpP

11.2.1 3RVW XS Sditward Avamis Proffesional 2016

IHMSUYH MH QXW Qgmponahty(E RG/R B8R LNORWP SR QY/HQW\GHIL
MHGQRWOLYI|WXBEPXY OHWWNHUEPUDHRERBH L LOFHRVWXSX P
HOHPHQW\ NWwiU4p MYRQt EODOr@Ww ustaveni- MH Y\WYERB® ]
XPtVW QéFK QD EHWRQRYp NRVWFH NWHUiI EXGH QiVOHG(
'"UXKEé SempRnéhtEvreteno- je nXWQp Y\ERGW XJPtVW QéFkbylpD Y H
Y\EUIQ\' W L ERG\ GREOQP F LSAUVEHIOQ ¥ Y'WiQ't

1iIVOHGXMH LPSRaeiA QINRIDQWKR |H fpBgrantietrie(kap.
11.), NWHUé VL |]DFKRYIiYi Y\ WYR HQé VRXWWG|@av\isdwpy P QWO
selementem ustaveni ASRPRFt IXQNFH $OLJQPHQW %\ 5HIHUHQFH
UHIHUHQpP QMK PERIGISY\WYR HQ VSUIYQé& KRG D B RI&QINGWM MR
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Y\WYR HQelefiBnGixettno 8 WRKRWR ERGX Y\QHVHPH RViEK RNDP&L
, < = +RGQRW\ SRORK\ ]JH YaAHFK VQtPNS$ ]Ji]QDPX Y\H[SRUWXN

THQWR SRVWXSDMHSVRREGHJIEUHQpPQt P HQt YUWIiIQt EH] ]DV
do kovu.

=REUD]HIFHSRRGX QD Y HWHQL
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI
11.2.2 Skript
3 HGFKR]t SRVWXRBISWD SXYiFUDWP LV BNREADW X W Q@ EcEIRSD HQ't
72P HQt %\OR E\ WR pDVRY YHOLFH QiU Rp@gmu %radisy \W Y F
NWHUé YéUD]Q UHGXINMXMH KWOMG WMNROLGRIREMH JREUD]JHQ C

1iKOHG VNULSWX

Funkce skriptu

=

Import point cloudzustaveniC

2. 3 HYRG DNWXiO@t&&i BQBPYRPLYiIiOQt HOHPHQW

3. 9\WYR HQonpéhkr@tweteno, ustaveni

4. 8VWDY HQt udteveinimid glamenustaveniA tVRX DGQé V\VWpP
GHILQRYIiQ

9\WYR H Q eléne@udreieno- Point vreteno

=R E U pdleiy boduPoint vretenovzhledem kVR X DGQpPX VA\VWpPX
3 HSRpHW VRX DGQpKR VRMM\pdtekol IS R@R KK B/RGKXF
9\QHVHQt SRPEoRtvketerrdoxXabulky

([SRUW WDEXON\ YH IRUPIWX FVY

©oNOoO

73



11.2.3 9\KR G Q R M8 xceY

'R MHGQRKR VH drdNednd gosUvbudrychlost nahrajeme datgmi P HQ't
UHIHUHQPpPQtFK YUWiIQt VH QW G ] D Q DINDRRE YNHEShBIHPAQE RNDF
MHGQRWOLYi P HQt pODNRYW WHB\RROHOMEBEVEMPiWHpPpQt RNDPALN +
VHVRXKODVHQ\ SRPRFt ILOWURWRGQRWD WRORIOQFHWHQH Y
FR4 MH ]DQHGEDWHOQi KRGQRW DM B GRRRLN FRHYOES YRGFK\ON
RSDNRYDWHOQRVWL URERWX YHGHQt SARMNREH NXR GIGR WR E RO

MHaAW ®QFHHYWBUYW RSDNRYDWHOQRVWL YHGHQt SR GUI]H P
i €& Z vy
110,9
110,8
110,7
ﬁ110,6
£
éllO'S Z (& v v_
110,4 .
E Z AES

110,3
110,2

110,1
0 200 400 600 800 1000 1200 1400 1600 1800

€ «meK

'UIKD YUWIQt $

Naobr. 47YLGtPH SGIN®RDGHIHUHQpPQt SQRMAMHG;UX]H BV X WRIWY
rychlosti 50 mm/min VSRORYLQ GRVDKX URERWX S5HIHUHQYQ@t GUiKD
RSDNRYiQt 2G SUYQtKR VQtPNX D& S LEOL&Q SR VQtPHN l
posuvem SRWp ]DptQi YUWDW D GUi®PQY UM @ { GROBO & MiHK \R USH LHEWDH. & ¢
8 UHIHUHQpPQt GUiIK\ P$&HPH SR]JRURYDW DPSOLWXGX D IUHN
GUiK\ YUWiQt VH DPSOLWXGD NPLWX ]JY\&XMH D IUHNYHQFH NI
GRFKi]t YOLYHP ]P Q\ VP KX MRKLEX URERW X

1D QiVOHGXMtFtP JUDIX MH JREUD]HQD RGFK\OND S HGFK!
YUWiIQt $ YH VP UX RV\: QDY]iMHP: REHMMBOYAKRGQRW\ SRO

A21 odchylka x

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

[mm]

-0,2100 300 500 700 900 1100 1300 1500 1700

-0,4
€AV _U e

2GFK\OND WUDMHNWRULH Y HWHQH S L YUWIQ
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IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO
INZENYRSTVI ERCILITRY

A21 odchylka y A21 odchylka z
0,2 1
0,1
= — 0
e O g 0 500 1000 1500
= 010 500 1000 1500 =1
-0,2 -2
€/v_uU I €/v_uU |
a) Odchylka voseY b) odchylka vose Z

3R JSUS$P URYiQt KRG QR\G QRGN © IMKSYRWRL AKQ tY MHFEQ |
SRVXYRYp U\FKORVWL YUWiQt D YESRpWX VP URGDWQp R
RGFK\OND KUDQLFH SNDA)G BEERBOQNRVWLOREBR X AL
QRUPIOQtKR *DXVVRYD UR]G OHQt SUDY @ BRIGREQR¥ WL J 3

i WE%uU"®v } ZCol ¥5% ZE v] &
% E A "%} } vie&] AE.ICSu } ZColl

0,8

wr»‘ww#l»ﬂwwﬂ)\'ﬂmha‘WW’W'\W"W‘VM*"“”’WW“'MI'ﬂ““”ﬂw"’WM\W‘W\
06 sl
0,4 /g’;;:“:"“mwW”“M"””WW”I\MMMMW‘1'""“W"WM"\"‘WW'WMWW\w-WMlMW'W‘“" T WE%U"EY }

Xi+2si

A
0,2 I o
Il w‘ —— Xi-2si
™

0 500 1000 15 f) » 2000

Odchylkavose XsKUDQLFHPL SUDYG SRGREQRYV

11.2.4 Vibrace
B3UR Y\KRGQRFHQt YJQLNOEéEFK YLEUDFt EnQsp& @ilterQLl) ]SSV R
v softwaru Aramis Proffesional MHGQRWOLYéEFK GUDK S L YUWIiIQt YH Y«

Smoothing spline

3RO\QRPLFNé& ILOWU NWHERIRMADLPHD @ L\WXYMRHt NQ H WIRV K \R |
GUXKpPKR VWXSQ S HV YaHRKQY K\RGRRRW K B QA YV SHIQLtQ|
vzorce:
a a
ece:l TF&TGSEO & TS,
5 »5
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HodnotaOMH YROLWHOQOWGX S tPp VSRMQ IDRHSRHKIR &R8 QKW |
1000tUHJUHVQt S tPND UHSUHJHQWXMtFt YaHFKQ\ KRGQRW\

i & Z2 £

110,9

110,8

110,7
__ 1106
110,5 . }
110,4 E Z AES
110,3 Smoothed spline
110,2
110,1

0 500 1000 1500 2000
€ev_uU |-

[mm

'"UIKD YBSWIQURORAHQiI N LYNRX VPRRWKHG VSO

Na grafu(obr51) YLGtPH SURORAHQRX N LYNX VPRRWKHG VSOLQI

VRVH ; 1iE K YUWINX D MHKR RGMtaG Qt ]1QDpQ IJNUHVOXMH S
proto se budou vyhodnocovat vibrace [nL YUWIiQt 1D Q iVabib® NHt iRt R ] QUXDM X
REODVWDAUWYWIGWOD VHVWUR Mikh@iiné DLEAN@HGRRPWKNH ]NUHVOHQ

—54,08

54,14 E Z i z
54,12
54,1
—54,06 Smoothing spline Y
54,04 SES V_ z
54,02
54
0 100 200 € §Q/O_ U le 400 500 600

'UIKD YUWiIQt $ SURORAHQi N LYNRX VPRRWKF

3 L RGHPWHQt KB &S RWQWPR® VKRG RW YRYYHAES X MtFt JUD

(0br.53) NWHU@& JREUD]XM HeavhPliRiEVH QeivehBiL Wi Q t
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INZENYRSTVI

0,06
0,04
0,02
0 100 200 300 400 500 600
-0,02
-0,04
-0,06

€ev_U |

9]QLNOp YLEUDFH S L YUWIQt $

+RGQRW\ EN\O\ LPSRUWRYiIQ\ GR VRIWZDUX 6LJYLHZ SL
KRGQRW D SUR NRQWUR @G NKS N YLQRWRW LV 8BHRBIKAHHEQV SOLQ

8NiJ]ND ]H VRIWZDUX 6LJYLHZ

3U$P U KRGQRW PHOGHEOQIR B 680G URY QW QX O'l
EOtJNRVWL QXO\ FR& E\OR VSOQ QR

S3UR SRVRX]HQt YHOLNRVWL YLEUDFt E\OD SRXAaLWD H
]JH YaAHFK YUWiIQt YH YAHFK W HFK RViIiFK GiOH JSU$P URY
Y\SRpWHQD MHMt YEVOHGQLFH

=SUDFRYDQp MSPUORI|Pt MH Y
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11.2.5 Tuhost

3UR Y\KRGQRFHQt FHONRYp WXKRVWL EXGHPH S HGSRN
KRPRIJHGEONRYi H]Qi VEGID pWHSWHEKX YUWiIQt NRQVWDQWQt
WXKRVWL ]JDKUQXMH MHQ VDPRW&]G M UGG CSRt B H MBI H)QRIG M H ] ¢
~GDM$ 1D JUDIX P$aHPH YLG W SUS$SE K FHONRYp WXKRVWL
PP PLQ &HONRYi H]Qi VtO4318BN. X WRKRWR SRVXY X

Ol}A 3uZ}e8 %Z] AES v_ 1i €Eluuc:
450
1 N A A et et s Pt
350
300
250
200
150

100
50

[N/mm]

-100 100 300 500 700 900 1100
€AV _U e

3U$P UQi FHONRYiI WXKRVW Y SBMIEQNMNt X YUWIQt $ MH W
*% E }A v Z} v}SC SBYeS0}ie} XA
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[ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO

INZENYRSTVI
11.3 =S$VRE Y\KRGQRFHQt ]Ji]QDP® ]H VA\VWpPX 3RQWRYV

9\KRGQRFHQt SREtKDOR SRGREQ&P ]S$VREHP MDNR Y
%\O\ YIWYR HQ\ QiVOHGXMtFt SUYN\

x komponentyzZERG$ NWHUp GHILQRYDOL MHGQRWOLYp pivVW

X p tPN\ NWHUp QDKUDGLOL MHGQRWOLYp piVWL UDPHC

x PH]JL S tPNDPL ~KO\ NWHUp GHILQRYDOL ~KO\ QDWR}p
robotu

x ERG QD Y HWHQL D MHKR VRX DGQLFH

2S W E\O Y\WYR HQ VNULSW QD JSUDFRYiQt W FKWR ]i]
D W& RYp VRX DGQLFH E3RGO DD ¥aANWH® VRX DGQH B EWIIL
P HQt Y$pNadbBEMH JREUD]HQ QiKOHG GR WR KRGIWRE I$ Q DFP K
]JH VAIVWpPX. 3RQWRYV

8Ni]NIY\KRGQRFHQt 3RQWRV
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11.4 9\KR G QR F HI)R NiU@RFtWK PRPHQW $

SUR ]i]QDP PRRBQWWOLYéFK SRK\ERYéFK RV URERWX E\O SRX:
9LHZHU SRRAREtVIRRMKZDUX E\ORt VAR P HRDWN URDX MRiVGHF K $
vVSUSE KX YUWiIQt 6RIWZDUH VOHGXQ@FH KRG RRGCGRRRPHRWKRRY D
jsou vVNm. Naobr56jH S tNODG ]Y]QW iR B

Aplikace ABB test signal viewett NUR XWtFt PRUPW QW \$ ]

Hodnoty naose YjsouxP D RVD ; MH BDNXRGYRIKNiQt GRFKi]Jt S LEOL:
PH]L V Da QRWYFREBPHQYWBVE R)G aOXSVREVWBHENRK QiMH]G YL
SUDFRYQt U\FKORVWtSDHGR@@RWMISRGMM]G YUWINX U\FKORSI
YUWiQt KRGQRW\ PRPHQWS$ URVWRM L FNOXHWWINDIH SQ I/ (N B R ¥ Wil
7DWR KRGQRWD EXGH SRXBdsiV\iDQ BWR pHEB R GOPFRHIPAt WLXYALP Q!
KRGQRW\ PRPHQM & r4aDy RMNFRKX$SR FHORX GREX YUWIiIQt WpP Q

OXVtPH VL XY GRPLW Q®HV B PRQW NODRGWKR NORXEX SRW HE
MHKR NURXWLFtKR PRPHHQWEKWHMAMHURXL |[SPYREX PRPHQWS$ UHI
GUiIK\ EH] YUWIiIQt [$VWiYDMt KRECMIRVRWVWPPMINNRQMWVE GVEJD pi’
7\WR YHOLNRVWL PRPHQWS$ VORXat N |[DMLa&W Qt YHGHQt URER
YiK\N URERWX D |XMLABRFRIOBIDKPRPHQWS$ MH WHG\ VSRpWHQD
PRPHQWS$ S L UHIHUHQpPQt GUiI]JH D KRGQRW PRPHQWS$ S L VDPF

V QIVOHGXMtPt WHDEXEBEHQ S tNODG Y&@SRpPWX YEFK\OHN P
UHIHQHPQBKOHP D ~K O H RidySednol®Wid K@RIGQRW\ PRPHQWS$ E\O\ XL
SU$SP XYWWIiOHQpPKR VWDYX S L YUWIiQt

Tab8) 9é FK\ONDFNRAKRRRRHQWS$ S L YUWIiIQt
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- [ LUIRY:Y Gstav vyrobnich stroja,

STROJNIHO
INZENYRSTVI ERCILITRY

8YHGHQpP KRGQYRWIMVRAVKYRYRX U\FKWRGWtY UW iRt P
S$VREt QHMY W&t VtO\ 8 RVWDW QOFHN YAt EXFIR R NKR B ¢
SRK\ERYE&FKLIRWi&A $MH YHOLFIWRYHiW\WR RV\ QH¥R®)Q SR
SRK\EX SURSRMWH QG U ADRMIVVWIRXW Qt KRGQRWX S L YUWIiQt

V SU$E KX JSUDFRYiQt GDW ]H V\VW gRXdroR @akente E\C
VQtPiQt E\OD S tOL& Qt]Ni D QHGRYROXMH VHVRXKODVLW
Y HWHQH 9\44t IUHNYHQFH VQtPiQt @8] N3DS3® ]®DH H QN DPH-
"HGHQ GpONRY& NURN QDS X SRIvSdhIR 9,0 nurkF B Q WD E\PV
GR Y\KRGQRFHQt YHONi FK\ED =iURYH 0&$( 6\VWHPV QH:
VFKRSQp ]DFK\WLW W DW 3Dpi@ter& P6\ Rt REM HPQ\ SRX]H SRK
Ar3, Ard, A5, Ar6 £z W FKWR RV E\ \Bh@ROtVHRERpB aA X NWHUEF
GRFKiYt W&tP YEFK\ONiP NURXWLFtFK PRPHQWS$

S3RGD LOR VH VHVRXKQD4tWLSERYX PR HEPILVU\FKORV W |
D PP PLQ GR WROHUDQFH PP YEANRYp VRX D& QLFH
SURYHGHQD NRQWUROD RGFK\ON\ YH VP UX YUWIiQt ]JH V\
YEVOHGN\ MV RaKuldeY HGHQ\ Y

Tab9)2GFK\OND MHGQp P HQp YHOLPLQN JH GYRX P tFtFK V

5R]GtO MHGQp P HQp YHOLPLQ\ ]JH GYRX P tFtFK ]D t]

ZpraFRYiQt G DW sefthWare MS@xeelYNejprve byly vyneseny do grafu hodnoty
~KOX BYWHEV QiIVOHGXMtFtP JUDIX P$aHPH YLG WUSHESKHKR ~
~KOX S L YUWiIQt RV\'$ S L YUWIiIQt JBbLVX)YRYRX U\FKORVW

jZ 0 }eC &I
81,9
81,8
w
@ 81,7
© 81,6
N TE (E v v z
81,5 TAES vV _r -Zo
81,4
81,3
50 70 90 110 130 150
€/v_uU |

BUSE BXKHIHUHQpPpQtKR D ~KOX S L |DW
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1iVOHGQ E\OD Y\SRpWHQD RGFK\@N.B8)~KO$ D Y\QHVHQD G

K ,z>< j,>h K*z &i

0,005
0,0045
0,004
0,0035
__ 0,003
8 0,0025
= 0,002
0,0015
0,001
0,0005

50 60 70 80 90 100 110 120 130 140
€ev_U e

9éFK\OND ~KOX SRK\ERYp RV\ $
%\O\ Y\SRpWHQ\ SU$P UQp KRGQRW\ RGFK\OHN D PD[LPiOQt KF

Tab 10) 3U$SP UQp D PD[LPIiOQt KRGQRW\ RGFK\OHN
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— IZY(IIRF.Y istav vyrobnich strojd,

STROJNIHO B RSN

P3N GEIRTR = robotiky | -
129<+2'12&(1B0¢é6/(’

121 9\KRGQRFHQt WXKRVWL

&HONRYi WBRWRAMMOWHQH SU$SP\WORYpKR URERWX S L
Y\KRGQRFHQD SRFRPINRMVDK}Qi VtOD SUSE Ri¥BDESRXWpFR
grafu (obr59 MVRX ]JREUD]HQ\ SU$E K\ WXKRVWL UDPHQH SU|
SRVXYRYE&PL U\FKORVWPL NWHUp E\O\ QDP HQ\

Tuhost
800

700

600
€
£ 500
Z
400 '\\ e AM,'
W fﬂ NN
m T WMMAN \, uw““ »"“1“ M
(T :
" ‘m‘”“ o W ‘ AAVIVIANR ’*M'W""
300
200
0 100 200 300 400 500 600
*JA }(E IA vV ev_uv_ 01 ,l €ev_u I
—Al —A2 A3 A4 A5 A6 B3 C3 H3

SUSE K WXKRVWL S L UR]GtOQéFK ]DWt
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=QDpHQt MHk®RRI.®RUR Qi]RUQ Mat XNiJNX E\O\ Y\WYR HQ\
spojnice tendu (polynom st)puvedeny vQiVOHG XMtFtP JUDIX REU

BRO\QRPLFNp VSRMQLFH WUHQGX WXKRVW

'iOH E\OD Y\SRpWHQD KRGQRWD SU$P UQp WXKRVWL X Yat

Tab 11) 3USP UQi WXKRVW Y SRVXQXWt
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INZENYRSTVI
01}A % E%U"EV Z} v}SE SHZ}eE] %o:

800
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W}epA}A EC Zo}*3 €uulu]ve

3US$SP UQp KRGQBWVX\QMRY BURUMKHGIQRWOLY

1D REU MVRX Y\QHVHQpP SUS$P N A K RGREGRYRIWW XWOR
UDPHQR SU$P\VORYpKR t\RERWXY B QVIWRWVWQL %R HQH URER
U\FKORVWt PP PLQ 1DRSDN QHMQL&3tsWIRG QRWINQW X KNRR/(
GRVDKX SU$P\VORYpKR URERWX QHMY W&t SUDFRYQt Y]G

8 VYLVOpKREQWMWMQPLY SRORYLQD GRVDKX URERWX P!
Da SR KRGQRWX SRVXY¥SRGOH BRPEEX WUHQERUY ¥ HQL YR\
VH GDOD S HGSRNOIGDW QHMY\adt KRGQRWD WXKRVWL X
ZQDP HQEéFK KRGQRW DOH YLGtPH SRNOHV KRGQRW\ WXK
S L Y Udlla&itpdoviny dosahu robotu tedy robot vykadujS L YUWIiIiQt SRVXYRYF
$ SRWp GRFKi]Jt NH VQLaARYiQt KRGQRW\ WXKRVWL VH ]Y!
]JY\axMtFt VH FHONRYRX H]JQRX VLORX

+RGQRWD WXKRVWL X KRUL]JRQWiIiOQt YUWIiIQt ENOD Y\¢
VWHNMQMW VWHMQRX SRVXYRYRX U\FKORVWt

VQIVOHGXMtFt WDEXOFHYMKIREQHRGHQtYWXRRGWN JH V\
tedy tuhost vVQDWRPpHQt MHGQRWOLYéFK NORXE$ 3RX]H SUR GY
posuvu 40 mm/min a 50 mm/min.

Tuhosty QDWRpPpHQt SRKBRRBEFK RV $
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122 9\KRGQRFHQt YLEUDFt

9I\KRGQRFHQt YLEUDFt E\OR SJukBdtGI2AR/ Q RGOHEG $R VW XNBIXE X O
MVRX XYHGHQ\ HIHNWLYQt KRGQRW\ NPLWiQt YH W HFK RVIiFK
velikost amplitudyviz kapitola4.2

Tab 12) (IHNWLYQt KRG RME\QRVEWQIDFaFK VP UHFK

V WDEXOFH MVRX JREUD]HQ\ HIHNWLYQt KRGQRW)\ YLEUD
REODVWL D VP U\ YUWiIQt 'iOH P$&HPH YLG W RGOHKOp KR
E\O\ WHVWRQR@®EPHRQRY &P WHHWIWHP SRGREQRVWt 3 D E\
Y\ORXpHQ\

Tab 13) 9VOHGQLFH HIHNWLYQtFK KRGQRW

VGDOat WDBEWORH XYHGHQ\ FHONRYp SU$SP UQp HIHNWLYQt

Tab 14) 3U$P UQi HIHNWLYQt KRGQRWD
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Tyto hodnoty byO\ QiVOHGQ Y\ @QKowrit6®\ GR JUD

> WZpD ZE & <d/skEl1l ,K EKdz s/ Z 1 s ¥

.
.oy
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ey
.

e
*e
ce
*e
LFY
.
*e
.
.
ce
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W}euA}A EC Zo}*3 €uulu]ve

+RG QR W\ WY E\UDFWREOIASA

0$aHPH VOHGRYDW SRNOHV HIRMWRXBt ERGXQWRRAVRKL 8 L
tSURVWRXMOUSRV.BRNXG MH KRGQRWD SRVXYRW\WYRON Qxt
NPLWDYpKR HPK\EPQFRORYSURFHVX 7HQWR SRK\E NPLWIQt
GR SU$P\VORYpKRWRERM XSRVXYRYRX WaAGR XSGRO NXNY
REUIE Qé PDWHULIO D YUWiIN QHPi WHQGHQFL ARGVNDNRY
stouD SRWp GR SRGODK\

5 WZpD ZE & <d/skE1l ,K EKdz

S
w 0,045

x» 0,040
~
> 0,035
~ 0,030 A2 A3
10,025 cs
>
< 0,020 B3
% 0,015
— 0,010
0,005 A6

0,000
30 40 50 60 70 80 90 100 110

W}epA}A EC Zo}e3 €uulu]ve

Al

A4

H3 AS

(IHNWLYQt KRGQRW\ YLEUDFt YAHFK Y|

V grafu (obr. 64) MVRX Y\QHVHQp L HIHNWI® QN KNRIEFQFRMNG Y L
VREODVWHFK % D & VYLVOpBRKWRR IUR QW IDQLKR RPOWDXY WUV
U\FKORVWL PP PLQ 7\WR KRGQRW\ MVRX QL&&t QHA
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VQHMY]GIOHQ M&tP PtVW L REHRMBEO MMRK KHR/GQRNW\ WpP VW
KRGQRW\ S L SRVXYRY pQUGRROROIR' KRURPRBIWIOQt YUWIQ't
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IN2ENY'RSTVI' . .
13237,0E/1E 9(/,.262@88929e 6E/<

131 .ULWpULD
SUR QDOH]HQt RROWWLIP ISTROAXYWHRQY IpNV t ON FE XIGR W SURDAA L W D

X 3 HVQRVWK ; DtRVHE YUWIQt

X Tuhost robotutdeformaceaamen K2

X 9]QLNOp YLEUDFH K3

Xx yDV YUWIQt K4

X 2SRW HEHQt QiVWURMH K5
.5,7e5,80

3UR KRGQRFHQt S HVQRVWL Y\Y URMDRXA O3+ N \ NEROPHE K
YUWE@GFK\ON\ YH VP UHFK : D < 2GFK\ONX YH VP UX R\
PRVWXSQ&P Y\YUWiY QQvro RGWMRIEEP 6BUMVR X JREUD]HQp SU
YEVOHGQLFHURYEIQ\OKN Y

WzZpDh ZE K ,z2><z yz

1,4

. A6
1 .
AS| e
o8 L ag e
: A3 LA4]
E A2 ...........
- Al ------------
016 ----------------------
04
0,2
0
30 40 50 60 70 80 o0 o -
[mm/min]

3USP Qp RGFK\@MR\YYQWNROPpP QD RVX QiVW

0$48HPH SR]JRURYDW WpP OLQHiUQt QiUSVW KRGQRW
PP PLQ $ SRWpPYERBKQMEIPX QiUSVWX RGFK\OHMN QBBR F
REODVWHFK YUWiQt E\OD Y\EUiQD SR U\FKOpP ]JKRGQRFH
(A3).

2GFK\ON\ Y\QHVHQp GR JUDIX D VH D]HQPpPRRNGUQW QI X
PLQLPDQHJBMOQ@tHS4t KRGQRWD MH WD QHMPHQA4t

Tab 15) 3US$SR P RGFK\ONURVYMOQNROPpP QD RVX QiVWURMH
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.5,7e5,80

'UXKEéP QHMGS$OHALW M&tP NULWpPULHP MH PLQLPiOQt GHIRUPI
“HGQi VH R NULWpULYQH MDH P DIOLRBIQRWD MH WKapiQIE MY \a4at +F
12.1.

.5,7e5,80

'DO&tP NULWpPULHP MH KRGQRWDXPLEU®IER D OH G QU H 6R) IN&LL PW |
Q H M Q L & & HodhdB/\jsDURkapitole 12.2.

.5,7e5,80
OLQLPDOL]DpQt NULWPULXP NWHUp S HGVWDYXMH pDV YUWIQ
sZd E1 NsZd E1 €«
A6 18
A5 225
Ad 25,714
A3 30
A2 36
Al 45
.5,7e5,80

.ULWpULXB HGWMWDRY XMH RSRW HEHQt QiVWURMH -HGQi VH R
QDP HQt RSRW HEHQt QiVWURMH E\O SRXaLW P tFt S tVWURM
SU$SP UX YUWINX D RSRW HEHQt QN KBR GXD N\t FKé Y OMIG FK MV R |

Tab 16) OpRW HEHQt QiIVWURMH YUWIiINX

1% }87Z v _ %yEEd: 1% }87Z v_[mmjl(
Al 0,08 1,143
A2 0,098 0,926
A3 0,19 0,87
A4 0,154 0,469
A5 0,132 0,521
A6 0,096 0,785
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) v = =) v = A
> K%}8Z V_ % E¥%U"E > K%}8Z v_ olC A
w w
| 02 11,5
~ 0,15 ~
' 1
N 0,1 N
N N
~ 0,05 - 02
= 2
v O x O
30 50 70 90 110 30 50 70 90 110
Rychlost posuvu [mm/min] Rychlost posuvu [mm/min]

2SRW HEHQt QiIVWURMH D BUGPOND

QDOHRBQLPiOQt U\FKQIRVWQRIRWIXYPD RSRW HEHQt Y
PHWRGD YLFHNULWHULIOQtKR KRGQRFHQt YDULDQW 2SR
YiKDGBYRGX Y W&t JiYLVORVWL QD S HVQRVW YUWDQpKR
E\OR S LUD]JHQR SR DGt SRGOH Yéwbut&lYX KRGQRFHQt ]R

Tab 17) 2SWLPiOQt U\FKOIRVYWORRWAY RD RSRW HEHQt QiVW

op}3Z % EW%U"EN €ul}%}SZ Vv_  olC €(W}Z

Al 0,08 1,143 6
A2 0,098 0,926 4
A3 0,19 0,87 5
A4 0,154 0,469 2
A5 0,132 0,521 1
A6 0,096 0,785 3
s Z 0,666666667 0,333333333

132 1DOH]HQt RSWLPiOQt KRGQRW\

%\OD SRXALWD PHWRGDKRIGEQBKR MRBDOMX . WDWLYQt NULW
E\OD S L DJHQD KRGQRWDHMQA B HtRRGGRWDQiP] BFH Gt Kb
X &L Whothoyy SODWt Y]WDK > @> @

W@
[ « Pj « Q
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%XGHPH Y\RMKoVWHRVWDEXON\ UHIOQéFK KRGQRW

Tab 18) +RGQRW\ NULWpUL't

K1 K2 K3 K4 K5

MIN MAX MIN MIN MIN
Al 0,553 324,363 0,039 45 6
A2 0,607 370,401 0,030 36 4
A3 0,653 366,168 0,030 30 5
A4 0,697 388,446 0,022 25,714 2
A5 0,843 351,534 0,014 22,5 1
A6 1,141 329,846 0,005 18 3

-HGQRWOLYi NULWPRGD HE\ IO MBLIMRQWL D E\O\ Y\SRpWHQ'

Tab 19) 9iK\ NULWpU't

SUR MHGQRWOL Y Y DdpU DOQNVFHDXAUIHURX SODWt Y]WDK

a
=5 L1 RQy
V@

'tOpt XALWN\ D Y\S BEWHDRY DM KIREMELBOW NX MVRX Y

Tab 20) $JUHIJRYDQé XALWHN

-HGQRWOLYp SRVXYRYp U\FKORVWL P$aHPH WHG\ VH DG
DJUHJRYDQpKR XAaLWNX

A4 > A2 > A5 > A3 > A6 >Al

IHMOpPSH WHG\ Y\FKi]Jt SRQBPYRQit RJ S KO RAVAVRIGS R W\ H U
SRVXYRYp VtOH 1 WtGHONRYA H]Qp
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STROJNIHO

INZENYRSTVI
N

VSUYQt piVWL GLSORPRYp SUWENPWIFtS\WRHSVIQREWHRD!
SU$P\VORYéPL URERW\ VH VpULRYRX NLQHPDWLFENRX VW
GUXK\ YUWIiIQt ]iNODGQt YJRUFH NSWIRUYE S\RHEGIMN BVWW DR
E\OD SUREUIQD SUREOHPDWLND NPLWiQt D E\O\ S HGVWD"
SUREOpP\ GLSORPRYp SUIFH

3UREOPpPP E\O |DGIiQ VSROHPQRVWt WA\ 241 WXW R DS D F DVE \C
MCAE SystemV V U R 4.2'$ $QDR{IVVGLW SUSPRWIRYP URURE (
SURFHV® YWREH#& MHQ MDNR SREPROXRX GDO%EtNK VWURMS$
QDKUDGLW S tPR SU$P\VORYé&PL URERW\ D YéUD]Q WDN ]
VWRPWR SAOFD®R OQDKBDMHIQNYQWDsEoe SUSP\WORYEP, UREF
Y\EDYHQé&P NRQFRY&EFBRGREWRUWBFYKR Y HWHQtNX 3UY
SUREOpPPX MH VWDQRYHQt WXKRVWL SU$P\VORYpKR URER
H ] Qidifami.

1D ]INODG WHRULH R SOiQRYiQt WHFKQLFNé&FK H[SH
VWDWLVWLFNpKR JNRXPiQt E\OD Y\WYR HQDHPHV$R GO RYR!
robotu. PomociRSWLFNEFK VNHQHUS$ E\O\ QDP HQ\ RW&PK DMK RY
URERWX S L U$]Q&FK ]DWtaHOEFXE FK] Y88 LOMDRIYMLHBKYR G
5RYQ & PR HORKRGQRFHQR Y]QLNOp FKY Qt RG H]Qpk
]JDWt&HQtFK

%\OR VWDQRYHQR KRG QRW YHRMMNIMNRQRAFKA UG O R VBWR
SUDFRYQtKR SURVWRUX URERWX S LEOLAQ SRORYLQD
QDP HQR D Y\KRGQRFHQR WBRPRFHWEGKQINRGHGUKWtaHQ
H]QéPL VWIRBLY HWHQH E\OD VQtPiG@pOWw VQDICPHH] M G DRPI
SRVXYRYi U\FKORVW NWHGED Ei0AK GRIBDGIDRW HF®DSYR YUW
URERWX X NRQFH SUDFRY GRWRL RIRVI\®RD R UINDERBRN D K X |
%\OD Y\SRpWHQD FHONRYi H]RGNKODFB B \YMIRpIQiRp S
VSRVXQEWRHGNHP E\O\ SUSE K\ WXKRVWt SURSRY®]8® &R 3
WtPWR ]S$VREHP WDNp JNRQWURORYiQD S HVQRVW YHGH
AWtWNRY&FK ~GDM$ URERWX

BRXE 8@ HQtP RGFK\ON\a\GHXKEPH REWULF N fFRntasN H Q H |
VQtPiQD Y Wit piVW SU$SP\WWORYpKR URERWX =iURYH E\O
PRPHQWS$ QD MHGQRWOLYEFK SRK\ERY&RXURKPRR RSMPLF
VNHQHUX E\@GRKNWIR\ SUSE K$ ~KO$ MHGQRWOLYEFK piVV
~KO$ S L SRK\EX EW]FIOMRABOW £\0\ Y\SRptWODWRRPEQE
MHGQRWOLYé&FK SRKNERFNEBEXERW RREG@W XQt]Ni IUHNYHQFH
PDOp SRAM Kerher V\VWpPX 3BQWWR VH SRGD [ORVP\RR B QR WL
P OD Qt]JNRX SRVXYRYRX U\FKORVW YUWiQt

'iOH E\OD SRPRFt YKRGQp PHWRG\ QOORI HRIDVA S W URA
JINODG Q NROLND NULWpPULTt

X S HVGRVNMH VP NRPWREFK QD RVX YUWIQt
X tuhost ramene robotu (deformace ramene)
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X VJQLNOp YLEUDFH
X pDV YUWIiQt
Xx RSRW HEHQt QiVWURMH

2SRW HEHQ!t]QMVWURMMHLYQD U$S]QEFK SRVXYRYEFK U\FKORV
S tVWURMHP '0*'i00HF UROBWQDOH]HQD RSW]IQRIPIQISRBB QRN S U
QHMPHQ&t RSRW HEHQt QiVWURMH

OdchylkavURY L@ pNRID RV X YUW iQQ tNMH IDQS2E X WUWMR X VLOR X
'i VH WHG\ S HGSRNOIGDW &H S HVQRVW Y\YUWDQpKR RWYRU>
+ SUR GtWANGBWRYp GRNXPHQWDFH MH WDWR RGFK\OND QH ¢
WHG\ VStdH QDAHO XSODWQ Qt X PpQ S HVQE&FK RSHUDFt QHE
X NWHUE&FK E\ Y]QLNDO\ PHQ&4t H]Qp VtO\ =GH E\ QD&HO XSO
KOtGi Y]QLNOp H]Qp VtO\S BRNRGHEMWGRREORH NH]Qp VtO\ GR
k DXWRPDWLFNpPX VQtaHQt QD SVtPS RWMXWRMMH Q) F KDRAAKLYLO 7
]JD QiIVOHGHN ]Y&4HQt S HVQRVWL REUIE Qt URHEyRWHP 'tN\ QI
Y\SRpWHQpPp WXKRVWL S L D$U®EE &F KH ROEG, By \EYOREKRY KER Q 0 p
Y\WYR LW RSWLPDOL]JRYDQé& SURIEDWtBRERWKPXURR B EH i & RIX\W/
SRVWXS MH YSRRXG @@db S/ Ri¢h REHUDFt

3RVWXS P HQt VH V\WWpPHP 3RQWR VramsnW HEVU éQ B @D O R
XSODWQ Qt S L LGHQWSIRKNDEYERERRW KEGRBRKSRX&tYDQEFK UR

-DNR SRNUDDpPRYiIQt HaHQt WRKRWR SUREOpPX E\FK QD°
RSWLPDOL]RYID\Qb REWEPG P ) RWKHA LARIGWEROHGNS$S WpWR SUIF
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156(=1$0 3284,76&+ £ (1E $ 62)7:$54#

1) ARAMIS System

Delivery Date 29.03.2012

External Controller

TYPE: Sensor Controller

SN: 80001500460

Computer

TYPE: DualHexaCore Xeon (19")

SN: 13199296269862012031600000001404
Processor

TYPE: Intel XEON Hexa Core X5690 (3.46
GHz)

Graphic Interface Card
TYPE: Quadro 4000 (2048 MB)
SN: P1031SM032521000HL
Memory

TYPE: PC1333 ECC (4GB)
RAMSIZE: 36GB

Camera

TYPE: Dalsa 4AM60SACL
SN: 12020886

Camera

TYPE: Dalsa 4M60SA CL
SN: 12021983

Camera Lens

TYPE: Schneider 28mm
SN: 14990807

Camera Lens

TYPE: Schneider 28mm
SN: 14990964

Calibration Object

Memory

TYPE: PC333 ECC (2GB)
RAMSIZE: 16GB

Graphic Interface Card
TYPE: Quadro FX 1100 (128 MB)
SN: P192CM019304103V

TYPE: CC30/MV500x500
SN: CC30/500/D10244

2) Pontos system
Delivery Date 08.08.2007
Camera Lens

TYPE: Titanar 20mm

SN: 3838

Camera Lens

TYPE: Titanar 20mm

SN: 3848

Calibration Object

TYPE: C1700

SN: CG054

PONTOS Sensor

TYPE: PONTOS HS Rev.01
Camera

TYPE: Basler A504K
SN: 20613728

Camera

TYPE: Basler A504K
SN: 20707568

Computer

TYPE: DualOpteron (19")
SN: 506326GOM12072005120600000001123
Operating system

TYPE: GOM Linux 7.0
Processor

TYPE: AMDOpteron
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3) Tritop
Delivery Date 18.12.2009

Camera

TYPE: Canon EOS 1Ds Mark Il
SN: 635156

Carbon Fiber Scale Bar
LENGTH: 2000 mm

SN: SZ0468

Carbon Fiber Scale Bar
LENGTH: 2000 mm

SN: SZ0468

4) Capsule Computer

Delivery Date 02.12.2016
Processor

TYPE:2xIntel XEON E52687W
v3 (3.1 GHz)

Graphic Interface Card

TYPE: Quadro K4200 (4096 MB)
Memory

TYPE: DDR4 (16GB)
RAMSIZE: 128GB

OSA250 (2.4 GHz)

4) Software

Aramis Proffesional 2016

Tritop Proffesonal 2016

MS excel 2016

ABB Test signal viewer Version 1.6
Walter machining calculator version 4.0.2
Sigview 3.0.2.0Omg linear
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5) Kuka KR60 HA

6) ABB IRB 6700-150

7) DMG Microset VIO 20150 Linear
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INZENYRSTVI . .
16SEZNAM =.5$7(. $ )<=,.E/1&+ =13y (.

SU$SP U GtU\ QiVWURMH [mm]
L GpOND GtU\ QiVWURMH [mm]
Ve H]Qi U\FKORVW [m/min]
Vi SRVXYRYi U\FKORVW [mm/min]
Ve U\FKORVW H]QpKR SRK\EX [m/min]
n RWipN\ QiVWURMH [min?
f SRVXY QiVWURMH QD MHGQX RWi [mm/ot]
f, SRVXY QiVWURMH QD ]XE [mm/ot]
z SRpHW ]XE$ E LW$ QiVWURMH [-]
Ad SU$ H] W tVN\ [mm2]
by MPHQRYLWi 4t ND W tVN\ [mm]
hq MPHQRYLWiI WORXa"ND W tVN\ [mm]
& at ND JiE UX RVW t [mm]
N ~KHO VNORQX RVW t
\ YODVWQt NUXKRYi IUHNYHQFH NI [rad/s]
Xa DPSOLWXGD KDUPRQLFNpKR NPL [m]
M SRpiWHpQt Ii]RYé ~KHO [rad]
F frekvence [Hz]
T perioda kmitu [s]
Xef 506 HIHNWLYQt KRGQRWD NPLW:i( [mm]
Xvw VW HGQt KRGQRWD NPLWIiQt [mm]
Xass rozkmit [mm]
Fe SRVXYRYi VtOD IN]
Fe H]Qi VtOD [N]
F SDVLYQt VtOD [N]
Crc NRQVWDQWD Y\MDG XMtFt |HMPQp [-]
Xrc H[SRQHQW Y\MDG XMtFt YOLY SU [-]
Yrc HISRQHQW Y\MDG XMtFt YOLY SH [-]
E,G <RXQJ$Y ORGXO [Pa]
S S thQé SU$ H] [mm2]
NN RVRYé PRPHQW D SROiIUQt NYDG [mm4]
Co tuhostvSRV XQ XW't [N/mm]
Ca tuhostvQDWRPpPpHQt [Nm/rad]
Cx tuhost vkrutu [Nm/rad]
R YDULDpPpQt UR]S Wt [mm]
Q WHVWRYDFt NULWpPULXP [-]

99



Xe INRXPDQi HIWUpPQt RGOHKOIi KR [mm]
Xs hodnotasxVRXVHGtFt S L XVSR iGiQt [mm]
P SUDYG SRGREQRVW [%]
[ DULWPHWLFNé SUS$SP U
& rozptyl
S VP URGDWQi RGFK\OND
la SRORKRYé& ELYHNWRU [mm]
VR X D Gpdsterd Y [mm]
y VR X D Gdstend Y [mm]
z VR X D Gdstend Y [mm]
Rm mez pevnosti ¥ahu [MPa]
Rpo.2 VPOXYQt PH] NOX]X [MPa]
HB tvrdost podle Brinnela [-]
A oblastvSRORYLQ GRVDKX URERWX
B oblastvEOt]NRVWL NR HQH URERWX
C oblast na konci dosahu robotu
H REODVW KRUL]R GWIDMRMKR YGRNVID)
D« RGFK\OND YH VP UX | [mm]
Dy RGFK\OND YH VP UX \ [mm]
D, RGFK\OND YH VP UX ] [mm]
Dn FHONRYi RGFK\OND [mm]
M1-Me NURXWtFt PRPHQW &GDo®RK\ERY p [Nm]
Vi Vs S RV X YyBhiost 16 [mm/min]
. RGFKV\OND ~KOX SRKVERYp RV\ [rad]
Al-A6 VYLVOp YUWIQt SRVXYRYRXRWIEE
robotu
B3 VYLVOp YUWiIQt SRVXYEORPNRMW®W
robotu
C3 VYLVOp YUWIQt SR VXKORCE BoXalu\rBHot
H3 KRUL]JRQWIiOQt YUWIiIQt SRWSRAR
dosahu robotu
All SUYQt RSDNRYiQt VYLVOpKR Yk
vVSRORYLQ GRVDKX URERWX
d QHMKRU&t KRGQRWD
h; QHMOHS&t KRGQRWD
Arl-Ar6 3 R K\ E6sY obotu
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[1] " 'LILWIOQt W MEAEQ ByStehifbriine]. 9.1.2017 [cit. 201D1-09].
"RV W X SH@t/Nvww.mcae.cz/

[2] ANRGD WiXipeédia: the free encyclopedi@nline]. 2001 [cit. 201701-09].
'RV W X $ipg:/[cs.wikipedia.org/wiki/%C5%A0koda_Auto

[3] HAVEL, lvanM. 5SRERWLND ~YRG GR WHR Bilaht: SRTLQIOSO,L Y Q'tf
279, [1] s.

[4] ABB Group.Industrial Robots +IRB 6700[online]. 3.11.2016 [cit. 202:81-03].
"RV W X Sigpp/rlew.atb.com/products/robotics/industriabbots/irb-6700/irb-6700-data

[5] .ROtEDO = D NROHNWLY 5RERW\ D URERW
IDNODGDWHOVWYt 987 -8021%18B23HR ,6% 1

[6] +80E5 $QWRG12/2*,(, 7THFKQRORJLHI WWMXGELQPIQt RSR L
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