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SRGDFL ]D ELEOLRJUDIVNX NDUWLFX

SRGDFL |D ELEOLRJUDIVNX N

8".

WRPDWVNL PMHQMDp PRGHOLUDQI
'OMXDQHUL&§@§YOMDQMH RSWLPLUDQMH DQDC

=QDQVWYHQR SRGUXpMH 7HKQLpPNH JQDQRVWL
=QDQVWYHQR SROMH BWURMDUVWYR

WbLOLéWH X =DJUHEX )DNXOWHW
’QVWLWXFE‘ GRJUDGQMH

OHQWRU SURI GU VF -RaNR 'HXU
%URM VWUDQLFD
%URM VOLND
%URM WDEOLFD
%URM NRULGAWHQLK ELEOLRJUDIVNLK MHGLQLFD
'‘DWXP REUDQH

GU VF -RaNR 3HWULU UHG SURI S
YDNXOWHW VWURMDUVWYD L EURGR:
GU VF -RVLS .DVDi UHG SURI poOC

SBRYMHUHQVWOYNRXOWHW VWURMDUVWYD L EURGR.
GU VF 6WMHSDQ %RJGDQ UHG SUR
YDNXOWHW HOHNWURWHKQLNH L UD}
=DJUHE

6YHXpLOLAWH X =DJUHEX )DNXOWHW
,QVWLWXFLMD X NRMRMEMRGRIE BEREMBQMHQ
1DFLRQDOQD L VYHXpPpLOLEQD NQMLAC




3RGDFL R PHQWRUX

SRGDFL R PHQWRUX

-RENR 'HXU URVHQ MH JRGLQH X RO®IGUK Q'R S(ORRMIDRWMK Q |
IDNXOWHWX 6YHXPLOLAWD X =DJUHBBRNXOWHW $XDREDWUNDDR |
GRNWRULUDR JRGLQH

2G VYLEQMD JRGLQH XSRVOHQ M H DML HDPLAVGXX S|DR U R/ERRON
VXVWDYD )DNXOWHWD VWURMDUVWVUYBEIX E8 RS RQUWHG QM B RN
SURIHVRUD X WUDMQRP ]YDQMX L]DEURGLMBMHJ ]OROGLQMY HIQ
XVDYUADYDQMD X LVWUDALYDpPNRP FHGHDWE RUYQMXN NS )RUG ORYV
XVSRVWDYLR MH 8LURNX VXUDGQMX VY MWRJWN.EPDRR UG @RANRW
LVWUDALYDPNLK SURMHNDWD QD SWBPRKEMXVAREHOOWNDDWD 2\
RG JRGLQH YRGLR MH GHVHWDNNPQDD\SRGHKS R W I/ KV UROE LWV
OLQLVWDUVWYD JQDQRVWL L REUD]R ¥DDWID BE S X]PO LNBIQ RW WL
(XURSVNH NRPLVLMH )3 &267 ,QWHGUMIHONRULJR®X LVWUR §
UD]JYRMQLK SURMHGIRRMDI S R@GCXIWLKLIRE D&URMBPE 73.

=QDQVWYHQR ]DQLPDQMH SURI 'HXUD ARHEKIXW D R LSNR-G UHKP MINDWOL
VHUYRSRJRQD HOHNWULPQLK YRNIOH XY MWLDKYRHY HVIHQWXKH/IMD ¥ D NK
RSUHQLWR 'RELWQLN MH 'UADYQH QXDX INDGAHH R UQ MQ R\RVE L] &Q M H
]JD JQDPDMQR JQDQVWYHQR GRVWLJIQXi¥UX ESRIGU S OMDMN HWHK Q LF
/RQpPDU ]D LJUDJLWR XVSMH&aQX G RQINRWD\GNDX |0 LY BMBEDEGMMXp O/
PHYXQDURGQLP NRQIHUHQFLMDPD $XW®RLK NKHPSI§y K QR U R GDLIPQ
PbDVRSLVLPD RG WRJD REMDYOMHQDPX &&WBHNRQGHWNVEEDD
REMDYOMHQLK QD PHYyXQDURGQLP NRQIHSRQGDMDRD » WX Q O
HQFLNORSHGLMDPD L NQMLJDPD W HR WHGQHD VORWD) WW & H Q/HS HNFCLI
VHNFLMD L PLQL VLPSR]LMD QD PH yXQ@DRHRI@LIPUR B Q H O WGIFLMH

3URI 'HXU MH pOQQ$GUXEWDYDR ,RH& WHFEK$BLEDO &RPPLWWHH
$XWRPRWLYH &RQWURO?®* L 2, ((( 7HFKQLFRQ WRPEL WNDDH) RH
XUHYLYDpNRJ RGERUD L LOL SULGUX&HQ D \OFGLARIQW VWRWDL M M KWL
7HFKQRORJ\ ,QWHUQDWLRQDO -RXUQDO RI 3RZHUWUDLQ L $XW




=DKYDOH

=DKYDOH

SULMH VYHJD |DKYDOMXMHP PHQWRXXDWR SGUO NVNWH -JDa NXWH K
UDG QD SURMHNWX X VNORSX NRMHJISK N HQUWDY HQHRRFQRIJUP Gl RI
GLVNXVLMDPD WLMHNRP YRYHQMD

=DKYDOMXMHP pODQRYLPD SRYMHUHRWRY B USWR | - FBUL SXF. D-\RIAT
SURI GU VF 6WMHSDQX %RJGDQX QIDVMNRDLVRMA NRPHDGV XPL
EROMLP

=DKYDOMXMHP NROHJIDPD GU VF %URUULRIXUXPRBBXIRUX )LEOLS
ODOHWLUX PDJ LQJ -DNRYX 7RSLuUX IPPI ,URUX-XDWMNRDIGIX
VXUDGQML L SULMH VYHJD SULOP WHOGMVLWMN X 1B E INYRQM M HVI
]JDKYDOQRVW GXJXMHP L RVWDOLP NMNGDQR YN EIVAWUDSU M B RN HS

=DKYDOMXMHP +UYDWVNRM ]DNODG VWV PADQRNVNL NOMEDNM IR ]SRU
33URMHNW UD]YRMD NDULMHUD PODGRKWRW D)@DQIRMWN & 2 L JREN
]JDKYDOMXMHP WYUWNL )RUG ORWRU &RP DDy KKQ VR DR XU P IGM
SRVHEDQ QDpPpLQ |[DKYDOMXMHP GU DVFEQ R®© DGL\WPH. EJIXp QYFD G R M HiDX_ |
]OQDQMD L LVNXVWYD L] SRGUXpMD XBUDXYIOMBQMI®D DXWRPDWVN

3RVHEQR ]DKYDOMXMHP VYRMLP URGUMWEDWLL RD SR GWIFNK XWQ Bl
FMHORNXSQRJ &LYRWD D WLPH L &WHR®NRL D QWD MDWLHPOM NPDR [
QD ]DMHGQLPNLP GAXEHNRM S PR YLH FIHVQHRIPWRU RV RIS GRS U L Q
L]JJUDGQML PRJ LGHQWLWHWD

IDSRVOMHWNX QDMYHUX ]DKYDOQRVYW. QD]|KR]IWHMHYDY W R MG 8 RX
VXSUX]L ODWHML

=DJUHE SURVLQDF 9DQMD 5




Malo znanjelini ljude oholima,

a veliko skromnima.

Zato prazno klasje oholo dize glavu uvis,
a puno obara glavu ka zemilji.
1IHSR]QDWL DXWRU
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6XYUHPHQL DXWRPDWVNL PMHQMDpLX\PpX\WDDO YHE DN ELUR I8 ULWM XK €
SULMHQRVD L GR V FLOMHP VR MQVEHOHIMDQS R VBIOR HDRM D J W bIL:
YR]QLK SHUIRUPDQVL 8 SULVXVWY XRVRRWHIQMN LMWN K R EWDQUDH IPWIL
SURILOLPD XNOMXpPLYDQMD VSRMNL |SIRNWUHHEIQRN IMNHH  SESVMDLYI
PMHQMDpHP 8 UDGX VH SUYR SULND]XMR]PR®H OV UQ Q M® DA/LN)I
UD]JYRM PHWRGD DXWRPDWVNRJ PRGHOH G D QRIS H DX W RW B WD W
PMHQMDpPD $XWRPDWVNR JHQHULUDQM®R P REGH®D DKRWARREDL WV
LJUDYQR L] YH]QRJ GLMDJUDPD P MM QMW REF DWH NR JHINH & RUEHDV
PMHQMDpPD UHGXFLUDQRJ UHGD |D SWRDDWRO MORM NR U \D@LMIWM D
SURYRGL VH QXPHULPNR RSWLPLUDQMH WEBXOYODDHNLK HQR
DXWRPDWVNRJ PMHQMDpPD SULPMHQR PWR/GHK GRN/SHINMWQYLD G Q® M
DNWLYQRVWL MH GRELYDQMH XYLGD X NRIS@QNMBPDQRRYREGDED Q
VORAHQLMLK SURPMHQD VWXSQMD SNR G HORWILK W K5 YLR/WWRLY XML
NRULVWH pHWLUL VSRMNH =DWLPPDHOIQHOORAXSHRDINGLL XS U D
YDULMDEOL NRML VH GHILQLUDMX PVR BHIOM B B LXYY\LGIDD GRREW. I P
XSUDYOMDpPNLK YDULMDEOL 2SWLPDBRHGMULMHO®@RKWASEDYD
SURILOD WM XSUDYOMDpPNLK VWUIDWHILMWHULRGNR XMWY R LS
PHPX VH UH]XOWDWL RSWLPLUDQMDKNRIUNWHV Th NLILKH @ ¥R DG
SUHSRUXNH ]D SULPMHQX 6 FLOMHPS®R E XYIWYMDVRVDWLADNOLQRII
YDULMDFLMD WHPHOMQLK SDUDPHWDGD \RGBYRYRERMN VY WRED
UREXVQR RSWLPLUDQMH SDUDPHWD. R DSHORR L GIR BEXLSYUHIDYLO M B A
NRULVWH VH ]D VLQWH]X UHDO QR JVVXRRMDY®DRHUDRI®YD AM]D X
XYMHWH YR4QMH .RULAZWHQMH UD]YWMMHLQIIKQ MHWRISDR {D/ \W R G Ui
SULPMHUX QDSUHGQRJ EUJLQVNRJ DXWRPDWVNRJ PMHQMDpC

Klju pe rigft DXWRPDWVNL PMHQMDp PRGHOLUD®QKQMHR SWDPL QI R
YUHGQRYDQMH




(IWHQGHG VXPPDU\

(IWHQGHG VXPPDU\

$ WUHQG RI LQFUHRV LR U ZVDKHG QXPEURR F/DWAISFJIWDDQVPLVVLRC
KDV HPHUJHG UHFHQWO\ GXH WR WIKRH @B HGXFPM R QHDIMGGLPSUR
IXHO HFRQRP\ )RU WKH LQFUHDVH® RZPEBW R IWSKHI QX B E HX SRW
WV\SHV DQG VKLIW HYHQWY JURZVZ/1HQHIUB QW@ \$ 7)\R UPLX@WAWLD\
VKLIWV PD\ EH H[HFXWHG IUHTXHQWO\SHY IRUG B Q AMR 1HIB\URQ
GRXEOH WUDQVLWLRQ VKLIWV ZKLFHKQ HPTOOWHS B6 R WH SLERO®
FOXWFK FRQWURO LQSXWV 7KH LQRUGIHYHQR SFAHQW RR BIOMHRQ
VIVWHP PRUH GHPDQGLQJ ZKLFK FDOKMWRERW WH FEH RISOWRLPR M
WRROV DQG UHTXLUHV PRUH H[KDX\GWRSW LFPR.QW W R R QV WWKHGRL I \
VWXGLHV DUH EDVHG RQ $7 G\QDPLE® HPWR GHRO\H UZIQLIF W KD QXEHD R
RI VLPXODWLRQ DQG RSWLPLVDWLRWRMDSHRAL | RAJ JHDEXFRG RKI
DEFFRXQWLQJ IRU ORENHG FOXWFKH\LP SIKHU UBGX FHR® KX\VE BI W LR
PRUH HIILEFLHQW EXW WKHLU QXPEHXUPEHHIRRHQW LUBOOV J WA
EXUGHQLQJ WKH PRGHOOLQJ HIIRUW HWKEBM WKDWKBO®RYF
DXWRPDWHG JHQHUDWLRQ RI FRPS»RDBWOR QIVORI\ SO LLW L A Q@D R

7KH WKHVLV ILUVWO\ SUHVHQWY PRGIIRO @KB U HR IWKHK HPCS I CB\RLAA
DXWRPDWHG $7 PRGHOOLQJ DQG DXWRPDM[{WG @XPPRGHDORU
RSWLPLVDWLRQ RI $7 FRQWURO W LR/MIHR WRU\QLL\Q F R Q@ X FIRWH\G L
RSWLPDO EHKDYLRXU RI $7 IRU YD UHRXVYDQMLVOIR QY WXQVWW L R
GLIIHUHQW YLDEOHQ®HR®@ LYWLRI(DE CHL SRR HQMVRSHE® ORRS FF
VWUDWHJILHY DUH SURSRVHG DQG PXPKWM HUEM R F \WILKHY IR SSWIRA
FDUULHG RXW 7KH REWDLQHG RSWDRNVWUIVWLAQ W KN XSOM\E DWHG
VWUDWHJILHY DV ZHOO DV IRU GHVWIHF QUKD W R QMW HIHDFOAV VZ L
FRPPDQGY DQG DFFRXQWYV IRU YDULRXV GULYLQJ FRQGLWLRQ\

7KH PDLQ DLP Rl WKH WKHVLV LV WRGSBRSR O ISURPIQGXD KXW R
PRGHO RUGHU UHGXFWLRQ RI DQ DG YIDQRNG BQ & IBMK HG OFDQ IM
PRGHOV WR SURSRVH WKH GHVLJ® RIKD® RHSQVIXRIHY KK I KWVKR Q.
DQG LQFOXGLQJ UREXVWQHVV LQ KA/ ISRIG \DHFQWR4D R/IL R Q US MDWOLR




(IWHQGHG VXPPDU\

7KH WKHVLV LV RUJDQLVHG LQ QLQBIURKBISWIHU ¥ K2 KWRNMD BRQ@W H

& K D S WIHttdduction 2XWOLQHV WKH PRWLYDWLRQ IRWHBQWXEWHG
RYHUYLHZ DQG JLYHV WKH PDLQ K\WRKWYXHWLY DQG DQ RYHUYL

& K D S WMddelling of powertrain dynamics 2XWOLQHV D FRQWURO RULHQWHG
WR EH XVHG LQ WKH VLPXODWLRQW & IRSMWH. PV VDKH. B R 2HWUX\GLD
LV GLYLGHG LQWR VHYHUDO VXEPR®MON HEIUGN HY RUDIH WRQ
GULYHOLQH DQG YHKLFOH LQFOXEVQGE\QYWHKPLHNW\RVXE P RGIHH @ K
$Q DQDO\WLFDO IXOO RUGHU VWDWEHHMBEDHG PRGHA. @RI D I XUBFH
ERQG JUDSK PRGHO RI WKH FRQVLGHUH&GHGY RWRZMW WGE® DILQ
0$7/$% 6LPXOLQN DQG VLP VRIWZDUKWBEBLURQPHQWY DUH D

& KD S W HAutomated modelling and automated model-order reduction for automatic
transmission )LUVW D PHWKRG IRU DXWRPDWHGLADIHESD WRREM R 1 L
IURP DQ $7 ERQG JUDSK PRGHO LV SURSRVKRKG 1RHLP SR SRWIDG
ZLWKLQ WKH VLP DQG 0$7/$% VRIWZPUN HNQNGURR FSHU@AE W KK H
JUDSK DQG H[SRUW LW WR RU VLPXWDW® DWWERP DWIG/ PR G/HO
UHGXFWLRQ PHWKP® IDWEUWRSRVYMN E&XXRMBKVSWPWHHGKH PHWKRG
RQ GHWHUPLQLQJ WKH ORFNHG FOWXYW/IFW XWRURTX H VDR MDKEHD HAVO D
VSDFH PRGHO LQSXW YHFWRU DV ZHWDHBYQ MWKB LLWHGX FKH® RD
IXOO RUGHU PRGHO VWDWH YDULDEOIRPRGHION BEWDVIQRMHIO WK A
FRPSXWDWLRQDOO\ PRUH HIILFLH@WW R ® HDRIMLEYKGIU 8 DRIV ZIL @
IRU WKH SXUSRVH RI FRPSXWHU VLPKKOD WLVR RW DB @ SMIVP RV
G\QDPLFV DQG FRQWURO V\VWHP GHVLJQ

& KD S W Mathod for optimisation of AT shift control trajectoriesSURSRVHYV D PHWKRG |
RSWLPLVDWLRQ RI $7 VKLIW FRQW UROQW UNH FKRWVRW LLHOW RZ KALK I
VKLIW FRQWURO SHUIRUPDQFH DQG$ WMKHIW | RRIW 0ROV WQRID MHR
FRQWURO RSWLPLSDMWABRVSHRBUBDRER ®GRIOVORGYWRBI FRHHONW R R S
$7 FOXWFK DQG HQJLQH FRQWURO QWIDIM HHFEMRUH W NRKIL PRV | RBU
RSWLPLVDWLRQ PHWKRG UHTXLUHV DOVPRRWK RAEKPXO|H\WELRQX
PRGHO QRQ OLQHDULW\ DURXQG WKR FHUR R/ODMB W SHHGFKDW E




(IWHQGHG VXPPDU\

UHVROYHG WKURXJK SURSHU PRGHOOLTKHUWHIRWKH B EMWHBHWQ
DSSURDFKHV Rl GHVFULELQJ WKH | GHUMICR Q B3 BN Y HR/X/W & L QHL
IUDPHZRUN RI WKL VURRPUWL P/SAOHU MIS@ DF/L VW K WRXVUIKF HIBOLFLW G
PRGHOV WRZDUG WRUTXH VRXUFH EDWR GWKRS 6 DOKMWF KD S®WR D
FRQVWUDLQW 7KH SURSRVHG RSWHPEORPWER @ REMWHKR ® \LVHWHNWG
RQ WKH H[DPSOH RI VSHHG $7 IRKIGW IAFRGQYWRYL Y FE B DAULR
FKDUDFWHULVWLF $7 G\QDPLFV HIIHHEDVLE UH B QIO X YW LED WX VY |
DSSURDFK EDVHG RQ WKH ERQG JUD SK P & WFIORKGEBGRPR ®IYCG DQ |

& K D S W@ptimisation of AT control tractories for double-transition shifts7KH $7 FRQWURO
WUDMHFWRU\ RSWLPLVDWLRQ PHWHKRGVSXW\VLIDQ W L@ WKIHV SE
WKH SXUSRVH RI GRXEOH WUDQVLWKXREQ QK HQJI IFRH) WYIRRRIO XRHS Wi
:LWK WKH DLP WR JDLQ LQVLIKWY RRURLROWILRMO VIRQGWU R B
FRQWURO VWUDWHDQBVDNMVHVYHRS RABHG HL § WRIDSNRHUDLW MG LQW
RSWLPLVDWLRQ SUREOHP IRUPXODWLRBROWKMHGEX FIR QGG U VIL@RW X
RSWLPLVDWLRQ DOJRULWKP QHHGYV WMRD WHWILLNV\ D UKIH DSAYRHS/R/\AE
H[DPSOH RI FKDUD MIB QML WILR G FEXREZARKKL MKW P® D VHHEG RRSWLPL)
UHVXOWYV REWDLQHG IRU GLIIHUHQMNO IOHDWHIORQ R IL W OLXWV FRX B G H
VWUDWHJI\ FKDRND BWOHDVHH Bl WKWHR IFRRLQURYWGM DQ RS
FRPSURPLVH EHWZHHQ VKLIW FRPIRUGXBWURRU PIKMF P DD Q Gl HHOOMW
RI RSWLPLVHG GRXEOH WUDQVLWLRQ BBREZEBWRG BRZXYVKUIW K
UHGXFHG RUGHU ERQG JUDSK PRGHO

& K D S WR&tameter optimisation of control profiles for single-transition shifs KLV FKDSWHU

SURSRVHVY D PHWKR®HIBW WPXPOMW HRIE B SIFMPH W WDORNH QRW RIQSLHFH 2
OLQHDU WLPH SURILOHV Rl $7 FRQWW RO LVQUD MY BW RHUN H VL PZXK
FDOLEUDWH 7KH RSWLPLVDWLRQ LV WKRHHGLWRHALQY/G OO QIHRDH
FROQWURO SURILOHYVY ZKLFK SURYLGHW HRRI&® WV DR RSIH WEIHRW E
7KH RSWLPLVDWLRQ SUREOHP LV VROHOIBWAFXD DQ B WLKNHK P X2
$V DQ H[WHQVLRQ RI WKH SDUDPHWHG RIBW URIEVDOML BQ UDsPHI
RSWLPLVDWLRQ LV SURSRVHG ZKLFIOLDN\P Y AN UHREWKXW.@H VKL I
SUHVHQFH RI WUDQVPLVVLRQ DFWXNMWHRW QY 8 DLW WHRWIH Q@ Gf IV W L D\
SURILOH SDUDPHWHUVY WKDW VLPXOWXQHR®BKMWOH PN @IORG. [\HK B H/D (




(IWHQGHG VXPPDU\

LQGLFHV DV ZHOOGD@HWKBWURWWDIRGAMQ@RY Y RYHE QVREXRKDQJIF
WUDQVPLVVLRQ SDWD®EG WISW\LPLKD\RERIQ\D/SSDWREBKRIQIXQ H[DP
D VLQJOH WUDQVLWLRQ SRZHU RQ W3SWRKLIWHVXQWWRHHREQYDQO!
FRPSDUHG ZLWK FRQWURO WUDMHFWRU\ RSWLPLVDWLRQ UHVX

& K D S WR4tdmeter optimisation of control profiles for double-transition shift6KH PHW KR G

IRU PXOWL REMHFWLYH SDUDPHWHARQBWRRPL S D WILROM R IL S LHFFHG
FKDSWHU WR WKH FDVH RI PRUH GHRDQBZQVKEGARWE PIHUWWD GV L
GHILQLWLRQV RI SLHFHRDV IS URI DG ULRW H FLRHQMW LDRUH SUR SR\
SHUIRUPLQJ VXFK GRZQVKLIWYV 1H[WLNFRQWRA® BURIUXRE SDWC
VKLIW VFHQDULRYV L H IRU YDULRR® GG RBXEO®GH INUND QAKLWW R BF
VWUDWHJILHYV )LQDOO\ WKH FQR Y WYHRJOD OV 83"HUD RVUHP DIOHFYA
HIWUDFWHG IURP SDUDPHWHU RSWHVF XODMVL RQ FUHYVXIOQM VT X7/IXGILE
TXDQWLWDWLYH FRAPRSQWURRQW UDMHKFWRUYWX RESWLPKREZWLKDW W |
VWUDWHJ\ IRU ZKLFK WKH RIlI JRLQJ JROXW FWHW EWHN WI XRFRHN
SHUIRUPDQFH

& K D S W3dalable optimal shift control law,Q WKLV FKDSWHU D V\VWHPDWLF DS
VFDOLQJ RI VKLIW FRQWURO SURILOWVS RESWRMHGE GZKQFKKD SRW
SURYLGLQJ JRRG VKLIW TXDOLW\ M) B ZLIRU WELQIHURQ WKWIWD
LQSXW WRUTXH DQG VSHHG YDOXHKH® DW®WGAKMIFKQWKRI WXEKWD VDK
Rl RSHQ ORRS FRQWURO SURILOHV WRRGUYWHUHPRIP\P HOE M Q @/H
FORVHG ORRS FRQOUWXRQ QF WLRQV KBRETMIKWOQHWY RQGWKH SUH\
UHDOLVWLF SRZHUWUDLQ XQFHUWNMMWHNWLHV WKRURXHKOOGB[VR
WKURXJK FRPSXWHU VLPXODWLRQV

& KD SWEpdclusion 2XWOLQHV WKH PDLQ ILQGLQJY DEQWRKIH IROOR
WKH GREFWRUDO WKHVLV L D PHWKR®GRDQ DK@ RIPOWRIRD W I
WUDQVPLVVLRQ ZLWK D ODUJH QXPE® (R BG B HDWHGX® & DRI DPHMWR
DQ DUELWUDU\ XVHU VSHFLILHG FGRMNE®HWWWDMNH LV LR @ SAKILP
WUDMHFWRULHY UHODWHG WR FOXKX\H KDW & UTQXBIOR D IS\ RUVWN KN
UHVXOWYV ZLWK WKH DLP Rl GHILQW®QBVR DL DA LI HPWRY K@ L\@ JF
OLQHDU FRQWURO WUDMHFWR UL HYDVRIUR G RXIEDFHDW D B QM LMRRWQ




(IWHQGHG VXPPDU\

FRRUGLQDWLRQ ZLWK GULYHU FRPPDHDOVYQPREG RSRMLBPHWD MR
DFKLHYLQJ UREXVWQHVV ZLWK UHB B WKW WLAR ¢ DSDLDMPLHRQH RV W L

Keywords: DXWRPDWLF WUDQVPLVVLRQ PRGHEQLQ@QDRSWILWYDO
DVVHVVPHQW
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ORWLYDFLMD
'RVDGD&aQMH VSR]QDMH
ORGHOLUDQMH GLQDPLNH DXWRPDWVNRJ PMHQMDpD
8SUDYOMDQMH SURPMHQRP VWXSQMD SULMHQRVD
2SWLPDOQR XSUDYOMDQMH SURPMHQRP VWXSQMD SUL!
+LSRWH]D
3UHJOHG VDGUADMD UDGD

ORGHOLUDQMH GLQDPLNH SRJRQD YR]JLOD
ORGHOL NRPSRQHQWL SRJRQVNRJ VXVWDYD YR]LOD
ORGHO 2WWRYRJ PRWRUD L SUHWYDUDpPD PRPHQWD
ORGHO VXVWDYD SULMHQRVD VQDJH L X]GX4QH GLQDPL
ORGHO DXWRPDWVNRJ PMHQMDpPD SXQRJ UHGD
BWUXNWXUD QDSUHGQRJ PMHQMDpDVWD YHOLNLP EURMH
9H]QL GLMDJUDP PRGHOD DXWRPDWVNRJ PMHQMDpD
ORGHO DXWRPDWVNRJ PMHQMDpPD X SURVWRUX VWDQMLE
ORGHOL WUHQMD VSRMNH
6WDWLPND NDUDNWHULVWLND WUHQMD VSRMNH




6DGUAaDM

.ODVLpPQL PRGHO WUHQMD
_.DUQRSSRY PRGHO WUHQMD
'DKORY PRGHO WUHQMD
ORGHO GLQDPLNH DNWXDWRUD VSRMNH

6LPXODFLMVNL PRGHOL SRJRQD YR]LOD

$XWRPDWVNR PRGHOLUDQMH L DXWRPDWRRKDNRVNRIXFLUDQMH
PMHQMDpD

$XWRPDWVNR JH Q HRIGUHIOIM Bl XPADRPWDIWWN RJ PMHQMD pD

3RVWXSDN ]DVQRYD®@DQ L] YR PXXP BEH $ RNALPXHOQ DM

,GHQWLILNDFLMD PDWULFD VXVWDYDLISWARGHOD VDGUa
,GHQWLILNDFLMD PDWULFD VXVWD¥WD WHPHOMHQD QD L
SURYMHUD PHWRGH ]D DXWRPDWVNR PRGHOLUDQMH
ORGHO DXWRPDWVNRJ PMHQMDpPpD UHGXFLUDQRJ UHGD
ORWLYDFLMD
SHGXFLUDQMH UHGD PRGHOD WHPHOMHQR QD PHWRGL
OHWRGD |]D DXWRPDWVNR UHGXFLUDQMH UHGD PRGHOD
2GUHYyLYDQMH PRPHQDWD |[DWYRUHQLK VSRMNL
OSDULMDEOH VWDQMD L XOD]QD PDWDDRD SBIBWMWRUD VW
SUHRVWDOH NDUDNWHULVWLPpQH PDWULFH PRGHOD UHC
6WUXNWXUH PRGHOD DXWRPDWVNRJ ROUIHHYMDPD UHGXFLI
MHGQRVWUXNRFULOMRODNYRRN L
SURYMHUD PRGHOD UHGXFLUDQRJ UHGD
2SLV SULVWXSD SURYMHUL
S5HIXOWDWL L GLVNXVLMD
-HGLQVWYHQL DODW ]D DXWRPDWYVNRPRR®HWDPWD QMH G L
OHWRGD ]D RSWLPLUDQMH XSUDYOMDDPUNLK fQRNLIMDEOL SURP
JRUPXODFLMD SUREOHPD RSWLPLUDQMD
JXQNFLMD FLOMD
2JUDQLpHQMD
SRpHWQL XYMHWL L SRpHWQD QDJDYyDQMD
ORGHOL VSRMNL WHPHOMHQL QD WUHWLUDQMX VSRMNF

Il



6DGUAaDM

3UDNWLpPQL DVSHNWL RSWLPL]DFLMH
2SWLPL]DFLMVNL DODW
OHWRGD RSWLPLUDQMD
,PSOHPHQW D|PLFN DI \R\SRMLP O D W D
5H]XOWDWL RSWLPLUDQMD
2VQRYQH ]JQDpDMNH RSWLPLUDQRJ RGEMI@RXY]®DD]QH SUF
8]OD]QH SURPMHQH ]D UD]OLPLWH XSUDYOMDpPNH VFHQ!
2VQRYQH ]JQDpDMNH RSWLPLUDQRJ RGNIHYIRVDOD]QH SU
$QDOL]D GLQDPLNH SURPMHQH VWXS®MPQBKLMHQRVD V
GLMDJUDPD
9UHGQRYDQMH UD]JOLPLWLK SULVWXSD PRGHOLUDQMD W
2SWLPLUDQMH XSUDXIOMDBNRK® MEBQ HMM-NRD|WR XNLP SUL
2VQRYQH ]QDpDMNH RSWLPLUDQRJ RGJLYD
8SUDYOMDpPNH VWUDWHJILMH
5H]XOWDWL RSWLPLUDQMD ]D ED]QIDQOQKHRMIEH] VSHFL
8SUDYOMDpPNH VWUDWHJILMH V GRGDIQRP® SUDJPDWLpPQLI
5H]XOWDW LDRISWLPIIOUDQWH XSUDYOMDPNH VWUDWHJILMH
9UHGQRYDQMH SHUIRUPDQVL SUHGGREMIQQR R SUIDNOHWDR
IURQWDPD
$QDOL]D RSWLP DO QD WRRIDG]IDQ S & H @I B FD&SMIDHY OW D QW B J L
8SUDYOMDpPND VWUDWHJILMD RSUHQLWD IRUPXODFLN
8SUDYOMDpPND VWUDWHJILMD EH] SURPMHQH SUHG]Q
8SUDYOMDpPND VWUDWHJILMD EHY X RGN O BIEMMMNHX NG M

+ I+

I+

8SUDYOMDpPND VWUDWHJILMD EWBRMNELMDOQR RWY

8SUDYOMDpPND VWUDWHJILMD + EHJMDURRBOMRBPQIWHG]Q
VSRMNL

8SUDYOMDpPND VWUDWHJILMD
VSRMNL

=DNOMXpQH QDSRPHQH DQDOL]D RSWLPDOQH NRRUGLQ

$QDOL]D GLQDPLNH SURPMHQH VWXSQ@MPRBKLMHQRVD Wt
GLMDJUDPD

I+

I+

EH] SORHNMI@HMEUHG]Q

111



6DGUAaDM

3RpHWQD ID]D + VWDELODQ SROD]QL VWXSDQM SULMHQ

)DID +* RG LQLFLMDFLMH SURPMHQ&ERWIXISQMD GR XND
)DID * RG XNDSPYBRMBEH G&R XNDISFOMMNMD 21&
)D]D + RG XNDSpBRMDBHRTBER UDVWD PRPHQWD PRWRUD

)D]D + RG UDVWD PRPHQWD PRWRUBDYBGRNDYUZHWND X:
=DYUAQD ID]D + VWDELODQ FLOMDQL VWXSDQM SULMHQ
$QDOL]D GLQDPLPNLK HIHNDWD SURRDBDMMWHUXS QM P QSH
XSUDYOMDpPNH VWUDWHJILMH
2SWLPLUDQMH SDUDPHWSBURI XS D CSURW MNNAMH S/UMM B QRMPU

YRUPXODFLMD SUREOHPD RSWLPLUDQMD
.ULWHULML RSWLPLUDQMD

2JUDQLPHQMD

OHWRGD RSWLPLUDQMD

5H]XOWDWL RSWLPLUDQMD SDUDPHWDUD

8]0OD]QD SURPMHQD

6LOD]QD SURPMHQD

3ULVWXS WHPHOMHQ QD UREXVQRP RSWLPLUDQMX SDUD
YRUPXODFLMD SUREOHPD RSWLPLUDQMD

OHWRGD RSWLPLUDQMD

5H]XOWDWL RSWLPLUDQMD

2SWLPLUDQMH SDUDPHWDUD XSUDYOMDUMN 8K LSWHRO DPRPS URP |

YRUPXODFLMD SUREOHPD RSWLPLUDQMD
.ULWHULML RSWLPLUDQMD L ]DMHGQLpPND RJUDQLpPHQM]
8SUDYOMDpPND VWUDWHJILMD $ + LQLFLMDOQD IRUPXODI|
8SUDYOMDpPND VWUDWHJILMD % * ]Q DLPDMIQM 8 RIXPDLRY W

VSRMNL
8SUDYOMDpPND VWUDWHJILMD & * MH®QRVMDYIXL QLK HD
VSRMNL
8SUDYOMDpPND VWUDWHJILMD ' + SRVBBEDQ VOXpDM XSUL

/s



6DGUAaDM

8SUDYOMDpPND VWUDWHJILMD ( + EH] SWRH MNQ M SHUHG ] Q
VSRMNH
OHWRGD RSWLPLUDQMD
5H]XOWDWL RSWLPLUDQMD SDUDPHWDUD
8SUDYOMDpPND VWUDWHJILMD $
8SUDYOMDpPND VWUDWHJILMD %
8SUDYOMDpPND VWUDWHJILMD &
8SUDYOMDpPND VWUDWHJILMD
8SUDYOMDpPND VWUDWHJILMD (
9UHGQRYDQMH SIUYHIEMOOROANH.(KL W WKW H J L M D
VLOD]QD SURPMHQD NRQVWDQWDQ L YLVRN XOD]QL
2VWDOH SURPMHQH V GYRVWUXNLP BREMGWD]RP L GUX.
$QDOL]D RSWLPDOQRJ RG]LYD SRIJRWBR SYRJHYD ]D UD]OLp
SULMHQRVD L NDUDNWHULVWLPpQH VFHQDULMH
VLOD]QD SURPMHQD NRQVWDQWDQ L YLVRN XOD]QL
VLOD]QD SURPMHQD NRQVWDQWDQ L YLVRN XOD]QL
VLOD]QD SURPMHQD OLQHDUQR UDVWXiL XOD]QL P|
6NDODELOQL ]JDNRQ RSWLPDOQRJ XSUDRRMDQMD SURPMHQR
3URPMHQD V MHGQRVWUXNLP SULMHOD]RP
2GUHYLYDQMH IDNWRUD VNDOLUDQMD
3URYMHUD VNDODELOQRJ ]JDNRQD XSUDYOMDQMD 676 S
3UR4LUHQMH VNDODELOQRJ ]JDNRQD RSWHXNCOMIFQMB 676

6LPXODFLMVND SUR]DWRQD FNMHOROXMD@RID 676 SURPMH

XNOMXpXMXuL DQDOL]X UREXVQRVWL
SBURPMHQD V GYRVWUXNLP SULMHOD]RP

'"HILQLFLMD ]DNRQD XSUDYOMDQMD

JRUPXODFLMD SUREOHPD RSWLPLUDQMD

5HIXOWDWL RSWLPLUDQMD

SBURYMHUD VNDODELOQRJ |DNRQD XSUDYOMDQMD '76 SLU

SBURALUHQMH VNDODELOQRJ ]DNRQD >PSUDB Y)XOOMDRYWBD '76




6DGU&DM
6LPXODFLMVND RN3SQRY D} QNRQOEMXDP MHDRBPQMD '76 SU|

XNOMXpXMXuL DQDOL]X UREXVQRVWL

=DNOMXpDN
I[LWHUDWXUD

3ULOR]L
3ULORJ $ + (OHPHQWL YH]QRJ GLMDJUDPD
3ULORJ % + ODWULFH PRGHOD DXWRPDWVNRJ PMHQMDpD SXQ

RND] VSHFLILPpQH UHORFOMHOH]|PBYWUXEB]|®H PDW

B3ULORJ & *= '

aLYRWRSLV
&XUULFXOXP YLWDH

s/




3RSLV VOLND

3RSLY VOLND

Slika 1-1. Osnovne komponente automatskog mgsjgpretvargem momenta i s
planetarnim PrijeNOSNICIMIEA ......c..uuiiiiiieiiie et e e e e e e e e e e e e e s aaannes 2
Slika 1-2. Udio transmisijskih sustava na rditim trziStima u 2011. godini [2] ............ccc..... 3
Slika 1-3. Grafii prikaz poveaanja broja stupnjeva prijenosa za hod unaprijed kroz povijest
razvoja automatskin MJENJA...........oooiiiiiiiiie e e e e e e e e e e e e e e 4
Slika 1-4. Karakteristime faze (a) uzlazne i (b) silazne promjene stupnja prijenosa s
JEANOSIIUKIM PriJEIAZOM ... e e e et ee e e eeeanananne 9

Slika 2-1. Shematski prikaz pogona vozila s automatskim nigenja pretvarggm momenta

Slika 2-2. llustracija strukture pogona viaz (a) shema i (b) vezni dijagram ....................... 18

Slika 2-3. Mapa motora s unutarnjim izgaranjem: (a) 3D prikaz i (b) 2D prikaz ovisnosti
momenta motora o brzini vrtnje i poziciji pedale akceleratora.............ccccvveeiiiienennn. 19

Slika 2-4. Osnovne komponente pretarBNOMENTA ..........uuuueiiiiieeeeeeeeeeeeeeeeeeeeeee e e e, 20

Slika 2-5. Statjxe karakteristike pretvarg momenta: (a) inverz faktora kapaciteta i (b)

prijenosni omjer (POJABRNJE) MOMENTA .......uurrriiiiieeeeieeiiieiti e e e e e e e e e e eeeeas 21
Slika 2-6. Uzduzna stghia karakteristika autOgUIME ...........ccooieiiiiiiiiiiiiiiiiieeee e 22
Slika 2-7. llustracija uzduznogadela dinamike VOZila..............ccccveeiiiiiiiiiiiiiiieeeeee s 23
Slika 2-8. Shema 10-brzinskog AT MJEBRJELO].......eveeeiieeeiiiiiiiii e 24
Slika 2-9. 10-brzinski automatski mjefyga) shema i (b) pripadaji vezni dijagram......... 25

Slika 2-10. Blokovski dijagram strukture modela automatskog migenjgrostoru stanja .. 27
Slika 2-11. Model trenja: (a) podgna statiixa karakteristika i njena realizacija kroz (b)

klasimi, (c) Karnoppov model i (d) dinarfli Dahlov model ............ccccccoiiiiiiiiinnnnn. 28
Slika 2-12. Principni blokovski dijagram cjelokupnog modela automatskog nfgenja

temeljenog na Karnoppovom modelu trenja SPOjKi.........ceueeeeiiiiiiiiiiiiiiiiiieeee e 30

Slika 2-13. Mrtvo vrijeme modela aktuatoragqe u ovisnosti o kapacitetu momenta spojke

Slika 2-14. Vezni dijagram modela 10-brzinskog automatskog njgenja0-sim okruzenju
uklju Juju @i postavke prioriteta kauzalnostielemenata.............cccccevviiiiiiiiiiniieeeeeeeee, 32

Slika 2-15. Simulacijski model pogona vozila u 20-sim programskom okruzenju................... 33

s//



3RSLV VOLND

Slika 2-16. Simulacijski model pogona vozila u MATLAB/Simulink programskom okruzenju 34
Slika 3-1. llustracija procedure za automkdsyeneriranje matrica modela punog reda....... 36
Slika 3-2. llustracija definicije ulaznih i izlaznih vektora modela mj¢ja20-sim

programskom okruzenju za potrebe zaonodela u MATLAB/Simulink ................... 37
Slika 3-3. Profili kapaciteta momenta spojki, momenti spojki, brzina vrtnje SUI motora i

moment izlaznog vratila transmisije za 1-2 uzlaznu PromMjenu .........cccceeeeeveriniceennnnnn. 40
Slika 3-4. Sve promjene s jednostrukim (zeledepstrukim (plavo) prijelazom razmatranog

mjenjaf@ S 10 StUPNJEVA PIIJENOSA .....ceuiieeiiiiiiiiiiiiiiiieie e e e e e e e e e e e e e e e e e e e aanaees 42
Slika 3-5. llustracija stanja spojki u toku-B0silazne promjene s dvostrukim prijelazom..... 43
Slika 3-6. Vezni dijagram modela reduciranog reda za 10-6 pPromjenu.........cccceeeeeeeeeeeeeeeeenn. 44
Slika 3-7. Vezni dijagram modela reduciranog reda implementiran u 20-sim okruzenju ....... 45

Slika 3-8. Vezni dijagram dinamike promjenjednostrukim prijelazom (dvije aktivne spojke)

Slika 3-10. Profili kapaciteta momenta spojki, stvarnin momenata spojki, brzine vrtnje motora
i momenta izlaznog vratila transmisije Za) 3-4 uzlaznu i (b) 5-4 silaznu promjenu
.......................................................................................................................... 54

Slika 3-11. Usporedba vremena trajanja simykaaia puni i reducirani model automatskog
mjenjala i za razne promjene stupnja prijenosa koristé) klasimi model trenja
spojke i (b) Karnoppov model trenja SPOJKE ........cooeiiiiiiiiiiiiiiiiieecceee e 57

Slika 3-12. llustracija potpuno automatskog pristupa modeliranju dinamike automatskog
mjenjaja polazeiiod veznog dijagrama modela punog reda, ukilju i postupak za
reduciranje reda MOUEIA .............oooiiiiiiii e e e e e e e e e e e e e e e eeeeeaeaaaans 58

Slika 4-1. Faze tigme uzlazne promjene s jednostrukim prijelazom ................cccovvvvvvvviiinnnns 61

Slika 4-2. llustracija razvijenog optimizaci alata za optimiranje trajektorija upravljiih
varijabli promjene Stupnja PrijENOSA ..........uuuuueiriiiiiaeaaaiiaiiiiiiee e e e e e e e eeaeeas 69

Slika 4-3. Usporedni rezultati optimiranja upravijgah varijabli 1-2 uzlazne promjene, za
razli [ite pristupe modeliranja trenja SPOJKE ......cccueiiiiiiiiiiiiieee e 71

Slika 4-4. Rezultati optimiranja upravlfiaih varijabli za razlifite scenarije upravljanja 1-2

UZIAZNOM PrOMJENOM ... .ciiiiiiiiiiiieeeieeee ettt s e s e e e e e e e e aaeaaaaaaaaaaaaaaaeeeeeeseesssssssssnnnnnns 73

s/l



3RSLV VOLND

Slika 4-5. Rezultati optimiranja upravlfaih varijabli za 5-3 silaznu promjenu s jednostrukim
011 =1 V4o 1 [P 74.......
Slika 4-6. Vezni dijagram ekvivalentnog DCT modela za analizu 1-2 (2-1) promjene ........... 75
Slika 4-7. Analiza 1-2 uzlazne promjene: (a) ulgdju 1. stupanj prijenosa, (b) momentna
faza, (c) inercijska faza, (d) uklf@n 2. stupanj prijenosa ..........cccccceveeeeeiiininiciiinnnn. 77
Slika 4-8. Vezni dijagram inercijske faze pjene stupnja prijenosa uz primjenu upravljanja
ulaznim momentom za 1-2 UzIlaznu ProMJENU .......cooviiiiiiiiiiiiiieeee e e e e 77
Slika 4-9. Analiza temeljena na metodi veznih dijagrama za 2-1 silaznu promjenu: (a)
inercijska faza i (b) momentna faza ... 78

Slika 4-10. Vezni dijagram inercijske faze promjene stupnja prijenosa uz primjenu

upravljanja ulaznim momentom za 2-1 silaznu Promjenu .............eeeveervrerreeeininnsneeeenns 79
Slika 5-1. Rezultati optimiranja za 8-4 sfau promjenu s dvostrukim prijelazom ................ 84
Slika 5-2. Rezultati optimiranja za 10-6 silaznu promjenu s dvostrukim prijelazom .............. 86

Slika 5-3. llustracija glavnih karakteristika upraviggh strategija za promjenu s dvostrukim
prijelazom realiziranih nametanjem dodatnih faznih ogfanja kod optimiranja
upravljakin Variabli..............ce e 89

Slika 5-4. Usporedni rezultati optimiranja za 10-6 promjenu s dvostrukim prijelazom za
razli [ite upravljafke strategije i razne vrijednosti normiranog tezinskog fakteradi

Slika 5-5. Pareto fronte za radiie upravljafike strategije i za razne vrijednosti teZzinskog
faktora pv (10-6 silazna promjena2 =550 Nm, primijenjeno upravljanje momentom
motora): (a) cjeloviti graf i (b) uvéni prikaz odsjdka istaknutog na (a) ................. 93

Slika 5-6. Pareto fronte za radiie upravljalxe strategije i za razne vrijednosti tezinskog
faktora pv: (@) 10-6 silazna promjena i linearno rasiumoment motora od 400 do
550 Nm i (b) 8-4 silazna promjenai= 550 Nm (upravljanje momentom motora
Primijenjeno U Oba SIRJA)..........ceuuriiiiiiiiiieeee e ——————————— 94

Slika 5-7. Rezultati optimiranja upravlfiih varijabli za 10-6 silaznu promjenu za Strategiju




3RSLV VOLND

Slika 5-10. Rezultati optimiranja upravljih varijabli za 10-6 silaznu promjenu za

SHALEGIU 4 oo a e e e e e e e e e e aa———— 100......
Slika 5-11. Rezultati optimiranja upravljiih varijabli za 10-6 silaznu promjenu za
SHALEGIIU 5 e e e 102......

Slika 5-12. Rezultati optimiranja upravljgh varijabli za 10-6 silaznu promjenu za

SITATEGIU B ...ttt e e e e e e e e s e e e e e e e e e e as 103......
Slika 5-13. Rezultati optimiranja upravljgh varijabli za 10-6 silaznu promjenu s

dvostrukim prijelazom za Strategiju 2 € 550 Nm, primijenjeno upravljanje

momentom motoraup= 1) uklju juju @i podjelu promjene stupnja na karakterigte

Slika 5-14. Vezni dijagrami za analizu dinamjxomjene stupnja prijenosa s dvostrukim
prijelazom za: (a) inicijalnu fazu, (b) Fazu 1, (c) Fazu 2, (d) Fazu 3, (e) Fazu 4, (f)
zavrSnu fazu i za 10-6 promjenu i uprajbjes strategiju 4 ............ceeeeeeeeeenninniniinnnne. 108

Slika 5-15. Vezni dijagram za analizu ingske faze 10-6 promjene uz primjenu: (a)

Strategije 1, (b) Strategije 2 i (C) Strategije 3.....cccoeeeieiiiiiiiiiee e 111

Slika 6-1. Definicija po odsjgima linearnih profila kapaciteta momenata spojki i redukcije
momenta motora za uzlaznu promjenu s jednostrukim prijelazom.............ccccoovvvees 114

Slika 6-2. Definicija po odsjgima linearnih profila kapaciteta momenata spojki i redukcije
momenta motora za silaznu promjenu s jednostrukim prijelazom...........ccccceceeeeiennn. 116

Slika 6-3. llustracija Pareto optimalnin reSenja.......ccccceeeviiiiiiiiiiiiiiiieee e 119

Slika 6-4. Implementacija viSe-kritegg optimiranja parametara u modeFRONTIER
OKIUZENJU ..ottt e e e e e e e e e e e e e e e s 121......

Slika 6-5. Rezultati optimiranja parametara za 1-2 uzlaznu promjenu ..............cccccevvvvvvnnnnnns 123

Slika 6-6. Usporedba odziva pogona tijekom 1-2 uzlazne promjeredyp) dobivenih
primjenom optimalnih upravljih profila (stupanj agilnosti = 5; puna linija) i
optimalnih upravljalkih trajektorija (theria = 445 ms; isprekidana linija) ............... 125

Slika 6-7. Rezultati optimiranja parametara za 2-1 silaznu promjenu ..........cccccceeeeeeeeennnnnnes 127

Slika 6-8. Usporedba odziva pogona tijekom 2-1 silazne promjerre @b) dobivenih
primjenom optimalnih upravlj&ih profila (stupanj agilnosti = 5; puna linija) i
optimalnih upravljalkih trajektorija (theria = 572 ms; isprekidana linija) ............... 128

Slika 6-9. Rezultati robusnog parametarskmgimiranja za 1-2 uzlaznu promjenu............ 132




3RSLV VOLND

Slika 6-10. Usporedba odziva pogona tijekom 1-2 uzlazne promjere(jd) dobivenih
primjenom upravljgkih profila generiranih koristenjem robusnog parametarskog
(puna linija, crna boja) i parametarskog amiranja (isprekidana linija, siva boja) za
razli [pte vrijednosti razmatranih parametara NeSIGUINOST .......ccoovvvveiiiiiiiieeeieeeeeeee, 133
Slika 6-11. Analiza dobivenih rezultata robusnog i standardnog parametarskog optimiranja:
(a) indeksi performansi promjene stuppenosa i (b) distribucije indeksa
PEITOMMIANSI ..eviiiiiiiee ettt e e e e e e e snnnnnnneeeeeeeeeeesneen e i 13
Slika 7-1. Po odsjfgima linearna aproksimacija upravljixih profila aktuatora promjene
stupnja prijenosa s dvostrukim prijelazodefinicije profila kapaciteta momenta
spojki za (a) Strategiju A, (b) Strategiju B, (c) Strategiju C, (d) Strategiju D, (e)
Strategiju E i (g) profil redukcije momenta motora (za sve strategije) ............cc...... 139

Slika 7-2. llustracija odziva brzina klizgnspojki za 10-6 silaznu promjenu (a) te

ogranifenja na predznak brzine klizanja ONC1 spojke za Strategiju E (b) .............. 140
Slika 7-3. Rezultati optimiranja parametara za 10-6 silaznu promj@g50 Nm,

SHALEGIA A) it ——————————— 44...... 1
Slika 7-4. Rezultati optimiranja parametara za 10-6 silaznu promj@w550 Nm,

SrAtEIJA B) .o ————————— 46...... 1
Slika 7-5. Rezultati optimiranja parametara za 10-6 silaznu promj@w550 Nm,

Y=L =T || = ) ISR 48...... 1
Slika 7-6. Rezultati optimiranja parametara za 10-6 silaznu promj@w550 Nm,

SHAEGIA D) ..o 50...... 1
Slika 7-7. Rezultati optimiranja parametara za 10-6 silaznu promj@g50 Nm,

SHAIEGIA E) .ttt 52...... 1
Slika 7-8. Usporedba Pareto fronti dobivenih primjenom ratiti parametarski optimiranih

DTS upravljakih strategija (10-6 silazna promjen@,= 550 NmM)...........ccccevvvrrnnes 154

Slika 7-9. llustracija hipervolumnog pokazateljpokazatelja razapetosti Pareto fronte na
NOrMIranim Pareto frONTAME .........ooiiiiiiiiiei e 157
Slika 7-10. Indeksi performansi promjene stagpijijenosa i pokazatelj razapetosti Pareto
fronte za razliite DTS silazne promjene, rafite DTS strategije upravljanja i za: (a)
konstantan i visok ulazni momer£ 550 Nm), (b) konstantan i umjeren ulazni

moment @ = 250 Nm) i (c) linearno rastii ulazni moment 2= 100 - 550 Nm) .... 159

y/



3RSLV VOLND

Slika 7-11. Usporedba Pareto fronti dobivenih primjenom faiDTS upravljalkih

strategija (8-5 silazna promjen@ = 550 NM) ........ciiiiiiiiiiiiieee i, 161
Slika 7-12. Odziv pogona za 8-5 silaznu promjeBe 650 Nm) dobiven uz primjenu

optimalnih upravljalih profila za upravljgku Strategiju B (al)-(el) i Strategiju C

(a2)-(e2) (pune linije), ukljlju @usporedbu s odzivom pogona dobivenog

optimiranjem upravljgkih trajektorija (upravljajka Strategija 1, odnosno 4;

ISPrekKidane lINIJE) ........u e e e e e e 163
Slika 7-13. Rezultati parametarskog optimiranja za 5-2 silaznu promj2sb60 Nm): (a)

usporedba Pareto fronti dobivenih primjenom rditilh DTS strategija upravljanja,

(b) uvei@dni prikaz odsjdia istaknutog na (a), (c)-(g) odziv pogona za Strategiju C i

odabrano rjesSenje iftria = 511 ms; pune linije), ukljfuju @ usporedbu s odzivom

dobivenog optimiranjem upravljiih trajektorija (Strategija 4; isprekidane linije) 165
Slika 7-14. Rezultati parametarskog optimiranja za 10-6 silaznu promjenu (linearnairg@stu

od 100 Nm do 550 Nm): (a) usporedba Parfebmti dobivenih primjenom razjikih

DTS strategija upravljanja, (b) uvini prikaz odsjdka istaknutog na (a), (c)-(9)

odziv pogona za Strategiju A i odabrano rjeSenjett = 448 ms; pune linije),

uklju Juju @rusporedbu s odzivom dobivenog optimiranjem uprdkifatrajektorija

(Strategija 1; ispreKidane liNij&) .......cccouiiiiiiiiiii i 167
Slika 8-1. Optimalne trajektorije momenta uKkhe spojke (a) i momenta redukcije motora (b)

za dva polozZaja pedale akcelerator&q{= 2500 oKr/min).........cccccvveieiiiiiieenennnnn. 170
Slika 8-2. Ovisnost faktora skaliranja momenta upgispojke i redukcije momenta motora o

polozaju pedale akceleratora i brzini vrtnje motora za 1-2 promjenu: (a), (b) 3D

PriKaz i (C), (d) 2D PIIKAZ .....uuveieeiiiiiiee ettt e e e e ee e 171
Slika 8-3. Aproksimacija faktora skaliranja (a) momenta ujg@uspojke i (b) redukcije

momenta motora sa slike 8-2 polinomimaigg reda za 1-2 promjenu................... 172

Slika 8-4. Blokovski dijagram strukturegulacijskog kruga brzine klizanja ukljpe spojke

Slika 8-5. Definicija pojdanja parametara regulatora u ovisnosti o tijeku inercijske faze . 176
Slika 8-6. Referenca brzine klizanja ukhe spojke u inercijskoj fazi uzlazne promjene s

JEANOSIIUKIM PriJEIAZOM ...t 176
Slika 8-7. Rezultati optimiranja paranaea regulatora brzine klizanja ukljme spojke za 1-2

Promjenu STUPNJA PriENOSA ...cceeieeeeeeeeeiee ettt a s e e e e e e e e e e e aeeeeaeaeeeeeeeeees 178




3RSLV VOLND

Slika 8-8. Distribucije parametara nesigurnosti aktuatorskog sustava i vanjskih p@jerhe
parametara za ispitivanje sustava regulacije 1-2 promjene ..........ccccccvvvvvevneiiiieeeeenn 179
Slika 8-9. Rezultati analize simulacijskih ispitivanja sustava upravljanaj s i bezarijg
regulatora za 1-2 promjenu: (a) indeksi performansi za razne vrijednosti parametara
nesigurnosti i vanjskih parametara i (b) distribucije indeksa performansi............... 180
Slika 8-10. Definicija profila kapaciteta momenta spojki i redukcije momenta motora za
skalabilni zakon promjene stupnja prijenosa s dvostrukim prijelazom ..................... 182
Slika 8-11. Rezultati optimiranja paramegaskalabilnog zakona upravljanja za 10-6
promjenu s dvostrukim prijelazom (10-6 primjer): (a) evolucija rjeSenja tijekom
brojnih iteracija genetskog algoritma, (b) izdvojena Pareto optimalna rjeSenja...... 185
Slika 8-12. Odziv pogona vozila za 10-6 promjenu izvedenu koriStenjem skalabilnog zakona
upravljanja (pune linije), ukljyuju i usporedbu s odzivom dobivenim primjenom
optimalnih upravljalkih profila za razmatrani slij (isprekidane linije): (al)-(el)w#
= 0.8, &o= 1750 okr/min; i (a2)-(e2)p=1, &o= 2250 okr/min...............ccuu..... 188
Slika 8-13. Distribucije parametara nesigurnoskituatorskog sustava spojke i vanjskih
poremeidjnih parametara za ispitivanje sustava upravljanja 10-6 promjene........... 190
Slika 8-14. Analiza simulacijskih ispitivanja za 10-6 promjenu: (a) indeksi performansi za
razne vrijednosti parametara nesigurnosti i vanjskih parametara i (b) distribucije
INAEKSA PEITOIMIANST ...ttt e e e e e e e e e e e e e e e eeeeeeees 191

Slika A-1. KoriSteni elementi veznog dijagrama i pripadajjednadzbe [62] .................... 205

yil1



3RSLVY WDEOLFD

3RSLY WDEOLEFD

Tablica 2-1. Tablica stanja spojki u pojadn stupnjevima prijenosa 10-brzinskog AT

(00T =T aT = v W KO TP PPPPPPRPP 24
Tablica 3-1. Usporedba RMS odstupanja iZmedziva momenta izlaznog vratila

automatskog mjenjia dobivenog simulacijom analiti izvedenog i automatski

generiranog modela mjenfa punog reda za razjike uzlazne promjene s

JedNOSEIUKIM PriJEIAZOM ......ccoiiiiiieee e e e 41
Tablica 3-2. Usporedba numdkie ufinkovitosti i tojmosti modela pogona vozila temeljenih

na modelu mjenj@ punog i reduciranog reda za rajite modele trenja spojke

(rezultati su uprosj¢eni za razne promjene stupnja PrijeNoSa) .........ccueeeeeeeeeeeeeerennnnne 56
Tablica 4-1. Ogranfenja aktivnih spojki vezana uz faze promjene stupnja prijenosa............ 61
Tablica 4-2. Usporedba vrijednosti indeksa trzegezila i energije disipirane u spojkama za

1-2 uzlaznu promjenu i za rafitie scenarije upravljanja i razlite formulacije

FUNKCIJE CllJa ... oot e e e e e e e e e e e e e e e saeaaaes 72......
Tablica 4-3. Usporedba vrijednosti indeksa trzaja vozila za f#elscenarije optimiranja . 80
Tablica 4-4. Usporedba vremena izZgmja optimiranja i stope uspjesnosti za rdied

SCENANE OPLIMITANJA ..ciiiiiiiietee et e e e e e e e e e e e e e e e e e e e e e e e e annnnneneees 81
Tablica 5-1. Dodatna ograrenja vezana uz faze promjestapnja prijenosa za ostvarenje

razli [itih DTS upravljalkih strategija unutar optimizacijskog okvira (vrijedi za 10-6

primjer promjene; ograngnja za pdetnu, momentnu i zavrSnu fazu ostaju ista kao

Sto je definirano U tabliCi 4-1) ... 88
Tablica 6-1. Vrijednosti indeksa trzaja Wz energije disipirane u spojkama za

parametarski optimiranu 1-2 uzlaznu promjenu i za rlistupnjeve agilnosti,

uklju fwju i relativna odstupanja u odnosu na rezultate optimiranja uprgiifa

(V22 L= o) PP PP TPPP PP 124....
Tablica 6-2. Usporedba vrijednosti indeksa trzegezila i energije disipirane u spojkama za

2-1 silaznu promjenu i za ragiie stupnjeve agilnosti............cccceeviiiiiiiiiiiiiii, 126
Tablica 7-1. Usporedba vrijednosti indeksa trzegzzila i energije disipirane u spojkama za

10-6 silaznu promjenu za rafitia trajanja inercijske faze i za rate upravljalkxe

S F= 1T | TR PPPPPPPPP 155.....




3RSLVY WDEOLFD

Tablica 7-2. Rezultati konmog vrednovanja DTS upravlfaih strategija dobiveni

usrednjavanjem vrijednosti pokazatelja performansi sa slike 7-10.............cccccevvvee 160
Tablica 8-1. Pokazatelji kvalitete prilagenosti modela skaliranja momenta ukbe spojke i

redukcije momenta motora za rafie pofetne brzine vrtnji motora .........c.cc....e..e. 173
Tablica 8-2. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upfia¥ja

profila i skaliranih upravljafkih profila za razne radne tixe motora kod kojih se

inicira promjena s jednostrukim prijelazom (1-2 primjer) .......ccccccovviiiiiiiiieiieeeeenenn. 174
Tablica 8-3. Optimalne vrijednosti parametara za izabrano Pareto optimalno rieSenje...... 185
Tablica 8-4. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upitaija

profila i skalabilnog zakona upravljanja za razne poloZaje pedale akceleratora i

po [@tnu brzinu vrtnje motora od 1750 OKI/MIN ... 186
Tablica 8-5. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upfia¥ja

profila i skalabilnog zakona upravljanja za razne polozaje pedale akceleratora i

po [etnu brzinu vrtnje motora od 2250 OKI/MIN..........uuiiiiiii e, 187

ys



3RSLV R]QDND L NUDWLFD

3R

S3RSLV R]QDND

SLV RIQDND L NUDWLFD

2]QDND "HGLQLFD 2SLV
$ ODWULFD LQHUFLMD PRGHOD DXWRPDWVNRJ
Ad P 3RYUSLQD IURQWDOQRJ GLMHOD YR]LOD
ODWULFD LQHUFLMD PRGHOD DXWRPDWVNRJ
Sune UHGD UHGXFLUD®D IRUPD PDWULFH
% 80D]QD PDWULFD PRGHOD DXWRPDWVNRJ P}
ba 1V P RHILFLMHQWYDWOWHEMORMDHBRYWLPQRJI YUI
bhs 1V P .RHILFLMHQW SULJX&4HQMD SRMHGLQDpPQRJ
o 80D]QD PDWULFD PRGHOD DXWRPDWVNRJ PN
UHGD UHGXFLUD®D IRUPD PDWULFH
by 1V P .RHILFLMHQW SULJX4HQMD DXWRPRELOVNFH
Cu .RHILFLMHQW DHURGLQDPLpPNRJ RWSRUD
7 1RUPLUDQD XGDOMHQRVW L]JPHyX GYLMH NUI
IURQWH
- _ 8NXSQD HQHUJLMD GLVLSLUDQD X VSRMNDPI
VWXSQMD SULMHQRVD
f 2SiUD IXQNFLMD PRGHOD WUHQMD VSRMNH
Farag 1 6LOD DHURGLQDPLpPNRJ RWSRUD
fe )XQNFLMD PRPHQWD PRWRUD V XQXWDUQML
Fgrade 1 6LOD RWSRUD XVOLMHG QDJLED FHVWH
F 1 8]GX4QD VLOD QD JXPL VLOD WUDNFLMH
FL 1 8NXSQD VLOD RWSRUD

ys/



3RSLV R]QDND L NUDWLFD

Froll 1
fsenc
fsonc
Jeng
On,ONC
Hc
hi

Hp

ei NJP

hv

ij, g, hy

w NJP

6LOD RWSRUD NRWUOMDQMD

)DNWRU VNDOLUDQMD UHGXNFLMH PRPHQWLI
)DNWRU VNDOLUDQMD PRPHQWD XNOMXpQH
3RMDpDQMH PRPHQWD PRWRUD

3RMDPDQMH NDSDFLWHWD PRPHQWD XNOMX
BULMHQRVQL RPMHU FLOMDQRJ VWXSQMD S|
3ULMHQRWRBBMBDWYHWDUQRJ SULMHQRVQLN
BULMHQRVQL RPMHU SROD]QRJ VWXSQMD SL

BNXSDQ PRPHQW LQHUFLMH PRWRUD L SXPS
PRPHQWD

SULMHQRVQL RPMHU GLIHUHQFLMDOD
1RUPLUDQL KLSHUYROXPQL SRND]DWHOM

(NYLYDOHQWQL SUWM HGERWNH RFFRME-HHAD
UHGXFLUDQRJ UHGD X IRUPL YH]QRJ GLMDJU

ORPHQW LQHUFLMH NRWDpD

JXQNFLMD FLOMD SUREOHPD RSWLPLUDQMD
XSUDYOMDpPNLK YDULMDEOL SURPMHQH VWX

BNXSQR WUDMDQMH SURPMHQH VWXSQMD SU
YLAH NULWHULMVNRJ RSWLPLUDQMD SDUDPF
SURILOD SURPMHQH VWXSQMD SULMHQRVD |
NRG UREXVQRJ RSWLPLUDQMD SDUDPHWDUD

.RULMHQ VUHGQMHJ NYDGUDWD WU]DMD YR]
NULWHULMVNRJ RSWLPLUDQMD SDUDPHWDUL
SURPMHQH VWXSQMD SULMHQRVD RPHNLYDC
UREXVQRJ RSWLPLUDQMD SDUDPHWDUD

ysl//



3RSLV R]QDND L NUDWLFD

BWDQGDUGQR RGVWXSDQMH XNXSQRJ WUDM

] Vv SULMHQRVD + WUHiGL NULWHULM NRG UREXV
SDUDPHWDUD
6WDQGDUGQR RGVWXSDQMH NRULMHQD VUH:
] PV YRJLOD * pHWYUWL NULWHULM NRG UREXVQF
SDUDPHWDUD
; ., 1DMPDQMD YULMHGQRVUD]RQWREIDMH RICONSR Q
t
* EURMD NRORNDFLMVNLK WRpDND
M PV ,QGHNV NRULMHQD VUHGQMHJ NYDGUDWD W
Ka 1P 'RHILFLMHQW DUN@WYRL HODYWLPQRJI YUD\
ke NJPV 3RPRUQL WHALQVNL IDNWRU IXQNFLMH FLOM
. y 3RGHADYDMXiL SDUDPHWDU PRGLILFLUDQRJ
WUHQMD
Kns 1P 'RHILFLMHQW NUXWRVWL SRMHGLQDpPQRJ S|
Ki UDG V 1PDNWRU NDSDFLWHWD SUHWYDUDpPD PRPHQV
Ke. Ki, Ko 3RMDpPDQMD 3," UHIJXODWRUD
K NJP *ODYQL WHALQVNL IDNWRU IXQNFLMH FLOMD
/ (NYLYDOHQWQD PDWULFD PRGHOD DXWRPDYV
/ (NYLYDOHQWQD PDWULFD PRGHOD DXWRPDW
UHG UHG

[ vwLFMOLS LR

Ov G/wLEN

UHGXFLUDQRJ UHGD UHGXFLUDQD IRUPD PD
3RG PDWULFH PDWULFH

ODWULFD YUHPHQVNLK GHULYDFLMD EU]JLQD
PRGHOD DXWRPDWVNRJ PMHQMDpD

%URM SRpHWQLK SURMHNDWD JHQHWVNRJ C

3RG PDWULBDNRRIWMDUREKKYD UMD WNHRWINNH PDWUL
RGJRYDUDMX ]JDWYRUHQLP VSRMNDPD

ysl/l/



3RSLV R]QDND L NUDWLFD

OvoLs LR

Mv,add

Nel

Nel,ctrl

Nctrl

Ndep

Ne

Neng,ctrl

Nin
Nred

Nst

SFwuo

3RG PDWULBDNRIWDUREMKKYD UMD WHRWINNH PDWUL
RGJRYDUDMX NOL]JHULP VSRMNDPD WH XOD]C
YUDWLOX PMHQMDpD

NJ ODVD YR]LOD

NJ 'RGDWQD PDVD YR]LOD
%URM X]JRUDND YHNWRUD NRML VDGU&H YUL]
QHVLIXUQRVWL
%URM YDULMDEOL VWDQMD PRGHOD DXWRPD
PRGHOD DXWRPDWVNRJ PMHQMDpD
%URM VSRMNL PRGHOD DXWRPDWVNRJ PMHC
%URM SDUDPHWDUD XSSWhERMWOMB$ NRXIMYXH N W R L
SURILOH NDSDFLWHWD PRPHQWD VSRMNL
'X&LQD YHNWEURM SDUDPHWDUD NRML VH RS
%URM SROD]QLK HQHUJHWVNL |DYLVQLK YDU
DXWRPDWVNRJ PMHQMDpD

RNU PLQ 3RpHWQD EUJLQD YUWQMH PRWRUD

%URM SDUDPHWDUD XSSWbHERWOMB S NRYIMYXHNW R L
SURILO UHGXNFLMH PRPHQWD PRWRUD

%URM XOD]QLK YDULMDEOL PRGHOD DXWRPI
SHG PRGHOD UHGXFLUDQRJ UHGD
%URM |]IDWYRUHQLK VSRMNL PRGHOD DXWRP

3RG YHNWRU XSUD¥@NPKENRIDGHNW RBSDDDPHW
NRML RSLVXMX SURILOH NDSDFLWHWD PRPH!

8SUDYOMDpPNL YHNWRU NRML VDGUAL SDUDP
SURILOD NRML VH RSWLPLUDMX

yly



3RSLV R]QDND L NUDWLFD

STrOR)

S/NpoO

PDP
Pth
Pw
Ir
I's
rt
R2
Re
Vv
\é

Sratio

T
Tl

TDcI, T,

Dcl
texc,avg
texc,max

texc,min

fexe

NJP

P

3RG YHNWRU XSUD¥@NPKENRIDGHNW RBSODDPHW
NRML RSLVXMX SURILO UHGXNFLMH PRPHQW|

9HNWRU NRML VDGUAL SDUDPHWUH VNDODEL
XSUDYOMDQMD NRML VH RSWLPLUDMX

3RVWRWDN GRYU&HQRVWL SURPMHQH VWXSC
3ROR&DM SHGDOH DNFHOHUDWRUD
1RUPLUDQL IDNWRU SHQDOL]DFLMH HQHUJLN
3ROXPMHU NROXWQRJ ]XSpDQLND
3ROXPMHU VXQpPDQRJ ]XSpDQLND
(IHNWLYQL SROXPMHU DXWRPRELOVNH JXPH
S3ULMHQRVQL RPMHU PRPHQDWD SUHWYDUDY|
BULMHQRVQL RPMHU EUJLQD YUWQML SUHW)
%LQDUQL YHNWRU VWDQMD VSRMNL
9HNWRU SULRULWHWD YDULMDEOL VWDQMD
7UHQXWQL SULMHQRVQL RPMHU EU]JLQD PMF

ODWULFD HQHUMDWYMD EDYLRRGKOD DXWRPD
PMHQMDpD

1RUPLUDQL &RXORPERY PRPHQW WUHQMD
UHPHQVND NRQVWDQWD PRGHOD DNWXDW|
OUWYR YULMHPH PRGHOD DNWXDWRUD VSRI

SBURVMHpPQR YULMHPH L]YRYHQMD VLPXODFIL
ODNVLPDOQR YULMHPH L]YRYHQMD VLPXODF
OLQLPDOQR YULMHPH L]YRYHQMD VLPXODFL

9ULMHPH L]YRYHQMD RSWLPLUDQMD WUDMHN
YDULMDEOL SURPMHQH VWXSQMD SULMHQRYV

yy



3RSLV R]QDND L NUDWLFD

te
tr
ti y tinertia

tinertia,des
ti,end
tinit
TuHe

Tunc éHs
Ts
ts
tshit

tt, torque

8Fo

8Fo uHG

8rL

8RL UHG

8uHc

< < < <

7UDMDQMH ]DYUAQH IDJH SURPMHQH VWXSQ
9ULMHPH WUDMDQMD VLPXODFLMH
7UDMDQMH LQHUFLMVNH ID]JH SURPMHQH VYV
AHOMHQR WUDMDQMH LQHUFLMVNH ID]H

9UHPHQVNL WUHQXWDN X NRMHP ]DYUADYD L
SURPMHQH VWXSQMD SULMHQRVD

QUHPHQVNL WUHQXWDN LQLFLUDQMD SURPI

ODWULFD HQHUMDNUVYNID EDYLFRGKOD DXWRPD
PMHQMDpPpD UHGXFLUDQRJ UHGD UHGXFLUDQ

3RG PDWULFH PDWULFH
1RUPLUDQL PDNVLPDOQL VWDWLPNL PRPHQ\

7UDMDQMH LQLFLMDOQH ID]JH SURPMHQH VYV
8NXSQR WUDMDQMH SURPMHQH VWXSQMD S
7UDMDQMH PRPHQWQH ID]JH SURPMHQH VWX

BURALUHQD PDWULFD EU]LQD NOL]DQMD VSR
DXWRPDWVNRJ PMHQMDpD

ODWULFD EUJLQD NOL]DQMD VSRMNL PRGHOL
PMHQMDpD

ODWULFD EU]JLQD NOL]DQMD VSRMNL PRGHOL
PMHQMDpD UHGXFLUDQRJ UH®Po UHGXFLUDQ

3RG PDWULBDNRMWUREXIKYDUDB NRWNH PDWUL
RGIJRYDUDMX XOD]QRP L LIOD]J]QRP YUDWLOX

SHGXFLUDQD I&UPD PDWULFH

BURALUHQD PDWULFD EU]LQD NOL]DQMD VSR
DXWRPDWVNRJ PMHQMDpPD UHGXFLUDQRJ UH
PDWBLFH

yy!/



3RSLV R]QDND L NUDWLFD

8uHe 8Hs
W PV
<
<e <e, e,
<&
z P
/
02 1P
Us
_Sh
t PV
UDG

%

3RG PDWULFH PDWULFH
8]GX&QD EU]JLQD YR]LOD

80D]QD PDWULFD PRPHQDWD ]D LGHQWLILND
DXWRPDWVNRJ PMHQMDDpD

,]JOD]QD PDWULFD ]D LGHQWLILNDFLMX PDWU
DXWRPDWVNRJ PMHQMDpD

3RG PDWULFH L4OD]QH PDWULFH

+RUL]RQWDOQD GHIRUPDFLMD DVSHULWQLK
PRGHOD WUHQMD X SRGUXpMX GUabDQMD

ODWULFD OLQHDUQH UHODFLMH L]JPHYX QRYL
YDULMDEOL VWDQMD L QRYRL]DEUDQLK YDUI
DXWRPDWVNRJ PMHQMDpD UHGXFLUDQRJ UH

6WULEHFNRY IDNWRU

, ]JQRV UHGXNFLMH RNUHWQRJ PRPHQWD PRW
L]IJDUDQMHP

3UDJ EUU]LQH NOL]JDQMD VSRMNH NRMLP VH D
. D G Vv
GU&DQMD

1RUPLUDQL SRND]DWHOM XpLQNRYLWRVWL ¢
8]GX&QR NOL]DQMH
.XW QDJLED FHVWH
1DJLE FHVWH
)DNWRU SRGHADYDQMD SRMDpPDQMD 3,' UHJ}

(NYLYDOHQWQD PDWULFD PRGHOD DXWRPDW
UHGXNFLMH UHGD PRGHOD

yyll



3RSLV R]QDND L NUDWLFD

GHS

e,PLQ e, PDJ

f,PLQ f,
g
Q,dynj

B max

h PLQh

dq 2LQ

ANe

3s,RMSE

PDJ

PD[

PV

NJ P

i1V P

1P

1P V

1P

1P V

1P

1P

1P

1P V

1P

1P

1P

1P

1P

1P

3RG PDWULFINRMI RIEFAKYDUD WHRWINH PDWUL
RGIJRYDUDMX QRYLP HQHUJHWVNL ]DYLVQLP

%U]LQD VUHGLaAWD DXWRJXPH
* X \Y, w R u D ] U |
ODWULFD PRPHQDWD |[DWYRUHQLK VSRMNL

.RHILFLMHQW KRULJRQWDOQH NUXWRVWL NR
WUHQMD

.RHILFLMHQW SULJX3HQMD 'DKORYD PRGH(
1RUPLUDQL NRHILFLMHQW YLVNR]QRJ WUHQ
2NUHWQL PRPHQW PRWRUD V XQXWDUQMLP
JLPLWL EUJLQH SURPMHQH PRPHQWD PRWR
6WYDUQIL WHR KISQWN H

/LPLWL EUJLQH SURPMHQH PRPHQWD VSRM
.DSDFLWHWWR KS@W N H

'LQDPLPpNL NDSDFW\NHVE PRRH QW D
*RUQML OLPLW NDSDFLWHWD PRPHQWD VSR
/LPLWL EUJLQH SURPMHQH NDSDFLWHWD P|
2NUHWQL PRPHQW HNYLYDOHQWQRJ HODVW
2NUHWQL PRPHQW SXPSH SUHWYDUDpPD PRP
9HNWRU XOD]D PRGHOD DXWRPDWVNRJ PMH
2NUHWQL PRPHQW XOD]QRJ YUDWLOD PMHQ
2NUHWQL PRPHQW XNOMXpQH VSRMNH
2NUHWQL PRPHQW L]OD]QRJ YUDWLOD PMHQ

506 SRJUHAND PRPHQWD L]OD]QRJ YUDWLOTEL

yylll



3RSLV R]QDND L NUDWLFD

2lip

doLs

2/0Ls LR

2iick

2/WLEN

3s

&Fo

&Fo vw

&one
&s

&v

&

1P

1P

1P

1P

1P

1P

UbG

UbDG

UubG

UubDG

UubG

UubG

UubG

< < < < < <

ubG Vv

ORPHQW VSRMNH NRMD NOLAaH
O9OHNWRU PRPHQDWD VSRMNL NRMH NOLaXx

9HNWBSURAELUHQ PRPHQWLPD XOD]JQRJ L L]O
PMHQMDpD

ORPHQW SULPLMHQMHQ QD ]JDWYRUHQX VSR

9HNWRU PRPHQDWD SULPLMHQMHQLK QD ]D\

2NUHWQL PRPHQW WXUELQH SUHWYDUDpPD F
. XW ]DNUHWD SROXYUDWLOD

9HNWRU EU]LQD NOL]DQMD VSRMNL L EU]JLQD
LIOD]QRJ YUDWLOD PRGHOD

9HNWRU HQHUJHWVNL ]DYLVQLK YDULMDEOL
PMHQMDDpD

-HGLQVWYHQL L]OD]QL YHNWRU YDULMDEOL
PMHQMDDpD

9HNWRU EUJLQD NOL]DQMD VSRMNL

9HNWRU EUJLQD NOL]DQMD ]JDWYRUHQLK VST
%U]JLQD YUWQMH PRWRUD V XQXWDUQMLI
%U]LQD YUWQMH SXPSH SUHWYDUDpPD PR
%UJLQD YUWQMH XOD]QRJ YUDWLOD PMH
% U]LQ W HN @ 5 FOMDNVHD
%U]JLQD NOL]DQMD XNOMXpQH VSRMNH
%U]JLQD YUWQMH L]JOD]QRJ YUDWLOD PMF

9HNWRU YDULMDEOL VWDQMD PRGHOD DXWF

9DULMDEOH VWDOQMWMIN NPRIGHAKB QIMDNMWRPUHG XFL
UHGD NRMH RYLVH R YHNWRWYX SULRULWHWEL

yyls



3RSLV R]QDND L NUDWLFD

&v UHG

&y GHs
&st
&

9HNWRU YDULMDEOL VWDQMD PRGHOD DXWR
UHGXFLUDQRJ UHGD

9HNWRU QRYLK HQHUJHWVNL [DYLVQLK YDU
ubG Vv 6WULEHFNRYD EU]JLQD
ubG Vv %U]JLQD YUWQMH WXUELQH SUHWYDUDDPD

'RGDWQD WUHUD QH]DYLVQD YDULMDEOD V'
ubG VDXWRPDWVNRJ PMHQMDpPD UHGXFLUDQRJ UH
GYRVWUXNLP SULMHOD]RP

ubG Vv %U]JLQD YUWQMH NRWDpPpD

yys



3RSLV R]QDND L NUDWLFD

3RSLY NUDWLEFD

$0
&7
"2
'76

*$

02*%$

025

025'2

068,
1/3
2)*
21&
506

676

$XWRPDWVNL PMHQMDp

7UDQVPLVLMD V GY é&ygVDuakCliRdh TvaBdidhoR P
30D QLUDQangl. =RighXMDRperiments

BURPMHQD V GY RV \ahgIXDdudke-Srahkitibhl Shift] R P
*HQHWVN L dn@. GrRngticipdrithm

9LAH NULWHULMYV N LengH RQuitivdbjéttiveDS@rkeRcU L W D P
Algorithm

SHGXFLUDQMH U H/Gdel GreeGReQUDtiorH Q J O

9LAH NULWHULMVNR é&hB BVMNM-Qlijedive Wdbest UD Q M H

Design Optimization
ORWRU V XQXWDUQMLP L]JJDUDQMHP
1HOLQHDUQR $ngRNduDredr BPD@dvhhing
,VNOM X p @iyl \OFRAdihgzlutch
8 N O M X p QeldglVCBNR diiihD clutch
.RULMHQ V U H @rgIVRokt-Meam & ubabeW D

BURPMHQD V MH G Q RAGMSihyI&d TrénsBiohlMifti OD ] R P

yys/



8YRG

B8YRG

ORWLYDFLMD

OMHQMDpP SUHGVWDYOMD VUHGLAQMLD GLL RR ARKMWIB MBI SWILMHQ
SRJRQVNRJ PRPHQWD PRWRUD V XQXWIDH @M B® LLR MHIDXQ MBIJFO LA
SULMHQRVQLK RPMHUD OMHQMDp VHO QDD IYMHJRM § XRVEBR LQG L]
VX > @ SRMDpDWL L SUHQLMHWL REUH\W®LYPRRHAHN R RRIRKUW D!
PRWRUD X] IDXVWDYOMHQR YR]LORU RUWDJMOW KRNED IWRIPRU R B LW ¢
XQD]DG 1DLPH SR]QDWR MH GD 068, QUDIDHQD BIRG QXIHI P 1] DMK
EURMD RNUHWDMD WH GD QH PRJX LEDRYDRVYDWG DY D QN QRYV
YRAQMH L YHOLNLK LQHUFLMVNLK WH ODPSHX BRNWRHWWDIQ &R JIJRR
RVRYLQH NRW D p DGRRIDR WPNRINWIMPL WHD & RRVDODHLD R B UHVO@WR R P HQ W
L UHGXFLUD YLVRNL EURM RNUHW MDVER D RRWQ PDSRWEBE P Q/
VWDOQRP UHGXNFLMRP EURMD RNUHWDMDUDRBFO®RX EEUELIQIR
RSWHUHUHQMD 'D EL VH SXQD VQDHP 8RWRXIDMRRIO|D QI NAR] L1
HNRQRPLpPDQ UDG 068, XJUDyXMX VHQEMQXKR\RRMHVRPURP®M R QM
VWXSQMD SULMHQRVD > @

5DG PMHQMDpPpD VWXSQMD SULMHQRYVD]®RENMHMN. DXOWFOPOVWRA L
DXWRPDWVNH PMHQMDpH > @ .RG SRENDREGRRNWRNX K ORMKHE
SULMHQRVD RNUHWQRJ PRPHQWD LWNRWOPMONVRH >XGNRONM X piH @ B
SURPMHQD VWXSQMD SULMHQRVD LIYRGWUYRQMRIRRGR PDXVIDR RJIDX
PMHQMDpD VNUDUHQLFD $0 SURPMHQD VHNVESRMIDN S N L MRHQHRY
PRJX ELWL V NRQDpPQLP GLVNUHWQLPLK ERAMNRQD NRIQPWVE QK MU
OHYyX WHPHOMQLP L]YHGEDPD DXWRPDWRQ WK GMHPWDMp ¥ D N RND
W U D Q V éngly Cohtihuously Variable Transmission& 9 7 WUDQVPLVLMH V GYRV
V S R Mé&hg .Fbual-Clutch Transmission'&7 L DXWRPDWL]JLUDQHeRJDQXDOQH W!
Automated Manual Transmission$0 7 JOREDOQLP WUALAWHP L GDOMH GRI
PMHQMDpPL V SODQHWDUQLP SULMIDGRVPAOK BD MH VHILINOX VNULC
]D WX YUVWX DXWRPDWVNRJ PMHQMDHWDRGEQRR2YWM QD ® XSWR AL




8YRG

PMHQMDp V SODQMWDBE QLN WL NHQIR & YR @DXW RPDRG/NL PMH
SUHWYDUDpPHP PRPHQWD QDGDOMH X WRGX Y BRGH VNSUDIHR) IRAYE
LIYHGED PMHQMDpPD 2VQRYQH NRPSRQBIRIVENLSSWKWYDUBD RN L
PRPHQWD V SUHPRVQRP VSRMNRP YHiDUGGUR M WLIVAHORMAXKL V3
HOHNWURKLGUDXO DEND V 3\D\P Q ¥ WXCSLD@IWESH L MVAH) RR/G) LI SV D Q L N
XQXWDUQMLP R]XEQRMQMIPD SODQHMB P\WHLNRQ VDQ R D

Slika 1-1. Osnovne komponente automatskog migigj@retvargem momenta i s

planetarnim prijenosnicima - presjei pogled automatskog mjenmZF — 8HP70

8 QRYLMH YULMHPH SULWLVQXWL V¥WHAMWQIRE ISFO ISQURRSD VIL FSIR V
JRULYD WH VWDOQLP WUALAQLP QU MRIM R G HNFR MSLU RN DYNRY DX
EURM VWXSQMHYD SULMHQRVD L GRXpLQNRHLIRERO BRDR Q B XI
VPDQMXMX SRWURZQMX JRULYD L HRDVLMXOXWWWQUR SRYERDQ
VWXSQMHYD SULMHQRVD |]D KRG XQIHSBURM®G N WKISRHYMHS WL ¥
MH UHODWLYQR VSRUR RG SRMDYOMLYDGKEDQIHJERJ DXWRBDYHN
QDNRQ pHJD QDJLE NULYXOMH SR pNLWHDXMDRDIVPEOR SR WWD Q NN
VWXSQMHYD SULMHQRVD L]QDG QBIGGRIQ R VIR G DQM (BNR ¥ DEYUDHM
SDWHQWL EU]JLQUWNLE® PMHE@MPRDRINGI XQHQNRMUWRWWL YHIil
VWXSQMHYD SULMHR@X X GRERNV WS RERHA GM & | RSIRFECRDWHA ¥ R]L O D

VOR&HQLMH XSUDYOMDQMH 1DLPH W MHRWPBRD HNVBRMD LSRN
LOQWHJULUDQL PHK PR NDKWAWKRAMYPR WRIUDVRREDSO V YHOL
EURMHP VWXSQMHYD SULMHQRVD pHMWR REUMDPMQMD \SRX\SUH
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SULMHQRVD SRVHEPMHIQXDVFDOR]QYPiBMRYRMIE XMQLSUL 8 WDN)
SUHVNRPQR VLOD]QLP SURPMHQDPDYRRWH XMNLM DSWLIWIH QDY R B N
SRVHEQR [DKWMH K@D DADO VWY R QIR Y MEWRWH VSRWMINLW LY YRGMHOMD
YL&H GHWDOMD

Slika 1-2. Udio transmisijskih sustava na rditim trziStima u 2011. godin> @

YJRNXV RYRJ UDGD ELW {H YH]DQ XS UDWRLXY RBNRIG VW CBHR M [DY] R MBX N
SRYHUDQMD EURMD VWXSQMHYD S UH MHQLRDPRNL KR/G M B DSR LYK
GHWDOMQR LVSLWDOH PRJXUQRVWIPBRER SR IR Q D DV K [P HDNRHYQ.
WDNYLP PMHQMDpPLPD pHVWR VH NPRQIMWWH BRIVMOLIFR RSWLP DU
PHPX UH ELWL QDJODVDN X RYRP UDGM SYR\&M XS NRIB RIS Q/NM R XU D C
PDWHPDWLpPNL PRGHO SRJRQD YR]LFOMH @UMBpDVUBERIDIMR SW RPp
ELOD QXPHULPNL XpLQNRYLWD SRWEBEHQR MMHERWIWDYPWQLRI
UHDOL]DFLMH NRML VX ]D UD]PDWQRQM WUSMpH) 5 WRIFAVKHFQ D D\
OHWRGH L DODWL PRGHOLUDQMD L WL QW H|H YXNB/ORDLWEUD RE
GHPRQVWULUDMX VH QD EUJLQVNRBLHPNRP WBHIHRMNHIDEX O D $U H
$0
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Slika 1-3. Grafiki prikaz poveaanja broja stupnjeva prijenosa za hod unaprijed kroz povijest

razvoja automatskih mjenfa

'RVDGDaQMH VSR]QDMH

3UHGPHWQR SRGUXpMH PR&H VH SR GLRGHILWID Q Bl HVIU IV MPEKFOHDGN
WH DQDOL]D QMLKRYRJ GLQDPLpNRJ BRQRBORYED S RIS\ URIPUL
XSUDYOMDpPNLK YDULMDEOL $0 V FLSIRVQHDRE B®E H YMOHVIDR X XIS@IR X ¢
WM RSWLPDOQH SURILOH XSUDYOMDWXSR MD BIUM MEH@MIR VD ] \GD
UHDOQLK VXVWDYD XSUDYOMDQMD SOPAFEMMQ RP NRPORG\DP [ YR
X] SRVWL]DQMH UREXVQRVWL QD SURPHN HQR]LSDU IHW DD DF K\
YUHPHQD RGJLYD VSRMNL V DNW X DMVRVRIPA L WOOOLM R RD @ DN HGHH®
GDQ MH X QDUHGQLP RGMHOMEFLPD

1.2.1. Modeliranje dinamike automatskog mjenja

=D SRWUHEH DQDOL]H VLPXODFLMHRP VW WIHRHP VX\QWIDYD PXOs UD
MH SRVWDYLWL RGJRYDUDMXi{H PDW MPDRMIH & M PHRIG H O@ +G-L Q@D P
MH X > @ SUHGVWDYOMHQ PRGHO GLQO\NPQMKpPOM W RPFOGAP\RNGRH)
SUHWYDUDpPD PRPHQWD PMHQMDpPpD WKH PRGXM®H VBRMX YWD QD
PMHQMDpD XRELPDMHQR VH DQDOLWREGNLL K] WRik-hE8P PHOMHP G
diagrams L V QMLPD SRYH]DQLK /DJUDQJHR HHIPK PMMGREIHG § E]Qt K@
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GLMDJUDPD > @+> @ =D PRGHOLURYMMpIOWMDHD R DE 8 \LHEBEDNR)
X VWXSDQM SULMHQRVD LOL VW X® DN)RU D WIR ¥GIMXRX Q/X\S D B
GLMDJUDPD NRML SRUHG WYRUEH PR ®H®HHOR IUKMEEQGR PR
YDULMDEOL VWDQMD L UHGXFLUDQMUL UBE G\CR B RDMIDOM 15 HA H WIRC
GLMDJUDPD ]D PRGHOYUD@YWMH BG B B HRAMRLIG ORIEIHOID @QSUHN
AHVW EUJLQVNRJ $0 VYH GR QDSUHGQRJ EUJLQVNRJ $0

6D VWDQRYLAWD DQDOL]H GLQDPLNHDQXDW RGD SIR VHE YYRIJHVWX M
UD]JYRM PHWRGD NRMH RPRJIXUXMX DXMWRMNRWVWR KJ R Q WHIPUDDHNQL
PRGHOD > @ > @ 8 SRGUXpMX PRG DG MRPONDY DR WRBEHOV N DK
XOWLPDWLYQR SRGUD]XPLMHYDOR JHQHNDpDDSMHR P W IGBD WR |4
ELR PLQLPDOQH UHDOL]DFLMH GDWL XD@& URUBYURR WIRHOHWPWW DPQW
2YDM UDG WDNRYHU SXEOLFLUDQRSXQR @X\ R RBWG/RRULDRG HWDI
DXWRPDWVNRJ PMHQMDpPD SUHGOD&X iJlH ® H WIRWEXQ NDH DAXIMVRHP DAY
PRGHOD SXQRJ UHGD L] YH]QRJ GLMDNWRBE BRWR P PUIDWNFR PG
3UHGORAHQD PHWRGD WHPHOMHQD MNP @D RURIDLFEWNH G VSO N HWL B
VLP SRGU&ADYD PRGHOLUDQMH YH]QLM GQMDPDIM K A LNRBMH XNV
NRQFHSW DXWRPDWV N RSLripdriRGTiddlbb)) DRMD R®8UXiUXMH DXWRPD
LIYRYHQMH VLP QDUHGEL NRULZWHQMHP]YRB7/$RGHMODL XW L
0$7/%%

.DNR MH YHiU GLVNXWLUDQR V SRMDBRPUSEM N QRMDL ISR B LRGIR R
QRYLK YUVWD SURPMHQD VWXSQMDNIPLSIHIQWRY®D |@PU  BRARPNVH:
VH XVOR&QMDYD VLQWH]D VXVWD Y DMXSURINDO W B QUWHD NEDYRPM/IDH G F
LVFUSQLP VLPXODFLMVNLP L RSWLPILJNKLHWIWX & WM 6 L MDPDH:
PRGHOLPD GLQDPLNH DXWRPDWVNRJ ®M HRRNDDY DNVRM E LIVRUIXL EM
VLPXODFLMVNLK XFGDOQORD UHGID UW®BH WH PRI HNRIQ RGQW D Q VW
SULMHQRVD LOL SURFRRQR WW XS REPUSXHLPBRIMNB VB XWHP NR
PLMHQMD UHGXFLUD VWUXNWXUD PRRQMIH®D ¥ X@MHG@ R I RGN
UDPpXQDOQR XPpLQNRYLWLML DOL QNDIVKARR/PEEJURRVM B NVAS R @ 1) IF I B
PMHQMDpPD pLPH VH ]QDpDMQR SRYHUBEQRYXNOREPWLLGBUKIG W
JHQHULUDOL QD NODVLpDQ DQDOLWLpPNL 3UXpQL3 QDpLQ
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.DGD VH DQDOL]JLUD RGUHYHQD SURBMMD DUDW XSIRER G Q L K HNOLF
YH]QL GLMDJUDP WDNRYHU VH UHGXBNVWH XH]PIDNRMH X HR EMIR @
]JDWYDUDQMHP SRMHGLQLK VSRMNLAWHOQ X R 8 WRGRORYLOX PRE
D SROD]HiUL RG UHGXFLUDQRJ GLMDL DRPD LRARDM LV R RGOV WH GS
UHGD PLQLPDOQH UHDOL]DFLMH SMD EBGIR X W B QNI U VIS WA \N D NI X
YDULMDEOL VWDQMD 8 GRMVAVX%S@RMULILWQWHWPIRIGHOD UHGXFL
]D NRULVQLPNL GHILQLUDQR VWDQMMH N SRIRRN HW X VB X\E\W) XIDD &
SUHWHALWRIVUNPQYRGDIID > @ >V\@XIDS SHWHFMMW BB X > @ L
> @ WHPHOML VH QD 3UXpQRM? PRQRIR NUXELQLK POAWMBIWD DX R €
VWXSDQM SULMHQRVD LOL SURPMHQX

8 RYRP UDGX SUH]J]HQWLUDW UH VH PEXYWRGD QMHYUMBQLCP RO B® L
Model Order Reduction method OL VNUDUHQR 025 PHWRGD SUHGVWDYON
DXWRPDWVNL NRQYHUWLUD PRGHO P NHM®RMDpBHGCHEX DR N RJHLGM X
GHILQLUDQR VWDQMH VSRMNL .DGDOQMHVNLR DG ARHQ W LRVD B HNVD R
RVOREDYD NRULVQLND QSU SURMWDWD/QRWBQAMI\FR & B O D WA
SURPMHQH VWXSQMD SULMHQRVD WINP B XR\OOPNDARY BDRIX $IURMHR
VXVWDYD XSUuDYOMDQMD OHWRGD VH MMRBABULKQOPRIRNQBWD
IDWYRUHQLK VSRMNL X PRGHO SURDWR WD QVWDDUIMNRD KXQRYV I H(
YDULMDEOL VWDQMD PRGHOD UHGXFVWDJRIDUPMRE®HOB SXOGRY
.RULAWHQMH 025 PHWRGH X RYRP UH VK UEGXLNRRQ\H$W UWUHD W
VH RQD SURYMHULWL ]D YHUL EURNM SDUMN®@/FRNJL V SWLLpSID M DSIUMRF
DODWD DODWX |D DXWRPDWVNR JHQMHWWDDWM \PHR GHG DL PIWHYQHV
DXWRPDWVNR PRGHOLUDQMH NRML JAQPDOQB RPRIGQ]CEQDR LN
L] YHIQRJ GLMDJUDPD PMHQMDpPpD LP $HORHCPHMQ R VINDFRIHXV S /MR L

1.2.2. Upravljanje promjenom stupnja prijenosa

2SUHQLWR XSUDYOMDQMH $0 XNOMXpPH®MHGF @ HY NBH O MQ IV P|LC
RGUHYLYDQMD RSWLPDOQRJ VWXSQMDY 5 QIMDH QRV DD YW H/ANIN RIFE
XSUDY engiDNitM&heduling L LL XSUDYOMDQMH ]DGDQRP SURPMHQR
W D NW L p Nrigl. shiitjdo@dl 2YDM UDG EDYLW GH VH WDNWLpNRP UD]L
DXWRPDWVNRJ PMHQMDpPD L VOLPQR RRG 'RUTLMMBBMDpPWLSSEp
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RVWYDUXMH SURPWBSRRVAN Y WDDNWD GXYHREMRRMHQBFLYDMHGQRV W |
SULMHOD]RP VNUDeénglBihgle-TanstioHshit VSRMND VSRMND SURPMI
engl. clutch-to-clutch shift LOL LJUDYQRPeURRMBGIRE @ > @ > @
SODQHWDUQL DXWRPDWVNL PMHQMBGDPLLW I VYIH IROVW BYRMISNW P
SURPMHQH X NRMLPD VH SUHVNDpH MHIG®S D@E UJH @XOWLSFD &DRLO ¥
SRVWL]DQMD GREULK VYRMVWDYD YR QR&WYD S UL PQMHIULHGIQN
WUDQVPLVLMDPD V YHOLNLP EURMHRUHERSI@QMHAYHDV S D NN ) RINPD
EURMD VWXSQMHYD SULMHQRVD 1HNRHWVWGOGXWLR SURFMMBOPRF X X
SR GYD SDUD VSRMNL Pengl BcRheDr Mnsitidry hid DOLWADNQWIDI HQR '7 6 ¢
OLWHUDWXUL RYD YUVWD SURPMH QUR FM¥ HWQ D NYRLyadEogHSRH B B VWD
multi-element shit SURPMHQD V péhwl fourteldméntd shit Q @ PRVWUXND VSRMNI
VSRMND Sean@.RdMHIQtEN-to-clutch shit WH QHL]U D YeDdD. isdideRtRIMIH Q D

>@ > @ > @

=D UD]JOLNX RG PDQXDOQLK PMHQMD)pD U DWW FSRIIRW WINLQ P MM
SULMHQRVD EH] SUHNLGD WRND SRJRRBVRHMHQ@MI M WRSMIM G R3O
VWRJD VH PRJX SRGLMHOLWL X pHWRBE M HRQYD BFRGHRSWWHAUHH -H N
QLAaHJ VWXSQMD eadl lpbivdrepR 3pBhifKk YLAD]QD SURPMHQD SRG RSWHI
YLAHJ VWXSQMD é&ndlLpswe@dd\dowvnshif) DAIIOD]QD SURPMHQD EH] RSW
engl. power-off upshit WH VLOD]QD SURP Méhgl.powed-pifRISAMSHIT HB{H Q M D

RYH pHWLUL ED]LR®HVYWXSQI 5 (SRIRMMHD R VO H NHR NeIUYXA M XYAXV W H
QDVWXSDMX SXQR UMHYH SRSXW RWNbDglDdaatdel&UsRPMHQH VW X
SURPMHQH V SURPL MiryQdMangeRPMIRISRIX MVRIPY LAHVW W@BXgNH SURPMH C
multiple shit NRMD VH VDVWRML RG GYLMH X]DVWUWRBIQRMXE 8H RERLMH
QD X]OD]QLP L VLOD]QLP SURPMHQDPIDP 3 RER RS MYHHDHHI V@ M HEPH \

EDJLPQH YUVWH S URPHHRMD VXY X\SHQIM B IBUMVQNHHY 16 RIDPURNM SHUIRUF

8 RSUHP VPLVOX XSUDYOMDQMH ]DGDQRM® G DROPMH QRR OVMX B
WHPHOMQD ]DGDWND L XSUDYOMD QWX » RPHARQWMRHPP VIS\RKNDLM |
PHYyXVREQR VXS UR WNDWHLYQCLNW H [LLLKD D WLDWWR D TDMVHDQ MB]URELWDND |
X VSRMNDPD D WLPH L WUR&AHQMDUDSRMNYH]WISRLRGDEUPQRAL
SRJRQD QSU SR EU]JLQL NOL]DQMDRFBRKRP VWXRQMB 285UM
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GRPLOQDQWQR WHPHOMHQR QD XSUDY ONMWDQINX P IRPHIDNFR P IV YRIM
XYRGL UDGL SREROM&ADQMD NY DO LMNWHWVDH K SWIHYCCRWID@QWID X S@LX
6 GUXJH VWUDQH X QRYLMLP JHQHUP MVW{SRDOMEO SXSMBQEM D G\
VH XSUDYOMDQMHP PRPHQWRP PRWRUDH pEPWQWRH SREROIME B\
> @ > @ > @ ORPHQWRP VSRMNL XSPUDDQMDLR H HSRWUBRBB R
SRGHADYDQMH WODND NRMHJ SRNURKULB LGQOGIMH QD NYLL K DGR X PD
NRMRP VH GMHOXMH QD VSRMNX 3UDEBQRADRLOD]BMEHQRUDDYY
PRPHQW VSRMNH WH VH QD WDM QDpVSRRWNRH X a8 ¥ MMHERGIDERDP
GD VH PRPHQW VSRMNH SURSRUFLRQRPHQWRNRRD®RM W HWL L
engl. clutch torque capacity > @ NRML VH |]DLVWD L RVWYDRIGEMH X NOL
IDWYRUHQH VSRMNH PRPHQW PDQML S§GMWMHHGQDN PRPHQWQRP

,JYRYHQMH WLSLPpQH X]OD]QH SURPME DMHOWL WS QM D HSWILWIH QIR YA
YULMHGL L |D VLOD]QX SURPMHQX NRMDHBURBSUMBYR UH YLHOX D'
QD VOLFL RG NRMLK GUXJD IHWDMWDRYQH BRHG GR B YWHVDUNK
GRGDMX UDGL NRPSOHWLUDQMD V@LSHLMMWMHROWRI SURFHVD SUF

S R p HW @bgll Difi& phase
PR PHQW Qebgll @igDe phase
L Q H U F L Mevig\. inertiaJdbase
] DY U a Q bnglDehid phase

7LMHNRP SRPpHWQH ID]H Lfid phdse ] HNOX.G MHEWD XBOQPORI FLOLQG
VSRMNH SRPLpH VH NDNR EL VH HOLPIROWUD®HS 8O RPH KHB® M NHH |
YUSL SULSUHPD VSRMNH ]D QDGROD]HER NP RPRHIDYQ XG RD $XU LSWUHR
PRPHQWD V LVNOMXpQH QD XNOMXpBRDVORMNK N MQMRMH |
L]JOD]QRJ PRPHQWD VOLND D > R@S BRIPQHLOFH MOMRMHI B L] IGRH
V YL4AH UDJLQH SUHPD QL&RM NRMD R®IRNDUD DR YV2RMR WW XBRA
RVWYDULWL SRGL]DMHPH PRPRMONED X NQBID FEYM.E 8 DM HX GIDJ@ D] Q |
PRPHQWD W]Y LQHUFLMVNL XGDU Q@ID GCRRLRWDI)\EER LJOD &0
LQHUFLMVNRJ XGDUD .DGD MH SURPMH®M® XNIDOG R H/ E Y PLVHRYW W
VSRMND SURFHV SURPRQRYE MW XD IMDHRYWL HDYDLMHG L
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Slika 1-4. Karakteristime faze (a) uzlazne i (b) silazne promjene stupnja prijenosa s

jednostrukim prijelazom

1DJODVDN RYRJ UDGD ELW iH QD NRPSOHMM QDRI 8N BB WHQR
'76 NRMD MH VYRMVWYHQD QDSUHGQLPUSM K QRNCIL N'ZB  FIJKRWILH)
EOLVNX NRRUGLQDFLMX L]PHVX Y H (pHHIWEWUWR MDSIRNW X DLWXROULD Q RLIA
PMHQMDpPD > @ > @ > @ > @ > @ WD \WWMADMDW RaWDD POSRUDY DM
3URPMHQH V GYRVWUXNLP SULMH O D JRPG RRESVR Y b HVi iH GMDH P L 19 B §q
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FLOMHP VPDQMHQMD YUHPHQD RG]L Y0 R0XLH Y RIBHV M DYGRD| LYARD) DQIL
SULWLVNRP SHGDOH DNFHOHUDWR WD NRAM H NLXIEUDWUDD H X
'76 D VD VLPXOWDQLP DNWLYLUDQMH M HHWLHI XNDXR MS BIR NIH G\
VSRMNH QH PR&H MDVQR LGHQWLIURLXOWDWHHVHB X QB B LM V@ I
LPD |D FLOM REMDVQLWL NRPSOHNWHNRPUZBRGX NRRUGLQDELNM

'YD VX RVQRYQD QDpLQD L]YRYHQMD GD6 WH. OIRJRALKQ BEU R K M HXD.
YL&ZH SURPMHQD V MHGQRVWUXNLP BDOR HL]BMPI DX R LE IN VMR
VSULMHPLOR GXJR YULMHPH SURP MMM WDPKS GY.BRSAHQH Q RV D
feel > @ 7DNYD VH SURPMHQD VWRJD 'GROMH |QH WD HYIQULMD R
LIYRYHQMD '76 D XNOMXpXMH VLPXHWMISRMX 8 UD WGND@RR HE M H®
XPMHVWR GYRVWUXNRP SULMHOD]X6 RR PRLOWMQ W MR M BWRX S\
X SRVWRMHURM OLWHUDWXUL N R MM DX NNGRMIXID X M HE B/HHN SXQSHNCRYQE
'76 RP 1D SULPMHU VWUDWHJILMD XSD& OQII@MD R'W 6 RV D P
LVNOMXpPQLK VSRMNL pLPH VH PMBKQWMIDORRBD W NWRW MBM QR IS R/
PMHQMDp VH NUDWNRWUDMQR SUHMNIOGIHQ 8X>Y L@H SDRF HVG'MBE M
ID]D SURPMHQH GHILQLUDQD V RE]LGIRPL K D/ \RNNHIN  MLNORN A It
SXEOLNDFLMH GDMX XYLG X SUDNW LHh QH B W RBMXX\EX\DW D ¥@)XQ M
DQDOL]X L YUHGQRYDQMH UD]OLpUWGK VBYOM O MRV @ LW WV
SUHJHQWLUDQRJ X RYRP UDGX

1.2.3. Optimalno upravljanje promjenom stupnja prijenosa

=D EROMH UD]XPLMHYDQMH RSWLP DO QRN XELQMMP ISEN.RMH SR D 1D
V WLPH SRYH]DQLK VWUDWHJLMD %§UDRSOWLIPQM D Q pliBDV W R N\RH V-
> @ SUHGOD&H SQRP MISQD YRBWMILP D DDW HIPNROM B Q R J UDDP LAY M X
L]IYRYHQMH DQDOLWLpPNRJ ]JDNRQD RWYMDEORQRI|D [DQWYRLUMQDRX
NRQYHQFLRQDOQH SWRWIMPHSQHL WHIDB GRFPRWHD B RV W KX SSAMD SULMI
RSUHQLWR YH]DQD X] SURPMHQX DNXPHOBUDFWMPILYRALBDNK SUI
SURQDOD&HQMH RSWLPDOQH WU D MHNWR U LN YDRJEBOH 8 D>F L@ 15
VH NRULAWHQMH 3RQWU\DJLQRYRJ SYDQFIDSR SAPLQRP & O DKV WY WY N
PRPHQDWD VSRMNL PMHQMDpD SULDRHRPYH MHIE QB K{ QWUF]LDMD V)¢
JXELWNH X VSRMND AR PD R B]H. UYARR DO D PIX X1 ER DMXS\RHMN UD]OLp
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WHALQDPD NRMH VH RGUHYyXMX SULPMGIQRPQ R HQ PWR M W HN ENDI
LVWUDALYDQMD X > @ > @ > @ >R @BVRQO QWPHHES@mM Q LS U OMIPE R
DNWLYQH VSRMNH

8 RYRP UDGX SULPMHQMXMX VH GY DUW HRHPOXMOID BED VWWKBGHR Y
UHDOQRJ ¥gIH®M®D L X SUYRP VH RSWLPLUDMX XSUDYOMDpNI
VWXSQMD SULMHQRVD PMHQMDpD SUWNHIRBRR GN HX GR ¥ S BN VGIR
LL X GUXJRP RSWLPLUDMX SDUDPHWURDSRM®IBDRYMKD SQMH
XSUDYOMDpPNLK WUDMHNWRULMD S RISRWLPQ R P YM BH>N @L W H@ L M N
FLOM SUYRJ SULVWXSD MH GRELYD®QRRDWYBRJXPRISH\Q MIHDQ S FE
NRG VORAHQLMLK SURPMHQD VWXSQMDDSRIOWHYREPRNWHQMD
SULMHOD]RP NRG NMRMNR WH W K WRIYWLMFAR-I®S RRAVENIH P 2R/'SWLPLUD Q
WUDMHNWRULMD XSUDYOMDpPNLK Y DEBIMBrEGarkSRYWDL OIMWD K/ H
SHUIRUPDQVL SURPMHQH VWXSQMDDSBURKWRQRVR UNR MO WHVDR @/
SULPMHQRP GUXJRJ SUDNWLpPQLMHJ SHDOMKXSDQ RIS WL\R UD NG
XSUDYOMDQMD

.RORNDFLMVNH PHWRGH VSDGDMX X K P\MWRGD MXUL]PpBF X IV R_g
NRQWLQXLUDQL SUREOHP RSWLPDO QRR XELPHY] MPQNMQW (SRR
QHOLQHDUQRJ SURWhLD&L Prog@amMbingHlQ3 0> @ 8SUDYOMDpPNH YDU
WDNRYyHU L YDULMDEOH VWDQMD R$LWMXMXRHKH. SRDH QW P LPDH &
SDUDPHWUH NRML VH RSWLPLUDMX 2UQHRGYRM®@ H QIR CORONVDAFR. M
PHWRGH ]D UMH&ADYDQMH ZLURNRJ QUL URE C3HRR NRLPWUP VISE
SULPMHQD SRSXW RQLK X JUDNRSORYKRPWY X@> L@x%W @P RELH
PHWRGH ]DKWLMHYDMX L]UDPpXQDYDQRNFIMDGRNHDO@MWH QMQN
-DNRELMDQD SD SRVOMHGLpPQR RSVEBIDAL] MM MF R U L5 SR E QHRM B Y
GHULYDFLMD IXQNFLMH FLOMD L RWUWPQUPIMMDX S UMD IY ORNID ISIUKL
DXWRPDWVNRJ PMHQMDPD MH RWH&ADQD L DAN@HRYUHPHC
QHOLQHDUQRVWL GLVNRQWLQXLW HR@L VGUAW DIVNH NI IEYUY DQIX N
VSRMNH QXOD 'UXJLP ULMHpPLPD PGRML VAR G B DAL MU MW DVRIE}
4LURNR NRULVWH X UDpXQDOQLP VLRI®DAUMPPR SUBP:M®@Q IR
IRUPXODFLML SUREOHPD RSWLPLUDQMD
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.DGD MH ULMHp R RSWLPLUDQMX X\BWBS QM D SNLKVW Q R MBI NXV R IUW
RYRJ UDGD UD]YLSMXEQL¥FXUDIYRYGO® XPLOQNRFXKQDL QXPHULpPNI
SULVWXS RSWLPLUDQMD XSUDYOMDBNLK HQURI/NHNW RS li M DS SRIE
XSUDYOMDQMD YHULP EURMHP VSRMSIDN 676H GTBR I DEINKD RS ULL NIC
PRGHOD WUHQMD VSRMNH ]D SULP MBIQPMX QRISRADL XL BB QM) U R QR
VXVWDYLPD 8SUDYOMDpPNH WUDMHSO®WR S WM A LYDRPMWID 5 /IS
SVHXGRVSHNWUDOQH NRORNDFLMVNH P$PW ARGV LLAPLS O A PMQNR.L
SDNHWD > @ NRMRP VH PR&H ULM BD¥IOMDRSMI Gl @ EQHPURS N L\F
V QHOLQHDUQLP RJUDQLPHQMLPD YL GRSWLPD@QH @V U DEVLIDNA
XSUDYOMDpPNLK YDULMDEOL VSRMNLWPMNRM B pfoL Q LFPR_R HODVDX UH
WU]DM YR]LOD L JXELWNH HQHUJLMHM LYW X B MP\RARD VAPND MMQNDI\DLD
SULVWXSRP NRML MH SULODJRGOMLY SJIDR® MHMRLP W\F X QM DML
EH] SRWUHEH |D SUHWKRGQLP SR]Q INY\DROUMH/ID R ED MNHDP X ®WIXY B §
SULVWXSD RSWLPLUDQMD UD]YLKRHQ RHRSXPL-PUIUINQ MO DWW RINRA
SURPMHQD V MHGQRVWUXNLP L GY RVNWRINRPWSLPLLNID@DR X S U @
YDULMDEOL KLEULGQH HOHNWULpQH WUDQVPLVLMH V GYRVWU.

SBURILOL XSUDYOMDpPNLK YDULMDE QIR GRHIPWHHQ VR.YW L LUHDQEOMH
NRMLPD VH WLSLPpQR NRULVWH SRMHGQWWWBHBYBWHQDMXU RR VO
SDUDPHWULUDMXPINDRLEHGERM WO WNEK QIOHN R O\DFRMMNL PIRPPRWR U I
SULVXVWYX QHOLQHDUQLK L YUHPHKOWRUDPDVSREELOIQ LRI KD
XSUDYOMDQMD PRPHQWRP PRWRUD XYVURR OX WMRPWQRMWQ RL REQ
XSUDYOMDpPpNH PRPHQWH SURPMHQH WAVXEQIMD VEUWD M H Q R\RI LQMDD
VX pPHVWR NRPSOHNVQLK REOLND S6WDDWYWHKRLPY &R B DY DWQRVAM R A
SULMHQRVD X] SULPMHQX SRMHGQRNKVEDROIMHQPRPHR RGY WIS K
> @ VH SUHGODaH SULPMHQD YL&H INUDOWHL LINNRANRIV B D WBIPH {(
D O J R UdnyV EEBhanced Model-based Multi-objective optimization AlgorithnBULPMHQD
QDYHGHQRJ DOJRULWPD UH]JXOWLUD 3DRMWB URHGNIWDYOMWUP RN
NRPSURPLV L]JPHYX YR]QLK NDUDNW HWWDVENDMHQRR/DHQ R RW Q BY
LVWUDALYDQMH SRQRYQR VH RGQRVNOYMXMWKWDXGMHERIRD SQH BN
VSRMNL
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2YDM UDG WDNRJHU SXEOLFLUDQ XQ>X @ @ DVEGREK®HIMNWHGRT®
GRSULQRVLPD L GHILQLFLMD SR KRSVR HIFD RDY® IGHHDU R HKQOS
SUHWKRGQR SURQ D yBHNDH K WRRSIM. MDD & &/LHO ROUWY QMRM B LERWH Q F L
SRVWL]DQMH SHUIRUPDQVL EOLVNLK SRSMIOFRXGIQIDP SO RISRA H W U/
XSUDYOMDpPNLK SURILOD MH RSUHQQRVYWD ]PpLREOLMN RYUX@R HY RA
XSUDYOMDPNLK SURILOD LLL SUBPQ@ODAHDBLKXVW DD Qb PLHWDR)
V FLOMHP L]JERUD ILQDOQRJ RSWLPDK GRRPWVMIQIHPWERS QMDYS!
RVWYDUHQH SULPMHQRP RSWLPDOQR RKE OLNRDDANM Bp §RK RSWR/
XVSRUHYyXMX VH V RQLPD RVWYDUHQL PR UDQNPIV HXSRIAD YRCEMI B[ N
WUDMHNWRULMD 3DUDPHWUL ORPD LSKR BGWMHPFDP X OR @ RIPU
RSWLPLUDMX SULPMHQRP YL&H NULW H UénglMNIR-Objkti@eH WV NRJ D C
Genetic Algorithm > @ 02*$ ,, MH XNRPSRQLUDQD XQXWDU PRGH)5.
XQXWDU NRMHJ VHRQX ®/ID P DVRSON.L@K Y PIOM B HWR MU PLNQQ VWLPNH
L KHXULVWLPNH PHWRGH NDNR ]D NVUH.GWHRU NNJ V. N/HH BIUNR\ENDHH P\A DR\S
> @ .RQDpPQR L GONRBEBDHDLFMHW BGRIOMINRID RS \WHPN.WIDQHWIWD SDU
SULPLMHQMHQD MH |]D VOXpDM VORBHMQRI KI>XSADY-0MD QWBH 'GR
SRGUXPpMX XSUDYOMDQMD '76 RP NUIRQLFILM®U H/GADM DMH D XS
X QDS UL MG Qeedforward SURILOD XSUDYOMDQMD SURPMHQRP V\
SULSDGDMXiULK IRUPXODFLMD SURE @HP D HRS®/\WPMIIPOMBR S WLLLP L
XWHPHOMHQRJ NYDQWLWDWLYQRJ Y WHGDRWHIQAMD X WMEBR&H U
]JD LJERU VWUDWHJILMD QDMSRJRGH IXWILK DDXSRISWMPDXQ VK S UD
GMHORYDQMD SRMHGLQLK VWUDW RSMLIP INURQ MHHWDOMQX DQD

5REXVQRVW VH VPDWUD MHGQLP RGVSURPD XBILKD YICKWMDMDHWID NRR
VWXSQMD SULMHQRVD DXWRPDWVNRJ NP HROMD KD DWW L@ M-H @Q R
NYDOLWHWX SURPOQIRWMH WRMSOQWH FSLMBMKHSRIG VXKRUQRAQN L Y DL
UD]JQLK SDUDPHWDUD SRSXW PUWYRPHQWBHERRBH.Y.ID NR LE IS
RVLIJXUDOD UREXVQRVW XQDSULMHG@LXKS QMBI ISQD MKEQRWD MD ®
UDGX SUHGOD&H PHWRGD ]D UREXV QR RIS V8 URLUORQ MHD S DY DPUHL
LPD ]D FLOM RVLJXUDWL YLVRNX URPXN\HDRV WW X SOV CSU ISMHHIQ
YDULMDFLMH WHPHOMQLK SDUDPHWDUD VXVWDYD DNWXDFLMH
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3R]QDWR MH NDNR VH XSUDYOMDQMH RXGG DB RPODFR MM HQ RPWPHR
NUXJX pLML MH |IDGDWDN SREROMWD'Y LUDY®IOK \8 R WHPX3IDDMDO M
> @ SUHGVWDYOMHQ FMHORYLWL |DNRBQLNSQRYVYOMBQMDMISQ|
HVWLPDFLMH RNUHWQRJ PRPHQWD DNQWL YNQ@K]DVQESWVRIM NWLS R 8/,N 1L
NRRUGLQLUDQRJ XSUDYOMDQMD PRWRWXRP @WR &U HGEHODREROWM
UHJXODFLMH EU]LQHWYDIMWD WRBERMWMD K BEQRBMIHWWHN 5D]PDW
NRULAWHQMH UREXVQRJ 3, UHJXODWWRWD SIRHGORAHPOR X MREGL
SUHGORAHQL UHJXODWRU LVSLWDQLR® V@ © XO D FX MNORA QGHD SSUARLPN
8> @ VH UD]PDWUD NRULAWHQMHNORBEXYMBH WHRMAEDFNR N E 3R
UHJXODWRUD SURMHNWLUDQRJ SULPWMHMHCERQR VG IQPMWHRN D XN B
SREROMAaDYD WRPQRVW SUDUHQMD UMWMIBIUHRQR FBHHHIWAGDWRMIHB Y[
NOL]DQMD VSRMNH pHVWR VH NRUlJMWIH QDGSHBIGQHK PHIVRDH D
RQLK YH]DQLK X] UHJXODF Lah. skding Gnbde€zarfrolU Ha L@ LPD@ LOL
integrator backsteppingP HWRGH > @

+LSRWH]D

&LOM LVWUDALYDQMD MH SUHGOR&L W IDRRWRW R BN BDX WIRE KMV
PRGHOD QDSUHGQRJ DXWRPDWVNRJ HM&EQIMDH@RW ¥ HW HNW A FEHUGR
PRGHOD SUHGORALWL VLQWH]X RSW LpMHIPO QRO M XY WNDX (DL XCEWUEH
UREXVQRVWL QD XDIDLWDFHWNB UNDHRBEIAMOLI/DWRDWRUVN

THPHOMQD KLSRWH]D UDGD MHVW G DGWH R G RR/Y\DXBEDNNDU R B VEIURT
XSUDYOMDQMD PRAH XQDSULMHGLWPNHN®QKDWLHVDDVXBHO LYOIMD B
VWXSQMHYD SULMHQRVD SRVHELFH GRRBYWURRMPM Q@G MNHXCSEY] R
RGQRVX QD SRVWRMHUH DOJRULWPMXX@D DYRD KRR N2 Q DNGRLM D PLH W
IRUPLUDQLP SURILOLPD XSUDYOMDpPNLK YDULMDEOL

S3UHJOHG VDGUADMD UDGD

ORGHOLUDQMH GLQDPLNH DXWRPDWVNRWWNR GPNRIGHO VU D@ NI@ |
DXWRPDWVNR UHGXFLUDQMH UHGD P RIGVHIDIN LR XPHWILY N R ORSW
DXWRPDWVNRJ PMHQMDpD SUHGODJOM®MMDRBWRE DD QLL KS B!
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RSWLPLUDQMD SDUDPHWDUD WLK SURNR|DpHMNDR LINRMLEEBYRD
UDJUDYHQR MH X GHYHW SRJODYOMOQDXWOMNKXNWEK EDRYRSLV JIF
SRJODYOMD UDGD

'UXJR SR J®bdélitandidinamike pogona vozila2SLVXMH SRVWDYOMHQL PRG!
YR]JLOD NRML VH NRULVWL X VLPX®PFPMBLMVQDB HGREW ISFRJOBYD
ORGHO MH UD]JOR&HQ QD WHPHOMQH NRPBR QS QMMYDRIFHQPRPRI
GLIHUHQFLMDO V SROXYUDWLOLPD RLSRIJRRMN.OIDP NRYMHIRY WJ
GLR RGQRVL VH QD QDSUHGQL E URH@WNKL FORXGNHFOFDD PN N Q NPIME-DQ
UHGD X IRUPL YH]QRJ GLMDJUDPD LN'DH G HSX QRIJ DUHIEDL W LPBIR \
VWDQMD 3UHGVWDYOMHQL VX VLPXODEPMYND $PR/GHO L6 5 R XRID
RNUX&HQMX

7TUHUOH SR A@dnatSkil iHodeliranje i automatsko reduciranje reda modela automatskog

mjenja@ 3UHGOD&aH VH PHWRGD ]D DXWRPDWINRMHOMHIP D BRIW@RJIP
UHGD L] PRGHOD PMHQMDpD X IRUPL YRGQRUPSQMPH QAL D QXDF
XQXWDU VLP L 0$7/$% SURJUDPVNLK RNRUXLYMWQAMD SJUD @ M PPR
YH]QRJ GLMDJUDPD L ]D L]YR] PRGHOD XSB3D/3Y%OMNXUEBWGEO B
SRVWXSDN DXWRPDWVNRJ UHGXFL U DRIOWDQ B HVGADD BRIGIHDDR RN H QPN
7DNR GRELYHQL UHGXFLUDQL PRGHO RRUKXK¥YMWQ W.H 0OQ DESMDWIIHP [
RSWLPLUDQMH XSUDYOMDDPNLK YDWAMDPERLU SRH ¥IMHGWER PDIGHNDHY
SURL]YROMQR ]DGDQL VWXSDQM SULMHQRVD

YHWY UWR 3/Rtddad dtivhifanje upravljiih varijabli promjene stupnja prijenosa

8 RYRP VH SRJODYOMX IRUPXOLUD SYREOMPERAWSOREBDEOKRHE X!
SULMHQRVD WH VH WHPHOMHP UHGX Y OUWMRLKURRKREEDDQ X P HWL
RSWLPLUDQMH XSUDYOMDpPNLK YDULNQ@WORRSWRIWRD DX BRREQ WRYV
RNUXAHQMX 720/$% 2SWLPLUDQMH VH GH YRR BIURY RGH ]DUW A RIt
MHGQRVWUXNLP SUWWHOTHAP DMHMNKEISHD P 00D ROMDSKRERPMHQR
SULMHQRVD X] SULPMHQX GRGDWQHH @QWHP IYBIQ@RL R VGYL.RIWDH Q B P/LS
QD JRUDQ QDpLQ SUHGRPXMX RGQRVH IRNQBWMD XKKSRMMHGQLDWD G
PMHQMDpD DQDOLJLUDMX VH RVQRYQHNRPD [SNRN N HSUH. MHNOXCT
SULMHQRVD
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3HWR SR JOptinvamjel Hpravljakin varijabli za promjene s dvostrukim prijelazom

1DNRQ aWR MH SUHG¥WWYNOWM BDQ DR MBI MHIRYWRUNRDOQIRNB D S|
SURPMHQD VWXSQMHYD SULMHQRVD N SIHIKBEIRAXUHX IQIDP VSOLRAHI
SURPMHQH VWXSQMD SULMHQRVD V GMRVRWUMNALHPQ RUN R Bl IO\DVWRIF
VSRMNH 6 FLOMHP GRELYDQMD XY LEDOMB R SWRIRPWDGEL@IMD KISNUXDO DM
SUHGODaH VH L YUHGQXMH aHVW UD]\DXpLWURWHNURW HIN © 1 )
IRUPXODFLMX SUREOHPD RSWLPLUDQVMB]IDQR ]X¢ RF®PW (50J RP]NDHD
VWXSQMD SULMHQRVD NRMD DOJRUUVWDRERVRMW VA U® D k D QP RRUH
NYDQWLWDWLYQR Y UHGKQ RYDUDWHH IX PO YIMBN @ b pNLRVALKO WNW Q R V' \
SULPMHQMLYRVWL

aHVWR SROgmiMgeMddarametara upravljiih profila promjene s jednostrukim

prijelazom 5H]XOWDWL RSWLPLUDQMD XSUDYRWPPNLKI¥DYOMRE|DL
SURILOLUDQMH SUDNWLPQLK L SULEO®MBOR LK SY\DLUPLOMOODE KL WELDEOM
SR RGVMHpPFLPD OLQHDUQLK NULYXOWDRLpQGRVERDRD/AHWRIEWLPRBI
IRUPXOLUDQLK X SH®DLY O MHD]XNOLW YW U L R AR MPLLYUDRQ M/IH  NKYWIBRW H y X
UH]XOWDWLPD RSWLPLUDQMD WUDKMMWMR®W RRUMD YYOSMO YRS\ pRL
SDUDPHWDUD SURYRGL VH ]|D WHPHOMRGE QR]\OW PXM LIP VSLOLIM B E&
1DGDOMH SURYRGL VH VWRKDVWLpPpSBRUREDX\XER) REANLB hNDIQ M
V FLOMHP GRELYDQMD RSWLPDOQRSRJNEBEWHEM]D DXp M NV X¥DWYL
WHPHOMHQLK SDUDPHWDUD RG]JLYD VSRMNL

6HGPR SR JOpDrYir@ryeHparametara upravljfkih profila promjene s dvostrukim

prijelazom 1DNRQ SUHOLPLQDUQRJ L]JERUD SRIRGDEH DMHIRMWHPD
SULPMHQH RSWLPLUDQMH SDUDPHWDWXNIWPRSRGMHOD ]|FOP SHE
LIYRYHQMH WDNYLK SURPMHQD SUGGOBRKLYDE OD{HDpWU YIHK GHS U (
SURILOD NRMH VX RGUHYHQH WHPHOMB B DXYONIp KGIRKE MY UHINL K 1
SRJODYOMD L QRERWMW D CG@H DYRJH.\WM BLUDL WNIRQALL XB WIXY GMDpN L
RGUHYyXMX VH XSRUDERP YL&H NULVWHWLVMWH RR SMOLIFRLWLID/QMVID R/3H
]D UD]JOLpLWH VFHQDULMH SURPMHELA KN WSURPWMH BHU LMW KBQ RW DV
SULMHOD]RP L ]DFUMHO KSIWDN OGVHD [ITH @ RV UDSWHDIL.®IMDh RH VW UD
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YUHGQXMX V REJLURP QD SDAOMLYR IBHRAXRUBDQML HNRMYDY
DXWRPDWVNL UDpXQDMX L] UH]XOWDWD SDUDPHWDUVNRJ RSW

2VPR SRJCGEkKaMIM Fakon optimalnog upravljanja promjenom stupnja prijenosa

RYRP SRJODYOMX QRPLQDOQL RSWLED®OQRXGCLDOYMMIpPNLLS!
SULODJRYyDYDMX VH YR]DpHYLP NRPDQRD/MND ODW ROWHR JR YIANYRDQ
XSUDYOMDQMD 3RUHG WRJD XSUD YRWDRWHQRRPNOIVKRPSD R WILLL
VXVWDYRP UHJXODFLMH pLPH VH RVMWNORXDMEMDNRKHSIEBLWDOV
SRUHPHUDMQLK YDULMDEOL &MHORWMMKSIOQVWV SVXWXWDH X X WCHFO WD
VLPXODFLMD NRULVWHUOL SULWRP PRI BG®VRWVOIHYORWEKGRR X SR
SRIJODYOMX

'"HYHWR S RZ2AKDKANMHNUDMX UDGD GDQD VX |[DNOMXp@D UD]PDWU
LVWUDALYDQMD NDR L ]QDQVWYHQL GRSULQRVL GRNWRUVNRJ




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

ORGHOLUDQMH GLQDPLNH SRJRQ

6KHPDWVNL GLMDJUDP UD]PDWUDQRFISRIJRQDLNR]LOD SWILNDX
VWUXNWXUX WH NOMXpQH YDULMDEGRHRLQ SYORJD @ B\WUIH \8 R MRQ Y
VOMHGHiULK JODYQLK NRPSRQHQDWD RWHKQRWDPRWRIHU S QHWNI
SROXYUDWLOLPD L SRJRQVNLP NRWDpRPX YL XNLODQ IV G RGO
UHSUH]JHQWLUDQD VX HNYLYDOHQWQLPH®WR @ RQMD [SQULHPWBR 8 W
MHGQDNH EUJLQH YUWQMH OLMHYRRJILJEEBQRD NRW® D @V M Op.L!
SULND]XMH PRGHO SRJRQD X IRUPL YHAQRJI@GLMDLORADS YD YH
GHWDOMD R PHWRGL YH]QLK GLMDJUDPD

Slika 2-1. Shematski prikaz pogona vozila s automatskim nfgenja pretvarg&m momenta

Slika 2-2. llustracija strukture pogonazita: (a) shema i (b) vezni dijagram




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

ORGHOL NRPSRQHQWL SRIJRQVNRJ VXVWDYD

2.1.1. Model Ottovog motora i pretvarg momenta

2WWRY PRWRU MH VWURM NRML S UHRWLD/XDXNRHHPH. MY INoN H QVHDWGBJ 1OV
YR]LOD ORWRU VH X RYRP UDGX RSLVIWIH pNDPRK HMAHHR N Q MWWLQ Y RPUF
PRWRUOQNFLMD SRORADMPnSHHEDQ I H NRUBACHWH WRW R U D

ezfe pth e

)XQONRLEBILQLUDQD MH QHOLQHDUQRP PDSERPX NRSWR NDHXSULNLE
RGQRVQR QD VOLFL 5FREWD FLSWVINNDDGPR B WD PRWRWR LJUD]RP

.. .= S _S

ei e e ec i

JGMR RIMUHWQL PRPHQW SXPSH LPSHOHUD WSHUHHWID PRMDR B R P
GRNeMHNXSDQ PRPHQW LQHUFLMH PRWRUD YPRPARMDMONORP L
22 R]QDpDYD L]QRV UHGXNFLMH PRRRRWD/IPRRBRHDLWR PRA&H

SXWHP XSUDY OM D QMDD NXWIHHR LSFUDH VESRMDINYEDR IR URR YSIREM VLY L LQ
EUJL NDQDOL LOL XSUDYOMDQMHPOUDGRP ]JDNORSH PRWRUD

Slika 2-3. Mapa motora s unutarnjim izgaranjem: (a) 3D prikaz i (b) 2D prikaz ovisnosti

momenta motora o brzini vrtnje i poziciji pedale akceleratora

,]JPHYyX PRWRUD L PWH & M®YRCQLDOPLHEWIQBUHPWPEHQMMDRNUML |DG
>@ L SULMHQRV L SRMDpDQMH RNUXINYRD R R PHRW DVPRWLR Uy
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RSUHQLWR XGDUD NRML VH SUHQRVH VD VWUDQH

PRWRUD SUHPD NRWDpPpLPD L REUDWQR

2VQRYQL GLMHORYL SUHWYDUDpPD PRPHQWD

V X SXPSQR NROR WXUELQVNR NROR

UHDNWRU VD VSRMNRP VORERGQRJ KRGD L

SUHPRVQD VSRMND VOLND 3XPSQR

NROR SUHWYDUDpPD PRPHQWD R]JQDPHQR X

PRGHOX LQGHWWRPR MH VSRMHQR

QD YUDWLOR PRWRUD GRN MH WXUELQVNR NROR
LQGHNNMYUVWR VSRMHOR OD XODIOR

YUDWLOR PMHQMDp p Slika 2-4. Osnovne komponente pretvarenomenta
SUHWYDUDpPp LPD GYD UDGQD SRGUXp WX U.RLR 8RR UWNROIRQRINDU ¥R }
RG SXPSQRJ NROD SUHWYDUDp PRPHGAWD RD B8R PHKR@OU MIMON B F
SRYHUDQMHP EU]JLERJIJYNR@M M PW XQWEBINOHY WH) W Q MOH. DX HESH L WXU
NOLIDQMH SUHWYDUDpPD PRPHQWD WIH \RHN ISIRW Q R 3 & LRRHR WPD ¢
YLVRNLK NOL]DQMIBUM]|DMMD WRUNWWIQDpXPRPBQWDSKRGDXpM
KLGURGLQDPLpPpNH VSRMNH WH SUHY®RD MR PGEHNDMNDOR WBOALN IN D RES R

3UHWYDUDp PRPHQWD RSLVDQ MH (D-PENR® HORLQ L\POLWDWLPNLP N
JGMR: M2 SULMHQRVQL RRMK2 PRAHQONWBU NDRBRLHWD GRN
& & SULMHQRVQL RPMHU EUJLQD YUWQML > @

3UHWYDUDpHP PRPHQWD PR&H VH XSUBX®E MDRWLR R RUH. ZRAVAQNDH
LJUDYQD PHKDQLpPND YH]D L]PHyX PFONRRDB X.OX.ODI@NRH PY 5 D WRK
VSRMNH VPDQMXMX VH JXELFL VWUXMDROWXH@XLGDGWHS SRW Y
RNUHWQRJ PRPHQWD NDR VSRMNH > @ DWYNRILWMHQMIDQO ¥
SUHWYDUDpPHP PRPHQWPRIGHNQWURRRIKSAMR RVQHPY BRMSIRIQ X X
UDGD > @ > @




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

Slika 2-5. Statjixe karakteristike pretvarg momenta: (a) inverz faktora kapaciteta i (b)

prijenosni omjer (pojdanje) momenta
2.1.2. Model sustava prijenosa snageizduzne dinamike vozila

,]JOD]QR YUDWLOR PMHQMDpPD V'S OMHNRGWRES XQ\DWE MW H WHDQ® L MID/DOH|
NRWDpPD QSU X ]JDYRMLPD WH UDY GQIROPMHE UDR ODMH ¥HQLVEIH
3ULWRP GLIHUHQFLMDO XNOMXpNGRVIQ UP GRPBIRIORP E D W.LQIHD YW
QD VOLFL PRGHOLUDQH HNYLY D MKXQRRPRFQWD DNRWL p B 1L A HQMD
NUXWRVWLk 18UGYRNMPWONR YHUL RG RQLK ]D VXDWER SRMHGLQ

lbbhs > @ > @

—:S -
hs_ld osS w

—:S — S
os_ld hs — Id khs hs+b hs hs

JGMBs MKW |IDNUHWD&S RONQUDWLWOQOMB NRWDpD -HGQDGAED JLI
]DSLVDWL NDR

l, W= nSreF,

JGMHSUHGVWDYOMD HIHNWLYQL SROXPMH B DX GRPERE MILONKH J X
LIPHYyX JXPH L SRGORJH YXpQD VLODGDAKXWYD G MHIRGVEHUHWISRK




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

SRGUXpMX VYRMH VWDWLPpNH NDUBRNWHULQWHNQHR YRQRBDQMISF
RSLVDWL VOMHGHULP OLQHDUL]JLUDQLP PRGHORP > @ > @

JGMHdR d: R]QDpDYD QDJLE VWDWLPpNH NDUDNWHWILWWDNHR I X P
RSWHUHUHQ WMWDEIXPRBX VUHGLXMDXARWMRHNOL]DQMH GHILQLUDQR

Slika 2-6. UzduZna stghia karakteristika autogume

ORGHO X]GXéQH GLQDPLNH YR]JLOD RSLVDQ MH VOMHGHURP MH¢
mv,= RSFK

SUL pRiPXUHGVWDYOMDWPEVKLQRIYRPD OD 8NKS®@NOWLODX NRAV SR L
DHURGLQDPH«dwNIRWHBRBR UWNRWSONMDYQRVWDYOMD VH GD MH NRQV'
RWSRU XVOLMHA@ QVOLED FHVWH

F=— ACGV+F,+mgVLQ
F

grade

F

drag




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

SUL pHPXXMMWRUD: [WBNIRHILFLMHQW DMAUWRKS ISRYRILEINID RWIB Q WD C
GLMHOD YRH OBXWDQDJLED FHVWH $NR QLMHVG WH O&pl MHH QUDXMY |

QDJLED RMHAGMIDN QXOL

Slika 2-7. llustracija uzduznog modela dinamike vozila

ORGHO DXWRPDOMWNIRDI PMRI UHGD

2.2.1. Struktura naprednog mjenjda s velikim brojem stupnjeva prijenosa

EUJLQVNL DXWRPDWVNL PMHQMDpSWLP M@ W B DNFUHG/QH. WD R Q
60OLND SULND]XMH VKHPX PMHQMDPDQ MR BIU QLK \SDMWRIQ R \RQ
KLGUDXOLpPNLK ODPHOQLK VSRMNLRGODXQHWQ R GEXSWHDMHARYV QL
sun gear ]XSPDQLND V XQXWDUQMLP R]XEY HigMyea? WRIOXWQL ]
SODQHWDUQLK ]XSPpDQLND SOD @HHgILplavidd trHed L WOLE O/L DIRVDpHP S
SULND]XMH VWDQMP VS/RNIQIM N YS R I RCUMMBI QIR VDEJW] LLLDVNL PMH:
7DNR VX QSU X XW@MKOQRMHQRV G |PAWVYRUHGRN YSRMNWWDELO

VWXSQMX SULMHQRVD ]JDWYRUHQH VSRMNH $SGRPMHQD ' D VW
SULMHQRVD SRWUHEQR MH GDNOB RWXYNRRSMILWLSIR MINXY(R WMMC
XNOMXpQD VSRMND




ORGHOLUDQMH GLQDPLNH SRIJRQD YR]LOD

Slika 2-8. Shema 10-brzinskog AT mjdajae @

Tablica 2-1. Tablica stanja spojki u gajinim stupnjevima prijenosa 10-brzinskog AT
mjenjaja > (@rak prijenosnog omjera definiran je kao recigma vrijednost kvocijenta
prijenosnih omjera danog stupnja prijenosa i prijenosnog stupnja koji mu prethodi, dok X

oznajava zatvorenu spojku)

6wWXsl 3ULMH( . RUDNI 6SRMNH NRMH SUHQRVH PRPHQW

SULMHQ~vg~p
SULMH RPMH RPMH U S ! 0 . ( )

8QDWUDJ
3UD]D(

2.2.2. Vezni dijagram modelautomatskog mjenjda

BOLMHGHUL SULVWXGY \WBSE K HQDXQ MD @XM R DAIMNRILRMHQMDp L
VH RSLVDWL NRULAZWHQMHP PRGHOD IKF]QRE GLR®HODYPIB] BRL
GLMDJUDPD L]JJUDYHQ MH RNR WUR NMX DN\\Y HR DAMNXN W3 D Q HY
SULMHQRVQLND 3ULMHQRVQL RPMBIQ BEDNIRNVVOQRD SUEMHQ®
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h=r/ty, i=

SUL pHRPXVWKHGRP SROXPMHUL NROXWQRJ L VXQGhMQPRUDR®pDQL
LJUDYQR UHIOHNWLUD PHKDQLpN XJGW B XHNGHEEHI ANKHIXMDH ® RWPD  \
WUHQMH VSRMNH L LQHUFLMX 1XSH 5 QH N WLRIND M X RIH.GIRM WRD NN
EUJLQD YUWQML L PRPHQDWD > @ D@V RNRPL]WLRDKJWQLERF
NUDMHYLPD YH]D Y 3ULORJ $ L >H@F LSVRWNDL K NHHD 16 DHSADW B @ 16 H
LQWHJUDOX NDX]DOQRVW WM GD MR PHRGIH G ULN MWXIE DR R GHHOW
DXWRPDWVNRJ PMHQ\OMWDO R WDNUSGEURMAUX PHWLQD ERYLQVI
DXWRPDWVNRJ PMHQMDpPD WH VOLpQRPX HQ@DPD SULPMHUX RV

Slika 2-9. 10-brzinski automatski mjefjga) shema i (b) pripadajiivezni dijagram
2.2.3. Model automatskog mjenj& u prostoru stanja

.RULAWHQMHP PHWRGRORJLMH PRGHO@U @ MIL GH]@D PUG IPM\DLII L/
E PR&H VH WUDQVIRUPLUDWL X VOMHGHUL PRGHO X SURVWRI
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$[ is R CR J OJT =
&,
:[ Fo 0 ]RL i 170 e

fD fE fF 0s i

% 24

T

JGMHEMH PDWULFD LQHMPEM XOBRN MPHDWULFD ]D NRQNUHWD(
EUJLQVNRJ PMHQMMmBpD Y LBLOVDH Q DYP\DMWVBREDRMHOMHQD X GYLMH S
%D9" NRMD PQR&L PRRPHQWH WS)RMSI L %D9H NRMD PQRAL
PRPHQWH XOD]QRJ [2 20 BDDROIL WU p WL @ BULBH]E DJQ HP B XYV M LFWHL O R J X
% RYRJ UDGD 1DNRQ/PBYRYHQMD PDWULFH

4 ° $ %
LIUD] WUDQVIRUPLUD VH X

=, /I 2,

,QWHJULUDQMHP MHGQDGAEH VWDQWR MH Y DBURLEMIY BIGRIM V YM-DNQWRDL
VH NRULVWL ]D RGUHYLYDQMH YHNMRODM EQVLH) B N DQ HD © W\ QABH
L]IOD]QRJ ¥ UBWLOD

&
8% °
:[ FO & ];L_ # 2[&is ;; CR "c oJT
&4 v &
8

JGMH MH8PDWWEFRMRYyHU GDQD X 3ULORJX % .RULaGRAGHQMHP ]DN
VH GRND]DWL Y 3HDRQRR & UNIMNHRGOWRI/IO| M H BRI \WH BIED R J
% ]D NRQNUHWDQ SULPMHU

8 a o
FO
« » T
:8 T«:[ )& » ] % (o] E RE L
X 7

SUL pHPX% U%MKED GRN&X IXP9 SRG YHNWRHLYBBWARGH X
L]JUD]X QD V(B FD\ODGX ZERQIL QU D]D




ORGHOLUDQMH GLQDPLNH SRJRQD YR]LOD

O9HNWRMVH SR SRWUHEL PRAH LVNRULVWLWWIHWYOUHPFUVARKI
YDULMDEOL RQLK NRMH RGJRYDUD MX¥ LNQIHQWE R M VNND R ] CHOGHR&IQ
YH]QRP GLMDJUDPX VD VOLNH E

T_7 T
[ss RS RS c]_ [ is R CR c Ls

& &

ORPHQWL WUHQMD VSR NRGUHY X MXQYHXLY HNUWMRIADX NOL]DQMD V!

YHNWRWBUL pHPX VH NRULVWL PRGHO WUHQMD VSRMNL
=t i {8 % & ()

WH VH SURVOMHVBBXEX YRUDDJR R MRGIBXQNBLMDLPLMHQMHQRP
WUHQMD NRML H ELWL SUHGVW DNRWLHG K QRN TRIQDY RIWR J
WUHQMD SRWUHEQR MH L]UDpXQ DWQMEAUHP ENRMHH \GH PIRYBF LM |

GRELWL GLIHUHQFLUDQRHPEMWHRMHP L]JUD]D

r& ro 8o / Lo2 0 2

&MHORYLWD VWUXNWXUD PRGHOD B&RRRDWWNRG LAIMVDHQB@ B RP KX

Slika 2-10. Blokovski dijagram strukture modela automatskog migwnjgrostoru stanja

ORGHOL WUHQMD VSRMNH

ORGHO WUHQMD VSRMNH SUHGVWDYGMW® B R GLPR GIUODRWUHQ M}
VSRMNL UD]JPDWUDQRJ PMHQMD p DN % ONNDHIG®HIN. HRIG M W@ NI X LWRISHLQUN
UD]J]OLpPLWH QDpLQH UHDOL]DFLMH PRGHOD WUHQMD




ORGHOLUDQMH GLQDPLNH SRJRQD YR]LOD

2.3.1. Stati[xa karakteristika trenja spojke

60OLND D SULND]XMH SRRSUHQX V& DW i@ NeWNDDAULCHNNVE HNUDL W DVNL
PR&H VH RSLVDWL NDR IXQNND®SDFEWHYHD PREREQWMD NSRWBEBMO N
XSUDYOMDpPNX YDULMDEOX VSRMNHVNVRUDDORXR¥MINNMODN KLGUDXO

— — = & a (o]

f h = th+(TsSTc)é/s“ o« V. J Q ¥,
JGN# R]QDPDYD QRUPLUDQL &RXTQR P BRHY PRRPAHL.QM QN UPINAML P C
VWDWLPNL PRPMB W RUPHLQDODL NRHILF&MWID \§ WULVEHRA R R Y DVEHIQ |
/ MH IDNWRU REOLND NRML M REL@Q RS NASHHIFH NKD OQWRFPRQEA X p D N
YUL@HQLL QH X]JLPDMXiUL X RE]JLU YLVNR]Q&RRWOR®HERY GREIHD V

WUHQMD Y LVSUHNLGDQH OLQLMH QD VOLFL D
f h = wlc vV J Q

=ERJ MHGQRVWDYQRVWL D EH] JXELWXDRRWULRDIDFRMWNLFL
VLPXODFLMVNLP VWXGLMDPD SUHGVWRRXMRGER X RYIRP WD KBXN

6WDWLPND NDUDNWHULVWLND WUBQRPQ S QR DG B QLI QWD @ O L L
NOL]DQMD QXOD X Wéngl. SiRiGUWHMXHGNER QMINYD QH PRAH LPSO
VLPXODFLMVNLP L RSWLPL]DFLMVNLPHPRGWOEPMH 5PRG HOLIV W
GLVNXWLUDMX VH X QDUHGQLP RGMMHOM®LP D@D WHPHOMX UDC

Slika 2-11. Model trenja: (a) podgna statiixa karakteristika i njena realizacija kroz (b)

klasimi, (c) Karnoppov model i (d) dinarjki Dahlov model
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2.3.2. Klasi mi model trenja

.ULYXOMD VWDWLpPNRJ WUHQMD SR @UXpMWH GRIED GWD Y PRAHN
LVKRGLAWH &WR UH]XOWLUD W]Y LNOQ@N L\p@LLFPL P R GEH QLR LVE USHD
WM YULMHGQRVB®RSWDYPHWWQD MH NDR NRPSURPLNV LJPHyX \
QXPHULPNH XpLQNRYLWRVINRPRG H/G®IDL]EMHIOD GLVNRQWLQXL
PRGHOD WUHQMD NRG EU]WRHDSRYIS|MDOMDD]PHPHULPND XpLQNR
SUREOHPD RSWLPLUDQMD XSUDYOMDPMNVY Kb QU PREMN®RWIUMED M
PRGLILFLUD 8PMHVWR IGDRWNRYWLRMNR@IMHORP RSWLPL]DFLMVN
VH JODWND L taviR QQNPUMD QDWR X VOXpDMX NRULAWHQRJI &R
UH]XOWLUD PRGHORP LVSUHNLGDQD OLQLMD QD VOLFL E

fon = oale (/V)/DQK

2.3.3. Karnoppov model trenja

.DNR EL VH L]JEMHJOH QXPHULpPNH SR WBIRNWRX H/ WBMIQHN K] WW b
SRGUXPpMX GUADQMD WH RGUHYVHQD H LY PNMHVQR GHNPQ@]M B W HR,
NRULVWLWL .DUQRSSRY PRGHO WUHGOM® Y2 YL.ID\K \P\R G BIPL M X RGD
SRGUXPMHIX NRMHP PRPHQW WUHQMD QH RYLWiL RYUHWIORWLYQ
SULPLMHQMHQRP P RRHQOMHP B QWU VSRNRNO R BE\RY Xp N MIXY XOMH W
_.DUQRSSRY PRGHO PR&H VH RSLVDWL NDR

fsip e VJQ | | 1D

=® —
" = VDWW T LQDpH

SUL pHPX IXQ¥ FIIMD. ¥XOMBIDXOBLQ RN R]QDpDYD PRPHQW SULPLMF
PRPHQW QD |[DWYRUHQX VSRMNX 7DM B pDP RDHRQ WXN R® YOOX W RYF
IULNFLMVNLK HOHPHQWD RG U H y XKV R DL UX-SRDNULHYEXR OROIR & N Q KG
> @ B6OLND SULND]XMH VWUXNWXQUX .PR®RG S RPMRHPQ MG B O
WUHQMD VSRMNL > @ XVS VOLNXQWRRLRENWRUMSIULIR LN I QK M
XOD]QR L]OD]QLK P RP HQ D WIDN P MMH\ONMIKpBRPHQDWDAYMSRMNL NF
LQIRUPDFLMH B ]DWLY RWH@IWFHQLP NOIs]DMX (NAPM\DS R M NIDRADU 4D Q [
NRULVQLpPNL GHILQLUDQRP ELQDUQRP YHNWRUX
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VElsy, ss & & $ §]

9HNWRU SULPLMHQMPREK FRPRDMILWL L] XYMHWD GD VX EU]L
VSRMNL D WLPH L GHULYDFLMH EMH®®DNGLOXD®MD , WD ML Q M-
PDWULFH] L]JUD]D NRML RGJRYDUDMX |DpDWRWHHA VSR
SULSDGDMXiULK GHULYDFLMD EU]LQDHG@UIDG&MD V QXORA P GR
UMHGDYDQMHP NRQDpPQR RGUHYyXMX P&RH HIHWLD DIMDY R URIQU Ky |/ §
YHNWRUD SULPLMHQMHQLK PRPHQDWD PRA&H VH QDiL X RGMHO

.DNR EL ELR SULPMHQMLY NRG RSWL P.DWIRBE RS B RGO D DW N HE
VH XpLQLWL JODYLP SULPMHULFH ONRIWpANMHIXQNFE LMD WR G R RSG
PDOH EUJLQH NOL]D@MD' «X GHRYXWXPMX]ERJ VWUXNWXUQH YD
_.DUQRSSRYRJ PRGHOD JODYHQMH PRGMHDVQERLM IS PHRAILDHR SNDR
WR ELR VOXpDM V JODYHQMHP &RXORPERYHE NDUDNWHULVWLNH

Slika 2-12. Principni blokovski dijagram cjelokupnog modela automatskog ngenja

temeljenog na Karnoppovom modelu trenja spojki

2.3.4. Dahlov model trenja

'DKORY SULVWXS PRGHOLUDQMX WUNDROIQL XPIHXKD QXL |RP]LWD &R
VWDWLpPpNRIJ WUHQMD QD WHPHOMX GREN@GM S R]Q\D WHD Q-NR IR NIRNU
PDWHULMDOD Y > @ > @ L VOLNXYOMEBGHDKP RX\WRIGHROP MU R
> @
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dz = é_z E vV J Q
dt T. © 1
[ = Z+ d_z§_h
dtoT. 1

JGMHKMVRWUL]RQWDOQD GHIRUPDFLMD DVSMDLWQLKINR@WDNDWD
NRHILFLMHQW KRUL]J]RQWDWIY) HRMEX WRNW LNRRQWFDMWOQW SULJXA

=D SRWUHEH SULPMHQH RYRJ PRGHODMMNR® RSMWLP L MB G QD G&EU
'DKORYD PRGHOD PRGLILFLUD V HQNDFPLMWHQRBIME NRWPR Q W L C
IXQNFLMRR WDQK

dz < Z a 0
—= S— ki « W D Q K »
dt Te 4 i,

JGMH VH D UDEHWBWDR NRPSURPLV L]JPHYX QXIPHULPpNH XpLQN

2.3.5. Model dinamike aktuatora spojke

6 FLOMHP GRELYDQMD UHDOLVWLpPpREMM¥KNUR]X®\WBWNDPRDQBISL
NULWHULMVNR RSWLPLUDQMH SDUNBSRWMBNUDSKKEDYROMD p 8 RIG SR
GLQDPLNH VSRMNH XNOMXpXMXiL QMHRR O W KDNRRVLH G QRN MLINYT
RSLVDWL NRPELQDFLMRP pODQD V PUMOML®DY YV HNCH@RFH Q NBHIR SF
UHGD

T

cl hdyn

=S hayn T htéTDcI

JGMH MHHPHQVND NRQVWDQWD PRGHOD
DNWXDWR®D fGRN RBW Y R

YULMHPH GDQR X REOLNX RJOHGQH WDEOLFH X
RYLVQRVWL R NDSDFLWHWX PRPHQWD VSRMNH
% VOLND 8 VOXpDMX NRULAWHQMD
GLQDPLpPNRJ SRGPRGHOD

NDSDFLWHVEqP RPBQWBOPMHVWR

2 X VWDWLpPNL PRGHO . St S ml s

X SUHWKRGQLP SRWSR . . . .
ovisnosti o kapacitetu momenta spojke




ORGHOLUDQMH GLQDPLNH SRJRQD YR]LOD

6LPXODFLMVNL PRGHOL SRJRQD YR]JLOD

SBUHGVWDYOMHQL PDWHPDWLPNL PR GHDXS\RRRDW VINR L PIM HONMILM
QMHJRY VUHGLE&QML GLR PR&aH VH DFSU@MRHP VRINLUD\EH QM UPDO
0$7/$% 6LPXOLQN L VLP RNUXaHQMD

3ROD]QL PRGHO PMHQMDpD X REOLNR &HH VHRQ 05 MHIBIQUROWD D ¥ DQ
SUHQLMHWL WM SRQRYQR UXPpQR WNHQUNNPW K J UKDy HQIHP ERE QX
VWDQGDUGQLK HOHPHQDWD YH]QLK GRWRIXDPOR \PGRIGMWDOLUD Q
NDSDFLWHWD PRPHQWD VSRMNH5XHOBPKHQWAQVUR QIDP X®DFL}
] D P L M H@BMén@). IModulated Resisor HOHPHQWLPD $QDOL]D NDX]DOQRVW
LIYRGL DXWRPDWVNL WM DODW DXWRRHDWFPMHQGIHD) X\PHD G
QH]DYLVQLK YDULMDEOL VWDQMD, GIRQ MG Q RIX\M H. O HUW HRA W 19 IMH |
SULRULWHWD NDX]DOQRVWL > @ LRGLWHNDONVDIGP OO R MR
NDX]DOQRVW SUHIHULUDQD NDXYBIOQRQWLIHBRAWQRQD &D X
VH NDX]DOQRVW GRGLMHOLOD X VNO/DG&X ¥V P RE HEORRPMWDH]QHR B G LL
, HOHPHQDWD YH]QRJ GLMDJUDPD SRQWDWMMHQH VX NDR 4WR

Slika 2-14. Vezni dijagram modela 10-brzinskog automatskog njgenja0-sim okruzZenju

uklju Juju @ postavke prioriteta kauzalnodtielemenata




ORGHOLUDQMH GLQDPLNH SRJRQD YR]LOD

ORGHO DXWRPDWVNRB@MHOMD XD L P EBIRNU MMHGCEOWRY WRY QR SUR
SUHRVWDOLP HOHPHQWLPD SRJRQVNRJNRXVWHYBP H®NLOD Q A
VLPXODFLMVNL PRGHO PR&H VH L]JUDYXAQRQWIIP XD\LIUMD W LY KDHKWM
VLPXODFLMD VLP QXGL L UD]OLpIOALDVSIRSXIODW B yHQ MPY R
VLPXODFLMD SUL pHPX VH YULMHG QR /DG D ERYFR MGG R U YSIDAYD P\ |
RSWLPDOQLK YULMHGQRVWL RGUHVHDLN SDORMFARWSRWDWIRPBO
PLQLPXPD PDNVLPXPD GHILQLUDQH IXQRVMWAVEMAMRV\SURYRQI
OLQHDUL]JLUDQRJ PRGHOD X SURVWRUX VWDQMD LWG > @

,DNR VLP SUHGVWDYOMD PRiDQ DOWWY|D MKRGHHICLLQLD QIVPHX GD E
VWXGLMD SUH]JHQWLUDQLK X RYRP UNGSURRWDF WNR/ RINMUWXH HG R/
PRGHO SRJRQD QD YOWKIHQR JERUYHHMIH BQKNKLEROQRIRVWL
SURALULYDQMH | X\QINPF DRO@DIVMDQ B B WIR MWD GRIADW QLK VEHLSWL
LQWHUDNFLMH V GUXJLP YDQMVNLP RORPAHPWLPOPSDB20V$RSWL
PRGH)5217,(5

%RQG JUDSK PRGHO RI VSHHGEY$7
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Slika 2-15. Simulacijski model pogona vozila u 20-sim programskom okruZenju
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Slika 2-16. Simulacijski model pogona vozilMATLAB/Simulink programskom okruzenju




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KK HQDVDN B

$XWRPDWVNR PRGHOLUDQMH L D
UHGXFLUDQMH UHGD PRGHOD DX
PMHQMDDpD

$XWRPDWVNR JH QHBDUDRGWHOBDXWRPDWVNR
PMHQMDpD

8 SUHWKRGQRP SRJODYOMX PRGHO BWMHQMD EX XRS URNWGUR PR (
PMHQMDpPD RGUHYHQH VX DQDOLWL NP R RU L@ WS QLM piHPPRXHWKR G RIC
DQDOLWLpPNL L]JUD]L GDQL X 3ULORGM @i U.DQINDE LP DM X EFHDARR S Wi
UHGD PRJX VH RGUHGLWL QD DXWRPBWHMESD MDD VP G YR KRIP PSR
DXWRPDWVNRJ PRGHOLUDQMD PMHQ R.DYDP \NNRRFH DVOXD BVMX] LLUQ I H .
LQWHUDNFLML V 0$37/$% RP 2EMH PHWRRGGHHODHLIKXSRG FFHQ@R LU B
X VLP RNUX&HQMX VOLND 3UWD I PMDVWR.GID WBWHQFMD VXV
VLPEROLPNLK MHGQDG&EL VDGU&DQLKLX O$VUSUSVRIWS WD NRRWN
GUXJL SULVWXS SULPMHQMXMH LGHOMNIRM DERXDEHMH PWRIGENO
GLMDJUDPD LPSOHPHQWLUDQRJ X VLPWVNRMHBREKOHQ U DRAY
LOXVWULUDQ MH QD VOLFL 3 U RIF Pl GAGLYPting! Foo®&\W SR PR J Q X W
GRVWXSQRJ XQXWDWJIX¥YXMHD SRRMHVRIBEMHL]UDYRPRODUO0S$7/$%
VNULSWH > @
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Slika 3-1. llustracija procedure za autotasko generiranje matrica modela punog reda

3.1.1. Postupak zasnovan na izvozu mdalé& 20-sim u MATLAB/Simulink

okruzenje

VLP DODW SUXAD| P RRANRY WH]QYR) GISMDVYNDEBWX0SRMD VDG
VLPEROLPNH MHGQDG&EH PRGHOD X GMRVRDRWUX WOVBRGBOB \PF
YH]QRJ GLMDJUDPD VD VOLNH W (B B R EVOH. NSRRYQDHEMHR  FSEMKRY
VOMHGHUH L LPSOHPHQWLUDQMH VPR GH/E XLRWPQRSE B ARG W
L L]JOD]L PRGHOD L LL ]DPMHQD QHPRQHDURSKH]BPEWHQD QD
505 HOHPHQWL HOHPHQWLPD @HYRUDP $iR WL DRPPRRPHXQIWOM H |
FMHORNXSQRJ XOD]QRUEH NWRHOG PRPIHEIOWD 1DGDOMH L]OD
PMHQMDpPD X VLP X GHILQLUDQL W XL 8B RWWDIVFHGIKIQ Do N LEL

9HNWRU EU]JLQD NOL]DQMD VSRMNLYWUBSEQD YUWQML XOD]
9HNWRU YDUKWDBDEOL VWDQMD
9HNWRU YUHPHQVNLK GHW,®DFLMD YDULMDEOL VWDQMD

a ™

O9HNWRU HQHUJHWVN&D|®VYLVQLK YDULMDEOL
=D SRWUHEH L]YR]D PRGHOD X 0$7/$% DNRU®M LI RUPN.W B M KX WDH C
L]IOD]QL YHNWRU={R] QD H Q BEDHR e g
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Slika 3-2. llustracija definicije ulaznih i izlaznih vektora modela mj¢ja20-sim

programskom okruzenju za potrebe izvoza modela u MATLAB/Simulink

3.1.2. Identifikacija matrica sustava imodela sadrzanog u MATLAB skripti

,] VLPEROLPQLK MHGQDG&AEL WM N{GINVDSWBDPRW XLRMH]N QW
817 SXQRJ UHGD PRJX VH RGUHGLWL NWRULWW YD MHPL P H WRLGID V. &
L]YUSDYDQMD XYH]JHQH 0$7/$% VNULSWH KRB RX IV K G D FMLHKY S\WR_G]D
WH VH GRELYHQL XOD]QR L]OD]QIPBWRGDFD RRGHOW H %X GGHQG\L
VXVWDYD LPDM¥% PDNWSRIQRRLFD X MHGR®M BDRFHQ]LML QSU
GRYROMQR MH *SREXGLWL3 VXVWDY L\ W XSRRWILFHOXWD XSYRiG HQMX
GD MH VNXS XOD]QLK SRGDWDND GRXRWWMYRQE RIHDBR EXNMH G RGH
]JDYLVQLP XOD]QLP SRGDFLPD 7DNR B/H"G R R MODWDIBNVWALFED PRP
XOD]QLK PRPHQMQLKYRMNRVBHGFLPD 2YD PDWULFD QH VPLMH
RVLIJXUDYD VOXpDMQLP JHQHULUDQWHP YHDGDHP R Q D WP FSIRW U L EF
VYDNL XOD3QVUDGHNWRUX POWNRAJYUZHQMH VNULSVWH GDMH MH
VOLND PbLPH VH IRUPRYD™IPON] QD WRWERGD VH GLMHOL X pt

SRG PDWULFH VB<VOLNH <:T NEMH, RGIJRYDUDMX%9YHNWRUL

&
GHILQLUDQLK L]JUD]LP®DILYDMXUL VH QD MHBIIDGAEXWULFD PRG
X SURVWRUX RAWD@YMDRGUHGLWL UMHEDYDQMHP DAO/MNMKHEHUHJI V
MHGQDGAEL

&\/K /
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NRML LPD MHGLQVWYHQR UMHAHQMHD PER®GHUINAD G UMM GBIJ LIM H
QHVLQJXODUQD > @& 6w RGR HDXWX LFMHADYDQMHP VOMHGHUL
XVS MHGQDGAEH L

,DN® QLMH NYDGUDWQD PDWULFD MHGLIQVW Y HRRWDWX MM HEH Q

QDOD&HQMHP UHGXFLUDQH UHGpDQ®HEROBRQ¥NH,ERURH SURA],

NRULAWHQMHP ree$ 1M$ONRYMH WH SURYMHUDYDQMHP QMLKRYL

RQD WUHED ELWL JRUQMH LOL GRO@NM B RWXWDLN WH VRDIWWDL F D

8r@ PDWWERRBHOD X SURVWRUX VWDQMD MHGEQODGEED L]UD]DPR:
1DLPH ®BWVWRIDKLUD VH 8]UDYQR L] PDWULFH

(®.,5 8. X X

60OLMHGHUL GHIUQLBL¥M XPPOWWURFSLPRAHLWH GRELWL UMHE&EDY
SULSDGDMXUHJ OLQHDUQRJ VXVWDYD MHGQDGAEL

$/= %

%XGXULQ@MH NYDGUDWQD PDWULFD MHGR@R/Y\QRI PR VAR N M]KaMH
QDODAHQMHP UHGXPLOFIVNH HEBPPOHSHRRYGNGWH@PDIW UL FH
SURYMHUDYDQMHP QMH]LQH VWUXNWXUH

*RUH SUHGVWDYOMHQD PHWRGD Q XPPOIL) LVpHN B LL\GRINRAPL W.RI DR SiHx
AWR XYH]HQD 0$7/$% VNULSWD GHILQL DN RAM WHPLOLWLPWR FAR G
L]IYUADYDQMH RYRJ SRVWXSND MH IYR) QXK EHUURpPMHP R SHW B P HIO N
QH QD VLPXODFLML PRGHOD 2GUHYVHQH]DRU M N WKL piRLLQ MHHIBLAEX WM
L]IYR] PRGHOD X 0$7/$% VNULSWX W UHEDNMPY Wi MW E DAMHKOADD B U R
PRGHOLUDQMD QH PRAH VH L]YUSLWLQHVADMRIMW IRQR DXWRR LT
QDpLQ EDUHP |D NRULAWHQX YHUJLMX VLP SDNHWD
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3.1.3. Identifikacija matrica swstava temeljena na izwenju simulacije

,]JYR] VLP PRGHOD X 0$7/$% VNULSWXHP RS DB LK ESVRHIID WIH\,
VXVWDYD SXWHP NUDWNRWUDMQH VDPSXURLEY R &M QRL R GIREGMHDMNL
YHNWRU PREWI) DODNH 6LPXOMFLM3XWDL]Y UBDY® QDVXPLDp
JHQHULUDQLK YUHPHQVNL LQYDULMBQWHQLK X]MD]@LK YYHNNWRRU F
SRSXQMDYD UH]XOWDWLPD VLPXODFLK®DE LN QRNEPMMKRM B NYKU |
VLPXQDFLMM 80D]QD L L]OD]QD PDW UL FDQRWRIPWH. RIR B R\GMHI
QD LVWL QDpLQ NDR &WR MH RSL\VADY® XMHPHWHEGQGRBRERGMHOI
&LMHOD SURFHGXUD DXWRPDWVNRJ FRIGZMQLLUDOMDRP R E 1O STHS B
VNULSWH OHYyXWLP JODYQL QHGRYVWDXW¥LPKIOW R IGM H WR-HR_FONVE
UHGXFLUDQRM UDpPXQDOQRM XpLQNRRMMRWH JE@H 3RV QHER
YLAHVWUXNLP L]YRYHQMHP VLPXODF IRNED YADRIGWID D] ODRQLMHS BB Y
VLPXODFLMRP XPMHVWR GD VH L]JUDpKGRYDIME L L MDIGYUER QUK \
0$7/$% VNULSWL

3.1.4. Provjera metode za automatsko modeliranje

.DNR EL VH SURYMHULOL SUHGORA&HRD SR WHKGH QIHX WR P/IL\R X G
UD]JQLK SURPMHQ I RWX S QWHIE @ RYWLURDHNIARY B Q MMHIPOPR B OND P M H
SXQRJ UHGD L]YHGHSRID DYEIMH. W L pIN LD ¥XW R P B MPV NPLHPW R& B P D
PRGHOLUDQMD SULND]DQLP X SUHWKRIGR LGPY RIG N UDNIE L [PIDWV I$ UPLH
SUHWKRGQD GYD RGMHOMND 6LPXODFREHOXX WWHRH\OM NS R MN
SRJODYOMH L SRMHGQRVWDYOMHGRR SIUB LLIONP|D QIDFS QDL WEIL
LVSUHNLGDQLP FUYHQLP L SODYLP RIRMH/DHPERE RGO i HQ
ORPHQW PRWRUD MH SRVWDYOMHQ GR MX®R NROWRMD ORDRUD W
NRULVWL 7UDMDQMH VLPXODFLMHXBE&MD VS UIHH RHRROD GADUPIDMS U F

BURPMHQD VWXSQMD SULMH QR Wi QXL NRINDHWHE X |Y. Q B PHQW ¢
PRWRUD GRVH&H YULMHGQRVW RG RNU PLQ

ORGHO PMHQMDpPD SXQRJ UHGD L]YHGHRDWRNRIWHRGHOR LEDYQN
VLPXOLUDQ MH ]D GHYHW X]DVWR S QLK SXJ0M HDLX] RSRJ RE IMYHHEH @
WDEOLFL 7RPQRVW SUHGORAHQLK SURN\GHU B/ RPHD WXV W RL




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

NRULMHQD VUHGQMHJ NeYidh. GROMMe@rRSHuRES U 8V XIS|POINM® RG]LY D
PRPHQWD L]OD]J]QRJ YUDWLOD PMHQMDRpRNRGREREHQRJILVPRBOO
GRELYHQRJ DXWRPDWVNRP PHWRGRP 506 URGNAWKS VQND W DLQ I
SULMHOD]QH SRMDYH SURPMHQH VW)QSNDHLRY B OHAMPH QR@D WM >
VOLND

Slika 3-3. Profili kapaciteta momenta spojki, momenti spojki, brzina vrtnje SUI motora i

moment izlaznog vratila transmisije za 1-2 uzlaznu promjenu

=DYUAQL UH]XOWDWL SULND]DQL VRV W LWBEO RBLY W X SDUDRMM H p@
PRPHQWD GYDMX SULVWXSD PRGHOLUDQ®MR SDBIIPMXAWRIDVSRQ
VH VPDWUD ]DQHPDULYLP RGVWXSD R $ MPH FOHDAMMHDQ SQ I PLLBHHWWL
PDWULED VXVWDYD VLPXODFLMRP VPLWRREHORN MNHIXORUWHGE
RQLP WHPHOMHQLP QD L]YR]X VLP PRGHOD
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Tablica 3-1. Usporedba RMS odstupanja iZmedziva momenta izlaznog vratila
automatskog mjenjia dobivenog simulacijom analihi izvedenog i automatski generiranog

modela mjenjda punog reda za raZfite uzlazne promjenejednostrukim prijelazom

506 SRJUHGND PRPHQWD L]OD]JQRJ YUDWLOD :

,GHQWLILND
WHPHOMHQD QD
3URP Ql PRGHOD X 0$7/%

,GHQWLILNDFLMD WHPHOMHQD
LIYRYHQMX VULPXODFLMH

| | D | B> > B ) > >
> 3> B 3 P > B B o,

SURVMH

ORGHO DXWRPDWMDHPNDRUHPGIHQLUDQRJ UHGD

2VLP PRGHOD PMHQMDpPD SXQRJ UHGD RRGHWOMR WHEYFHUXQR
VWXGLMDPD QSU RSWLPXQDRMLIPPPL DXELMDMLYO MID QWIIQW MO 8 R
SRWSRJODYOMX SUHGOD&X GYLM Hn§ HWRIGHdeU ReEOCHOFLMH UHGTE
VNUDGHQR 025 L NRULAWHQMHP YH]QURGBEMDIQRP U PRD HO
SURYRYHQMHP PDWHPDWLpPNH UHGXNFRM®E& DPH/GIID PRG HOD/$B S O
VNULSW X

3.2.1. Motivacija

.DNR EL VH SRVSMHALOD UDpXQDO QD DXPpM Q NFSYULDAYFOWD [YNL IPRK GVOLF
PRGHO PMHQMDpPD SXQRJ UHGD NRMV H HHGXHG b QWKL RXG IMR-DOMANIX
PYUVWH YH]H NRMH VH XVSRVWDY QM B R KHNQURY L] WD XRUEHLQ VHV % &
RGJRYDUDMX PRPHQWLPD RWYRUHQPKR&3%8MNDLM R XL W RINRM 8 U/RH
VWXSQMD SULMHQRVD WUHEDOL ]DFEMHQMWDRPD UMIGX PLH DALRPMH
PRIJXUQRVW UD]PDWUDQMD L DQDOL]H Y®OHNRIMH QFURROWDIOQRI
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WHPHOMHQRJ QD PRGXOLUDQMX PRPH@WR WSHFGNDNHL L @] YY L@ R GQ
VSRMNH > @ > @

7HRULMVNL ]D UD]PDWUDQL DXW RPNV V NP RINI B NNIRIP & DQIDHA\L WM F
VWDQMD VSRMNL OHyX WLK VWDQMDMDIRWINRGBRY D WB SRRIDN
VWXSQMD SULMHQRVD V MHGQRVWUXNGRN RGRGDMWGLE Y R WWUDX
RGJRYDUD VWDELOQLP VWXSQMHYLPDBILIMHOR LDV W X8 WS B QN
XQDWUDJ Y WDEOLFX L LOXVW®RDEDMKHQDD ¥ OWEID FLMO VWL
W RN X VLOD]QH SURPMHQH V GYR V& U X NLLAV B Q IMNDHIOXD YRWD QNG
SURPMHQH GRN VX VSRMNH ) L ' [IEWWRUBQBONX]LWDEBE&LFXRMH N
WH SURPMHQH NDR L SULMHOD]QH SRINIRWH XN R WLEEEAN D@ R PV AV
PLQLPDOQRP UHDOL]DFLMRP WUHEDHGEELWUDERW IUH GPR G4HXIEX
EL UXpPQR3 L]YRYHQMH EURMQLK PR ®HMDIN UHBXKRWIGRD UBGL
SULNODGQR EL ELOR WDNYH PRGHOH RWUGDBRWL DXWRPDWVNL

Slika 3-4. Sve promjene s jednostrukim (zeleédepstrukim (plavo) prijelazom razmatranog

mjenjaja s 10 stupnjeva prijenosa
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Slika 3-5. llustracija stanja spojki u toku B0silazne promjene s dvostrukim prijelazom

3.2.2. Reduciranje reda modela temeljerna metodi veznih dijagrama

-HGQD RG SUHGQRVWL PRGHOLUDQM DWR®DP LYNH QX WIRLPMNDINW \UND
MHVW MHGQRVWDYQRVW UHGXFLUDQMD WA XMBWRKGHHPRGHO |
VWXSQMHYLPD SULMHQRVD LOL SUR® M HGEIRAN MWXXS QDM U S Q!
]ODpL GD VX QMLKRYH EUJLQH NO D] DXQND D QNHIBNDYO NH S X O D G] DWIB
YH]QRP GLMDJUDPX pLPH VH PLMHQMD W LWW UXNWXDID ¥ RYWNR N\
PRGHOD 6OLND SULND]XMH YH]QL GLWIDJDPPX IBHLRPMHQX) |
GYRVWUXNLP SULMHOD]RP X WRNX NRMEHOVRXVSRMNHKLNX) |DWY
XRPpLWL NDNR VX XNODQMDQMHP SULISBRGDM X SIRS WLH|IDOILQ H U
GHULYDWLYQX NDX]DOQRVW pLPH MHXWISG WRIAHKOD WS XHY® Q)
GLMDJUDPRP PRGHOD SXQRJ UHGD VD VOLNH E
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Slika 3-6. Vezni dijagram modela reduciranog reda za 10-6 promjenu

BURFHGXUD UHGXFLUDQMD UHGD PR GHI®NHP R aH/ L\PH DIDOMADP D&
SROD]QRP VLP PRGHOX PMHQMDpD BRRO I H D N R % L\ANUHLER
VOLND VSRMNH VX ELOH UHSUH L@ WPLRIEHEHNBPOHIE@W Q W L P D
.DNR MH EUJLQD NOL]DQMD ]DWYRUH®@R GH®RM N GOXFEQDRR JQX
]JDWYRUHQH VSRMN H [HHSHPH] ®'\W WA DIQGIHPXH QWL L]YRUD WRND E
QXOD 7DNYLP PLMHQMDQMHP VWUXNW XNBX FORGGHODN D RW B P DN
HOHPHQDWD X VPLVOX UHGXNFLMH ENRMDIEHOHBHQPWHDUYV L)L
PRGHOD UHGXFLUDQRJ UHGD NRML VB WRGAOQERYQ ®B QD VOQBLQ X
RYDM SULPMHU VLP MH XVWDQRIMNR IGOWHU UDQ® X NIV B D QIR
WUH({iHJ UHGD NRMD MHGERGR MEO MBINQD HHQRHEHQEME P D

LPDMX LVWH SRV\DERMNHQ BV IWRU LSAUBIID NUDXY D O/QRNY W] OY VOLN>
SRWRQML MH RGDEUDQ MHU DEHFHGQR SUHWKRGL RVWDOLPD

1DNRQ A&WR VH UHGXFLUDQL VLP PRGRI® REUDIGRG O B LPWHGMIX
PHWRGD DXWRPDWVNRJ PRGHOLUDQRIDU ISRV SRR BD&'1O MB W U L RE
L7 UHGXFLUDQRJ UHGD XNOMXpXM X QLH RROWPRIMHIIR SFFOMUHEIH L Q'
,DNR MH RYD PHWRGD NDUDNWHUL]JLUDREBPRBiHUDKR XEGRKEWULYF
SHUIRUPDQVDPD QMH]LQ JODYQL QHGRNWDNMHAR JR G®RASLX Q/R:
DXWRPDWL]LUDQMD 1DLPH PHWRGDRMHSBBEDGLYB QM O EHRIHPH
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]IDWYRUHQLE&I NSRRINQWH 7R MH ]JERJ WRJD 4WR PNRAXDOQD Y&t
DXWRPDWVNLK SURPLMHQLWL VWUXMBHKRIAXLFRGBQRJI YMIMHM D S

Slika 3-7. Vezni dijagram modela redarog reda implementiran u 20-sim okruzZenju

OHWRGD |]D DXVGRXKFFDWNMQARH MKHHGD PRGHOD

8 RYRP SRWSRJODYOMX SUHGVWDY OB BWHRPOQXPHIRL PG RFHVWR®I
PRGHOD .RQDpPQL FLOM MH JHQHUL U DIPNDHD QPHR GHHDID LY B BIXM H L
SURL]YROMQR NRULVQLpPNL GHILQLR®I®RDVRWDHQMD IS RAKNIR JS B
SURVWRUX VWDQMD NRML MH L]Y HGH® GIQQIP RWE PP WM NRDIH Q'

3.3.1. Odreyivanje momenata zatvorenih spojki

OHWRGD UHGXFLUDQMD UHGD PRGHOD WNURDH®RB URE. YFOHQWR
PRPHQDWD |[DWYRUHQLK VSRMNL L QQDERER PR/ WDQMDD Y D QMXY R
VH YH®YBRUNRML VDGUAL EUJLQH N Ors] R QT PIYW YERURMD HIO N BR §
YHNWRIRML VX MHGQDAHILQUGMM IMHD]RP &G XUL GD YL
EUJLQH NOL]DQMD ]JDWYRUHQLK VS®MNL MHG ®BNMR VK YXQIM |

MHGQDGAEH GRELYD
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Fo P 7 o0 2

JGMH PDWWHEDREXKYDUD RQH UHWNMHD SRONRM. FRIBGNBYPHR DM X
]JDWYRUHQLP VSRMNDPD 3RG@WHWORMKOPDGARA YHNWRWBRML VH
RIQDpDYD,NDXRGXuL GD VH UHGRVOLMHG YDULWID RYIL \X@RXWDU

IDWYRUHQLP VSRMNDPD QD SRG YHNWBS AR Q B QIRAGD Y ]HDNVAY RW +
2o0DOk'™ NRML VDGUAL PRPHQWH SUHRVWDOHIQMD LWHILK VSRI
pbLQHUL LVWRv]D PDWULFX

2 wien °

« »
2\/ [SRIE™ Ya

25
=0 0 2, OuwbB®™M™ 0ol B ™ ™ v o L s

MHGQDGAED PR&H VH ]DSLVDWL NDR

VQILFN %\gLFNSLR SAQBLL 2

VD VOMHGHULP UMHAHQMHP |]D YHNWRWL P/RIP APINRD HWD WRRIU M
VLPXODFLMVNRP PRGHOX WHPHOMHQRGOBLAD .DUQRSSRYRP PRGH

VWLF$ VWLFN Q/OLS LR VQLS LR 2

+

=D UD]PDWUDQL POM W ®WHDWL @DNOWBILFPD |D@ SD SRVOMHGLPQR M

QHPD UMH&HQNDI) MMH KX WRMHRFW XY RYHQHUSRMRE BIMDNWLp
]JODPHQMH WH VH PR&H VPDWUDWL ]BRMNQMHRGR R PNSFORHERLH)D\W D
025 PHWRGH

3.3.2. Varijable stanja i ulazna matrica prdsra stanja modela reduciranog reda

.DNR EL VH RGUHGLOD UHGXFLUPRDGHADPD XODV YR PO W WIDKH
MHGQDGAERP SRODGQ M POMHUQBIMH X GYLMH SRG PDWULF

=1 VWLFV\/ ilVOLS//NQWBZTth [voL® a}ﬁnm nst

.RPELQLUDQMHP MHGQDGAaEH V MHKGRBP]JGYERRGQDGWHEL X]LF
NRQDpPQR VH GRELYD
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Vz&‘ VWLé_N/ VOﬂ-S LR @Ssl nli_nR nSt2

.DNR VH UHG PRGHOD UHGXFLUD X]LPWMXNDXRREH WHOBWFRWH
YDULMDEOL VWDQMD VYL VIHGF LQ IGRE IOLHHD PORV QB YLV QL
UHGXFLUDQrd PRBGHGIRELWL RGUHYLYDQMHP UDQJD PDWULFH

n,=UDQJ

.DNR VH LVSRVWDYOMD GD Uhi& PRGROROWMDERF MUBIBQREG & EXG D
SRVWRML &8HVW VWWDQMD VSRE@NLD QRWMH MH UHG PRGHOD UHG
GHILQ DQ 7DNYH NRPELQDFLMH VWDQMIXSNS RMEUDW MHBD K X
VWDQMD

=D SRWUHEH RGDELUD YDULMDEOLWWBQMIRO©RETHXDYDHGE XBLEWD
L] MHGQDGAEH LRULYWHHA\WRUY BGHIDEOUDVWD RED/WUDQH NRULYV

\é: Sc Sk Scr Sy SpCi 01/4

NDR SURL]YROMQL SHUWXUELUDQLPXNXIBQWMMDXBOLMHGQRVW ]QE
SULRULWHW X RGDELUX VWDQMD P R/GHODR U B GBS RANDQARK WDH G [
YDULMDEOL VWD QWIDN®RWHQOWDQXMEP RRRGHGD U H®RG YHDN@RU Q
HQHUJHWVNL ]D VY&,V Q&KyNd dJBMDENRQ WDNYH SRGLMHOH YHNW

VWDQMD BDWOLFWD]RP PR4&H VH SRGLMHOLWL X GYLMH S
a o
UHG
o« »
- « »
ch$ A

$NR YULMHGd UDQ@Jhe«s L]JERU YDULMDEOL VWDQMD PRGHOD UHG
QD YHNWRUX SULRULWHWD VWDRG®IOFIMJH QRRIAWWHGEDL % U RWHV R
[y GedHmn int GRELYD NDR

UHg UHG
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$NR MH UDQJ+RIDMUWLIFIRG UDQJD]PBPMUHLFMH QRYL YHNWRU YDUL
LOQNUHPHQWDOQR IWWAKEW RPU GH. R/ 15 IS RRF G M LS RQID \YGRMWDVX QH ]D
XYMHWyWDQDQJ

1DGDOMH XYRGDIVHIHDWRNMND XVSRVWDYOMD OLQHDUQX UHO

HQHUJHWVNL |D&LAMEPR YDQRWROLHDEUDQLK YDULMDEOL VWDQMEL
U H &Du @

vei® vuns = &

ODWUEFP Med Hed  VH GRELYD UMHADYDQMHP VOMHGHUHJ VXVWL
MHGQDGAEL

GS8 ™~ UHG

%XGXiUL GD RPBWULEDQLMH NYDGUDWQD PDWULFD JRUQML VXVYV
MHGLQVWYHQR UMHAHQMH PRAH ENWRQ DEpH)RU MR HR M B H.DH.Q RID
.DNR YULMHGL WkODB QNhR« UDXQMWDY MH6®Q DiEPHLMHGLQVWYHQR
UMHAHQMH SUHPD 5RXFKp &DSHOOL WHRUHPX > @

3.3.3. Preostale karakteristime matrice modela reduciranog reda

1DNRQ RGUHJLYPQRRIR®DWHURBHUHGLWL UHGXFEUDQH]IRUPH P
MHGQDG&EH  7usRB®WU LIRIMid MH EURM SROD]QLK HQHUJHW
YDULMDEOL L] MHGEQP®M&EGQDGAEH. 8uRIPBWEDFINX VYUKX

SROD]QD PDMWMUSRGLMHOMHQD X GY l7WHD BREG PBRNID F\HD GPDAW U L
VWXSFH PNWMLFRGIJRYDUDMX L]IDEUDQLP YDUILMMEDRED VWDQN
L PDWJMFOXe Hr ted  NRMD VDGUAL SUHRYW,DWH VW X SJFPH SFRIOMYQ FIH
HQHUJHWVNL ]JDYLVQH YDULMDEOH VDGD VH PR&H L]UD]JLWL ND

&v a o
UHG
»
- a —_ n
=& UHG 7 aHS# 2?_ UHG)+Vuzo4 Gfg‘s VGHS7 &
« >
GH'S i/4

8YUAWDYDQMH MHGQDGAEH X MHG QDGAEX GDMH PDW
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=& yud 7

UHG

7

UHG

GHS 7V UHG: &

3ROD]QH HQHUJHWVNL ]DYLVQH YDUGRDDBO®K & B QRIQMPIIE QP & BN
& cHPLPH VH GRELYD XNXSDQ EURM HIQ H IRV N [DYLVQLK YD

6OLMHGHUL JRYW $SSDNX VOQIR ERWH BRWGAEH 8y 9I"PDWULFD
PRGHOD UHGXFLUDQRJ UHGD PRAH VH GRELWL NDR

:& UHG+8 GHS 8V UHG: &
8UHG
3UHPD L]JUD]X 8undPFRAWMWH D] G Y RBNLENE X BRWRIHEH

(o]

« »
« »

8RL§J(1HG 174
S5HGFL PBAUMRML RGIJRYDUDMX ]JDWYRUHQLP VSRMWMRXD PRUD
NDNR EL GDOL EUJLQX NOL]DQMD D X®I FDVWRR ¥ HQLRY MSIRIM WIL N
HYDOXLUDR SRVWXSDN JHQHULUDQNPR RRGWIE I WEBXPRUNXQRR\
L] ILQDOQLK L]JUD]D |DMHGQR V SULSDGDMXiULP EUJLQDPD NOL]

.RULAWHQMBRIPRWRRIPOVH RGUHGLWL UHGXFL$ DROHVIRWFDH PD W
SuHR 9=¢Hred | X O D] Q Ho PRI EFE ™= it L] MHGQDGA&EH % X G X i
L]UD] YULMHGL NDNR ]D PRGH® HEORIUDARD UMGIOR Y. [DUP
PDWUW&RPRA&H VH L]GY&MIOWE OHPXOWLR LEBIOMD VH SULVMHW
PRPHQWL JDWYRUHQLK VSRMNL LiApH]DXOL MHGRPBWEMRJI XOD]
BWRJD VH UH&GRINRRW RIGFIHRYDUDMX |[DWYRUHQLP VSRMNDPD L
PDW g WR UH]XO W KWBIP DWe L MRP NRQD P QRHREWS LFRP D]

~ ~ T
_ a 0
oS B yHeS, rOU HE Lune X X Y

60OLMHGHUL MHGQDGAEX $undJH @R WIF@PRUQHUGFD MIRAH VH GREL!
SULSDGDMXUuHJ OLQHDUQRJ VXVWDYD
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Lﬂi(G U#HG U%G
,DNBH&QLMH NYDGUDWQD PDWULFD MHGAEN WY H QGRR/N\D | XWHH N & N

SRQRYQR QDODAHQMBOHUHBXGRONOH URDAM YILFRE |, UWQH ¢
SURYMHURP QMH]LQH VWUXNWXUH

BWUXNWXUH PRGHOD HDXWIRFID WNERBLRIDQRJ
SURPMHQH V MHGGQYRWWMUXMNILIAF SULMHODI]RP

8 RYRP SRWSRJODYOMX SUHGVWDYLMHGK ALK PQR/IHB B @D p|DL SRIR
V. MHGQRVWUXNLP L GYRVWUXNLP SUWMMWQ@DXR K L ANRAVCLF LLNHV NIt
RSWLPL]DFLMVNLPDYWX XRWRDPDD)XGCQDVMRHER MHP RPOMOTPD]YHV WL
L RGIJRYDUDMXUL YH]QL GLMDJUDPL

3ULPMHQD 025 PHWRGH SUH]HQWLUDQ H W LSDHWXRIGQIRPR 8 RR\SI
IRUPRP PRGHOD PMHQMDpPD GUXJRJ UHGM HD C5]&RRP MVH.MHH NRIR HNE
VX WUL RG 4HVW VSRMNL ]DWYRUBBGLFX UD]JPDWUDQX WUDQVP

T T
a 0 o
U H[G s s ] $ UH @& fb fc 0s isn /0 3/4

[« v d=80lwe o

«=f , i { D E F

JGMH VH YDU EM DEE ORG D WIDWQMI/ HPHOMHP YHNWRUD SULRULWH\
GRN B@ ®HNG/JRYDUDMX DNWLYQLP VSRMNDPD DD GDQX SU
QSU D X]OD]QX SURPMHQXaY UL& HG LX M ONBXGHHI D + @ B \R IMANL b
LVNOMXpQR VSRMMMRUPDOQR RWYRUHQD L SRWHQNLLMDOQR G
> @> @ Y WDEOLFX 025 SRV VEQIONV G SNDH DLP NR QN DHMR
WM PBW@6HB 0 ud GDQX SURPMHQX VWXSQMD SUIGAMHQRVD 9D
agii | PDWULFBLOHSBEHYB®QWLUDMX pODQRYH NRML WHI MDYOMI
NRML PRJX ]QDpDMQQWMR DNXVMHFDRWHQRIVDWX @QMDASY LB > @

'LQDPLND PMHQMDpPD ]D SURPMHQX VIMHBUDRRWUXNLPRAH MHO
SUHGVWDYLWL YH]QLP GLMDJUDPRP BIM/NDNDRRPMGDRYGIVHH R]




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWFU WK NRIG KK EHQDVDND B

XNOMXpQH VSRMNH 21& GRN VH LVNGMXH QIR P SRIMND RD 6 R p@LY!
SULND]DQD WUHUD QRUPDOQR RWYRDHGQD XV SFRNPNWDO X\pNd M & RNGD
> @ ]D YLAH GHWDOMD (NYLYDOHQUPQLYSIYQRH GRVQU RPAMHGR
VH L] HOb| PAHIUDW D ®A¥WDLFOBIMHGHUL QDpLQ

=%

j
9;= /b,

9H]QL GLMDJUDP PRGHOD VD VOLNH UFLYNO MR MXMHX pOHDSIRHY] H C
PDWULPQLP HEHPHQWRFGLMDIJUDP PRGHOD JRUQR LOXVWULUD
PDQLIHVWLUD X XVSRVWDYL YLA&HV\WNOWLX SMMWOLQRIQHSNR M H Q8
PRPHQW V XOD]QRJ YUDWLOD PMHQWDQ@D VWDYRR QEWI]®QLER
> @

Slika 3-8. Vezni dijagram dinamike promjenednjestrukim prijelazom (dvije aktivhe spojke)

SULPMHQD 025 PHWRGH ]D VOXpDM SURWMHNRE SRRV W WVXNEF L

aHVW VSRMNL |DWYRUHQH ]D UD]PMWLUD QMORMIGGINIDRP PWDGHOIRH
UHGD X SURVWRUX VWDQMD

UH[G s s S]T :$ U?H('m fb fc fd os is?;;; %
[ a b c d]T = 8FO [JH@ s s]T
=f ., i{ D} F G

JGMH VH YDU&M&ERHSRDRFMPBR RGDELUX QD WHPHOMX YHNWRU
L]JUD] GRNDLQA@AHNWDPDYDMX pHWLUL DNWLYQH XSUDYOI




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

SURPMHQH V SSWLRWHODY R PPM H VLGRMB VS UWR RIGNMQAP NR ESNR M N
2)* &t & 2)'GRN VX XNOMXpRH MBRMNH218 WDEOLFX L
VOLNX 2YGMH VH QXPHULpPNL LWGENWOLLD QRVEQKRW SXID R]Q
VSRMNL QL&D EU]JLQD NOL]DQMD QD SRIpFDNEN] ISR AVDH QHHQ W

SULMHQRVD ]D XN O MXDQHX \SRAWPNHH Q IS NIHV NSOYMHGHHIHD VQ RW D |
R]QDpDYDQMD VSRMNL SULPMHQMLYD®DIH VH X SUHRVWDORP ¢

6OLND SULND]XMH YH]QL GLMDJUDPYRRWWGENLELYDPNNB DS
UHGXFLUDQRJ UHGD RSLVDQRJ LJUDQRFRPMHU (NFFRG B OB QMGCIX S
UHGD GRELY DM XbiVXCLD ] Q® HBRHY D BB

ij=Sbj
9 =/o; ] «
h = /b,

*ODYQD VWUXNWXUDOQD SURALUHQM®QD 767 ® PRIGHID \BLJ IMNOLL]NDI)
VOLFL VX VOMHGHUOD L MBDYWRMBMWX SRYB/PGHWQGRG
SDURP XNOMXpPQH L LVNOMXpQH VSIRMNHYWH L MD E®RVWRMQ MDR
VOLFL R]Q®pHQD NDR

Slika 3-9. Vezni dijagram dinamike promjene s dvostrukim prijelazetini @ktivne spojke)
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SURYMHUD PRGHOD UHGXFLUDQRJ UHGD

.DNR EL VH SUHGORA&HQD 025 PHWRGD SRY MHWH.]Q Q DL UNCDONKRY |
XPLOQNRYLWRVW X RYRP VH SRWSRJIGDRC®MX (BJ Y RE B QR \PWY O
SULMHOD]RP NRULaAWHQMHP PRGHOD PMHQMD DX VEXBIRWVNHG
UHGXFLUDQRJ PRGHOD PMHQMDPpD SRWERYQOBR YOMHNRULYV WD
0$7/$% 6LPXOLQN LPSOHPHQWDFLMD PRGHOD SRJRQD YR]LOD \

3.5.1. Opis pristupa provjeri

.DR PRGHO PMHQMDpPD UHGXFLUDQRJ I HRGD VNDRU LYWD]RMH PRGF
6LPXODFLMH VX WHPHOMHQH QD SRMWIDGPRFNWQWDOMHRR M NSIU /I
VOLFL LVSUHNLGDQLP JHOHQLP LS BX\WDRDOL QLW OLP D WIYDD V@
VSRMNH R]QDpHQ SXQLP JHOHQLP IN&%\WEPWH\W XK MPIRAPIH Q W R MAS R
GRN VSRMND SURNOL]DXY]DQMSMRPHQX GD MH NRULAWHQ &RXORF
.YDQWLWDWLYQR SURILOL NDSDFGWRW V)P RP HQ\WPODSRN IS LU ROM
L VLOD]QX SURPMHQX WH VX LVBUGYRRH VSUDRANWIDQH 8 RF IX
GRELYDQMD XMHGQDpPHQH NYDOLW H VQRV SRIRRVP RIUHID 15 RAVWKES QONDH &
NRQVWDQWDQ D NDQDO XSUDYOM D QWMDVMDRMHD WIRFPX PR WIRWHD LV]|
V RG pHJD VDPD SURPMHQD VWXSQMD SDLNJIO®RYB BWDORMH Q
SURPMHQD VWXSQMD VH LQLELXDNRMMHP FEUQ VYR PY WW @ g X WPNRXV
YULMHGQRVW RG RNU PLQ GRN]LD N LYQDY QM 5 U RPRAMHQ H WRNY
VOLND =D VYDNX SURPMHQX VWXIQRI®HSULSMHVORVO SMIM
NRULAWHQMHP RVREQRJ UD}D X B R @B QVHPHOYRN B RDH VG/RHIOM

~k+]




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWED WK NJRHIG KK HGQDDND B

Slika 3-10. Profili kapaciteta momenta spojkyehih momenata spojki, brzine vrtnje motora

i momenta izlaznog vratila transmisije za) @4 uzlaznu i (b) 5-4 silaznu promjenu

3.5.2. Rezultati i diskusija

ORGHOL UHGXFLUDQRJ UHGD VX YUHGQRWOSIMDPD SULWVBI@RYL
MHGQRVWUXNLP SWLXMiHODYRPX]RNOYRIMPEQN]OD]QH SWRP L
VLOD]QH SURPMHQH « WHE]QHK BURPMHKQBPUHVNRPQ
=D VYDNX YUVWX SUBRMNYRpPRRODIOB]YH OB ]WB H
GDQH VX PLQLPDOQH PDNVLPDOQH LYRYREM B p\QLH X O D K H\GK) R)\DV
VLPXODFLMVNL YUHPHQVNL LQWH U YIDIO IRGG X PL UJIDQARR GLHOG PM W®
UD]PDWUDQD PRGHOD WUHQMD VSR ML) MLODW XIS@LE LW DRSS |
NRULMHQ VUHGQMHJ NYDGUDWQRJ 506QIRGBYWXSDRWRD Y] By




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

GRELYHQLK VLPXOLUDQMHP PRGHOD ¥XNRRILOWHEBXPWOXDYRJI Ul
tinit ve WM WLMHNRP WUDMDQMDDSSMIMHOPRYE SRMDYVH SURF

5H]XOWDWL GDQL X WDEOLFL SR NDR ¥ M@ MDD VML B XIDHDG X NIFHL M §
NRULAWHQMD PRGHOD UHGXFLUDQRJRUHBEWHSRMHEQ® \L]PQRB @
WUHQMD SURVMHPQR YULMHPH L]YB yRHRG/HO M- 8 WISLULODQ RIH U H €
VH REMD&QMDYD UDPpXQDOQRP QHXpL@®NRDIGDR &iH W.PXVLLIR
]JDWYRUHQH VSRMNH WM PRPHQW GUY&DPR®HOD @ UHQWDX bR
SRIJRQD WHPHOMHQ QD PRGHOX PMHQUWIHD RINRE GFLIUBRAWD EHG
LIYRUQRJ V PRGHORP UMMGHDQ M PIpPH SXI BLX M0 QR Bp BM®W M DX 5 W H
UDPXQDOQRJ YUHPHQD NRG RSVHAa@RK VR G XRBMELLALY N E K MAWNX & L\
B3URVMHPQH YULMHGQRVWL 506 RGVW XSDQMDGD]|DX QRDPRRE QR
GR 1P aWR pLQL RG GR DY R R M HPIRPH @ W DMX¥ G R\RW
UDVSRQX RG 1P 7DNYR PDOR RGVWZXSDPMNMWBEWYU{RMH 1
DXWRPDWL]JLUDQH QXPHULpPNH LPSOHPHQWDFLMH

60LND SULND]XMH YUHPHQD L]Y R {#HRUWFOP MIHRX-D B WIX\E ) WD LSQAK
PpLPH VH GRGDWQR. WUD»XW D DWHVXPQ@ERY LR DWUHIHPBQLP UH]
L] WDEOLFH 9ULMHGQR MH QD SRPNQRWQQ DV NR \BX YW HRHQ Q
R YUVWL SURPMHQH NDGD VH NRULDWIR PR GEH @/ LU HIGNOA L WIRQRLIVL
QHNH SURPMHQH X VOXpDMX NRUL&WBGHE D/ RRGRUAN 8 X QRD V HE
WUHQMD




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

Tablica 3-2. Usporedba numdkie ufinkovitosti i tojmosti modela pogona vozila temeljenih
na modelu mjenji punog i reduciranog reda za rafite modele trenja spojke (rezultati su

uprosjefeni za razne promjene stupnja prijenosa)

SHG 8]DVWRSQH X]OD]QI| 3URVMHHIQ
PRGH(¢ 2s,RMSE

PMHQN texemin >\ texcmax > texcavg >V (@ >1P@
.ODVLpPpQL PRGHO WUHQMD

3XQL
SHGXFLUDQL
.DUQRSSRY PRGHO WUHQMD

3XQL
SHGXFLUDQL
8]DVWRSQH VLOD]Q AHQH
.ODVLpPpQL PRGHO WUHQMD
3XQL

SHGXFLUDQL
.DUQRSSRY PRGHO WUHQMD

3XQL
SHGXFLUDQL
3UHVNRpPQR VLOD]Q WHQH
.ODVLpPQL PRGHO WUHQMD
3XQL

SHGXFLUDQL
.DUQRSSRY PRGHO WUHQMD

3XQL
SHGXFLUDQL




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

Slika 3-11. Usporedba vremena trajanja simulacije za puni i reducirani model automatskog
mjenjala i za razne promjene stupnja prijenosa koristéa) klasimi model trenja spojke i

(b) Karnoppov model trenja spojke

-HGLQVWYHQL DOOR/ AR @HOWLRPOWH GLQDPLN
DXWRPDWVNRJ PMHQMDDpPD

SUHGORAHQD 025 SURFHGXUD NRMI» OXWRH QWWN U
SURFHVLUD PDWU LpPH SPXRYGRH OWH B H QNI DW\HW Bl QW Bl PY 8 RMARERJ D

SULRULWHWDH@WWDIQMD PDWULFH PRGHOD UHGXFLUDQRJ UHGI
DXWRPDWVNR JHQHULUDQMH PRGHODVRWHQMDp B H XKL QWG D |
]D DXWRPDWVNR PRGHOLUDQMH GLQDPNDGDDXMW BRYW&M R/J 0P |
DODWRP YH]QL GLMDJUDP PRGHOD PNUXQAMIPDXLPE OHH R/HHQW U DL
WUDQVIRUPLUDWL X PDWULFH PRGHOOS DR M XSFUUNDIP@RR VIDH GOL | B
VWXSQMD SULMHQRVD &LMHOL SRVWXSDRV E R Bl URHNIHX & H QXDX W\
DXWRPDWVNL JHQHULUDMX PDWULGEGRWREHOH XQXWRDAWRD & QRN




$XWRPDWVNR PRGHOLUDQMH L DXWRWRWD WK NJRHIG KM HQDVDN B

engl. workspace 0$7/$% D ]D GDOMQMH DQDOL]H WH WWPXX® DMLV V N
&MHORNXSQL SRVWXSDN DXWRPDWYNRJ PRGHOLUDQMD LOXVW

Slika 3-12. llustracija potpuno automatskog pristupa modeliranju dinamike automatskog
mjenjala polazeiiod veznog dijagrama modela punog reda, ufgju i postupak za

reduciranje reda modela




OHWRGD |]D RSWLPLUDQMH XSUDYD MDhMHOQRVDLMDEOL SURPI

OHWRGD |]D RSWLPLUDQMH XSUDY
SURPMHQH VWXSQMD SULMHQRVI

2YR SRJODYOMH WHPHOMHP UDGD >PIl@ CQMB XBWMXYOMLINAL IS Y
SURPMHQH VWXSQMMHS WRWHG@RWHD) X RSKBROGRRDFH NWN B OBKW R (
RSWLPLUDQMD SUHGVWDYOMD DOWBRRNWLDHSRMWREH RIS ®/H
WHPHOMHQH QD WUHWLUDQMX VSRMN NH \WNNDRWILIYIR SL SNDW L F QR .
IRUPXODFLMH SURE OBIFP 3RS WU 6 DUDRHOMDSYRYVRLIU BEMBH XSULND]
UH]XOWDWL RSWLPLUDQMD WH DQDQORIDLMXL JOIDOYI] LK CEpDRVF
VWXSQMD SULMHQRVD

JRUPXODFLMD SUREOHPD RSWLPLUDQMD

4.1.1. Funkcija cilja

3UREOHP RSWLPLUDQMD MH SURQD GDRNWW YK HE \WRHMBIEXNDSDF
NDR L WUDMHNWRULMX X2UPDYOWIKNRJI VLNREEDPP@WRYI
IXQNFLN)QBLROSDLPL]DFLMVINRP KRUL]JRQWX >
t
J:3vv+KNi(iﬁ) tk hizdt i{ s} )

*1

3UYL pODQ JRUQMH IXQNFLMH FLOKNDQRG MY DD LYORYHO D D @ R ML)
X] QHXGREQRVW SURPMHQH VWXSQMDISULMIQBY DL SWXIIQXOD ¢
L SRVOMHGLpPQR ISRWBRHEQMK VBRNWRDLL V /U LNYHDRGUDMW VQDJIH V!
EL VH LIJEMHJDR XWMHFDM PDOLK QH JDRVIXY®R KM DMLIWIHE QRY WV IC
PRGHOD VSRMNH 7UHUGL L]JUD] IXQQMRLURHVWLOOMIMH W I QD@ V]H |
XSUDYOMDpPNLK YDULMDEOL

*ODYQL WHALRYVISUHG®WWRYOMD SRGHADYDMXiL SDUDPHWDU
PLQLPL]JLUDQMX JXELWDND HQHUJLMHQP FM&Q WLLMHERERD W
SREROMADQMX XGREQRVWL YR&QM H) RWMG D 3WRIP RSIRQLW\I M & IMHN B




OHWRGD |]D RSWLPLUDQMH XSUDYD MDhNMIHQRVDLMDEOL SURPI

HPSLULMVNL MK SRVWNDYRNWRQGEDPMX YULMHGQRVW ]D JODGDN
YULMHGQRVWL WHMRP/NRISIIDINODR IOM KX OLMEMSWUPLUDQMD

6DPR NULWHULM WU]DMD YR]LOD
6ODER SHQDOL]JLUDQRKH JXEINYNBND HQHUJLMH
-DNR SHQDOL]JLUDQMd JXELWDMND HQHUJLMH

4.1.2. Ograni [@nja

3UREOHP RSWLPLUDQMD XNOMXpXM R ®DNGD LRV U XQHHWQMID N B R/
RJUDQLPHQMD YH]D@HD KW XBGMDU K B MNHI@NR D D H ] DRU XQP UHD O Q H
NRPSRQHQWL SRJRQD GRGDWQD R MEHNWH QREDN Y RID QR MJ
GRGDWQD RJUDQLPHQMD YH]DQD X] RRBHQWHRXY WRMHBWDBH VSR

1) Ogranifenja vezana uz faze promjene stupnja prienosBR aWR MH UHpHQR X XYRG
UDGD X]OD]QD LOL VLOD]QD SURPMRQDMS$IRGI KRG B XU HHIW Q MIH PD
XNOMXpXMX GYLMH JODYQH WM DNOANDY@®H IDQHFPRPEBQW QDO DY WU
Y VOLNX L > @ 2YLVQR R ID]L SDRPIMHYH WWRBQMDPR U
GHILQLUDQH N®R |DWWRRHGIQWWL PRE&XOLWLUD@R®RIUDQLPHQMD VH
QH SULPMHQMXM X

7DEOLFD GHILQLUD RJUDQLpHQMDHI®HU D]®M piL WHIGHD NN/ X |DIDg
R]QDpDYDMX UHGRP XNOMXpQH L LVNOGIMNXPER )5 FRSMWNRE M BDUHD
MHGQRVWUXNLP SULMHOD]RP VNUDiH®YRDWAMGN LRV SR MH QD
VNUDUHQLFD '76 JGMH ]D '76 VOXpIEW]YQHLNO EJDH NNIR WIS RR\]
PRPHQWH VS RWHNWSRUAW 3 BKM R PUHMQOL Y HQMLEPODW RYW R I HILQLUD
X NRMRM VH VSRMND VPDWUD ]DW HEDH@RPR XWGX WO IN\NDNR V H 2P
GUADQMD VSRMNH PRPHQW NRML MH MR GHBEQR RS D AWLYMRHIGLC
RGUHYyXMH SDXWRPDWVNL3 8 VOXpDRX R ODHBIRY O UR A @ HRQRIP 1S (
LQHUFLMVNH ID]JHVWOMFREOLFVH ]D RMH®MX¥MHV EDXCGRD SURPMH (
RSWHUHUHQMHP PR&H VPDWUDWL UH Y3HRG RPWSHILRFHVWRWPHR] O D @

7DEOLFD GHILQLUD RJUDQLpHQMDN DM RRPH QLD O QRO DIKWQ M QU
R]QDpHQH V 21& L 2)* =D NRQYHQFLRIFOQ S SHRPWEQH V WKIg




OHWRGD |]D RSWLPLUDQMH XSUDYD MDhNMIHQRVDLMDEOL SURPI

SRVWDYOMDMX X QMLKRYD QRPLQMMHDMN WWIXS QM DDS VU MW QRRH DV
QDPHWDQMHR RJUD@WQOMEDH [BRIMMWKY RUHQH VSRMNH 8
X NRMHP VH UD]PDWUD QHNRQYHQF HRQOD R S X DV WX MOS QRYA
RWYRUHQLK VSRMNL XNOMXpXMXUH QL N R MXQ Hpht KMSMEWED X]O |
X LQHUFLMVNRMMBH IR WDKK YWR Y5 RWYH. Q@K VBROR HELOR RW
]JDWYRUHQH PRJX VH XpLQLWL VORBDRIG QR WSR VDX D ¥IXP Q DX QI
QDPHWQXWD RJUDQLpPHQMD NDNRMBIO \VGHH NR\G Y B §IFR R@DNOLPRIN!
XSUDYOMDQMX SURPMHQRP VWXSQMD SULMHQRVD

Slika 4-1. Faze tigme uzlazne promjene s jednostrukim prijelazom

Tablica 4-1. Ogranfenja aktivnih spojki vezana uz faze promjene stupnja prijenosa

2JUDQLpPHQMD
8]O0D]QD SU| 6LOD]QD SURPMHQD
S S
3RPHWQD ore ore
fONC — fONC —
ORPHQWQ| S oFG 1HPD
,QHUFLMV fOFG — S OFG
S S
=DYU&QD e e
fOFG — fOFG —




OHWRGD |]D RSWLPLUDQMH XSUDYD MDhNMIHQRVDLMDEOL SURPI

2) Ogranilenja vezana uz realne limite komponenti pogokaY D RJUDQLpHQMD RGQRVH
VOMHGHUH ILILNDOQH OLPLWH PRWRUD L VSRMNL

/ILPLWL PRWRUD
D 3UHWSRVWDYOMD VH GD MH EU]R XSUDMWXEDRDOAMDMHSBPRWIRQR
LIYHGLYR VDPR X VPMHUX UHGXNFLMH PRPHQWD Y GLVN

ec

E 'RQML OLPLW PRPHQWD PRWRUD Q2N RWH SIR\PW B QO®IMUHHG &
QXO0OX

e

F /LPLWL EU]JLQH SURPMHQH PRPHQWD PRWRUD

e,PLQ e[ 1P]V e, PD[
/ILPLWL VSRMNH

D /LPLWL NDSDFLWHWD PRPHQWD VSRMNH

L] west P

E /LPLWL EUJLQH SURPMHQH NDSDFLWHWD PRPHQWD VSRMN

h PLQ h[lP]Vh PDI

3) Dodatna ogranfenja vezana uz praldie aspekte optimiranja.3RG RGUHYHQLP XYMHWL
DOJRULWDP RSWLPLUDQMD QDOD]JLIYUVREGHQAWHUR R RMBW NRPPRP
NDNR EL VH QD WDM QDpLQ L]JEMHJIJDRDH)HK WS URFRWHRRP SER®
RSWHUHUHQMHP OHYyXWLP JUH&NH XVDILMNGMXHEQMDR YIS R RMH
VWYDUQRM SULPMHQL PRJX GRYHVW LO®R) ¥ D REDRBIGNGP Y M [ MBIL K X
up phenomenonL V WLPH SRYH]DQLK RVFLODFLMIIEU]JODARRAM@PWRHQW
ID]D VSUMHpPDYD SODGDMWIQ SR IGRGID VW RHKQ MDY Q6 LEKURJIQD GURPI
PRPHQWD LVNOMXpQH VSRMNH WLMHNRP PRPHQWQH ID]H

d,
prQE f PDP< LQWtHUYDOX
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SUL pHPX VX2$D0O2hd BHIWILQILUDQL VX NDR IXQNFLMH SRpHWQRJ PR
PRPHQW GUADQMD2XLSRYEWREMD BPRPHQWQH ID]H

f PLD st. Sf f P=D$t1.+f—

4.1.3. Po[etni uvjeti i pojetna nagajanja

3RPHWQL XYMHWL YDULMDEOL VWDXQWH R GXSHGILYWOMDQ B OK W DN
QHOLQHDUQL PRGHO SRJRQD YR]LOD RRGDW@DMPROWRINRNY D
VWDFLRQDUQRP VWDQMX EU]JLQD YUWI)MH LPRWRQD HQ X UWHG
DNFHOBUDBWVRRID VH SRp K WX WHRH®MHRG VSR XRQ B LWRH LROFDG H O
SURJUDPVNRJ DODWD ]D RSWLPLUDpNWYHHIRQDUYIDIDL R G R ODHIWHELH:

3RPHWQH YULMHGQRVWL NDSDFLWHWID PREPHWQQILIK WIRMNM
VSRMNL GHILQLUDQLK X WDEOLFL

[ 1H= ]D RWYRUHQH XNOMXpQH VSRMNH

.DNR EL VH RVW YERPIHONL QLHOOM MWD pPSURMMERWVDVVBRPEW QD |
YUWQ MWHI ]D X]OD]QH SURPMHQH LVNXVWN HIQUWRD SKRR/OVRDAYDAVMH
SHGDOH DNgmHGBUD®RPLOM VLOD]QH SURPMHQH SRVWDYO
UHODWLYQR QLVNX YULMHGQRVW

3RPHWQL PRPR GWRVPRW R H B RE WRDULEWHQMHP PDSH PRWRUD Y
3RPHWQD EUJLQD YUWQMH W& U RIGUH BXIMKM YBIUDLDDX PREBEQWBP
PRGHOD SRJRQD GRN QH GRVHJQH MYDWDNR/GRERYBQQR &R+
YULMHGQRVWL XSU®&Y GM IRWPLLKE O/NDHIQ MNDHE OSRVW XSDN RSWLPLU
RGUHYLYDQMH SRPHWQLK XYMHWD SUHRVWDOLK YDULMDEOL V'

3RPHWQD QDJDYyDQMD YHNWRUD Y DEDMDIFOLWDW D@ @D L \KS MWDK
L QD SULSDGDMXiH SRPHWQH & WL NeH GLQ R \Q/DL Y)YU VDK G QIR X W U
NDSDFLWHW PRPHQDWD VSRMNL [HGQDG DL YRR GHGIH B RWR QG
]D SUHRVW D @&H 3¥ Bl MYD EVOOH. N X
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4.1.4. Modeli spojki temeljeni na tretainju spojke kao izvora momenta

8] HNVSOLFLWQH PRGHOH VSRMNL SX HGN\RW® DY D MRHEQH A MINKWISY
DOWHUQDWLYQL SULVWXS WHPHOMHGQ® PR VRE LNVRMD QWEK YBK O
RIJUDQLpHQMX WLSD SDVLYQRVWL

Pristup temeljen na propisivanju odnosa po fazammD NRQYHQFLRQDOQR XSUDYOI
SURPMHQRP SUHG]QDN EU]JLQH NOIDDLQSWLR ¥ BIRIQMNHY MK SRY@DIW
6WRJD VH XPMHVWR NRULAWHQMD URGBHIDO B RIMKW MAR QRO LI
VSRMND QD SULPMHU X LQHUFLMVNFPW QWD ]PRNMR MLP DIW UDRY
SUHG]QDN EU]JLQH NOL]DQMD L RGJRY DDUNDM M iHL ESIJIH@PQWOI L PR@ ¥

VSRMNH SURSLYVDQ®MMNDIRY GA-RIPIQLW QUDE XRGIH INQHLIEDAIDY BOQ L REUI
VQDJD VSRMNH M ¥ Y\ YRINIVSWRRWEW L YIDRVWL Y VOL

i f LOL

fi

*RUQML SULVWXS ]DPMHQH HNVSOLFLW@®RUDRRGHQBMLFBRWNS
QHMHGQDNRVWL SIXHD®WW XY GRWIFP XYOUDCRR IMBYH LSIJQRED H VD NRFS G D E L
SULVWXS WUHEDR ELWL QXPHULpPNLRG ICQUNRIYKWDMEXIWRB i RQL)
PRa&H NRULVWLWL XDROMDRQWVOXYBDIWV@EMRMBE P/ @XRMWL MHU EUR
V QHSURPMHQMLYLP SUHG]QDFLPD EVYHGN N®H] &M D MR
NRPELQDFLMD NRNMWIS BN DWWH. VBWIREDBWLYQR UDVWH

Pristup temeljen na ograf@nju tipa pasivnosti.. DNR EL VH SUHYODGDR QHGRVWDWI
QD SURSLVLYDQMH SUHG]QDND EU]ILODRLYHWYEGMHW LVSIDM B G MHHG Q
PRAH VH SULPLMHQLWL QD VYH PRGXDRWMNQH ¥ SPOWNMQ\WRDMNRL E L

i fi

OHYXWLP RYR R DUHIDQIQHHHIIMIR MHQ HN R YHHNIYR RVPINYR PR&H UH]:
QXPHULPNL PDQMH XpLQNRYLWLP R SQUF R].DUFD QDA M DPVES R U HEC

7TUHED QDSRPHQXWL GD NDGD VH NRUHWNAKMLCP R®ROL] YXR N RAVRLAPH
XPMHVWR HNVSOLFLWQLK PRGHOD 3$RMNVY P NDVGR MNDRHMNSBRFB(
YDULMDEOD 6WRJD VH NRG WLK PRGIHOB ND S DJFBLRAMHIQMPRWPX (
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LJUD]LPD L VD VWYDU®LRRPWRP WEWILP®ORARMNLIUDQLp
QHMHGQBNREWE 1 P2@ NRMLP VH OLPLWLUD PRPHQW VSRMNH

QDSRPHQX GD Re¥G MAhaxY UL WHR®H SRpPpHWQL PRPHQWL J[DWYRUH
RGUHYyXMX VH SRVWXSNRP RSWLPLUMQ SRV SPHIWDPLMKX VNDIRQ M 0L

4.1.5. Prakti mi aspekti optimizacije

Uvoienje nove pomine varijable stanja.. RORNDFLMVNH PHWRGH RSWLPLUDQMD
VWDQMD NDR RJUDQLPpHQMD WLSD MWHGQWOIR WRIWU L& QLRRP XW LM
SRPRUQH YDULMDEOH N RBDHOMH MNSFRVWHRMX SRYH]DQH V PRGHOR
NUR] RIJIUDQLpHQMD WLSD MHGQDNRRSW.LRRWDQWHD PRUDMX ]DGF

__d FESFS§

j=v, =— —t2Ls

dt m © 1
vV,

\

i = i i { $} )
JGMHYMNDULMDEOD WU]DW DNRBRIEIWHQMHR] DXWRPDWVNH GL

IXQNFLRQDOQRVW GR'$W XBSR\WLRDPOW DMN NHUH RYRNKRE FKYM G H QD
SRPRiUQD YDULMDEOD VWDQMD RSWLPL]IXRINFLNR2IFRRGIIDOD NR
L]OD] PRGHOD W SN S DIGPMX MDWPDWIIMNRMD VH XWRGL X SRG
PMHQMDpPD L NRMD VH NRULVWL XNIKQMFGRIG FWQND DR L URDIQLDHRHLC
MHGQDNRVWL L SULPMHQMXADX \)S R MNM UDNODWXY R | X B
NRG NRMLK VH VSRMND WUHWLUD NDRMH YSRYRPRE®R QUMD H RIQ W
HNVSOLFLWQH PRGHOH VSRMNH M HUDRWER MNRORG PR G H DD CPDW
L RJUDQLPHQMD

Normiranje. 0ORGHO SRJRQD MH QRUPLUDQ NDNR EXYMHWRPRIGRLOR
RSWLPLUDQMH 1RUPLUDQMH SRpLYDDED H WML B MU L XSGRV
RJUDQLPHQMD NRQIB Vi BRV\SR ¥ IOWOWK ©DUDWDEDDH | RGMHOML
LIQLPNRP NDSDFLWHWD PRPHQWD V8RWINWD EFOH L\D\WM DIQMILE D'Q k
PRGHOD ]D NRMH ED]QH YW@LMHG QRP&W L WHMERW UPERVH
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ViSestruko optimiranje za pownu tojmost. .DGD VH NRULVWH NRORNDFLMVNH P
RGDEUDWL RGJRYDUDMXUL EURM NRD RNDPFFLWR/MLLK LWHRH YOXN BV RIY
UMHAHQMD L UDpXQDOQH XpLQNRWMAPRGWE L)OJIRWIL X F DGDS W WA
RSWLPLUDQMD GD ]DYU&EL X ORNDOQRWRFMHQMMPXER LIAH RBDREDQ
PLQLPXPX X VPLVOX PDQMH YULMHRBIMRVPALIU DDQMIF SMR YROM X S
UD]OLPLWL EURM NRORNDFLMVNLK MERWBND QOMPUORIGP RG LM
IXQNFLMdt PUJQ@RMD VH NDR NRQDPQR UMHAHQMH X8/ § MW RQRWIVWILH F
engl. success rate parameteGHILQLUDQ MH NDR SRVWRWDN HRMMD RSWLF
IXQNFLMH FLOMB: PBOQMHPpHPX PDQMD VWRSD XVSMHaAQRVWL SU
YLAHVWUXNLP ORNDOQLP PLQLPXPLPD

.RQJLVWHQWQRVWD QN|XSWRWDHROW. PREGMDED P O@PDOQARMM VX WH
QD LVWRP PRGHOX SRJRQD NDR NRGRISKVYBPUULMPMED L LM$S GBGLPIMH
RSWLPLUDQLP

2SWLPLI]DFLMVNL DODW

4.2.1. Metoda optimiranja

BUREOHPL RSWLPDOQRJ XSUDYOMDQRPB UMHERY DW)R Qb P\HUR !
SXWHP SUL pHPX VH RGJRYDUDMXiBH HWRIEGH PROH SR G DMBE LM
WUDQVIRUPLUDMX RULJLQDOQL S U RHPHE HOBLMQIHDDURR J SURUIL DG
1/3 > @ 3ULWRP VH UDJOLNXMX GPHWRGH\WHKDLIMDY QRG PNR
SROLQRPLPD DSURNVLPLUDMX VDPR XPSHMR G M NFNHRXDE LM B BENOR
VH SROLQRPLPD DSURNVLPLUDMX YDMDEDEHOHM @WD Q@ D,]L DX
NRORNDFLMVNH PHWRGH GDOMH VH DBEM#ONMH QCHVWRGE B O QRIN D
NRORNDFLMVNH PHWRGH GLMHOH UID FPIDRWU BRG LYQUMHIP B QIVOID 5Q)
X VYDNRP SRGLQWBOL CEQMR M RNURLO RWN.D LIND\RNEKD GAVQRLKD NIIR O RRND F L
PHWRGD NRULVWL VH MHGDQ JOREQOYUHPSRQVQRPLQWRIU Y DWD
SUDNVL VH QDMpH&UH NRULVWH SV HNXRGWRLY SHNL®DMX \NNRCSRN DA
NRORNDFLMVNLK PHWRGD D NRMHPRSX RUMIRIRQ DG QLKUS RIOE
9HULQD SVHXGRVSHNWUDOQLK PHWRG D SIRRINVMWALD FD MM @ DRR ¥
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VWDQMD SUL pHPX MH ]JERJ VYRMVIBYS®URROHDFD MH Y-IDOIRNER M DR
SUD]QD 3ULM HHgNspais@baix bFI > @

.DR 8WR MH LVWDNQXWR X XYRGX RYROMMDINDL KSWRE ¥ HR RS WLLN
VWXSQMD SULMH@R\RDSWM A B BIYR ¥ 5 WHRXOGR\DFH MW N B CPHIWRGH
GRVWXSQD XQXWDU 720/$% RSWLPL]DFLMYNRBVRNUXAB@MID
PRGHOLUDQMH RSWLPLUDQMH L RLSWH ARD30 Q R] X SUDO ® O MLDALNKHP R
NRMLK VX QDMYDAQLML PRGXO ]D IRUPXORB QWD SBRETH PR & X\
DXWRPDWVNX GLIHUHQFLMDFLMX O$LWH RG3RULNRML | DDGNUI &
SUREOHPD QHOLQHDUQRJ SURJUDPLUDQMB @R $SX¥\WX 612137 D MIX @
SUREOHP QHOLQHDUQRJ SURJUDPLUDRMD LMREH eNgHH 30 YWIDHED W |
sover 8 RYRP UDGX NRULVWLW (H VH 6EQ@%R7 SUMMDDYIIPQ> | D@S INREM
YHOLNLK GLPHQJLMD MHU LVNRUL&WD3Y7D MHY RINHPW © RI HUIQ MIHDW R IR
VHNYHQFLMDOQRJ NYDGUDWLpPQRJ SNX&3UMLAIIIMHDN GUR DNRIVRI

> @ > @
4.2.2. Implementacija optimizacijskog alata

720/$% SURJUDPVNL DODW LPSOHPHQWLWMQ NRUXQWW MVH 0$0 [
XQXWDU 0$7/$% RNUX&HQMD =D SRWUEHED [DYRPHQM L [SJRP\DWHUS
VFHQDULMH XSUDYOMDQMD X &LUHPMMRQ W H NIYODXW RMR R S W WR
XSUDYOMDpPNLK WWIMR N \F R b QWD [DDX W RBDSPW H $W/IE %08 7/$% *8,

VXpHOMD 5D]YLMHQL RSWLPL]DFLMVRULYQDMN L GBXMWQYLWDQL M
RSWLPL]DFLMVNL DODW VX VOMH®GH (R.SWLRS UD¥GM DWW HP R B H DM
VSRMNL LOL NDSDFLWHWL PRPHQWHDQRRWLRGHBXVSRRIMNH RY L
RSFLMVND XSUDYOMDpPND YI2ULMBEO B DRRP QMW QIR WRIU ¥ LIO D |
VWXSQMD SULMHQRVD V MHGQRVW BR¥KL F H. GU RBYWRGIW B % WILFP LSUL
YULMHGQRVW JODY QR I WHHIDIPNRJI IDNWIRNADLPDOQD WUDMDQM
VWXSQMD SULMHQRVD VFHQDULMRRSQIWRPM PAWRU Y EWI]EB
XSUDYOMDQMD GRGDWQRP QRUPDOQRWRWIYRD HKSRPD YCRMNQR P

Y SRJODYOMH ]D YL&H GHWDOMDSUL NRSURNVD@WDQ]RRNERE
DNFHOHUDWRUD NRQVWDQWDQ XOD]QX WWRRK GBW R P MG BBIUDR X
SULMHQRVD L VO 1DNRQ aAWR \PX UDGMGLVHY 8§ IERVRGHEX) IS KW
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EURM NRORNDFLMVNLK WRpPpDND LV FR@QUPD KRG RR PYIUQ ORI GQRHEIH:
IXQNFLMH Y RGMHOMDN WH YWYH NRMAR & D MWNEN X MK QRESUWNLLU
WUDMHNWRULMH XSUDYOMDpNLKEYHUE RRDEQ@DR WR{IFOONDOH UHO|

8] RSWLPLUDQH WUDMHNWRULMH X3 UDWLOWHDENR KWY.D G Y I PIKO L
SHUIRUPDQVL NRM]LRID \NHY DNDLUADHNW/ LSLL RNP MGIRWD VWX B Q MIH L G
NRULMHQD VUHGQMHJ NYDG@GUWDWRMBEOWH WRDLWIVIY R{DR R DP M H U D
SURPMHQH VWXSQMD SULMHQRVD XVS L]UD]
t
s = H&vdt
'UXJL LQGHNV SHUIRUPDQVL RGQRVL XHX QDS RMXBSPX W LMIHNF
SURPMHQH VWXBRMBRMLLMHQRMILVWL NDR PMHUD QHXpPLQNRY
SULMHQRVD WH XMHGQR L WUR&HQMD VSRMNH L NRML MH GH

t

E!oss: 3: i fidt I { $} )

.DR 4WR MH VSRPHQXWR X RGMHOMNX®MX S WREBYRGL |DKWNRWVPNDL
VLPXODFLMVNX SURYMHUX NRQ]LVWHOQWMHPR GR E LY H]XIOW B B\U LR
WUDMHNWRULMD L PRGHOD SRJRQD BMEEMRDNRJ RQRP NRULaAWH
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Slika 4-2. llustracija razvijenog optimizacig alata za optimiranje trajektorija upravljfxinh

varijabli promjene stupnja prijenosa
5HIXOWDWL RSWLPLUDQMD

2VLP DNR QLMH QDYHGHQR GUXJD pLIMH QUHXX R WORN 5 RRAS \RLIFCLI
RGQRVH VH QD SRORADM SHGDOH DN]MHAOYHRULCHMR UDUR®/ YDUDp P

& 2YLVQR R YUVWL SURPMHQH VWX SIQMPDSQIDV HQURI/ND D @NRDP |
GHILQLUDQD (VWB®OMHQDSWX NDNR VOLMHGL

8]0OD]QD SWRPMH®D tV ty/ v
6LOD]QD SURPMINQD tV ty Vv

5SD]PDWUDMX VH VDPR SURPMHQH SRG RQUWMHHEIHDQ MHR EXC
QDM]DKWMHYQLMH VD VWDQRYLaAWD XSUDYOMDQMD

4.3.1. Osnovne zndajke optimiranog odziva uzlaapromjene stupnja prijenosa

6OLND SULND]XMH XVSRUHGQH UH]XOWDXVHO ®RSVQL¥P L 5D R E
SULPMHQX VDPR NULWHULMDLWW]IXMD YR]JQEEDNWLYQX LVNOMX
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WLMHNRP LQHUFLMVNH ID]JH SULSDGH MXJLHP MRHQ B1® MHH Q WHH XD
SULVWXSD PRGHOLUDQMD VEBRWMNH X] JSUISRMBQXAMH L RGMHC
AWR VH PR&H YLGMHWL QD VOLFL D]O LLbH M B WIDWR D WXU DXQUH RS L
PRGHOLUDQMD VSRMNH %ODJD QHS RIBKGOW @ R GW 0S WIUPHVHWIDX M3
REMDAQMDYD XWMHFDMHPD G| X P ONRHVYM@WRI NNLU X RERIWY B/]LL P D
talWID SURNVLPDFLMH SUHG]QDpQH IXQNFHRQMDL]UD]

RSWLPIkd DM®PH X OHJHQGL ¥NX NGHD V XSRIKRW [DP QDD RUDY M/ X S IHRCDM |
NRG NRMLK VH VSRMND WUHWLUD NBQR K ]WR B HPRWH Q MWKD Q Q HINDWE
PRGHOLPD VSRMNH

2SWLPLUDQL RGJLYL QD VOLFL G @ H DSADR/FAMAKQ HO DW & B Q K D pDU
NRMH VX SUHWKRGQR LOXVWULUDQHHQ B RFHFEW XN O/M MHNHR / P
UDVWH RQD VH XNDSpD GRN LVWRYH NBRQOR H ISDEWLWIM PRP
SUHQRVL V LVNOMXPRMHX VNSRRMNX HINRRMDQHEFLMWNH ID]JH EU]LC
PRWRUD SDGD VOLND D WDNR GDMWXMS$UYMHJIRY B LNRRWDHRIG
SROD]QRP SUYRP VWXSQMX SULMHQRBE@RPQDE WDJRO X WRAED R
SULMHQRVD VOLNDR E]ODN\WRYRPMQR WDRWVEHIPIJDPE NRMD RC
FLOMDQRP VWXSQMX SULMHQRVD WOOLRICHIHDW BEQRUFREHMSRRD
> @ > @ ,QHUFLMVNL XGDU PDQXIREWILXDWUHDWIR]) RIDODMQQ
WH JD MH VWRJD SRAHOMQR L]EMH{ LLE 2SWQ R WUDIDR NR BRIPYH @ W DV
VSRMNH SUL QMHQRP ]DWYDUDQM XG QWHMQ M DG XY M HI) BV ERHL Q D
SREXGD WRUJLMVNLK YLE U D F érigIDshxfflgDngdé 2Q RAM | B\LY S RO R HVHH G
VX UH]XOWDWL RSWLPLUDQMD YUORPDORR®H XWD XpOIM ¥ HR YR
X WRP VOXpDMX L]YRGL QHAWR VSRULMH L RSUHQLWR MH RVM




OHWRGD |]D RSWLPLUDQMH XSUDYD MDhNMIHQRVDLMDEOL SURPI

Slika 4-3. Usporedni rezultati optimiranja upravipah varijabli 1-2 uzlazne promjene, za
razli fote pristupe modeliranja trenja spojkeafao kriterij trzaja vozila; bez modulacije
isklju [me i dodatne spojke u inercijskoj fazi promjeng0.5; oznaka rpm oznjava

okr/min)

4.3.2. Uzlazne promjene za raite upravljalixe scenarije

60LND SULND]XMX UH]XOWDWH RSUWLYFOMDQMD ]D XD R
SURPMHQRP 3ULWRP VH SULPMHQMXMGMSIOL\QDXBIPRGHPH Q M X
SDVLYQRVWL 8 VYUKX YUHGQRYDQMBQRYDONRBIM/M IS URP M BQC
SHUIRUPDQVL GHILQLUDQL L]JUD]JLPD L

60OLND LOXVWULUD SUHGQRVWL SWILR/MHGH 8D M X OQHINRQDY
RGQRVH QD NRULAWHQMH LVNOMX |QH R SBRDENEH BEQMHKUFLMVNR |
WDEOLFL VH LRV MWDM D NIR GID WRIBM VERMNIB L X* D@ QD SUHGC
SULVWXSD RpPLWXMH VH X ]QDpDMQRIRUHGKIN FL MR Q QHQ FIL YT
SURPMHQRP VOLND DL E 7R UHQ®EOIWVYRBE JGERKDIVVDQ RRYPOL
AWR VH V GUXJH VWUDQH SODUD YHEsP ¥XELHHRIMH GIXH B J L@ HD
GHWDOMQLMX DQDOL]X .RQDPQH VH.MX XQRPBRQLEFQGHNVD SHL

6OLND F SULND]XMH RG]LY SRIJRQP XQRD)EQ M L5 VRXPHFDNR S\ |
RPRJXUHQR XSUDYOMDQMH PRPHQWR M ©RWRSNMDLFID DR XS R QX0]aD
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MH WDNYR GD VH EUJLQD YUWQMH RRYSRWD SHIG XFHQPDVRDGEBL
UHGXFLUDQMHP PRPHQWD PRWRUD Hll Bl NWDIV LMDHH Q@ PLbM @ NLR B NKIE.IDQ
LQGHNV WU]DMD YR]LOD MH VPDQMHXXELVBXMWD HRHIUSRMH XD @ 8B
]JDSUDYR JXELWFL HQHUJLMH X VSRBMRIDPD VX VPDQMHQL ]D

5H]XOWDWL RSWLPLUDQMD SULNDHN®L SBUWRUPDQVE GBQLSOW
LOXVWULUDMX HIHNW SRGHA&D %D QMMNBOMN FROWHALQVRRI MXN
GRELYHQL ]D VFHQDULM X NRMHP NIS ROVRNSEK 4 /GIIQ R HN R ULR @/BI\Q §I |
X LQHUFLMVNRM ID]L 8YRYHQMHP VOIDMERI SHQINOLPLUDQMD J
HQHUJLMD GLVLSLH DEDB XF VS B WDDAND MH/QIND VX DMV Y BSRRIWH X L
ID]L 'DOMQMLP SRYHiUDQMHP YUKWMHGQRVWL MUHEERQNKIRMDID N
JXELWDND HQHUJLMH SRVWDMH L¥GD&HIQ MWW D B CBLR \] V0]M X D/W H L

8 WRP VOXpDMX LVNOMXpQD QSIRNMNDVINRRS UB]IVH QH NRUL

Tablica 4-2. Usporedba vrijednosti indeksa trzegezila i energije disipirane u spojkama za

1-2 uzlaznu promjenu i za rafite scenarije upravljanja i razlite formulacije funkcije cilja

BFHQDULM XSUDYOMDQMN 7HALQV NKy | jrws | Eioss

SURPMHQRP SRG RSWH SNP @ >P & >N-@
.RQYHQFLRQDOQD SURPMHQD
8SUDYOMDQMH LVNOMXpPQRP|VSRMNRP X|[LQHUFLMNVNRM ID]L
8SUDYOMDQMH GRGDWQRP VSRMNRP
8SUDYOMDQMH PRWRURP
6DPR NULWHULM WU]DMD
6ODER SHQDOL]LUDQMH JXEUWND HQHUJLMH
-DNR SHQDOLJLUDQMH JXELWND HQHUJLMH
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Slika 4-4. Rezultati optimiranja upravlfih varijabli za razlifite scenarije upravljanja 1-2
uzlaznom promjenom (model spojgmeljen na svojstvu pasivnosti; p 0.5): (a) sa i bez
modulacije iskljume spojke u inercijskoj fazi, (b) sa i bez upravljanja dodatnom spojkom, (c)
sa i bez upravljanja momentom motora, te (d) za f#alpodeSenja glavnog tezinskog
faktora kv

4.3.3. Osnovne zndajke optimiranog odziva silaapromjene stupnja prijenosa

6OLND SULND]XMH UH]XOWDWH ROW LSPURDWHIDX]P MHSQRVM
SULMHOD]RP 3ROR&DM SHGDOH DNFWOGRRWRUD LQILSFR D QLN
HNVSRQHQFLIMDO QR SADHRDLNUDMRMRM YVLBEBRERN@D LQLFLUD
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VH UHGXFLUDQMHP NDSDFLWHWD PRMRN@WF 5 UV R MK Q MOLNDV N
PLPH VH RVWYDUXMH UDVW XOD]QH EWDLBIHO VMDY @ M H/ W R SOV K QS
LQHUFLMVND ID]D MH SUYD DNWLNQBLMMVRH BRWOWHGX HIQRD WH
PRPHQW WM MDYOMD VH HIHNW UXSH@PRPSW WD OWOR. NUM H 4B C
WDNYR GD LVNOMXpQD VSRMND ) XS UD YEOM DQIU RFOMH@R P B UQ B
GD VH QMH]LQ PRPHQW SRYHUDYD SUNPDXNBRMBYDQSURPMK
SULMHQRVQRJ RPMHUD L LVWRYUHP Q@R BR HHilHY B RIA B Q W)QHP R
7LPH VH VWYDUDMX SRYROMQL SRpHVBQLMYQRMVP RPHSWDY RW
VSRMNDPD X PRPHQWQRM ID]L SURPMHQH

Slika 4-5. Rezultati optimiranja upravlfeih varijabli za 5-3 silaznu promjenu s jednostrukim
prijelazom (samo kriterij trzaja vozila, model spojke temeljen na svojstvu pasiviosti, p

eksponencijalno raste od 0.3 ut=0.2sdo 1 ut=0.8s)

4.3.4. Analiza dinamike promjene stupnja penosa temeljena na metodi veznih

dijagrama

'LQDPLPNL HIHNWL SURPMHQH VWXSQDMIBWURMUHDERND XIREHGW |
RGMHOMDND PRJX VH DQDOL]JLUDWIUDNWRUYQWHQNUBPL YNRW ISRD
WHPHOMHQRJ QD PHWRGRORJLML YMHOWKI BHUMHQDPOQD> HAY+: YO
'&«7 PRGHOX SULND]DQRP QD VOLFL RGBIO QOUREGMAHQX X¥B SRI
SRMHGQRVWDYOMHQH DQDOL]H X HNWMK DXOWHOQHNFQRP V' & U HIRIGIHQ
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QD GLQDPLNX SURPMHQH VWXSQMD SDLRSIDIRW®D QD NJ® M W DR
JHQHUDFLMH DXWRPDW\NLKHANMHRIROQYEQFLRQDOQH SURPMHQ
UD]PDWUDQH WUDQVPLVLMH > @ ROWLWSMNUMED XYHWMWD SY
VWXSQMD SULMHQRVD

2YGMH GH VH DQDOL]JLUDWL VOXpDMRWL WRWDLWRGLUR Y DXDWIDXY
SURPMHQRP VWXSQMDHGMHWHQORRKD® GNRIMHI DN WILYWDHVOSER X
VWUDWHJILML XSUDYOMDQMD NRG NRARHMVRHDNRALMADL X §U D' HOW
RYLK DOL L 4LULXpD@B@L]NRQBAMMREVDIWQWNOMXMIOIH X LQHUFL]
SULND]DQL VX X UHIHUHQEFL HP ®UXA&MDEWDL XY R B W
SULND]D X YH]QLP GLMDJUDPLPD KRGHDO®MNRWDL & VERMHD OZLIN. M
VYDNH YH]JH LOXVWULUD NROLpPRMXiLY G DR H MHOWD p\DH GSRA
SODYH VWUHOLFH R]QDpPpDYDMX SURPMKQXDU HMIEHILWRRE HDR
EUJLQH YUWQMH L SRVOMHGLpPQR VOPRHMHNR M H HY B U HIQ BVEX
SODYD VWUHOLFD VH GRGDMH OR G DWR LYCDLU ILMIDESO YHE M | LDQ & HWUD
UHIHUHQWQL VPMHU

Slika 4-6. Vezni dijagram ekvivalentnog DCT modela za analizu 1-2 (2-1) promjene

Uzlazna promjena pod opteénjem 8 SRpHWQRM L@IURRMDBOQRMXNAOMXpHQ
VWXSDQM SULMHQRVD L XOD]QL VH mRRMAHQ W VSNUHOQKRMILD S\KS\RHWF

i DNR EL UD]YLOL DXWRPDWVNL PMHSWIDNH®Y R\HID LNR M LE V R MHPWRW KB Q MK
GLPHQ]JLMD L UHODWLYQR PDOH PDQHP SAMRUWHNNVWOLDWD PHIRQMBHR NR WD N
QD XOD]JQR RGQRVQR L]OD]QR YUD W LORVDWH@MBpR N & &R GIDS\RDY HEEDRY BVURR]
VWXSQMD SULMHQRVD PRJX ELWL NOUWDRMWHULYLUD@H LBRUDAKEQRP VSUHJRP
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]JDWYRUHQD D XNOMXpQD VSRMN DSWH RMHQR HQDF MO NBI X NDO |
VSRMNH 21& %XGXiUL GD MH LN MX p Q DL VSSIRUWIDNTH YWDWALY RM HQ 2 D
WDNYL GID ¥YWLNgHGHRU]LQD NOL]DQM Bon¥ WMOHVSRLMW Y B@DNWDNR G|
SUHQRVL SRJLWLYQL PRPHQWZ2 VRLNDLEOL &% R GNXRIQ VGAID @\W D Q
PRPHQW ]JDWYRUHQH LVNOMXpQH VIRMNHSPG U NDQRWEH & YAHP FOF
XOD]QH pYRULZERgWRONK] i SDG PRPHQWD LVNOMXpQH VSRM
XWMHFDM QD L]OD]QL PRPHQW QHJR WIH WO RRRHDQ SVIDG R R O & P!
PRPHQWD SUHPD PRPHQWX NRML RGJRYDND QEYRP VODNXSQM
,VWRYUHPHQR V UDVWRP NDSDFLWHWBW RRI?E QWY DX N®MXE HQH
UHGXFLUD VH WLMHNRP PRPHQWQH XX NW B DRP 8 P HELWWL/HNEIM
VSRMNH SDGQH QD QXOX 8 YUHPHQVNRBRMNDQRWXKXUL NRMLHPD
L]OD]QL PRPHQW GRVHA&H UD]JLQX NRMDRR/®JRYOUND GUXJRPNV K
PRPHQWQD ID]D ]DYUADYD .DNRsBEIHGK XIODJQD D] UQ PL {XWQMHE
SULMHQRVD L |JDWYRULOD XNOMXpQ® VSRWMWNIBPEQR BIHLBOLRQR
GRGDWDQ NDSDFLWHW PRPHQWD QD RMHINXQLQ R RPHROMN X N ® M X
VSRMNH VH X LVWR YULMHPH SUHQR®D §UHNR XS WRDHIQXRNMNEQUDN
PRPHQWDOLND F %XGXiL GD MH PRPHEW) X@NOWRpQH]XC R M
UDVWRP L]OD]QRJ WPRPBEWRMP RGJIJRWDX DS G UMIRPRYVWXS\QM
LQHUFLMVNRJ XGDUD > @ Y VOLNX]DVDYRULGDQMHQXRRRIKQY
SRVOMHGLpPQR L]OD]QL PRPHQW SDGRFSVWKXS @WXLS U LNWRMR RIT
VH WDM SULMHOD] QH L]YHGH JO NWK R IGERUD FiLi B R 18 FORXYK. KD e
SROXYUDWLOD Y GLVNXVLMX X] \QHLNXOLND 8 ]BY XAQ@RNKHB L M
VWXSDQM SULMHQRVD L VYD VH XODNX] @D DJMD JONSMKQPADLVISRRI
]JDWYRUHQD D LVNOMXpQD VSRMND MH RWYRUHQD

Uzlazna promjena pod opteiEnjem uz upravljanje momentom motor8d8 PMHVWR GRGDYDQM
PRPHQWD QD XNOMXpQX VSRMNX X LO@BQWH.NRMRMV HD JUWHGOCTDL]
UHGXFLUDQMHP XODPRPHRRMHRPRVMIRBRWOWAH AN QR PRPHQW XN/
VSRMNH D WLPH L L]OD]QL PRPHQWD QMRYIXPDH pGP&DWH 6 (SIRB/DT.
LIEMHJDYD LOL VQDAQR SRWLVNXMMNHIHNW LOQHWH MVNBRLMNGL
5HGXNFLMD LQHUFLMVNRJ XGDUD WMDRIMD B WRIPRIGIDIHA B WX XQWNDL
L ]ODpDMQRP VPDQMHQMX GLVLSLUDQH HQHUJLMH XNOMXpQH
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Slika 4-7. Analiza 1-2 uzlazne promjene: (a) ulgju 1. stupanj prijenosa, (b) momentna

faza, (c) inercijska faza, (d) uklf@n 2. stupanj prijenosa

Slika 4-8. Vezni dijagram inercijske faze pjene stupnja prijenosa uz primjenu upravljanja

ulaznim momentom za 1-2 uzlaznu promjenu
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Silazna promjena pod opteénjem 6LOD]QD SURPMHQD LQLFLUD VH UHGXF
PRPHQWD LVNOMXpQH VSRMNH NDNREIQVHUROMIX NEMDLRG IR
SUYRP VWXSQMX SULMHQRVD VOLND DVNOBWIXR QHGQRR M NFD
LQHUFLMVNRM ID]L VLOD]QH SURPMH@WHR KHGRRXKWMB WK SXLP®P}
> @ > @ Y VOLNX D ]D S U R PLMQHDQ &4 VO@MEAKH L GeD XVOHD 1 Q@ DH
EUJLQD & WNVWQEBLAQR NRQVWDQWQD IJ&ERIMY YO ONN H @DV & HY R {L
WH EXGXuL GD YJULMHEGU]LQD NOL]DQM DE&XNIO MK VP YGR MM H K
NRQDPQR GRVHAH YULMHGQRVW QXO Bond3 SYOUHPH @Q\DNRBPLWHB QR
QXOD QDJOR VH SRGLAH NDSDFLWHW PRPHQWD

XNOMXpQH VSRMNH WH VH RQD |DWYDUD pLPH

]DYUADYD LQHUFLMVND ID]D 8 PRPHQWQRM

ID]L UHGXNFREYDF MWMHW PRPHQWD

LVNOMXpQH VSRMNH awR UH]XOWLUD

WUDQVIHURP XOD]J]QRJ PRPHQWD V GRQMH

JUDQH YH]QRJ GLMDJUDPD VD VOLNH E QD

JRUQMX JUuDQX SUHNR UHDNWLYQRJ

PRPHQWD ]DWYRUHQH XNOMXpQH VSRMNH

=ERJg g Uubvw PRPHQWD

XNOMXpQH VSRMNH GRPLQLUD QDG SDGRP

PRPHQWD LVNOMXpQH VSRMNH &WR UH]XOWLUD

UDVWRP L]OD]J]QRJ PRPHQWD SUHPD UD]JLQL

NRMD RGJRYDUD SUYRP VWXSQMX SULMHQRVD

Y RGI]LY ]D SURPMHQX QD VOLFL D

8 YUHPHQVNRP WUHQXWNX X NRMHP

PRPHQW LVNOMXpQH vV~ HSiii(élléll—.Q.jA;a’I;z; te’rhgljeaa‘h’a\ r‘r;etodi veznih

XNOMXpQD VSRMND

RSWHUHUHQMH WH W
]DYUADYD

dijagrama za 2-1 silaznu promjenu: (a) inercijska

faza i (b) momentna faza

9DOMD QDSRPHQXWL GD EL VH VOLpPpO® EDRLQYRGY MVWONGIHPRU
LQHUFLMVNRM ID]JL SRGLUL SRYHUDQMWHB IPNRPPM W Bl LPLR WRIUIDD [
SRMDYD UXSH PRPHQWD X LQHUFLMVNRMDID]L S¥ R®&M HIHY X WL P
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LPSOHPHQWDFLMD RYH VWUDWHJLMGDRNUBDWHBANGQ DL WIHR X XU MPL
LPSXOV GRGDWQRJ PRPHQWD PRWRUD XWULHO DXWHQ KPRWNULDMW-NL B |
WUDQVPLVLMDPD XORJX SRMDpLYDpD XJODNMRR RRPBQOWL YF
HOHNWURPRWRU > @ pLPH VH RPRPRIAH@WHDIGNE@DYQR UHGXFLU

Slika 4-10. Vezni dijagram inercijske fg@@mjene stupnja prijenosa uz primjenu

upravljanja ulaznim momentom za 2-1 silaznu promjenu

SOUHGQRYDQMH UDS D LR @/H & LIJUDLYMD WUHQMD

B3UYL XYLG X SHUIRUPDQVH UD]OLpPpESRMNFU L&RBELSTH @ RNGUHRQ L&Dy
UH]XOWDWD SULND]DQLK QD VOLFIX RYRR BE&XESRNM R M OMNHXL] N Yal
VFHQDULMD XSUDYOMDQMD X]OD]QRP SURPMHQRP

9UHGQRYDQMH VH SURYRGL ]D BRORA&DM WMHIGEOH @HNNHIOLHDQ
]JDWYRUHQLK VRRWNRLY WH X] ]QDpDMQR VPDIQMHQ SRPRUQL V
NJPV ORGXOLUDQMH PRPHQWD LVNOMXpRHK W& RI NFHD XP DQUHIDAM X
VH VOMHGHUD WUL NULWHULMD Y UHBGWR WRQIMID G H VMUQIMHEQ E

LL YULMHGQRVW VWRSH XDRWMHXQREWHORINXLPLUDQM
SURVMHpPQR YULMHPH L]YRYHQMD R WM PIGUIRYNMIL NERR M IV N BOR
WRpPDND L] VNXSD”* « ° RGMHOMDN

7DEOLFD S UL N DNYNDHWL) QIRWB (5@ EHMILL\W M D/ FIDQDDLMH XSUDY (
SURPMHQRP 'RELYHQL SRGDFL SRWYUJXMX QDOD]H L]JQHVHQH
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€ ,QGHNV 506 D WU]DMD NDR JODY QD L\PPOP'$ @ QIHIHN D UIX\DHNG Q F

]D VYH PRGHOH WUHQMD

ORGXODFLMD PRPHQWD GRGDWQH V SHRAKNH. UXD LIQGHGHFN M WKUR] I
]D RNR X RGQRVX QD VFHQDULM X NRBPR MHN QR KPR iIHH (
VSRMNH

SULPMHQD XSUDYOMDQMD PRPHQWRPVEIRWHUIDMDHXOWKUD
VOXpDMX NDGD VH QH SULPMHQMXNMR EROM&EDLQ MUHD HIH R X E
X YLGX VPDQMHQMD WU]DMD YR]LODMWDMWNDL SGR) DO LNDEU
JXELWDND HQHUJLMH MHU MH X WQM®H OXMDLMWIDDL R DJ HGXE M
LQHUFLMVNRJ XGDUD

Tablica 4-3. Usporedba vrijednostideksa trzaja vozila za ragiie scenarije optimiranja

,]JQRV 506 D WU@DMD >P V
3ULVWX 3ULVW
B3HQDOL] 8SUDYO| 8SUDYO WgPDHOh WI(;IE)HO .ODVL 'DKORY
JXELWN PRPHQV GRGDW SURSLVL| RJUDOL PRGH PRGHO
HQHUJL PRWRU VSRMN RGQRVD WLSD WUH(q WUHQMD
ID]JDPD| SDVLY(Q
1H 1H 1H
1H 1H 'D
1H 'D 1H
1H 'D 'D
60ODE 1H 1H
60DE 1H 'D
6ODE 'D 1H
60ODE 'D 'D
-DND 1H L H
-DND 1H 'D
-DND 'D 1H
-DND 'D 'D
7DEOLFD MWSRHUAHQD L]YRYHQMD R B L\PW B B B NKIY $ MYHBLQVRA/GAQLF

UD]PDWUDQD PRGHOD VSRMNH L |D QRWHWEKBQNMDLVMHLMEQRYO
WDEOLFL BULVWXSL WHPHOMHQ@D QIR XQDE@ UHHHNEQ RA S B Pl
NDUDNWHUL]JLUDQL VX NUDWNLP YUHMRNXQRSR DY R HEQNRDR SAV HB DU
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NRMH MH RELpQ® QMIE NG RQR O K6 PE L HMNYBSD NRWAWHOREROD
3ULVWXS WHPHOMHQ QD SURSLVLYDQWIKX IDHDLIQRRP LR RHX VWL

GRN SULVWXS WHPHOMHQ QD RWRSGLKNOM MK AQRYIV 5 XWISYRQ
RQLPD GRELYHQLPD NRULAWHQMHP NORPWRIPQRS IPROH.PD P WMHRE!
GU&ADQMD RNU PLQ .RULAWHQMH 'DKORYD YR GHOGIB MRVHQMB
RGQRVX QD NRULAWHQMH NODVLpQRQFPRWGIHAB i lE®GWRLQGAER M H

LIYRYyHQMD GXaH X] WR QL&D MH L WRpPpQRVW WDEOLFD

Tablica 4-4. Usporedba vremena iZgnja optimiranja i stope uspjeSnosti za rditéi

scenarije optimiranja

9ULMHPH L]YRYHQMD >V@ 6WRSD XVSMH&EQRVWL >
3HQDOL| 8SUDYO| 8SUDYO QD WHPHOQO PRGH ( PRGHO
JXELW| PRPHQVW GRGDW SURSLVL QD W U H @M V\{UHQMD
HQHUJ PRWRU VSRMN RGQRVD RSJDUVDLQYLC RNU P R,tlklu pLlo
ID]DPD
1H 1H 1H V Y \ \%
1H 1H 'D V \Y \ Vv
1H 'D 1H \ \ Y, \Y
1H 'D 'D V \ V Vv
6 ODE|D 1H 1H V \% Y, \
6 ODE 1H 'D \% V \Y \Y
6 ODED "D 1H V V \ \
6 ODE 'D 'D \ \Y \Y \Y
-DND 1H L H Y Y \ \%
-DND 1H 'D V \ V Vv
-DND 'O 1H \% \% Y, \Y
-DND 'D 'D V \ V Vv
8 UDGX > @ DQDOL]JLUDQL VX L VOR®H®LQ VXD WY PP WISRMN DPDL

SURPMHQH VWXSQMD SULMHQRVD 9 UHGLQRYONIV N B RN €& LPR WD |
NDNR MH WDNDY XOWLPDWLYQL WHHRRVGH. OVHOW BIND VDK XV M PIIY\DADX ] |
VWDELOQRVWL RSWLPLUDQMD 6 GANKK B RAWQD GHRSUY P ¥IBI@NDXSR
ID]JDPD ]QDWQR MH RJUDQLpPHQD ]JERJ YWOLSRHEODMD ERJ]XQ
NOL]DQMD VSRMNL 6WRJD VH ]D VERHQPDWMB RSWARDUBDQMIRR
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DNWXDWRUD QSU VSERRWW QONVW X>SUDPMBMMB]IRRUBUWBSRMH SULYV
NRMHJ VH PRGHO VSRMNH WHPHOML QD VYRMVWYX SDVLYQRVW
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2SWLPLUDQMH XSUDYOMDpPNLK Y|
SURPMHQH V GYRVWUXNLP SULMI

8 RYRP SRJODYOMX DODW ]D RSWL RPWIHDNHH VASXUSDQNODV 3N IVKH
SUHGVWDYOMHQ X SUHWKRGQRP SRJQBWONXLGIDVNKR RISWYLIPVID O
XSUDYOMDpPND GMHDRYD@QWD SRRSO N RW YWY VBURRMMH GHLMHO |
'76 NRG NRMH VH LVWRYUHPHQR NWRHJ LY &R MHHWR WQ RYISRM NHD
'76 RSWLPLUDQRJ RGJLYD SUHGORALDM MBI WBI]GIHMW LKWV WS
NRPSOHNVQRVWL L SULPMHQMLYR\DWQIW LW Q VLY R RWHU i B Q/RIYY BDW
RVWYDULYLK SHUIRUPDQVL SURPMHQH VWXSQMD SULMHQRVD

2VQRYQH ]QDpDMNH RSWLPLUDQRJ RG]LYD

.DR &WR MH UHPHQR X XYRGX RYRJ UD|GRYVIS@M®D R¥H DG BL R QIR
VH WDNYD SURPMHQD L]YHGH NDR NRFEMEDBBRWVIVGXNMPM $OLMY
AWR EL RSUHQLWR WUHEDOR L]EMHIWDRPMWHQGD UK YIS U LLNIBIIRLY ®@X
SRGUD]XPLMHYD VLPXOWDQR XSUDY ONI®RWH SRV HBW L\UW R B
SULMHQRVD 8SUDYR MH WDM QDpLQDN®DYQL SUHGPHW LVWUD:

60LND SULND]XMH UH]XOWDWH R SWDERLLFXQMDL]DOLNXLOD]QL
GRELYHQL X] RVQRYQX IRUPXODFLMXSRURPYBMX RSWS3 L LbHPM
SULPLMHQMHQ VDPR R ULWWUBLWHWIH DMD YRPIMIDPRPHQWRP PRV
WUDMDQMD ID]D MHGQDND VX RQLPD &HODYQXDOURPHM ISR W SR\
SULMHQRVD LQHMBIQWMND IP]0GCRMOMNWYRPMRYMD | V =D UD]
VWUDWHJIJLMH XSUDYOMDQMD L] UHIXAWRGMH> L@®N SR MPQ BK HG
XNDSPDQMH XNOMXpPpQLK VSRMNL X RMNRRBYDLEGRVRIFIQXPDUYIL@N MR
QXOD UH]XOWDWL RSWLPLUDQMDPDGQISWQPPIO QR LGP UDNVRX S\F
MHGQD RG LVNOMMNPQLKWWHEMOID FBEBMBUFDLWL XHVRNPH VOL|
VLOD]QRM SURPMHQL V MHGQRVWUXNLP & WRMHQADYRPNKRE L MX
MHGQH RG GYLMH XNOMXpQLK VSRPMNQWSRMINHVH VDVNWB WH
PRGXOLUD QD QDpLQ GD VH GUAL QD RMMIUF [ENUYINGD D HN Q RIHDWD




2SWLPLUDQMH XSUDYOMDpPNLK YDBWLWHE®D]JREP SURPMHQH V G

ID]D '76 D |DYUADYD |DWYDUDQMHP RBEDMXOLNOMXBEQ LK R/FSRHIQI
ID]JL SURPMHQH GROD]L GR S WISVRHIQNRHV Dp IPNRIP i @I WPIR RHZYW SR GLJ
LQHUFLMVNH ID]JH NDNR EL VH REOR R SDSR BIMIXM M@ RN\DQV. HR P M]HRL
SRWSXQRVWL XNDSPNKRQYRERMWRQQNDPIRWYNUDID]H 60LpC
NRG SURPMHQH V MB 0 RPVVWUIXQH B FRLWGMRI SR MDMHGUWCOTH PRPHQV
RGJLY L]JOD]QRJ PRPHQWD QD VOLFLH WDD N.RIR UGGD QUDH LRADWDNDA
SULMHOD] L]JOD]QRJ PRPHQWD QD UDJUE R FEV D MPRFLIWEHNDNRV R |
UDJLQD L]OD]QRJ PR RIDQR\D FEIOMDR R BUD YINRN PERU LYWHDQRVQRJ R
X SURPMHQL X NRMRM VH RGMHGQRP SUHVNDpH YL4H VWXSQMI

Slika 5-1. Rezultati optimiranja za 8-4 stau promjenu s dvostrink prijelazom (samo
kriterij trzaja vozila, model spojke temeljen na svojstvu pasivnasgkpponencijalno raste
0d0.3ut=0.2sdo1ut=0.8s)

8SUDYOMDpNH VWUDWHJILMH

5.2.1. Rezultati optimiranja za bazni sl bez specifinih faznih ograni@nja

2SWLPDOQD NRRUGLQDFLMD DNWXDWRGDIRPDXSQBPWBPNXViIBY
DQDOL]LUDWL QD SULPMHUX V L O DA R W RUIR P MHIPHK Q IRWIDFRG N
IXQNFLMD SRORADMD ps HGPOH OHN FHGHIMHWRBRMRUD 6 FLOMH
XWYUYyLYDQMD RSWLPDOQRJ SRQDADQRD PWRIRMHPE WWXS QN
SULMHQRVD X RYRP MH SRJODYOMXN SRRPHSRY VPR WRWHQ XN R @




2SWLPLUDQMH XSUDYOMDpPNLK YDBWLWMMHE®DURE SURPMHQH V G

SURPMHQH2VWXSXPMD8 UH]XOWDWLPD X QDVWDYRRHQWRD SRJOD
PRWRUD NUR] RGJRYDUDMXiUH XSUDYOUDYE R DEMWHORMIDIQMMH MF
NRULVWL WHPHOMHP L]JUD]D

60LND SULND]XMH RSWLPLUDQL R ®H YG R E LW LHIMD XQ k6 S IUARMPRIGH)
NULWHULMDKWU]DMDD/ RIIDO'76 XSUDYOMDpPNX VWDBR/ HILMX >
ED]QD RJUDQLPHQMD GDQD X SRW SIPPJO CBYURWHM HQHI\RPK ©Q K Q [5 &
R]QDpHQLK QDtVOLFlLi V VX WUDMDQMHtLQHUFIVMVWHK DIMB Q M
PRPHQWQH IDJHV L

7THPHOMHP GRELYHQLK UH]XOWDWD (RSWEPADQR®@MD PRJX VH L]Y
€ 3URPMHQD VWXSQ WD QIVeRDH REM M )R WHERKGIMK p DK ND)* ¥

€ ,VNOMXpQH VSRMNH VH NRULVWH VH \QiH GFRRANH MHG QR [R\G
VLQNURQL]DFLMH WM EU]JLQX NOLAD& NB RMNID ( SURDRRN O
VOXpDMX VOLND F 3RWRP VH RQWQILMDVSHEMMHQRY PRP
XNOMXpQX VSRMNX VSRMNX ( RGUDMWIMEOL |XUQWRHP QB E
XRpLWL NDNR SULMHQRVQL RPMHQ ELWD QD QYRU WL H WOLLNID
LQWHUYDOD SULMHQRVD PRPHQWD

€ 1DNRQ GRYUZHWND SULMHQRWD PRIRPOMD RPNRULMHQRVQF
EUJLQD XSUDY OMD XNONXp|@KQ MB R MMPMIONSRYIRP PRIGXODFLNM
QMHQRJ PRPHQWD NDR L PRPHQWD LFNQNIXQRP NG RNDQH B
WM V PDQMLP SRWHQFLMDORP GLVLSDKUIMHMEKQHWBILRRA M
SULMHQRVQRJ RPMHUD EU]LQD ]DYU&DQN BIRGD] IMXD REM B WK
GRJDYyD X LVWRP YUHPHQVNRP WMRMEQYWNAMH PRPHQWD Gl
VSRMNH VSRMNH $ ]DSRpPLQMH QHWGE&R\SQURM R PG/RIYUDE I WN.O
pLPH VH WD VSRMNDDGRODSHEP PRPHQWQX ID]X

" 7JDNDY VFHQDULM ]DSUDYR VH QHWH@HB X RGJ RIS WHM H WHOH ¥ POW [ HpRURRIPQ L
]JDWUDAL VQDAQLMX DNFHOHUDFLMX D'RRLOD §WRWUNNFPNQDDSHBDWRPDRRA
NRMHJ QH GROD]L WUHQXWQR UD]YRMNKR PG BV PR WSRIRIP M A R DV BRIG XN® Q
YLVRNLP XOD]QLP PRPHQWRP SUHGVW®ED WDS]DR WWHIQ R P MN.R\GO K [RIMH XMXIV &
LQLFLMDOQR QL]DN MHU LVNOMXpQ R UGBLRMNH. MU HIQRAKHR YYRHJi IR \W B R B\Y VQ M L
XNOMXpQLK VSRMNL SRVWDMH ]JDKWMHYQLMD
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€ 3URPMHQD VWXSQMBP] PR FHIMDDSIU| PMMBDURDA 8 M DIOMHINV N O M X
VSRMNH L GUXJH XNOMXpQH VSRMNFpRRWM VHRNVRDQDH Q B WKY ¢

€ SHGXNFLMD PRPHQWD PRWRUD JRWRH@&DVH L QH NRULVWL

3UHGOR&HQD XSUDYOMDpPND GMHOR YBIQWXD VYSNROMIXp WN M HNNRFPFS @
GLMHOD SURPMHQH SULMHQRVQRJ R©MNKpPQDE VHIRMN DNVHR \GHIQR
VLQNURQL]DFLMH SRSXW PRGXOL WD} MGVSRMMQ H B URHDE] R B NEDL
NOL]DQMD VSRMNL &WR PR&H ELWIH DDK\MVH MGR 6/ FHIOHGH R VGIR
XYLGD X RSWLPDOQD L X LVWR Y ULGWMHP®R YSJUDWDIV LY Q B H @ 61 (XS
SUHGOD&H SHW VWUDWHJILMD XSUBSUY D¥O®NMMDN B RINHDRLYND /DY
]JDKWMHYQD ]D LPSOHPHQWDFLMX

Slika 5-2. Rezultati optimiranja za 10-6 gifal promjenu s dvostrimk prijelazom (samo

kriterij trzaja vozila, primijenjenaipravljanje redukcijom momenta motord= 550 Nm)
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5.2.2. Upravlja [ke strategije s dodanim pragmdtiim faznim ogranifenjima

3UDJPDWLPQH '76 XSUDYOMDpPNH VW U DRBNIILRLY DIER SO I RKH QRW.U

QDPHWDQMHP GRGDWQLK RJUDQLpPHQMB ULHIBQRK DX] NRMD SWR P

SULND]DQD X WDEOLFL 1D S U IRRADH U= [5 WGRPM H Q$IU RWM B Q

GYRVWUXNLP SULMHOD]RP SRWUHE QB®RDNH pSHORWPD. NMVH.G DWQ H\WOHGR

NRML VH PRJX RGUHGLWL QD DXWRROWEPND @D pLQDWNHPIHORIMP

X SRPHWQRM L ]DYUAQRM ID]L SURPMHNQUHD WEIDYIQH NODX\DW WLHILLC
D PRJX VH RSLVDWL NDNR VOLMHGL

6WUDWHIDWIRSUHQLWLMD XSUDYOMDpPND VWHDVQHKLMP IEH] GR
SURPMHQH VWXSQMWMILMED LNVRHVIR W L ¥ MLERID MUHDGMDH X (R & MeH O M N X

6WUDWHBLRDPRM VWUDWHJILML QLMH GR]YR OWSRMN B UR MNRHIQD
SURPMHQH VWXSQMOXSWIUNHFQRXDQD/HV®VELY DUH QR RQ P HW D Q
RJUDQLpPHQMD GD VX SUHG]QDFL PRPHODWBGQ®RNMNQMWYVKRMHN
SUHG]QDFLPD X SRPHWQRM ID]JL ]D XN OMX p]J@HLV SIRMNXHQ R G/ SR

6WUDWHUILMID GR]YROMHQD PRGXODFLMD PHRWPHLQAVD KK NIV X [YDLLK

F .DNR EL VH WR RVWYDULOR PRRHRW YREMHG @B R WNQ XROJIL
LQHUFLMVNH IDJH WDEOLFD 2XYNRO RIXPpIM@L 8 @ M N DV W XY R IGAL
NRULVWL WLMHNRP ID]H SURPMHQ I ISRISMRE RYQR P R R/MM G QERM
SULMHOD]RP > @

BWUDWHIRMMHGDQ SUDJPDWLPQL SULVWXS XSHODBKBQRP X6
> @ MHVW GD VH LVNOMXpPQH VSR® NHR BEKW W RS IRR\PVKVQWH VXV
SULMHQRVD VOLND G QDNRQ [DHUB XV S URPHI NQHH & M YNJRKXL I/ \
IRUPXODFLMH SUREOHPD RSWLPLYDRM I3 RIG) HUHALM VINDN (DM X P\GH-
VX DNWLYQH LVNOMXpPQH VBRMNH WORWIYRUHQH WM YULME

6WUDWHSLRIDRM VWUDWHJILML QLMH GRSXAWBQRMDSNRPMNQPQLSK
VSRMNL &aWR ]QDpL GD VH XNOMXp@H RASIRWIN KX \§MHE R MIXP XWR
VLQNURQL]DFLMH WM NDGD SRVWLHQXSEIRUPXOMELMLQBDREKXK
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RSWLPLUDQMD WR VH SRVWLAH QDPHWIDUWMEIP ROU PN B QMID K
VSRMNL MHGQDNL SUHG]QDFLPD NRMMNMRQRVIDPDMX X SROD]QRP

6WUDWHILMB GR]YROMHQD QLWL SURPMHQDQIWHGJURNRM HEQWDL

SUHG]QDND PRPHQWNMVWRRWMNL] X VOHNVYBVUDWHIMMER NRPELQLUD
L

Tablica 5-1. Dodatna ograrnja vezana uz faze promjene stupnja prijenosa za ostvarenje

razli [icih DTS upravljalkih strategija unutar optimizacijskog okvira (vrijedi za 10-6 primjer

promjene; ogranfenja za pdetnu, momentnu i zavrsnu fazu ostaju ista kao 5to je definirano
u tablici 4-1)

6wubwh 6WUDWI 6WUDWH 6WUDWhH 6WUDWI 6WUDWHJILMD

fOFG

L QHUFL

fOFG fOFG one
ID]D one
RJUDOQL 1HPD| fonc foNC  — fONC one
WUDME ONC
3 PV fONC fONC oE
ONC
'RGDWQ

fOFG

PV
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Slika 5-3. llustracija gavnih karakteristika upravljgkih strategija za promjenu s dvostrukim
prijelazom realiziranih nametanjem dodatnih faznih ogfanja kod optimiranja

upravljalkih varijabli
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5H]XOWDWL RSWLRMWHD ®SIDDNDOWIDONH VW UDW

.YDOLWHWD SUHGORAHQLK VW UDWHJ LUNHD X>XOSNIDW D NRIS@NL B LYUUDHQGY
SURYHGHQD |D UD]JOLPLWH Y khi MXHOGNGR WIW LF WM DQ V N R J1 RDUNPW B D
SHQDOL]DFLWMHpHQKUIAMHIHQHULUDQ MH NDR YHNWRU GHY¢H
UD]JPDNQXWLK WRpPDND L]PHYVX ID SHYENDRDQUH] X OQDDWALRBW

=BWUDWHVDMXD D EU]JLQH SURPMHQH PHRKXNQWR SR YGDDP@RY Y
WU]DMHP YR]JLOD VOLPQL VX QD SRpHWNMHQRDDN WBHIDX QR Py
RG]LYD SULMHQRVQRJ RPMHUD EU]JLQDHREBULMHWEQRMWIDGBNR
SHQDOL]DF pMH HRG LY. MBX]L BIDEDMH. & Q Bs N FOQNOWRDVQONDPQL UH]XOV
GRELYH@WVURWHUDMND E X] L]JQLPNX YUHPHQD RGPLYD SULM
NRMH PR&H ELWL NUD W B GWASIRBIDN AMHADQRUDQD MH YLVRNLP
L]JOD]QRJ PRPHQWD QD NUDMX SUR P MHQHV B WONSIOWKDD GBILKL M IS Q R
NUDMX SURPMHQH VWXSQMD SULMHQRVRQGHRRREHWYW@RND DR
RSUHQLWR VX QDMYHIiL 6\ URYWKHYIWODOWHYDMRXY IADRNL JUDGLMH
PRPHQWD PRJX VH XRpLWL QD SRpHWNX NSRINRIPKV BRI D W X & @ ¥
DJUHVLYQRJ RWSXiWDQMD LVNOMXpQUE ESBRMNML MRGNYDSWU L
VSHELILFLUDQRJ ]D FLMHOL ¥WX® WHE KDL KS UIRNWW R QB [=]D D
PRPHQWD MH UHODWLYQR PDOD QD BR[RPWMNX B ERA MG MK RS
]JDNDAQMHQ VOLPpQR NDR NROWRWD W HEIXO G RSMBWHNIIMRRQLK VS
LQHUFLM VENARWD WHNIR RIBLQLUD NDUDNWHULVWLNH 6@WDDWHJLMD
EUJLP RG]JLYRP SULMHQRVQRJ RPMHUD EYPDY R RL XPARNPHIQNWIL BT
YHULQX WHALQVNLK IDNWRUD =QDpDMQROXSRSBURMAWRRSL
SUHEDpPDMD RVFLODFLMD L]OD]QRJ PRIPVHH WXOE X W [DINYDD H\VQHH D) LIMVDH
Pw

5H]XOWDWL RSWLPLUDQMD SULND]D @D DHQV ®MHFS H Q DR NIRYBIQ VS
HQHUJLMH X VSRMNDPD SRYHUDYD L]QR@&XEOOMONFH MK ®R FPHRE\N
,]JQLPND MH 6WUDWHJLMD X NRM RS XFHWRBENKHL LY NOMKD @IN MK RIN
L REOLN PRPHQWD PRWRUD WH UXSD Qi R] WYRWIX B R RIKQIHD X OQ P
HQHUJLMH VSRMNL
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Slika 5-4. Usporedni rezultati optimiranja za 10-6 promjenu s dvostrukim prijelazom za
razli [ite upravljalke strategije i razne vrijednosti normiranog tezinskog faktara p

(primijenjeno upravljanje momentom motora, konstantan moment maer®50 Nm)
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QUHGQRYDQMH SHUBRIWQRBEQVIUDYIDEDRNLK VW
WHPHOMHQR QD 3DUHWR IURQWDPD

$QDOL]D UH]XOWDWD RSWLPLUDQMDR VHS]DHGWR G B A B SIRQWE R D O
SHUIRUPDQVL NDNR EL VH SUXALR BROMEXYMG X VQO KD MM I RS
NRPSURPLVD 3UYL NULWHjEsM] M6 HO®HLRYMXUYDM FR]LOD GR
L]IQRV XNXSQH HQHUJLMH GLVLSLUD®®EMD VSURINM/NDPAVE RN X S|

6OLND D L QMH]LQ GHWDOM QDQGENNH SHU BRILEMRQX M X DU\ K
jrus UDYQLQL JGMH RQL IRUPLUDMX 3BSWW R DURQR XR SWLE P DO
GHILQLFLML 3DUHWR RSWLPDOQLK WRPDNDMPRA&H ¥WDRNDiERW
UHSUH]JHQWLUD MHGQX VWUDWHJLMUMHSIUHDM QW D QM DM HGRNK WYUL
QRUPLUDQRJ WHH»LQEXNRMHWEWRIUIDYH OLQLMH R]QDpPpDYDMX (
LVKR BksFEDNRRUGLQDWQRJ VXVWDYD ]D VYDNMDY VHMHGRRVW V
NDR DJUHJDWQL NULWHULM SHUIRUPYDIQMLD X' 7\6Y X & X DLYGDXWIH W
VWUDWHJILMD

6OLND SRND BXWUD V& BBIIDMID NWHUL]LUDQD QDMPDQMLP DJUH
SHUIRUPDQVL ]D QDMYHUL EURM VWXS QMHYDR SIMQD OR] D ALRIEMI
EUJLP RWSXAWDQMHP LVNOMXpHQLK B REN LU DWM JAOWM KR Y R P
QDMEROMH SHUIRUPDQMH ]D WHALB S QHI HD N\WRWDHS HQDOL]DFL

MDND SHQDOL]DFLMD HQHUJLMB |DWHH GIHN® UYXHIDL SR SHH RF
YULMHGQRVWL W 6\WIU@WARNHRIP MDY BNRWNDURPQLMH SHUIRUPDQVH !
SURPMHQH SULMHQRVQRJ RPMHUD EUJDQ YLL AN DNSAOXINVRBIL R B
PRPHQWQRM ID]L SURPMHQH L V WLPHBRYR]PQRIAKH R WL Q@ D/FU M
RGMHOMDN 9DOMD QDSRPHQXWLM B DI RUP »HQ Q MIH\QD FHU B B
RSWLP LLUVWDWIIMDHEHM® R QH G DM i) R\DWIP DXQQNF IY M HOVRHMEDMW R AR E M D & C
LJUD&HQLMLK ORNDOQLK PLQLPXPD ]D WRYJIDM NRFPHS@MHUNMD RNPF
NRRUGLQDFLMRP DNWXDWRUD
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Slika 5-5. Pareto fronte za rafiie upravljalxe strategije i za razne vrijednosti teZinskog
faktora pv (10-6 silazna promjena2 = 550 Nm, primijenjeno upravljanje momentom

motora): (a) cjeloviti graf i (b) uvéni prikaz odsjdika istaknutog na (a)

60OLND D SULND]SW HP UBDPXQOMD WHVIIRQ LG HIMDV HV BHEKUIRUR/LOD]
SURPMHQX DOL X] GUXJDpLML SURNIL RRPHQWD GRWRUB XOLCG
WRNX SURPMHQH VWXSQMD SULMHQRBIRSWDGDOMGYM B J DPBUHQD
'76 D SURPMHQH L NRQVWDQWRQ L YLF RIG DPNRHP HIQHWX © RAD R
SULND]DQH QD VOLFL E 5H]XOWDDWELRSW VLN DRQMIDWDWH] HQ RV
RQLPD NRML VH RGQRVH QD ED]QL6\WUDRWMEHUNID VEBENKMLRU QD
SHUIRUPDQVH |D Y HNM R X DW Hi3 Q@ WIREKVHEN SDW H J L M D
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Slika 5-6. Pareto fronte za rafiie upravljalxe strategije i za razne vrijednosti teZinskog
faktora pv: (a) 10-6 silazna promjena i linearno rasiumoment motora od 400 do 550 Nm i

(b) 8-4 silazna promjena 2= 550 Nm (upravljanje momentom motora primijenjeno u oba
slu[aja)

$QDOL]D RSWLPDMOHDNRRXDALRWEF LD SUHGOR
VWUDWHJILMH XSUDYOMDQMD

1DUHGQL RGMHOMFL DQDOL]J]LUDMX DQMPHFNMHGR QPLpYQR UB] X/
XSUDYOMDpPNX VWUDWHJILMX X] RWHEDQMEHR QMELWOXNDWHQHY D JN
]QDpDMNH SRMHGLQH VWUDWHJLMH WUHHPIEKOMWHRN D/ X ENMH N WGE D {
YULMHGQRVW WHALQVNRJ IDNWRUD GDQD MH X QDVORYX VOLN

5.5.1. Upravlja [ka strategija 1 — ofienita formulacija

60LND SRND]XMH RSWLPDOQL RG]LY SRNMRGR R\RJYL OBl § DQOWVN R
P NRML SUHGVWDN X \8B OIS QWLIMXHIXERW NND6QPHQR NDR

REMH LVNOMXpPQH VSRMNH VHS RW S B AG\FDWHXI G HJ LSWUH XQ N LR N2 W &
WRBENX VY LVSUHNLGDQX aXWX OLQSWRP®B YRR FSLULMH Q&Y
RPMHUD EU]JLQD PWNHDQMOPD VDQN D FR PN HORPWRQDW MMM VH NRUL
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SUYH XNOMXpQH VSRMNH VSRMNH (& LWSW Y R QL NORVDXPMRIPVE RN
NOL]DQMD QD QDpPLQ GD VH REMHLYNMORVIXP QM HPIR BN HN ¥ DOINULE
ID]JH VOLND F .DNR EL VH RVLJXMSRMNRHNR NDMRB UMM F L
AWR MH YDAQR L] SHUVSHNWLYQH XGRE/HRE WL (D) RIFOM. I EDGIM\DWC
YUOR PDOLP YULM HG/QGIRNMWH P B ON INNBHRWAAPL SHW BRWHV X SQLP SRYH(
PRPHQWD 21& VSRMNH aWR VH WLpH SSWPPOMQRQIFQDRP & ¥UW
WDNYR GD VH XOD]QL PRPHQW UHGXGHUBLGQNSRVIDHB QW H WIHV
QDWUDJ QD SROD]QX YULMHGQRVWD WL FIHNNRRPPR P 6 QNRYH QD Bl
RPMHUD EUJLQD 2VLP WRJD XOD]QUHR@MBW GLMH B 8 XFQHWDFL |
LOL SUHFL]QLMH QDNRQ SUYHWBRMWH VUQNNB QLD FLMHR 2XRU [
GMHORYDQMH UHGXFLUD HQHUJLMXUGMHPH XDRX X | DSRIAND PO |
SULMHQRVQRJ RPMHUD EU]VQD8WSQIN\RV WRKH RG]JLY WU]DMD
WH MH NDUDNWHUL]JLUDQ XPMHUHQIRp LIRMHR YR OD{ ¥ DRIMAE@DUD"
YULMHGQRVRGNLAM WH QD VDPRP NUDMX LQHUFLMVNH ID]H
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Slika 5-7. Rezultati optimiranja upravlaih varijabli za 10-6 silaznu promjenu za Strategiju

1 (2= 550 Nm, primijenjeno upravljanje momentom motoras®.1)
5.5.2. Upravlja [ka strategija 2 — bez prompe predznaka momenta spojki

8 6WUDWHJILML REMH LVNOMXpQHWBRMWRKHLRIW S X RQBHIMKXHV HR |
SRWSXQRVWL RWYDUDMXOYND X E SRVOMHGLFD MIDIND MH ]QD
NRML VH MDYOMD X RG{LYX WWQDND YFRJL®2BWLBROQR SRQDAD(
GD VH LVNOMXpQH VSRMNH QH NRUYV@MUGRDN RIFEWR SFOMWDJI Q X
EL SURPLMHQLOH VYRM QRPLQDOQL SUHTHRO@R P RPHQUNB W XN
XpPLQNRYLWR XSUDYOMDQMH SURPMHQRPUISQRMMERE¥QRYNRP]
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NRRUGLQDFLMRP SUYH XNOMXpPRWRLRM NI MHS RN NPHR RHQW PR W
UHGXFLUDWLRQBN R/Q GNIYRIQW]DFMNH L& UDiIDWL QDWUDJ QD ]D
QHWRP SULMH SRpHWND PRPHQWQH QRH GXORNDLQWHU YD M B NS
]JDYUAHWND LQHUFIEMVNH IDREMH XWOMXpQH VSRMNH GUA&H VH
VX IDWYRUHQH RQH VX XSUDYOMDQR PROKP IEW) QHD®D QWPpLLIYD!
AWR MH HQHUJHWVNL XpLQNRYLWRO BDPOH QM DFHMHS MNORYIQ B ] R
RVWYDULWL

Slika 5-8. Rezultati optimiranja upravlmih varijabli za 10-6 silaznu promjenu za Strategiju

2 (2=550 Nm, primijenjeno upravljanje momentom mototas®.0562)
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5.5.3. Upravlja [ka strategija 3 — be modulacije ukljumih spojki u toku inercijske

faze

8 6WUDWHJILML SRPHWDN SURPMHQH SURMHQRVNR JVRP MHIUD
VWXSQMD SULMHQR VYD EQJLRH NIXL]R MR NN N GMEHHVEREOL]X QX

V VOLND F 7LMHNRP WRJ Y XOPHQRJISRRPNQWDHGTFQMR
L]OD]QL PRPHQW VOLND D GRN V&HPW FNQRDLO RVINNGEWRG @ RIP I
GUADQMD &AWR UH]XOWLUD MHGYD WU KPWSRWMNLP 2/LI@LND QW M USQ
SULMHQRVQRJ RPMHUD MH RSUHQLWRMMESRABDOQWE R H | SSHPWEHHC
SULMHQRVD MHU VH GR&LYOMDYD N MR/ QDA HODMNRQR | B PHL GBMRH @
QDVWXSD VWYDUQD SURPMHQD SULMHQRWRMDI VRP MRADY CEWX |
LVWRYUHPHQLP SRYHUDQMHP XOD]QRJ FRPHXWQLK WSIRMNIH Q BI
LVNOMXpQD VSRMND VSRMND & WHWDRR \G\B LVSIUS RNGULE M XQ MGIHDL
NDNR EL REOLNRYDOD WM XVSRULQ@D L REARY XS UO R HOQ/RWRWRIH
VLQNURQL]DFLMX REMH XNOMXpQH NDSARWDNHD QWCH.AN B N O B Xp Q LK
GRODJ]L GR QDJORJ UDVW L]OD]QRJ PRIPMIQRV ) DiMWRD VK] SO\ P U
VWXSQMD SULMHQRVD YUZQDORBHRQWGRRYIMH SUYNOBPMpPQH WSRM
QDVWDYOMD VH VPDQMLYDWL SUHPIXQROUA@RAP SUMADXSXQRB
IDJH 7DNDY GRYUAHWDN SURPMHQHHS DLFMHLQRNXQ RR RRIPGHILF EN
EURMD DNWXDWRUD &WR PR&H Bhvé NDXWWWDHY B §U]DGCONMIDAM]D
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Slika 5-9. Rezultati optimiranja upravlfiih varijabli za 10-6 silaznu promjenu za Strategiju

3 (2=550 Nm, primijenjeno upravljanje momentom motoras®.316)
5.5.4. Upravlja [ka strategija 4 — brzo inicijalno otvaranje iskljmih spojki

8 6WUDWHJLML ]JDKWLMHYD VH SIRW SXXRNRX RSV KD Q MAHV LS/UNFORV
VWXSQMD SULMHQRVD VOLND GQD, QD@ MX BHM &R MNRY/ R RGHK O
VYRMX SUYX WRPNX VLQNURQL]DFLMGDXVHYWRNFMXME A HV S\ROM
SRWSXQRVWL RWYDUDMX %U]JLP RW SXRWREQWUHRR [S\DNEDM K p@ K
PRPHQWD &WR XJURNXMH SRMDYX VQDAPRIDQHRRWDYXQ BLU ¥RE M
LQHUFLMVNH ID]JH 5HGXFLUDQMH PR PWHNH D2 BERWR VWY H. WPHR &XX O
SUHRVWDORP GLMHOX LQHUFLMVNHNRDJEHL WSWDWOMBWORPSGRBI
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SULMHQRVQRJ RPMHUD EU]JLQD UHG XF IDU LQIVRPL XOODN @ R JP R P H)C
VSRMNH VOLND ¥H QRE MHD PUNQO K8 R p@LH LYW HRINKN HY WIRYNJWHP H Q R

F 9ULMHPH RGIJLYD SULMHQRYVQ RE RPAIOWH/U B CEQQ HQ U HRE\HWIDQ
YULMHGQRVWL RG PV ]D RNR FPVH QWAL NXD P R PIH Q \8 Q RMWIH (D
SURPMHQH REOLNXMH VH EOLVNRP NR RIQ®VDD KINORWPX PQ P V\8 E
AWR |DKWLMHYD GUADQMH XNOMXpQDMKDVSRMNMHQR DR LPWER |
SRWSXQRVWL ]JDWYRUH SUL NUDMX PREEMOQ WD VRH XSUDN @ MD@
RP PRJOD EL ELWL YUOR |JDKWMHYQD

Slika 5-10. Rezultati optimiranja upravlfgih varijabli za 10-6 silaznu promjenu za
Strategiju 4 @= 550 Nm, primijenjeno upravljanje momentom motoras- i)
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5.5.5. Upravlja |ka strategija 5 — bez promjerm@redznaka brzine klizanja ukljymih
spojki

8 6WUDWHJLML XOD]QL VH PRPHQXFIQID SRMHEIDR M)HARF HIQW
LVNOMXpPQLK VSRMNL pLPH VH RGJDYD G RO HQR S\LILR/ Bl QRAVLD
XVS VOLNH D L F 3URPMHD D GLAINWDQRY GRD RPN B DV &
PRPHQDWD LVNOMXpPpQLK VSRMNL L SBRYHUDQMH®HAOD |[IRW YR B
21& VSRMNH UHDOL]JLUD VH VSX4WDQMHBLPR®MB P WIR LNVQW B X
XNOMXpPQHtVSRMMH 8%WR SUHGVWDYOMD JODY ®IGQ@RAMRYRIXV WL
UMHEHQMD ,VNOMXpQD VSRMND V PO@MRWPSBMUWDS R FINHRR RHQ k
XSUDYOMDQMH SULMHQRVQLP RPMHURAVMENH. OD] KK SOHRDWD OE
]JDMHGQR V XSUDYOMDpPNLP GMHORYDQMMP 3NHGPMWHQ B H/ WR B B G
SULMHQRVD ]DYUADYD PRPHQWQRP ID]REBHXQURBR®DY® XP BB H@V
PRPHQW ZFRMNH VSX&aWD WM SRGLAH L]2GHUD WILLY]Q MK YUR]MOIK
VOLPpDQ MH RQRP GRELYHQRP SULPMHR® MW PIMHHUH MILHP U DKW
]JDSRPpLEQMHVX D NRML MH SRYH]DQ V UDVWRSFRPRPM B &/Dp ONROIMODY B |
PRPHQWD XVS VOLNH DL D JUDMY KD YR\X HRGQ R VRVVW L
RGQRVX QDD PNWDWHJLMX SRQRYQR VH SRMWHANGUINDDPRF
D
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Slika 5-11. Rezultati optimiranja upravljih varijabli za 10-6 silaznu promjenu za

Strateqgiju 5 =550 Nm, primijenjeno upravljanje momentom mototas®.1)

5.5.6. Upravlja [ka strategija 6 — bez promjerm@edznaka momenta i brzine vrtnje
spojki

6WUDWHJLMD SUHGVWDYOMD NRRER@DFLSKXIRWYDDWHH I\ B X 1H
YUOR VOLpDQ RQRPH GRELYHQRP NRULAWHQMHR/IBRMBNWHILMH
RYGMH VH SRWSXQR |]JDWYDUD X SUYRWPOLINUNURR IL]D F IFM \ENDR R’ N6F
NRRUGLQDFLMRP LVNOMXpPpQLK VSRMNISRVMEBSNQR MNH XOFRLRJHDQ §
RWYDUDQMD LVNOMXpQLK VSRMNL LWHN NH IDRK INNIN @ DENR Q E®R.)
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SULMHQRVY PRPHQWD X PRPHQWQRM LDJUD QGNLH XPWDWHQYR]EC
QHSRVUHGQR QDNRKQHQL AL U D &WDL SR BDRHURFL 1@ D NNHU D | H

Slika 5-12. Rezultati optimiranja upravlfgih varijabli za 10-6 silaznu promjenu za
Strategiju 6 =550 Nm, primijenjeno upravljanje momentom mototas®.1)

5.5.7. Zaklju me napomene analiza optimalne koordinacije aktuatora

1D WHPHOMX SUHWKRGQR SULND]DQLKWUDDMH JDMMPR a HN\RHG ] RIK
LVNOMXpQH VSRMNH EU]JR RWSXawWDRDXQ VAR &H VP U X HIXW K G\RESHL
WUDMDQMD L HQHUJHWVNH XpLQNRBLWRMWWIDRPMHQH VIAWUX$E
RPMHURP EU]JLQD XSUDYOMD VH UHGXFQMB® MWPHRP KQW PQ R N CPNRP(
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VSRMNH QD QDpL @D WIRREM H XOROWRKQ MH.RJHD MBWX) D W\ J L M D

QLMH GR]YROMHQD SURPMHQD SUHGMXpPNQD K RBRE@NW DPIR £H 13 Q
SHUIRUPDQVH NRMH VX YUOR NRPSHWPWMWWQHWVRQL MBI R VOHYDXW
REMH XSUDYOMDpPNH VWUDWHJILMH LNWDMXRWIHENKQ IR pXMD | RLYP
VLOQNURQL]DFLMX XNOMXpQLK VSRMER [P BQEM G MH XNPOM X OQ | B
NUDMX SURPMHQH VWXSQMD SULMHQR® WY IX JP RWWNRRYDU HBP Gi\@ B DRARH

LIDJRYL XSUDYOMDQMD RGQRVH VH @HD \SFRRAWSNXHD Ra WORNV MCKUADNDHIYH
NRRUGLQDFLMX LVNOMXpQLK VSRMNL L XNOMXpQH VSRMNH

$QDOL]D GLQDPLNHQSWIRBMHQHQRNOSWHPHON
PHWRGL YH]QLK GLMDJUDPD

3ULVWXS WHPHOMHQ QD PHWRGL YHJQXLKSBLOMDYORRD ]NDR BIQ DV
GLQDPLPNRJ SRQDEDGR\SVRRNLHQ B MMM D HR P H LRANGRMH ]D DC
GLQDPLPNLK HIHNDWD '76 D =D WX VIUDKPX PNRRALH. YDV LA HIGIM D
UHGXFLUDQRJ UHGD ]D '76 VD VOLNHEH SR MHESRPHQXY®M MEIL K
SRQRYQR |DQHPDUHQ@HXYWMMEDM QB P@QELYM RMH DRWXEOMLYD
L EROMH UD]XPLMHYDQMH GRELYHRQKKJ K |XONWVDKRG RRW LFRW SR

'HWDOMQD DQDOL]D X QDVWDYNX SMR YR SR WSRO BWO B W H J LI/RX
GD PR&H GDWL VXSHULRUQH SHUIRU P DMWBHMB QAP VIO X pLL@OGIHRN
SURPMHQH VWXSQM DV SHE M HIQRD/DL | B D RSSRHIMH @ MBS RG QHNRC
NDUDNWHULVWLpPQLK ID]D VOLND GDQ R JRDINKDNDXX LX YRIDY W B
NRML LOXVWULUD WRN VQDJH X WRM ID]L
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Slika 5-13. Rezultati optimiranja upravljgih varijabli za 10-6 silaznu promjenu s
dvostrukim prijelazom za Strategiju 2 € 550 Nm, primijenjeno upravljanje momentom

motora, i = 1) uklju juju @ podjelu promjene spnja na karakteristine faze
5.6.1. Po[etna faza — stabilan dazni stupanj prijenosa

8 VWDELOQRP SROD]QRP VWXSQMX SHLWWHRYREDL MPHR RKBQWH W R WIR
VSRMNH 2)*VX IDWYRUHQH GRIN2LXRWSKRRMNHQPH1I&NDR 8WR MH LC
QD VOLNDPD DL SULWRP Y DQ MDD &P B BIWOLE VX[ VEIR G DWR X (
YDULMDRBRONRMIDQMMDYOMD NRREBGRHIOWMX' GAHDLYDWLY QX NDX]I

IDWYRUHQLK LVNOMXpQLK VSRMNLM W@EHKHS BSWHWRRPI X REAWN. XM R
RGJRYDUDMXUH SULMHQRVQH RPMHUH

5.6.2. Faza 1 - od inicijacijgpromjene stupnja do ukaganja ONGC spojke

8 SUYRP GLMHOX LQHUFLMVNH ID]JHRWBM&WHV XV NOMXPQH ESR
QDpLQ XOD]QD pYRWLARWWWRPNRMH WH VH YHOLNL GLR XOD]
DNFHOHULUDQM#K XODNDH LQHUBDMD XRRMWD NPRNRXQRJIX NRpC
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X RYRM NRQNUHWQRM SURPMHQL L NIYRULERXDWRH RN XVSWD 6 DI
PRPHQWL 2)2)¥SRMNL VH X LVWR YULMHPH SUHQR¥W H¥D L]OD]
SULMHQRVQHLKLRPNBURD E JGMH IRUPLUDMX SXWDQMX UHTI
PYRULZQHWR/ISNDHED GD PRPHQWHNI/RIWNIR 23SDGD EUAH QHJR PR
VSRMNH VOLND E  WLPH X]JURNXMXNW SIXGHL]|PRPORWIPF
> @> @ > @ VOLND D ORPHQWLQWORMXpRYUN RERMNH B
WUHQXWNX QD NUDMX RYH ID]JH VOILN®DRUDEW XPH YH REPR IDH:
& WM SULMHQ&WQRINRRMHWUD QXA4DQ ]JERJ YHOLNRJ NRUDND
LIPHY X L VWXSQMD SULMHQRVD

5.6.3. Faza 2 — od ukagmnja ONGC; spojke do ukaganja ONG spojke

1D VDPRPH SRPHWNX )DERVHAFRWVKDMXL & RPNX VLQNURQL]DFLM)|
QXOD VOLND G QDNRQ NRMH SRML QWD S uHQWRSFRNIINES R L W L
GLR XOD]QRJ PRPHQWD NRML VH SUQPPUH ROMHRIFILWMW L R/ DB DD N FE
QDMGRQMRP JUDQRP YH]QRJ GLMDJUDPWDSRRGM D U DMW. L) L M HQ
RPMHUD EU]JLQD 5DVWXIRMARPSQWQRML VH SWLMHGQRVQLP RPN\
L]OD]QX pYRULE@R WRPKNEKWLUD UDVWRP L]OD]QRJPIRALQWD  V
SRJRQVNL PRPHQW SRPLQMH UD]Y LR DWLYYGHRI XWLNDH fUHF LQVD/ NRR/N
SURPMHQH YR]Dp RIMMH YR @R FEHQ R UGBHWRROM H Q HF VMWIXBIQMWHD 9
SULPLMHWLWL NDNR VH XOD]QL PRPHRDV UHIXRWD GRSNHNRR
XVSRUHQMX UDVWD SULMHQRVQRJ RMM HAD HXplQD V SRR M N B MIR
X VWDQMH X NRMHP VX QMLKRYH EU]GQ Hp INFOH. ]\DHD s D LESQILH K DY
QDGROD]JHUX PRPHQWQX ID]X

5.6.4. Faza 3 — od ukagmnja ONG spojke do rasta momenta motora

8 WUHQXWNXENDGRVHIQH QXOX SRpLQWSRWH X NS MRPL 2UKEQ R
QHJDWLYQL PRPHQW .DNR MH QHJRWDYDHRM $D LRVGHX] RRD P RP R
XOD]QH pYRUNIDQAH WRRNPBRRMMND &dWR GRGWVWOR POHS B U PLYQTH UYIU W
*ODGDN SULMHOD] RG]LYD SULMHQRYRRVRREEMD SULMHDQAY [
VH EOLVNRP NRRUGLQDFLMRP L]PHyX BLMM IV HKNPRRXRQOH GFRSEGRM
UHGXFLUD WLMHNRP RYH IDMSFNDNMW GRSERORQYWLIOD]QRM pYR
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QHIJDWLYQLP PRPHQWRP VOLND G DWIMRAIUL GD GRS WIDQ/RWX

PRPHQWD 21& VSRMNH SUHYODGDYD GRSVSRRNW HdIJDWLYQRJ
'h h L]IOD]QL PRPHQW QDVWDYOMD UDVWL

5.6.5. Faza 4 — od rasta momenta motora do zavrSetka uprgiifadjelovanja

%XGXiUL GD XSUDYOMDpPND GMHORYRBRQMD F R WRUDQWRHENDIM X FEM
QDPHWQXWR IRUPXODFLMRP SUREOHPIPRBWQRLPRWRODD YX BRRV
ID]L YUDUD QD SROD]QX YULMHGQRVIW REPHQWPPRO@RND SUB QR

NUR] IDWYRUHQH XNOMXpQH VSRMNHLRD L]GD]GXVRY RGN LW B
UDVWRP L]JOD]QRJ PRPHQWD VOLND D

5.6.6. ZavrsSna faza — stabilan ciljani stupanj prijenosa

8 VWDELOQRP FLOMDQRP VWXSQMX FUNMRPREY DM R RAMHIMK [PERHV §
VOLND I SUL pHPX SRQRYQR GBRDHL RBIRL K LIWRXNDODFLMH \
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5DGL LOXVWUDWLYQLMH JUDILpPpNH DHSHNRUQW W FL®NHQ XMHHJ@L © L L WD KUGR E
VYDNH YH]JH LOXVWULUD NROLpPLQX DWROILH GNIRMPM W) N I ) R6AN UNHLORL]F B UQ S DI
R]QDpDYDMX UHIHUHQWQL VPMHU VIQWQM HL W DANUROHRI PR PG RN B X .QEUS$IODDY K
GRGDMX QD YH]H R]QDpDYDMX SURPMHEX YDHIHUMHEON QRR PHRIMWHLU D 03U ESDIA
SRVOMHGLPQR VQDJH 2YGMH YDOMPRPHRRPIH G KXW W SIDWRDWH VD YAEDU MMDE R
LOL JRUQMRM VWUDQL YH]H 'RGMHOMIAMDIMH GYDMIX GDWNXDR PR BOQWLK
SURPLMHQLOL VYRM VPMHU GRN VPMHU VQDJH RVWDMH MHGQDN UHIHUHQ)

Slika 5-14. Vezni dijagrami za analizu dinamike promjene stupnja prijenosa s dvostrukim
prijelazom za: (@) inicijalnu fazu, (b) Fazu () Fazu 2, (d) Fazu 3, (e) Fazu 4, (f) zavrsnu

fazu i za 10-6 promjenu i upravljau strategiju 4
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5.6.7. Analiza dinamilkih efekata promjene stuga prijenosa za druge

karakteristi jme upravljalxe strategije

1DNRQ SURYHGHQH GHWDOMQH DQD®QBO]ID 06 \W H PQALHPJI GM M D J XD
SURYRGL ]D GUXJH XSUDYOMDpNH VWNLONVRHE L WH  LEQWVDMUH.JLIVO-D
PRIJXULK WRNRYD VQDJD NRML VH RDWO®DNDXMXKSEGMPIDRER D WD
VH DQDOLJLUDMX VDPR VSHFLILpQIR @S UD YO N INFRNVDL B M MG RXY DU
GMHORYDQMH ELWQR GUXJDpLMH RG RQRJ X 6WUDWHJILML

Strategija 1. *ODYQD UD]JOLND X GLQDPLPNRP SR Q/IDi XQIXS RWRIFEMEH.Q
VD 6WUDWHJLMRP RGQRVL VH QD M UXHL PGRRE XLQHWB L M RWPH O
VSRMNH XPMHVWR GD RQD RVWDQB LLWNIONPpBQDVOLFYOLNX %
GD 2)¥SRMND GMHOXMH NDR NRPQLED X RYRM]NR PREHW YRYHS
XWMHFDMD QD XOD]QX pYRUDLARKMMNRPNXH ORPNQW B)P VH RG
PYRULAQHNWRpNSHLMHGRWIOLRBMHW =ERJ WRJD L]OD]QL PRP*
GLMHOX LQHUFLMMWNH X DJHSRDWE E LV KR S WWUDLNHII L M B PL D

Strategija 2. 8 6WUDWHJLML QLMH GR]YROMHQD SIURPMHW®B NSX HC
SURPMHQH VWXSQMD SULMHQRVD MH®RWB R MDD X GWH DW H 8IS
VOLPQD RQLPD X 6WUDWHJILML X ] RRADSOOE W D QAVLHN X VNNFOMVIX /GL K
1DLPH X 6WUDWHJLML LVNOMXpQ HMWHOXSIRM/NH PRGN Ll D PHV XW
VH PRPHQWL GUAH QD PDOLP SR]LWLVQIRWINQR ® YR \DW DRDX N
BWUDWHJILML XVS VOLNH E L E L1MOINRYHUJERLNHH i H
SULMHQRVQRJ R/BRMMNDB 2)*RGQRABRMMX 2} ]D RWSULOLNH LVW
PRPHQWH LVNOBXp@icK VSNRABDLQ GRSULQRV LVNOMXpPQLK VSRM
RQH X]LPDMX PRPHQW V L]OD]QH pYRIULSBRH.WRYDNE PR BKHGWH 2y
VSRMNH XVSRUDYD UDVW XOD]QH EUYRQH 3@ DVRPNHD RRRNQW
4WR NRPSOLFLUD XSUDYOMDQMH X ] QP EC]KXSBPYSRMDVOM:

Strategija3.8 6WUDWHJIJLML QLMH GR]YROM HIQRNRPG XQH UBIOMMN M N O
SURPMHQH Y SRWSRJODYOMH /DRN R WiLHL W H QY HD QR Q®IOM.DX
GMHOD LQHUFLMVNH ID]H X 6WUDLWHJ]IMD Q DVQ LX FMH ER RY SQH
IDJH 1D VDPRP SRpHWNX LQHUFIPNRPMIQWLR]IHVNOMXpPQLK VSRMI
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VPDQMLYDWL VOLND E WLPH UDXYWHUKIDXMXEL YEPXQX BY R L
YULMHPH VH UHGXFLUD L PRPHQW PRWMIRMCIMDV ODSDDYR R GUR
UDYQRWHAD PRPHQWD QD XOD]QRM I YGRRIQ B QLR G RWSRPRIEM M Q HNXD
EUJLQH YUWQMH 8 YWUHPH®@VREPVWDMQMWNIH UHGXNFLMD PRPF

D &WR RPRJXUDYD UDVW XOD]QH EWR@R YLGIQWKHI LSKR 8 RPYHU
LVNOMXpPpQLK VSRMNL 8 YUHPHQVNRB WNGIPXMADK X/ SIRNWNLP SF0G
QXOX REMH XNOMXQPRNK USRNKNH QIFNBRDE X LY PMW X]WRNXMX UL U
SUHQR&HQMH XOD]QRJ PRPHQWD QD E]J]OD]QX pYRULAQX WRpNX

Strategije 516.8 6WUDWHJILML QLMH GR]YROMHQQ MJ RN MXIP QKH C
VSRMNL X LQHUFLMVNRM ID]L GRNSX RRMHMDHE UYILLQ HONL®H] B5@RND
VSRMNL QLWL SURPMHQD SUHG]QDNIRPERPHQWH D N WALSD KXOWIS
GMHORYSIMQNDVRIQAMIQD VX RQLPD NRMD VX SRMDYOXMXMX X 6V
LQHUFLMVNH IDJH XVS VOLNH I EHW KRB RPY SD QD DUDXXG DRF
GUXJRP GLMHOX LQHUFLMVNH ID$R MNH RWO XN@H REHPWDV DI
6WUDWHJILML XVS VOLNH DE IP ROEHOMNR QIR [IXRGRO X C
S6WUDWHJLMD 3

8SUDYOMDpND 6GCAVMIORNILDPEID XV X RQLPD X 6WUDWHJILML  -HG
21& VSRMND QH PRGXOLUD YHi VH SRIMREQRFIDWHY DXWWIS X AOYLRNNHF
L E 7DNYR XSUDYOMDpPNR GMHORHEIQWIH QPHYNWI®@X GH D P
SURPMHQH VWXSQMD SULMHQRVD
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Slika 5-15. Vezni dijagram za analizu inercijske faze 10-6 promjene uz primjenu: (a)

Strategije 1, (b) Strategije 2 i (c) Strategije 3
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2SWLPLUDQMH SDUDPHWDUD XSU
SURPMHQH V MHGQRVWUXNLP SU

8 RYRP SRIJIODYOMX SUHGVWDYLW UHUDI) ML XBUWHE M O MMLCKL GNM
SURPMHQH VWXSQMD SULMHQRVD PHRWDLUDHSWBIRWQ MQL®D SSKEW G
OLQHDUQLK SURILOD XSUDYOMDpN MY NRJIU IDNDD R O L WSRDL FRVBR\QLAPH
SULWRP UH VH ]D SURILOLUDQMH X3SUH)XOWDMKL GNMORY D
XSUDYOMDpPNLK YDULMDEOL L] SRIOME®MHD RSWDRRQ@QDIWD VRAQR
RYRP SRJODYOMX SURYHVWL |]D WHPHWXIS QWLED D5 QIHM H Q RMD
MHGQRVWUXNLP SULMHOPYVRIRUL VHL 0NHY VRIWULAM B W WDAMR XV SR
UHIHUHQWQLP PMHULORP SRVWDYOMISQDF (RMDhRLEUY N WRNASREC
NUDMX uUH VH IRUPXOLUDWL SUREOHMDVBYRKDFNWPNRJIXISRIDX\X
SURILOD WH U0H VH WDNYR RSWLPX WBDURNW M ISQ R WHWINELQ MDD WEHUR INI(
SULPMHU

JRUPXODFLMD SUREOHPD RSWLPLUDQMD

SUREOHP RSWLPLUDQMD MH SURQDMID (sNDH) [3 R HRWUDHH NSRUNRLP 18 H QLHD
SULMHQRVD NRML LVWRYUHPHQR R INPYLD DU DVNHXV I8 YU RIR D HQLH
SULMHQRVD NRML VH RGQRVH QD BWH LRXUID RBWEQ RWVRW L VY IR jRHX
VDGUADQL VX X XSUB WV DPGMR R Y HWNIWRYX VWL SURPMHQH VWXS
NRMD VH UD]PDWUD

6.1.1. Kriteriji optimiranja

3UYL NULWHULM NYDOLWHWH SURPMHG DB RGNOESVQAIMDH SQUD MKHNXS D
WUDMDQMH SURPD HRIFPHEWRM WUQMDBIMVNH ID]H

PLD=t,

s ‘D tduft

wuo

'UXJL NULWHULM NYDOLWHWS S\WHR P QGHREZEWR SSRMQDMWILL MRQRN
NYDGUDWD 506 WU]JDMD YR]JLOD Y QSU L]JUD]
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t

PLD= |— 3,dt

S:WUO f

SUREOHP RSWLPLUDQMD WDNRYHU XIN@DINKY XMHOWHQ@BUIRIPUR QM

6.1.2. Ograni [enja

8SUDY OMD pRNLRARANMWRH) SRGLMHOLW ISX¥GYDRMRGRBHNWRKH DS URI
NDSDFLWHWD PRPBH FWMDNRIRAMRAFHLY XMH SURILO UHGXNFLMH PRPF

S8 °

S wlo « »
Sy @ Ya

3RG YH®MWSRJYDGUAH VOMHGHUH_SDUDPHWUH ]D HUGHQINDHIP X]OD]C
NRML VX QD VOLFL RIQDpHQL SODYLP REUXERP

Ssla a a t t t t]

S—iQJ:[ae te te te]T

3R VHIJPHQWLPD OLQHDUQL XSUDYOMINLQWMIQD LY % UQDN DYBI®
UH]XOWDWD RSWLPLUDQMD XS U DYFRORMDHOIH K/ WNHPMNVERUMMD BD
VOLNX F 9H]DQR X] WR YDOMDQPDWR PMGXWIR Y DMBI @R PH Q W
VSRMNH 21& VD VOLNH F VDVWRBHLGYHMH DEND LY QEHIIDY I DWW/
SR VHJPHQWLPD OLQHDUDQ REOLN VR SWHMBLQFRD QX DRYPYDPIF\
RPRIJXUHQR MH UDGL RSUHQLWRVWLW HMD \PGRPEHRGAHD XX 8 O RIX [OQ |
VOLND LL L]YRUQD WUDMHNWRVPL MDHP B R W@RW R LOVINGDHVDXUb ¢
WDNDY SURILO L NRULVWL QD VCEUFRILO WG XNELMHY RR PH CR/EDV
QHOLQHDUDQ WH VH QD VOLFL RMRONQR R SIRINDH &/ R VRAEDDYLON

3URPMHQD X]OD]QH SURPMHQHSRGILFDQD WP XDWDAQWWWNER PRPH
VSRMNH VOLND =DYUAHWDN PRPHOQWGHH{H SR ol H WD M HIQXH
SURNOL]DYDQMD LVNOMXpQH VSRMNHNH CEDGFD W HQK @ R PH QW B QU

V 7UDMDQMH tL @NU¥RRVMH RDIHQ RV X U H Gax NIF ID\PI$ PIRP XI®IW D
NDSDFLWHWD PRPHQWD XNOMXpQQH VY B RWMWLR BLQ HUWHRLPMNHNFDN
VWXSQMD SULMHQRYDQ MBHYUSN DM X PNy S& MNE MH W GHREX YD QM
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FMHORYLWRJ RG]LYD SULMHOD]QLKUSRIMDRY DV L\WLHPNKFROM SIUNRE N
QDNRQ ]DWYDUDQMD XNOMXRQH VSRMNH WM GR WUHQXWND

Slika 6-1. Definicija po odsjgima linearnih profila kapaciteta momenata spojki i redukcije

momenta motora za uzlaznu pienu s jednostrukim prijelazom

3RG YHNWRUL L] L]JUD]D VDGUAH _VOMBI®HHI K USRIPIWDHPQGHHV SH
RSWHUHUHQMHP NRML VX QD VOLFL RIQDpHQL SODYLP REUX

Ssla a a a t t t

S—(QJ:[ae te te te te]T

3R RGVMHpPFLPD OLQHDUQL SURILOIGNBQDLY®MD GMDVWOLFDR]QRFS |
VX SRVWDYOMHQL QD WHPHOMX DQDWRHLRSWGRBOQH®LKSRE
PHWRGRP RSWLPLUDQMD L] SRJODY@WBRPNQ:$ WP NWNURSW LWPQL
SURYHGHQD L ]D PQRJH GUXJH VFHOWXILIMH VI OPR @ HQ % URMMG
XSUDYOMDpPNH WUDNMKKEDNRHEYMRMD XSRSUPRLOHYRORQIRD @SRELP LU
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WUDMHNWRULMD PRPHQWD LVNOMXpQHLPSRWHG®ID WL WEDR NNHR P S C
REOLN WH MH QD VOLFL SURD OJYRQOQLVSHHRWILOL ONQM B p@H
SULEOL&QR OLQHDUDQ VOLND WBIN R HM\M DNNFRG L VR 1DV ® M HS Q@
]OQDPDM UHGXNFLMH PRPHQWD ]QDpD &R FPYDENWH. WDH U 8 R ® X B (
RVWDYOMD WD PRJXIDQRWW X WOR NP i CPIRDHIQSW RRWHR UD W UH E D
MDpDWL Y VOLNX L SRSUDWQXPRQYROD] ¥ R&IHH VWHGE SNEPME H
]JDYUAQRP GLMHOX LQHUFLMVNH IDJRY ]RPREHULIN EYPLGOMH RG]LYD

6LOD]QD SURPMHQD £QLFLH®GX\FEH KXDWMHG XNDSOFLWHWD PRPHQW
7UDMDQMH LQHBFLM@RHMID]SHURILOLUDQMX NDSDFLWHWD PRPFH
QMHJRYRM GXELQL SURSDGD L R HVRQDXDRR RM SHIG R M FHIOW
ORPHQWQD ID]D LQLFLUD WRMX MK HREHBHMNR IP] QW YRIPQ XU
LOWHUYDQ@mNRML VH RSWLPLUDMX VOLND PLOCHY WSRAPMNNDHS D F L
7UDMDQMH PR®P RGW B HHI@RHMH WUHQXWNRP SDGD NDSDFLWHWL
QD QXOX tWUHQXWNKLND RGQRVQR SUHNLBRWRISDYOME
YUHPHQVNE WWRQXWYRNIWR GX&H WUDMH 9DOMODYX@WHWL NDN
YH]DQR X] SRGL]DQMH NDSDFLWHWDXPRPHQFM.DMM VNN QB M) RIS LRI
SDUDBHRDAH ELWL YHUHJ LOL PRRRIHJIPHORMDRR®E UHGXNFLME
PRWRUPR&H ELWL MHGQDN QXOL 6LPXODFRMDQWDH]YRIGIL GRYL
W U H %W N D
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Slika 6-2. Definicija po odsjeima linearnih profila kapaciteta momenata spojki i redukcije

momenta motora za silaznu promjenu s jednostrukim prijelazom

SBUREOHP RSWLPLUDQMD MH SRGORAaDQHG/@RM/NGH SPURBHD/QL
DPSOLWXGD YUHPHQVNLK WUHQXWDND L YUHPHQVNLK LQWHU

D ]D X]OD]QH SURPMHQH VOLND

a a a 1 P

Vit \%

E ]JD VLOD]QH SURPMHQH VOLND

a a a a 1 P

tt Vv

e
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t t t Vv
t, t, t \%

*UDQLFH YULMHGQRVWL SDUDPHW D WD USRWHV INDONRH BH WK ®J B
RSWLPLUDQMD RPRJXULOD YHUD IOWNYKESORIROW X URPOLHNERHY V
SULMHQRVD 2VLP JRUH QDYHGHQLKLWDW®LKH W DWDQ LR Q@ MPRQ!
QHNROLNR RJUDQLpHQMD NDNR ELR/HLOL G/ASIRL MY DOIR NN V8 L
VWXSQMD SULMHQRMOULW B B H WKWIPAMFY BEDWIE WXH BHR\GIU X b MIH. RL]E M
UD]JPDWUDQMH QHSULKYDWOMLYLK QM HA¥QSMIMDQ SULRQQ R WO N
]JDYUEL 'D EL VH RVLIJXUDOR SUYRDMBQMXpSQRPWH QKU N MH
ELWL YHUH RG V ]D X]OD]QX SURPHEHRKMHPXQMHERGV HVRML Y
SRWRQMH XNOMXpHQR MH WYUGR RH UDL] PHYNDHXAD MXQP RMW M
LQWH teaDt@:X@>QDNRQ ]DYUAHWND LQHUFLMVNH INDBNRDNR EL
GMHORYDQMH PRWRUD GXJR QDNRQ LQHF3URBWHIDQ PR FG-RB/DYHH
RJUDQLPHQMH QD W.UYPHEXQ WH H@IWVHNPDH@OGH UDQH D PRY U & H W
XSUDYOMDpPNLK GMHORYDQMD PRWRX IVHIBPNRBH@®LMHGDQLPHQ

D ]D X]OD]QH SURPMHQH

tshift > \Y

tfend
3 odt<  UDG V

tiend
E ]D VLOD]QH SURPMHQH

1:shift < V

tf end

3 ,edt<  UDG V

.RQDPQR L]QRV UHGXNFLMH PRWR U DQ]DRLM X®E RIHP A P KRR P
]D REMH UD]PDW U HQWWXB\QWH SUWR MHIQ® MDX X]OD]QX L

a o/
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OHWRGD RSWLPLUDQMD

3UREOHP RSWLPLUDQMD IRUPXOLUD QHXUS WMHH\W K\R G SRR PIVRMOERRP) (
RG YL4dH NULWHULMVNLK DOJRULWDPDVIRSW.EPLNDIQWDU LAV RN R R
DOJRULWDP *$ NRML MH SR]QDWer®R RultiObi¢DiveHGEhei’R P 02*$ |,

Algorithm 02*$ ,, MH YL3H NULWRWWMSNOQ XQXWDU PRGH)521
RSWLPL]DFLMYVNRNRRNWXEH ® MDY N RWMIVW R SYLLYAH/NWH2ER R VBXIS N R P

NRML RPRJXUDYD RpPXYDQMH L]YUVQ LKV HEHHWOR EIHJLSQHXUOBR
NRQYHUJHQFLMH N ORNDOQRP RSWLRWEDY >5RY HEQR [SUDLNDIINDQ
XSRWUHEX X RYRM RSWLPL]DFLMVNRQRPV SRIEDLWLO MEXX GXRIND 1300
RSWLPLUDQMD WHPHOMHQD QD GDQRPVABADRYIW PRFU RRGHDN
ORNDOQRP RSWLPXPX

*HQHWVNL DOJRULWPL SULSDGDMX WMXQILIM L DK R X B QWDW D MXKL 1§ LR
HYROXFLMVNL SURFHV WH JD SULPMHQMER MDD GXD QRIID SHIQRM O HF
*HQHWVNL DOJRULWDP UDGL QD VOBRWGWHNRNMR SRISKOLIEA M D @ H
NRMLK VYDND MHGLQND SUHGVWDY OWRPE ®HBD R=PRVXDN XU MH &H
UDpPpXQD VH LJQRV GLCMOQMQXR N KIGMIFR YD SBHINRULMW WIDLMVNRP S
AWR MH L]QRV FLOMQH IXQNFLMH]YSRINW 8 MIHSIBIGEDS ME B EQWD R
selekcijie RGDELUX VH MHGLQNH 3URGLW HréianjasJ H.Q HNRINUIDKNV U HQ R M HF
MHGLQNH 3GMHFD3® 1DG QRYLP MHG MQORURE® NROGMHRRRY LG MH
GRGDWQH VOXpDMQH YDULMDFLM Hakjede/KH & R © XI®D BLMXQDD Q]IH Q
MHGLQNH 2SLVDQL NRUDFL HYRO XML.OMLS K B Y®R BMW YHU HWD M
]JDXVWDYOMDQMH HDY RICBXF LAVD/NNRLIP SLGVRIFE IBEAJIRRNY LL WM D F

5MHEHQMH YL&H NULWHULMVNRJ RBMWLRBEWL® K D QL BSUIMGIR HIHV b
3DUHWR RSWLPDOQLP VNXSRP UMHA&H@®RWS URRML IS]@HG X VGDYDO N
YL&H VXSURWYVWSWQ RIHGLIDQ NDL WHALOALB VRU DFD.WIHKWERDR SWLP DO Q
GHILQLUDMX VH NDIXREB&M®H GWRP INFEMIMGID) RP QIDMWHQMMX RG E

" (OLWL]DP MH YUVWD VHOHNFLMVNR JQ®PRMVERONNCD MHRAI MB R RGL OND WRI F/IX G
LWHUDFLML *$ QHL]JPLMHQMHQD

8 QRJXUD MH VLWXDFLMD X NRMR M]XGWLLED MG QY HR RS WP RS QVLLAP IUWCHEM I NI
]QDPLOR GD NULWHULML ]D NRMD E B WNRQROLNRBGILPLUDQMH QLVX PHyXVR
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GUXJRJ UMH&AHQMD > @ 6NXS 3DUR WIR 3DSMMPD & Q WK RORp@X DUB
WRpNH QD 3DUHWR IURQWL MHGQDNRWNK BRLEHGQHPLWEPLVYX
3DUHWR IURQWH MH EROMD X QD M® BEQNHRM HGVQHRSH @ MDW B VLRI %
RSWLPDOQLK WRPDND *$ WLMHNR P GEURNDQU K HAMHUIDF LIMOMIH O F
ILILELOQD L]YHGLYD WM UMHEHQMD MIRMDO Q K MIWZHE QD@ B WX
UMHAHQMLPD SUHNU&HQR MH EDUHPQWLN& @D RE WRQR § WQ RBIO QI
LVWRYUHPHQR IL]JLELOQD SUHGVWDNDNWDMXD SRR/ WRWMHP D 2 B DH!
VX EROMD X VYL NWDYRMDWMD®L VOLND

Slika 6-3. llustracija Pareto optimalnih rjeSenja

6UHGLAQML GLR LPSOHPH @eWlLibilkf@R IX UDREEHR b SITREBGHRBU X AHQ M)

MH 0$7/$% VNULSWD VOLND NRMX PRH)ISRZELZMBE BRJIIRMOL W RL
EL VH VLPXOLUDOD SURPMHQD VWXSDRWD 63 PXNDH QR VDR @1 0/ B%R I\
L] SRJODYOMD VOLND ]D SRWD Y.OIM HQ piX ® D IOM HELQARY IW

SHUIRUPDQVL L RJISRIQUpMPNDM D3 B EMAL PSR BVFUILHVEVQNRH MUK \WH Q H U L L
LQLFLMDOQH SRSXODFLMH WM SRpHWGSW LPUWIUNDMXQR & W\R BID K

HYROXFLMVNL SRVWXSDN JHQHWVNRHB BN OQRIUVINDIF L MYV HG IS IDLQI
DOJRULWPD =D JHQHULUDQMH SRpHW®RMHQEBRSX\RUHAIMWH. [DHDW
SODQLUDQMD ldngMxsidn IOP ExQeDiiéms. OL VNUDUHQR "2( 8 RYRP UD(
SROD]QLK SRSXODFLMD JHQHULUDQRBVWH NP J&RERXp U MK YHDHFI
6RERO '2( DOJRULWDP JHQHULUD SRPRWPRGRSEBRIXO@PWDNMB QDRQ
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UM H Zen@). MdBign space > @ 2YGMH VH NRULVWL *$ VD R SRSXODFL
GRYRGL GR NRQDpPpQH EURMNH RG M B Y MVOVK DWIRM DI HN M NW 8§ D Q
SURMHNDWD NRMH iH DOJRULWDP JH\WQHWL UVWR Y 8B FRY@H YRD S
HYDOXDFLMH LYYR {HHNMMW FMHORNXSQRJ SRVWXSNDQRSWLPLUD
OMHURMDWQRVW MRUL&W H QMY RRODW BFRGMYHIGIKQUHLULDFQ MD QWM (
SURMHNDWD MH SRVWDYOMHQD QD/NX (25 HIUROLR®R \PX VXDF R BIXIC
RODN&DYD *ELMHJ® SRVWXSND SUHWUD&LYDQMD L] ORNDOQLK

02*$ ,, REUDYyXMH WYUSRSRW RQILKHGBQLR LJUD]SRRPMHQRP
SHQDOL]DFLMH IXQNFLMH FLOMD 7R |@DpBEUWRE®RREHHRSWILP, (5 D
RJUDQLPHQMLPD X SWRBEMHDP GERHI DRIIUIHOHIRP LRY LR@R]LPIDGL OL
PLQLPL]LUDQMX LOL PDNVLPL]LUD QB ¥ LRM®DHY B Q\HH P bl ONVEKGIOYRD/Q
PMHUH NUAHQMD RJUDQLPHQMD SULFXIWOQIRP L BGQHEPHYRXWM
RJUDQLPHQMD WUHWLUDMX VH NDR PHND

2YGMH YDOMD QDSRPHQXWL NDNR VHUNRWGLRRFRGHUIS\RIRQD RE
WHPHOMHQ QD QXPHULPNL XpLQNRYLWRFH.D WRRSSRNY R K XFPRKGIHHO
GLQDPLNH DNWXDWRUD VSRMNL Y L]10DPH NDIGBRSUBWIQPMEAE!L
JRUH RSLVDQD PHWRGD RSWLPLUDQMD DWRPNROH NP\RGRNOD )R]
SUHGVWDYOMD RJUDQLpDYDMXuL IDOWEBD NB U NMH LIPNRG RG RIS
RSWLPLUDQMD XSUDYOMDpPNLK W U DWIUHHNWIRULLDLNDO NI BRI FR VD QMLHOG
MHGQDNRVWL

AI3RVWXSDN HYROXFLMH SRSXODFLMBI B JJPRERMWH NBMIR GLWHIOLIAQ M H] BH R
PLPH VH *$ SDUD OH{OLALMID SRIBUDDH XXPRGHJYHIRY,RP SULPMHQRP ]QDpDMQR
SRVWXSDN SUHWUDALYDQMD

® $NR MH YMHURMDWQRVW PXWDFLMHDMHMGYRNDRVWOBME DGR WNDLP D/IOU R &1
SUHWUDJRP SURVWRUD UMH&HQMD A&4WR MH PDQMD YMHURMDWQRVW BRW
RSWLPXPD OHJyXWLP X *$ VH WLSLpQRV SRIX\P DIFHLQWHX MIID NFRD ED Y M H DM B B
NRQYHUJHQFLMD UMH&HQMD
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Slika 6-4. Implementacija viSe-kriteijgg optimiranja parametara u modeFRONTIER

okruzenju
S5HIXOWDWLQRVBBWERUODPHWDUD

8 RYRP SRWSRJODYOMX SULND]DW uW D/UHD UB] X\CHPBIW M RIS VKL © C
VLOD]QH SURPMHQH V MHGQRVWUXNLP SULMHOD]RP L SL

6.3.1. Uzlazna promjena

60LND SULND]XMH UH]XOWDWH RSWX NRMLPNDDMH IX]|®DR @IH GD
IURQWD 2EOLN 3DUHWR IURQWH NDM®R ULV REWU P LNDQINDD NW
MHGQRJ NULWHULMD RSWLPLUDQMD QX4QR UH]XOWLUD SRJRU:

6OLND D LOXVWULUD SURJUHVLMXpUWHQOQWMHWDFRMEW L RIIHLIH
JHQHWVNRJ DOJRULWPD .UXAaLuUuL X SODIQPPWRHIRMLPBL NERRL
DOJRULWPD GRN NUXAaLUL X FUYHQLP DFRQBFDPR HRMH QREJ
LWHUDFLMDPD DOJRULWPD WM X OSPVFOMHGOWD LD XV VWPDFHME
QD WR GD MH *$ XVSLR LWHUDWLYQR@RXVXVMEVMBWK WBHR MW
LVKRGL&WD SULWRP RVWDYOMDMXUWIMHEGB QWHEH,VaW B R N HY N X
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SRVOMHGQMLP LWHUDFLMDPD QLM H R\VGDYIMMHDHIQ ORI DRLYD S
IURQWH &dWR VXJHULUD GD DOJREMRAD P VEHREDRL MR QDYGHIRIUW LD P
3DUHWR WRPNH QDMJIXEUH VX X SRGQOp WK XESUIMD LSVUMBQRNHDE
SRGUXPpMX NDUDNWHULJLUDQRP YUHPHQ LPPAD SRWDM DM B XS VR P
GYLMH 3DUHWR RSWLPDOQH WRpPpNH 3DNRIVER WVHR @W DX IMLH [SQR
]JDVHEQR QD VOLFL E 9ULMHGQRVMHQW YD MIDQ MR VI URP NIDQWC
SRGLMHOMHQH X GLVNUHWQLK UDQIQM L WRWHIN V % DL ) EDAMHQR
OLQLMDPD 7H GLVNUHWQH UDJLQH RI®@QmNirtéss/ S URP WMXIBSQMH
VWXSQMD SULM HRRRIKDI LLWA L & M GLPR MA/UBRY |QX IOMXD MADS RW G EO L p L W H
SURPMHQH VWXSQMD SULMHQRVD WHUMRURVMQRENVHL]EROLER.
XSUDYOMDQMD 1DMYLAD UD]LQD LMW >SSDQ RUPDLOGIRXWIP LV O KF
SURPMHQH VWXSQMODBQLMEQRND QB RNWXSDQMP DIJQDRERROM!
SHUIRUPDQVH .RQDpPQR PDVQR RWLYV QWK VKX §NOIN@/LPY @E WRGERA
3DUHWR UMH&AHQMH pLML @H VH RGPOYL]SRIDRVID NDRNILND M LX L
SRWSRJODYOMX
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Slika 6-5. Rezultati optimiranja parametara za 1-2 uzlaznu promjena (p5): (a) evolucija
rieSenja tijekom brojnih itexcija genetskog algoritma ukljuju i Pareto frontu i (b) Pareto

optimalna rjeSenja povezana sfidganim stupnjevima agilnosti

.RQDpPQL LQGHNVL SHUIRUPDQVL GPQLMHG R RVIEOVWIXSQ YD DD
VYUKX DQDOL]JH X WDEOLFL MH WDNRMHUVWDRGABYLLQ B HHNWYH
GLVLSLUDQX X VSRMNDPD GHILQLUDRA@WHQ@DXRIFRRUP X O COF INVRIM 5 UF
RSWLPLUDQMD UDGL MHGQRVWDYQRVWD EIO LGFH 4 WGRR FPIDYQH\QHL L] @
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SHUIRUPDQVL XVSRUHVHQL VX V RGJRYDUDMHQRP BQGWWNXEE
RSWLPLUDQMD XSUDYOMDpPNLK Y D WIQMGDHENO/L WAH PXVCDN DRV L CBIR XD$
GYD SXWD YHiUL NDGD VH SULPMHQ MXDN KX LS 8 URG VOILH pFW R DV 8 LRE-
QLALP DXWRULWHWRP XSUDYOMDQMD QAR PHOM HQRRBDQW HS X WRNG
GLQDPLNH DNWXDWRUD 2GVWXSDQRB MHRYM D WX S/QM DL BLLAMHQ
MH ULMHPp R GLVLSLUDQRM HQHUJQM L] DSHI]IGRIUALDNDY MV IV X MYDUQOMRE
VWXSQMD SULMHQRVD L WHN VX QHDDW RE\WRBRUBRGN EDBDP

Tablica 6-1. Vrijednosti indeksa trzaja vozila i energije disipirane u spojkama za
parametarski optimiranu 1-2 uzlaznu promjenu i za rj#istupnjeve agilnosti, ukljuju i

relativna odstupanja u odnosu na rezultate optimiranja uprgkifavarijabli

6WXS

DJLO(tshift>PV jrvs >P @ Eioss >N - @

s

60OLND SULND]XMH RSWLPDOQH YURPMEQNXH RGUYWQDpNL RO
UMHGHQMH NRMH RGJRYDUD VWXSQMNIDWROQ RWHM & R V BFDOFOMHQ
L XSUDYOMDQMH PRPHQWRP PRWRUD MR GBS Xa\WHOQRD DI \YHPI
SURILOD VD VOLNH R]QDpPpHQL VX HWDUF NRR pR®W DP L5H) R ONY
OLQLMD VX QD LVWRM VOLFL XVSRUMYHRW RUUMPXX® DIW.@ D DR
LVSUHNLGDQD OLQLMD 2pLJOHG GRIREBMB QH W IV XXSSQUNDLY CSNUID MM
PHYXVREQR YUOR VOLPpQD RVLP PDER.IDRBR WKSWQ MN & MSXHRIHO
X PRPHQWQRM ID]L 1DLPH SUYD WRPNMNDHRMDIL GHIRQIOU M H B R
QD GRQMX JUDQUPp@EX YWLMHGQBDW L VOLNX L LPD YLV
NDSDFLWHWD PRPHQWD NDNR EL VH NRF/SHE]L UD® P RIXA QM K@ I
LJUDAHQH RVFLODFLMH X RG]LYX WEJDWDMDR]GERDNRWQAIKME R O\W
SRUHPHUDMD X L]JOD]QRP PRPHQWX WLMHINRIP QSHUUNH Q/DJIN H]P
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NRPELQLUDQRJ XWMHFDMD LQHUFLMP @NVIVIRYD UD Q@R XEH)DR B
GMHORYDQMH GRERY HQIP B Q RID ODLFOIBPH Y.RPINGBI OMHBULOLpP QR
SRWSXQR SRWLVQXWLP HIHNWRP LQRWFIGWR/ERY KGR BD SWH. I M
SULVWXSD RSWLPLUDQMD XSUDYOMDpPNLK WUDMHNWRULMD

Slika 6-6. Usporedba odziva pogona tijekom 1-2 uzlazne promjare(yb) dobivenih
primjenom optimalnih upravljih profila (stupanj agilnosti = 5; puna linija) i optimalnih
upravljalkih trajektorija (theria = 445 ms; isprekidana linija)

6.3.2. Silazna promjena

60OLND SULND$OVMB RIHHDQW B RVH R\GIWILIP| IQXD WP MOHQ X 3 DUHW |
LPD JRWRYR OLQHDUQL REOLN V JXVR RVRIDVIBRL HERY HE B WX
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SRGUXPMX VUHGQMHWE B RND S RIPNHH@ADVIN D9 ISHURHPPQIIH QWU VW X S
SULMHQRVD VX SRQRYQR UDVSRUHYyHQD X GLVNUHWQLK UD]JL

)LQDOQL LQGHNVL SHUIRUPDQVL ]EDR UQR OWp LSWH NYDU DI H GQ RADWE
DIJLOQRVWL 506 LQGHNVL WU]DMD GREDPHGD SV NREF XFERP LN HP I
SRQHAWR JRUL QDMYLEH RG RQLXM®R ELXHQW B MNRENWLR UUE Q
RG SULPMHUD X]OD]QH SURPMHQH RAGDAWIX HQIR R LFEHDYYVXD G XDV ¥
SURPMHQH VWXSQMHYD SULMHQRVDJDMWES X WBROMNDXPD MHLNVDEL
NRG SDUDPHWDUVNRJ RSWLPLUDQM®DL Y WNORXMDWHQWRSJFENRN H/ ¢ OLE
ID]JL 4WR MH L]JUDAHQLMH NRG EUSNK SRE 8 PREWLIP LYDOWD X3S
YDULMDEOL QLMH SULPLMHQMHIQD SX QD O L\ DFALLOWDH P XER WDLN D CH
XGREQLMH SURPMHQH WLPH MH Y H2iY.D] RIS DG D GEMDED X NDOE] Bl NTX X QXX
SDUDPHWUL]DFLMD FRUH G OREM K DS QIDN ¥@EPRG MW]PSRERMLNRY D (
XSUDYOMDpPNLK SURILOD

Tablica 6-2. Usporedba vrijednosti indeksa trzegezila i energije disipirane u spojkama za

2-1 silaznu promjenu i za radiie stupnjeve agilnosti

6WXS

DJLO(tshift>PV jrRus >P @ Eioss >N-@
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Slika 6-7. Rezultati optimiranja parametara za 2-1 silaznu promjens (@5): (a) evolucija
rieSenja tijekom brojnih itexcija genetskog algoritma ukljuju i Pareto frontu i (b) Pareto

optimalna rjeSenja povezana sfidganim stupnjevima agilnosti

6OLND SULND]XMH RSWLPDOQH YURPMB®XH RERULYHQID NL RIX
UMHEHQMH NRMH RGJRYD® VWXSQNMNX WDE@QRYXWL ,KJDAHQL
ALOMDN X RG]JLYX WU]DMD YR]LG DV YD VDR ¥ H WENRY Q@ DDJ
RWSXAWDQMD LV NOH X POVHD WSRWLNPHA MR B ISRUNGHRIP K §WD.POMD p N R.
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VSRMNH 8 LVWR YULMHPH RG]LY PRGHQWML Vi3 RMNWX BIW RD N D

E ,DNR MH XSUDYOMDQMH PRPHQWRPWRWH VDV )SRQ VRO SIHLQM
Y VOLNX RQR VH QH NRULVWULWWXSD X BRMHP UM GRIWXI
XSUDYOMDpPNH WNBMHB W R ULNHD yBIINMIFDS QR P RIRPQIB B IEW ]LQD RV
EOLVNRP NRRUGLQDFLMRP LVNOMXpQB VWSRMWNDB VDPRWRIIDD YR
SURPMHQRP SULMHQRVQRJ RPMHUD EW]SRGLAHE QD pNQDBIX \LI )L
IDJH VOLND E 7DNYR XSUDYOMDR@NXRSGMMIORRDQRIHRPNSHRWID
L X LVWR YULMHPH SRGL&H L]OD]QL #® RAHQW YDWIDWH PSRRPYHRIDWIQ
]D JODWNL SULMHQRYV PRPHQWD L]PHyX VSRMNL X PRPHQWQRM

Slika 6-8. Usporedba odziva pogona tijekom 2-1 silazne promjere @b) dobivenih
primjenom optimalnih upravljih profila (stupanj agilnosti = 5; puna linija) i optimalnih

upravljafkih trajektorija (thertia = 572 ms; isprekidana linija)
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3ULVWXS WHPHCGCGRPHRSOD. RIREXYMX SDUDPHWL

.DNR EL VH RVLIXUDOD UREXVQRVWBYBWRRGOQORSGRPNMHORE LM
SULMHQRVD X RYRP VH SRWSRJOD YOWIVPH BDHIFORARISPHVWWR GDQ M
VH JRYRUL R UREXVQRP RSWLPLUDQMWXVXSD]OGLNXMX@ H3GBYD
VWRKDVWLPpNR UREXVQR SURJUDPLXYDQMRMWL NXRMHR IMHH G LYRV Q
UD]J]OLNX RG VWRKDVWLPpNRJI UREXVQRW LSAURIDJDPNPX LD Q MIDR WXL SR
VDPR JUDQLFH QHVLIXUQRVWL 2YGMRN YHRIUDDPDWHNEMWHWRIKD
SRVWDYNH RSWLPLUDQMD NDR L ]D ED]JIRIUP SD BDWX M DS RMKRRR

.RQDpQL FLOM MH GRELYDQMH R &N XFEDYIOM B RNR & VM HIE
VPDQMXMX RpHNLYDQMD LQGHNVD SIHWUDRURE QV IS WL S R WW WY M X\KNA
SR]IQDWLK ]QDpDMNL YDULMDFLMD WHYHOUBRMK LS ¥ ULDNPVMXVCDWRDU E

6.4.1. Formulacija problema optimiranja

.RG UREXVQRJ SDUDPHWDUVNRJ RSWLPUDDQHW\DL JXL| @ R WW D MPXR
SRJRQD SRMDpPDQMH NDSDFLWIHWND P RPRHQYRD YYUN GIVIR HQ PIR\GS
DNWXDWRUD XNOMXHQ H SIRRIVINDHY M HgeR R B KR GV@RP\R R/ARHJ DP LM H Q M |
PRGHO SRJRQD YR]LA@ACWPNROIGD 28@HMINDMHSDUDRHWDU

L]JUD]D TSRVWBMHZ X]OD]P 0 SLBVOMED BHHW SRVWDYOMD
QRUPDOQD GLVWULEXFLMD YULMHSHMRRV WAL B D Q B PROW D U B DAEHKY W

YULMHGQRVW WABBRO UG 6ngl. Raddaw HeSiBtionWwH. PERSUL pHPX MH
RPHNLYDQD YULMHGQRVW MHGQDND QRPLQDOQRM YULMHGQRYV

E Gionct = ghc?w = & ° A
E Toud = Too 01/4 b = aLvo° 1,
E Gl = Geng = ° 4 °y,

&LOM MH SURQDIiIL SDUDPHWUH XS UNRB¥QMDIPNRXUSIPRIQ R CP VG R
VUHGQMH YULMHGQRVWL LQGHNVD SHUWORW HRIVQV S UJPP QB ® E RO,
SULMHQRVD WH W DQNRIHLQ O VRLERW & S TRIEKY QRV WD I HURUUMD |
SDUDPHWDUD VXVWDYD 6WRJD VH SURHE QIWR\RISWILWYND SGMRHERE
NULWHULMD NRMD VH PLQLPL]LUDMX LVWRYUHPHQR
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IZFVIV-U‘OQ: E s 01/4
t a (o]
PLD=E ’— 3/, dt« »
Swuo t; « »
- Ya
PLD= t,& 01/4

S:WUO
t; a (o]
PLD= [|— %,d »
Swuo t, « »
- Ya

6.4.2. Metoda optimiranja

=D UMH&DYDQMH SUREOHPD RSWLPLUDSRID DYHINM® L UNDRQIRNV WL
PRGH)5217,(5 RY 025'2 PRGXO engNMii®bjgdtieDRAR @Bt Design

Optimizaton NRML RPRJXUDYD GRGMHOMLYDQM I VIWOCRKRDVWILINH G
SURYRYHQMH RSWLPLUDQMD X NRMLPRFDHSRUQRWPRPLQNIM R NY
QRPLQDOQLK RSWLPDOQLK WRpDND YULWDPRRIEIWWRLYIBD QMW INDR
SDUDPHWDUVNRJ RSWLPLUDQMD 8 X¥BRPHGHKHDSDQMRMHH BADRIE
UREXVQRJ SDUDPHWDXNOWRP REW LPHNRP@QIMWNR CRGPWAQLKD 1D SR
VH NDR L NRG SUREOHPD RSWLPLUDJ® D @ D PSHREBMMDY INR U L V \
SRSXODFLMD RYGMHWLP VN XHRWNDDYHNWRUD NRML VDGUAI
SDUDPHWDUD QHVNJXUQRVYVRWLAWH@WHP W]Y PHWRGH ODWLQ
X]R U N R ¥riglQWdtid Hypercube Sampling =D VYDIWNX HRGLQNL SRpHWQH SRSX(
025'2 VLPXOLUDNVKXKNX\SRY DPDSDUDPHWDUD QHVLIJXUQRVWL L JHQ
YDULMDEOL NRMH XNOMXpXMX RpHN MR VRD VVYIDANCRUQ N UILL W
RSWLPLUDQMD NDR L QMLKRYD VW DRWGDNIGRQ R SRMGWPW X BRQOWDD |
02*$ ,, JHQHULUD QRYWX NHRGXQ@NWDIFLIX WEHEPHOMX PMHUH NYDOLV
L X] NRUL&WHQ MMHWIRHWMH WN S UR GRSNHELIRQ R2YSQMDE®IX VNRIUDBSHWOM
EURMX MHGLQNL 3R pHIVRMXK SOIVOPHN.MHD QHVLIXUQRVWL WM
YULMHGQRVWL SDUDPHWIMIRMROHWHXYXDRRWWIHQHUDFLMD DOJR
SRVWDYOMHQ QD YULMHGQRVW NDR L NRG RSWLPLUDQMD &
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6.4.3. Rezultati optimiranja

OHWRGD UREXVQRJ SDUDPHWDUVNRJ \RBWLVLWDELM B O DRL NNHD
ED]JLPQRJ SDUDPHWDUVNRJ RSWLPLUDWQMBRQWMD QW QL PX BIRID|RX
SHGDOH DNFmHOHUDSMRMNMD D SULND]XMH YULM B GXDR @ WHL WBL W |
LWHUDFLMH DOJRULWPD WM ]D WREBWLELWBHQMDQ HL SRLRED H$

NULWHULMD RSWLPLUDQMD QH PRNQVELM MGG RAMMD YRR WR. ]XIDR
GYD NULWHULMD =ERJ WRJD MH LQYID V GLIFAL] DF VAGRNQILMHE Q R WY
NULWHULMD 2pHNLYDQH YULMHG QRDWIM B0S URFAHNYHD WYX B @I I L
SULND]DQH VX UHGRP QD [ L \ RVLR GV WIXLS NQ MK HOIBML QBN NV W [
YL]XDOLJLUDQR MH NRULAZWHQMHP WRIDRLYLMO K EKRWH] HAMH B R
NDUDNWHUL]JLUDQP QIGA\R X\8\N R ® & P U GRIDYMED WAIDRV RGN BV XS UR |
VWXSQMD SULMH @RVDRYLLZXWD B Q M. LB QrHOSLLNIDD DD B hWP X PDQM
R]QDpDYDMX UMHAHQMD V QL&LP VW DEQ SDIUNDI DR R & \XWWOSLRY HBl
RSWLPDOQD UMHAHQMD VD VOLWNMHVOLNH 6 @LNMRMD VK SI
RSWLPDOQD V REJLURP QD NULWH U LDM MRp H/NJLHYG@NHD Y YU MHIER®
XSURVMHPHQD NYDOLWHWD SUR P MHAHIED @ VUS QUWHL LSW INVRHEQ RV R M
VXVWDYD XSUD Y OWMDXRQIDVBUREPIMHQRIVD R GOENIDR UMWHH SH@ L] YR
VNXSD 3DUHWR R ®W.L R PDOPIHQ B MHE HQWHQ i REUXERP
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Slika 6-9. Rezultati robusnog parametargloptimiranja za 1-2 uzlaznu promjenth (@@ 0.5):
(a) evolucija rjeSenja tijekom brojnih iterg& genetskog algoritma, (b) izdvojena Pareto
fronta i (c) Pareto fronta optimalnih rjeSenja prikazanih po kriterijimgkivanja indeksa

performansi

*UDILPNL SULND] GRUHYXAMH UMXVHQM U BSHX\DPRIWSDYVNRE WD U
RSWLPLUDQMD ]D RGDEUDQR UM H AHQNR W\ LV ®UN.IM H G Q RAMDY . DA
QHVLIJXUQRVWL JHQHULUDMX VH VGHDOWHIR S HORKURFEDMDRD B YGHLC
YULMHGQRVWL R pGQILK REWDV X SDWQMQGMHUUDFUQH OLQLMH RGQR
SURILOH PRPHQDWD GRELYHQH UHG R PWIDUNVNLHFPWOSUVINRIPUD QR H
SULND]DQLK RG]LYDUMHEH@MDGBUREBMW KOVPQXOXREXNDMD Y
SRYH]DQRJ V SULND]DQLP RG]LYRP L]QDRRRPRPHQWD YPEMNE
SDUDPHWDUD QHVLIJXUQRVWL R]QD pH®ILLDX GRIEYLH/GFOP SEDRNDFP R \W2]]
RSWLPLUDQMHP UH]XOWLUD JODYLP L]PPIQMRPRQM.DDWRUQM
RSWLPLUDQ XSUDYR ]D VOXpDM QRPLQD®QOQR VYWLL MEHLNDV W L
XVSRUHYXMH RSWLPLUWBLRHLOH UDY WD NSRBI P Q H R BORVUQ R J
SDUDPHWDUVNRJ SXQD SODYD OLQLIMESUHNLOEDIAH\VEDDYRRO L
2pLJOHGQR UMH&AHQMH UREXVQRJ SBHOMNPHWHDRE¥WR X RIKRWESHAIQ]I
NDAQMHQMD RGJLYD X PRPHQWQRMSIDLV XMWY R @ D UPLRVEIHF E MW LS C
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VSRMNL PR&H SULPMHULFH UH]XOWLH®RVLNDIDIRRWSNQ JDAER M
XNOMXpQH VSRMNH SRGLaH VH EUaHSQDMWHD@RWDN D RIX i) RRR/N B
SUDYRYUHPHQR ]DWYDUDQMH XNOMXPREHGREBRBER@QMRYLVQR R

Slika 6-10. Usporedba odziva pogona tijekom 1-2 uzlazne promjere(}) dobivenih
primjenom upravljgkih profila generiranih koriStenjem robusnog parametarskog (puna
linija, crna boja) i parametarskog optimiranja (isprekidana linija, siva boja) za faeli

vrijednosti razmatranih parametara nesigurnosti

60LND D SULND]XMH LQGHNVH SHHQRYDD QRE LSYIHOFHM B Q HP Wk
RSWLPDOQLK XSUDYOMDpPNLK SURILOMDLPH QHDHLOLQ INKU XARE KV
SDUDPHWDUVNLP RSWLPLUR@MIHRUDSQDYL N XADRLQLPXWH NRP
YULMHGQRVWL SDUDPHWDUD QHV WDEXFRWWLL BOHNDD SEULRX!
VOLNH D NRMH VX GRELYHQH SDUIDRHK\W DRMN LW HR S\ ERXNVQL
SDUDPHWDUVNLP RSWLPLUDQMHP GRBWRMHYDLURY LG D @LRP BWKRQ\D!
VYDNRJ JUDID VWDQGDUGQD RGVWXSWOQR M BOQ M D GWHRNPWIH Qi) \DI
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VX UHGRP ]D RGQRVQR SULPMHQRW LLPREND\QMRD 6 XV RN G
UMHEAHQMHP GRELYHQLP SDUDPHWDU\MN YR [REING@PR VW QWAL KGIR
SRYHUDQD |D RGQRVQR VPDQMHQD ]JEDNR=DMEMXQUR CGREAIMHY

UREXVQLP SDUDPHWDUVNLP RSWLPLUDGMR P MS$I 5 CPDIPMHV R
QHVLIXUQRVWL SRHRQ\DU BE@HR VD UMERR @ R 38 HILIR SPRYV D P D

Slika 6-11. Analiza dobivenih rezultata robog i standardnog parametarskog optimiranja:

(a) indeksi performansi promme stupnja prijenosa i (b) digbucije indeksa performansi
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2SWLPLUDQMH SDUDPHWDUD XSU
SURPMHQH V GYRVWUXNLP SULMI

7HPHOMHP XYLGD GRELYHQLK RSWLPSURBMHH®HXSWHXSQM D pSIl KN
GYRVWUXNLP SULMHODXRRYIRPSWRH ODROGBNDNULIM ® LPUWEBOGHILQLFL
RGVMHpPFLPD OLQHDUQLK SURILOD UD]DLYpRJHHY M W WADDAHY 1LKM Sl URS
3RWRP VH RGUHyXMX RSWLPDOQH YUSMRIGQRVNRUSBW B BHW B UR
YL&H NULWHULMVNRIWDNDIVPH.Q B QM SiRSR BR ®WIXP L URIMD SDUDF
SURILOD VH SURYRBHQTDUIUNDHOS PRWME RWDV W XBIQOMDH B USWR Y R
NYDQWLWDWLYQRJ YUHGQRYDQMD SUHGOR&HQLK VWUDWHJILME

JRUPXODFLMD SUREOHPD RSWLPLUDQMD

SD]OLpLWH VWUDWHJILMH XSUDYOMD®RDWIUNXRNALNP EEYRLPM YA O & BROAVI
VNUDUHQR '76 GHILQLUDMX VH NUR]JURGU®G ¥ DNIDIVDHLW SWWDD P R K
VSRMNL L UHGXNFLMH PRPHQWD PRWRUD

7.1.1. Kriteriji optimiranja i zajedni ka ogranifenja

3UREOHP RSWLPLUDQMD MH SURQD iiLHRISQULADVDXD G RV R)GS/ NBHDHF
OLQHDUQH XSUDYOMDpPNH SURILOHVSWRRPMHPGI) R/ W K S QLI LS/DIM
NRQIOLNWQD LQGHMNMD H Y VXISV W\D NEHB LLIDRHQ R U B \WM/HL PUBEQ

X] QD SR Pt }0 8 Bl HV@MiX MH596 LQGHNYV WUYDMPUDR]LOD
9HNWRU SDUDPHWDUD XS U DSYy@®BHD QUMD ONLRINKIM M HV R § I LLPD WO XKW |
SURILOD XSUDYOMDQMD SURPMHQ R \X/8X DY K B CSHNH N @/RNDIW HA
ELWL GHILQLUDQ X QDUHGQLP RGMHOMFLPD

, VWL VNXS RJUDQLPHQMD VH SULPNIHWMMXMNDNRYEP K UDLY ©&D
HNVWUHPQR NUDWND LOL GXJD MJOORVDQ MWD W QB QRHVQNIS U DK
UMHEHQMD QSU RQLK X NRMLPD XDNRMXYRPMHSRMNH INQ L aLX] EX
UMHG3HQMD NRMD SULPMHQMXMX QHSUQEWY DVBOMGXDR XB/WDWD
PRPHQWQH ID]JH 7D RJUDQLpPHQMD VX VOMHGHUD
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wt \Y

inertia

tfend
3 e dt<  UDG V

tione

JGMK R]QDpPDYD WRPNH VLQNURQ R]ELIDH IV STRIHRIH QYA L WUHC
NRMHP |DYU&DYD XSUDY O MtRp NRRQ®N B ® B YNDUDMH LRRAWRUBMVNH 1D
WUHQXWNX X NRMHP VX EUJLQH NOL]J® QMDD R E B R VONMHGPNDH
RJUDQLPHQMD SULPMHQMXMX VH N BIORYEDLQWH PRI RIHD LERI K S
]JDYUAHWND LQHUFLMVNH ID]JH RGQRWRER RBQRYMHQPRWRMRPD ¥
PRPHQWQH ID]JH GXJRJ WUDMDQMD

7.1.2. Upravlja [ka strategija A — inicijalna formulacija

6WUDWHJIJLMD $ SRVWDYOMHQD MH MD RQ DQWHMHPHIDAXD RSSIl B Y X
GRELYHQLK WHPHOMHP UH]XOWDWD MDSUHSBURNDMDHWLPYHN
SwR & Nl ]JD 6WUDWHJILMX $ SRGLME®HONRMLX G3MDQIR® Y |
SURILOH NDSDFLWHSYd® PRPMRNMDGHIR@NULDLSURILO UHGXNFLMH

3RG YHHMWRWDGUaH VOMHGHUH SDUDPHWUH NR®L S®RDOQD.KOLN
REUXERP

T

&O:[aOF aOF tOF tOF tON tON t ON t ON]
T

S—IQJ:[ae ae te te te]

SUREOHP RSWLPLUDQMD SRGORADQ MAHWOMHGHULP DR YWD MHG
DPSOLWXGD YUHPHQVNLK WUHQXWDND L YUHPHQVNLK LQWHU"®

a'OF h OFG
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t \%
t, t \%

JGMR o)X SRPHWQH YULMHGQRVWL NDSDFLWNW 3 PHRPHIQWHDLL V N
RGJRYDUDMXiULK UH]XOWDWD RSWYPISRDQBDONSUD Y QIMIDPWL K W
SUHXJHWH VX L YMILK WGEQRMWGEQ RNVWDIN § DXSNDE MW pIQWHK R/BARHANL |
NRULVWH ]D SRVWR¥OMBRRMHGD VEFRHWDYPH RSWLPLUDMX 3UYt
L]JUD]D SUHGVWDYOMDMX RJUBIQND 8 R MDNMRWDD P\RHP IRG\Y B WS |
VH ]DGQMH WUL QHMHGQDGAEH RGQRWRWD SIWRIWOQ YHOGMNG G
SDUDPHWDUD SRVWDYOMHQL VX GRRBOWME@R WD QR BRR NN EQ L
IOHNVLELOQRVW X REOLNRYDQMX X3UBROXIT DK XSSURIYOD D |
GMHORYDQMD NRMD QLVX LOXVWIUMXD@DD WERMEHFRRJI®H EULLVPM |
GXJR QDNRQ ]DYU&ZHWND LQHUFLMVNMMH MH 7PDHHNMRVX BURHGCR Bt
MHU UH]XOWLUD ]QDpDMQLP GLVLSLWDW QKPP IHQHUJIJBEWHR P N H |
VWUDWHJILMD XSUDYOMDQMD VWRJDNRM HS RIE GR &QD LG R G\DSVQF
XSUDYOMDpPNR GMHORYDQMH LVNOMXYFQMWSH VINH GX3 RNGID N BQL

t o St Vv

i end

7.1.3. Upravlja |ka strategija B — zngmjne moguinosti oblikovanja profila

isklju mih spojki

*ODYQD ]QDpDMND 6WUDWHJILMH % DRWQ X X M REWRIKE XX XWHREPGHL KGR
SURILOD NDSDFLWHWD PRPHQWD LVXNDMXPQD K OWERINILL Y HINRV S
VDGUAL RVDP SBetDPHWURGYQRWX QD RQH GHILQLUDQH L]JUD]RP
RSWLPLUDQMD pLQL VORAHQLMLP SRG6IXDMO MDPHW WIHNW R Q W
SRGLMHOMHQ X AUSoSIRM LY RSWNRAUMDX SURILOH NDSDFLWHWD PRI
2)* L 2)* V&b NRML RSLVXMH SURILO UHGXNFLMH PRPHQWD PRW

T
&O:[aOF a'OF a'OF tOF tOF t OF t OF t OF]

_ T
$O_[aOF a'OF a‘OF tOF tOF tOF tOF t OF]

SiQJ:[ae ae te te te]T
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9DOMD XRpPpLWL NDNR VXLSDDFPRIMNLL ID/ALRHMHWQH MHGQD GU X
1D YULMHGQRVWL DPSOLWXGD YUHPHQWWDIOD WYHQXUIDND L
QDPHWQXWD VX VOMHGHUD RJUDQLPpHQMD

Qor Qo 8of h OFG
tor tor Vv
tor tor tor or
a & e
t, Vv
ot Vv
6OLPQR NDR X RGMHOMN X X |RI BY®DERER VB Q R RIN P VPH R

EL VH VSULMHpPLOR XSUDYOMDpPNRQBMRQR DY Q BHWNDN Q@M PG L K\

tor Sty < Y

i end

tor St < Vv

i end

9DOMD XRpPpLWL NDNR MXr Y RGRHYWNOL WUHRNONMNLP LQWHUYD

U oF loFr Lt& VDGUADQLP X L]JUD]X

7.1.4. Upravlja |ka strategija C — jedastavni linearni upravljalki profili isklju mih

spojki

8SUDYOMDpPND VWUDWHJILMD & NDUDMNMWRUSRIDQDP B HN MG
PRPHQWD 2)*2 YSRMNL GHILQLUDQLK VD VDPR MHGQLP SDUDI
YUHPHQVNLoAVMUN@XWPNDSDFLWHW PRPHQWD REMGLINDNOMXp Q

F 3UHRVWDOD pHW IStbR GQR\DH W UIDD YSHNRWVRWH NDSDFLWHWD
VSRMNL NRML VX ]DMHGQR V SURIHGRM NH GPRFX MU RPRRRGWYE
XSUDYOMDpPNH VWUDWHJILMH 6W UIH\W R PL WD LED WHIS MR D © D H\GH
X SRJIODYOMX X NRMRM VH LVNOPMXDGEH WS RNMMUH LED FR NRIV X X &\
SURILOD VDVWRML VH RG SBWDPHWDWUNINRML VH RSWLPLUDM

T
$O:[tOF tON tON tON tON]

S—iQJ:[ae ae 1:e te te]T
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%U]JR RWSXaWDQMH LVNOMXpPpQLK V SIHMKRIM R VQD XYUDLQR G Q@ RYD\P 9°
too- WM NDSDFLWHW PRPHQWD LVNOMXBRRR SSRMINL WRWEID IS
LQLFLUDQMD SURPMHQH VWXSQMD SVMVMDHRRN OD 'WUD WHUDRKR K[

tor Vv
ton Vv
t o Vv
q G e
t, Vv
t, t Vv

9DOMD SULPLMHWMDLRWRN R ii RM R XOMDARL V SRMOIM F5 ¥ NN XQH IR VH
LVNOMXp @k VBREHNIELWLEPDQML RG

Slika 7-1. Po odsjigima linearna aproksimacija upravljih profila aktuatora promjene
stupnja prijenosa s dvostrukim prijelazom: defij@ profila kapaciteta momenta spojki za (a)
Strategiju A, (b) Strategiju B, (c) Strategiju C, (d) Strategiju D, (e) Strategiju E i (g) profil

redukcije momenta motora (za sve strategije)
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Slika 7-2. llustracija odziva brzina klizangpojki za 10-6 silaznu promjenu (a) te
ogranifenja na predznak brzine klizanja ONC1 spojke za Strategiju E (b)

7.1.5. Upravlja [ka strategija D — poseban slaj upravlja ke strategije A

2YD XSUDYOMDpPND VWUDWHJILMD GHLKQLU D& PX ®\W DWHP RS W HP|
WUDMHNWRULMD ]D 6WUDWHJILMXWHYLMRJIJOH FMER VOSHQY GN
XVS VOLNH G L D X] NOMXRRXDUPIORNXQ®B 2]&UDG QM X
YUHPHQVNRP WUHQXWNX X NRMHP NDSDBIQHHADRFPEBDQ WD LV NC

VOLFL G 3RVOMHGLpPQR XSUD YHOWDU MID @ MMNW XY YPGHGE LM H (
VD 6WUDWHJLMRP $

$§[aOF aOF 1:OF tON tON tON t OF]T
S—iQJ:[ae ae te te te]T

2JUDQLPHQMD QD YULMHGQRVWL DRPOIQNXER LYQWHPUHYDVOND. kS DUL
MHGQDND VX RQLPD GHILQLUDQLK LXUDPURRIHG QRWWIHGDQRP HM
NRMD PRUD ELWL L]JPHyX L V &NDR/'E XSUDNVOMDpPNRM VWUD
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tor Vv

7.1.6. Upravlja [ka strategija E — bez promjene predznaka brzine vrtnje prve
uklju [me spojke

8SUDYOMDpPND VWUDWHJILMD ( LQVSLUWMRPQD SWH GVON R S O DM HDN
SRJODYOMX NRMD VH SRND]DOD NBRBHRMWPDIQVARPUR KR HQBIXV
SULMHQRVD 8 WRRSW&WB\W B JS VR PQULIMEDH SNUGHLG PEEWRIM BEHE& X
WRNX LQHUFLMXNI® MX]HHQ DVWIS FSNUNDRW Wi BN RS pO WR WSXL QLWL ]D
X VYRMRM WRPNL VLQNURQL]DFLMHN HYE UW]QQBXN O LE] NRWID \L DKM N
SURPMHQX L XVS VOLNX D JGMH RVR SRIRDPX. OB 6 MWL QEWRE G
RSWLPLUDQMD WR MH RVWYDUHQR QDPGWHDIINMHOP EV] MIHE HNIOHL
XNOMXpPQH VSRMNH

ts

3 edt< UDG V

tONCsync
3DUDPHWUL]DFLMD XSUDYOMDpPNLKVEWRIXOD WIOGRBNDHVH NDR
L ]D RYX XSUDYOMDpPNX VWUDWHJILM® WUIMHWGIGBOLIBPHQXWL GLC

RJUDQLPHQMH QLMH SULPIMHUQRIGID R ) B &ERBHIN KENRER QL]DFLM|
OHWRGD RSWLPLUDQMD

=D UMHADYDQMH SUREOHPD RSWLPLUDMDSRIORYOKAELERQRY QR
NRULVWL YLAH NULWHULMVNL 02*$ ,, JBBRAMWYWLUDQ JKQXMWTE
PRGH)5217,(5 RNUX4A4HQMD ]D GHWDOMM Y JERHUDLVYOMHH 8RO/
MHGLQNL NDNR EL VH &WR EROMH SIRHNW U R YLLYZIHQ G DP BRPLHRQQ 1© G
JHQHULUDMX VH NDR 6RERO VHN YW ED VN D R H XHIDIFQ IMDOIRKS X C
A4WR GRYRGL GR XNXSQH EURMNH RRL U D Q MHDY D/DM D E UIR DI IN MLHVGH
DOJRULWDP JHQHULUD X WRNX MHGQRUDERMW®E XISO.DR BRISWRE LU
SRPHWQLK MHGLQNILSRWH IR KWRE § R VIMHQD ¢YIOX pBMU RBMAW D U T
SURPMHQX V MHGQRVWUXNLP SULM IDOP]R R SME RR LUORAHD LIMHR B
GYRVWUXNLP SULMHODRPOMRIEH WRMHKDWEKQRIWW NBMHEIWHQMD R
mutacie MH SRYHUDQD QD VD ]DGDQH Y HLNMQGO@RYQ RGLNR V)
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JHQHULUDQLK UMHAHQMD L XVSMHRRLMWB RYTENMRI BRGE 8B QRN L
LVWRYUHPHQH SDUDOHOQH HYDOXDLRLIVHMLY WIFMRRR WHMWD IMDLQ W

S5HIXOWDWLDQRWONERPUDPHWDUD

6OMHGHiIL RGMHOMFL DQDOL]JLUDMXXRE W DP DWW I$® R YU PD QN

VWUDWHJILMX XSUDYOMDQMD GHIL&DWDNXWKD SR WHR MDOGYUDIM XY U

RG]LYD SRJRQD YR]LO®BWR RSWEPDQREINDIMHARSWHP5HDQMD SU

RYRP SRWSRJODYOMX RGQRVH VH QDQ L YLOPJQXRRHRRWM PIRW R
1P

7.3.1. Upravlja [ka strategija A

6OLND D SULND]XMH LQGHNWDBBUQRUBDBQWLREDQIRXPLUDMX :
=D SUH]JHQWDFLMX UH]XOWDWD NRUH&MQ X H BLADDP MR ML 28 M/
RGJLY |D RGDEUDQX WRpPNX V 3DUHWR QUDRQWIHLWRENDSVD N B [
VOLFL G XSXiUXMH QD WR GD EL YRIMNMHS VEHIHEBDW P8RV IWDL2Q
EOLVNRM QXOL X NUDWNRP YUHPHQVNRR L@W FHUYDOMD XS BRI
VWXSQMD SULMHQRIYDQ NDNPGE LWRMD DREJAH § WIDQWIHK MH QHQD SRV
GRVHAH QXOX QD NUDMX SURPMH@H VYMSOFQWBH \§ UASRMIRVD 2X*

MH YHiL RG QMHQRJ VWYDUQRJ PRPHQWD DX K Y B W YGRWHHDX DX
PRPHQW SDGD ]JERJ SDGDSRIMAHHQ WD LN b G -NMSRRRDNDGD

GRVHJQH VYRMX WRpPNX VLQNURQL]DEGWDH)RR]Y®hME R OR! BWDDI
OLQLMRP VOLND H RQD SRpLQMGEUSURP RBULIMWHLO B HIDHNILPLQILY
VOLND G .DUDNWBRIWNVHNHX2WDNYH GD VH QMHQ PRP
YUDWLOR WUDQVPLVLMH WM RQDHOQHUMWWPMHDPH QWOSNRPMHQX%

VWUDQH SUHQRAZHQMHP QHJDWLYQRJ XRBRHU@WD QDV I O PIR C
PRPHQWD GR NRMHJ GROD]L JERJ QDJOWD SR& RN DG M D S\DIFS. DVFH M
PRPHQWD REMH XNOMXpQH VSRMNH BSHREQVARP WDVWWXVBNKER®RHQ
WR QLMH QDPHWQXWR SDUDPHWULPRRIHV R D X.SUDGY O MR PN LKGS &
WRPNL VLONURQUSERMNIH BWEYDUQL PRPHQWL XNOMXpQLK VSF
NDSDFLWHWD PRPHQDWD WH VH RQHHCR@DYXQR [DGLWNDU D MX X Y
ORPHQW PRWRUD UHGXFLUD WS RMNRURRYBENRD AWRMXL® RpN X \
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VOLND F NDNR EL VH QH WDM QDR HEDD EN RLYDHR XR [ Y VY 8RR
LQHUFLMVNH IDJH VOLND H 8 YUMRIOQWXYRP WERKQNWNEWY I
PRPHQW PRWRUD ]DSRPLQMH UDVW SUHPDVSRPNWQRMFY U L8V H.
YULMHPH NDSDFLWHASRAVRNPH QW B XHIFUD VH QD QXOX pLPH VH
]JDGDQRJ VWXSQMD SULMHQRVD VOLNDPHQ®QDDIOMD QDWRPH:
SURPMHQD VWXSQMD SULMHQRVD ]EHQID XB WD ZWANHPNDN & MH K
LVNOMXpQLK VSRMNL L PRWRUD

7HPHOMHP XVSRUHGQLK RSWLPDOQLKRRGUWWIDQRMIMINISULN PO
]JDNOMXpLWL NDNR VX UH]XOWDWL B FEBLYWHQLUST X O WHDWD B DNG R
SULPMHQRP RSUHQWIPMHD GWD Y XIDOLAIDD b NIVWKU\Y WHBINIHWKRY 7 R
YULMHGL ]D RGJLYH EUJLQH YUW QMM HUDD EQYR U QYU D WVELL] DQ [5 NG
VSRMNL 2GUHYHQD UD]JOLND PR&H VM EXRPGWH ¥ R G| & XP RJFOHQ §
VDPRP SRpHWNX SURPMHQH VWXSQMD LYWIQWRHPQ & D D DJDH\D B Q MM L
RSWLPLUDQMHP JERJ GLQDPLNH DNVEX\OLWRUDQ MR MDU® IMMHHN WR O |
WRJD UXSD PRPHQWD MH GXEOMD L RRG]LYXEDOWL QR JIVERPHIQ
SDUDPHWDUVNRJ RSWLPLUDQMD YJ WRUNREW H QRG) LM HE Q]DWVDD ¥
RGVMHpPFLPD OLQHDUQLK XSUDYOMINBK SIRRIRD@V H XWRPO R
RQLPD GRELYHQLP RSWLPLUDQMHP XBQMHOMBpINQ & HNW D MM DI MD F
VDPR 8 LVYWR YULMHPH JXELWDNHH®HUJLMH X VSRMNDPD S
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Slika 7-3. Rezultati optimiranja parametara za 10-6 silaznu promj@¥ug50 Nm,
Strategija A): () evolucija rjeSenja tijekobrojnih iteracija geneskog algoritma ukljju
Pareto frontu, (b) Pareto optimalna rjeSergavezana s definiranim stupnjevima agilnosti,
(c)-(g) odziv pogona vozila za odabrano rjeSenjerd = 388 ms; pune linije), ukljfuju
usporedbu s odzivom dobivenim primjenom optimiranja upréxihjarajektorija (isprekidane

linije)
7.3.2. Upravlja |ka strategija B

8 XVSRUHGEL VD 6WUDWHJIJLMRP $ IRYMDRIHI® QU WLDI B DVUMHWERN RIS
UMHGAHQMD X aLUHP UDVSRQX WUDMDIQMID L QHWNR WMHNRYI®YHH X
I[URQWD UDVWHJIQXWD X VPMHUX \ RWNHYHHKGRG& UHPNQ D O\LWMDM |
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SDUHWR IURQWD MH SRPDNQXWD EONMORNHOLMHYRVR XBERXMB
GD VH LVWD SURPMHQD WM VDMHGRORA&HPA ]WHD WD QMWHIR 3V
6WUDWHJIJLMH % X] YL4AL VWXSDQM XV WEQRVWL X] PDQML 506 L

%XGXiUL GD LVNOMXPGH VGRMWILE L BRN WIUD REMDNRYO SURILO!
NDSDFLWHWL PRPHQWD UHGXFLUDMKMHSP X@Y®HVIDILNH/LYGR Qt
2G]LY SULMHQRVQRJ RPMHUD EU]LQID 25 &/BIRWKNWH NVIHVIN RAH. #\R A B
PRGXOLUDMX NUR] pLWDYX LQHUFBRMNX DONRKSYDMNXDVH & Y BN B!
WUHQXWNX X NRMHP NDSDFRWHKNMW FPRAMOMIDSD)EDWL SUHPD QX
REOLNRYDQMH SULMHQRVQRJ RPMHUD EWSRMMN HRVRRIXUIQRR W
UHGXFLUDQMD PRPHQWDL RRAVRR DL YRR RN RY RW XBWBYOML VOL
9DOMD QDSRPHQXWL NDNRVEBRMARGROLNDRQMK SYRPMHQH VW)
SODUHQR JQDWQR YHULP XNXSQLP JXBEILAMHPPHVEREMD QWNH S|DR
VWXSQMD SULMHQRVD X VSRMNDP VX i [5 L W.-S X WDO X pND-MEKQRISMY L |
XSUDYOMDpPNLK WUDMHNWRULMD »3/EL RGAJHYXO D WICAF LR SW L
XSUDYOMDpPNLK WQDMHISWRRN NQ > GREDSHHNY MHU]DMD YR]LOD S
MH ]D ]D SURPMHQX V LVWLP WUDMDQMHP LQHUFLMVNH ID]t
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Slika 7-4. Rezultati optimiranja parametara za 10-6 silaznu promj@¥550 Nm,
Strategija B): (a) evolucija rieSenja tijeRobrojnih iteracija geneskog algoritma ukljyuju i
Pareto frontu, (b) Pareto optimalna rjeSerpavezana s definiranim stupnjevima agilnosti,
(c)-(g) odziv pogona vozila za odabrano rjeSenjertd = 429 ms; pune linije), ukljfuju
usporedbu s odzivom dobivenim primjenom optimiranja uprgihetrajektorija (isprekidane

linije)
7.3.3. Upravlja [ka strategija C

.RULAWHQMHP RYH XSUDYOMDpPNH VQLIDRWHNL MDD \N R X @ X&K B UL
SURILOL GHILQLUDQL V QDMPDQMHM® & QR MHPHS B Q DIPHIHIUHL L B
FLMHORJ FLOMDQRJLYRIG B K pM N HVILDD NED Q®VNH DURYH SHUIRUPD
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EUIJH SURPMHQH WDDMNDW MWUIP] LLWDHIUH LMY NMXIDRUHVBBGRQLK ]
VWUDWHILMH $ L % 3DUHWR ITURQWOHOREUBUHBXSMK) NOWRNWR B
YHULP 506 LQGHNVBEPLN QLW MDE X E L E

9UHPHQVNL RG]LYL QD VOLFL L @/ X \RW Q RYDW & WMUHDGAGHRI. W B Y&Q F
PRPHQWD RELMX LVNOMXpPQLK VSRMNLOXXPWSRYUH AQA LKUHIDVUH
VLQNURQL]D¥ERMNH &V OLND G .DSIMBIRWHW BRPH@WD 2D W L
SULMH GRVWL]DQMD VYRMH WRpPNH VUQMKRR Q DEDFN MG M B DN R D
PRPHQWD ]JERJ GLQDPLNH DNWXDWR UDMN BR 2 1% R LPMHQ MSH) R N ®f
XNDSEDWL X WH VH QMHQ NDSDFLWHW PRPHQWD GUAD @WBWR t
GR NUDMD LQHUFLMWNH MQHNH G L H ORPHQWWRWRUD SF
V XNDSPDQMHP XN GBNRXHHLAKQWRS RWINEH FHHD MR PEBWFPRWRUD SR
UDVWL V YHULP JUDGLMHQWRP WH VH YRJDVMOLQD SRPHWE®LKU
WUDMHNWRULMH L]OD]J]QRJ PRPHQWD VOQHNDHP MK URDQYRMD pBIR
WUDMHNWRULMD L 6WUDWHJLMH QM®AIQME B R XNDOQWR X Y DHIRK
LQGHNV WU]DMD YR]LOD SRYHUDQ MB RBWLPLXNVSGRDHGELDY QU
WUDMHNWRULMD 8 LVWR YULMHP H Q-MHUD IMHD JO LV LLS L UDROML XV
YULMHGQRVWL JXELWDND HQHUJLMHR GRENYHGMKR] D H/ WE D VA1
NUDWNRP DNWLYQR&UX LVNOMXpQLXKIRPRGINLH ®X H Q/HHU @ H MPVRNGHX
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Slika 7-5. Rezultati optimiranja parametara za 10-6 silaznu promj@¥550 Nm,
Strategija C): (a) evolucija rjeSenja tijekolomojnih iteracija genetskog algoritma uklju i
Pareto frontu, (b) Pareto optimalna rjeSergavezana s definiranim stupnjevima agilnosti,
(c)-(g) odziv pogona vozila za odabrano rjeSenjerd = 540 ms; pune linije), ukljju
usporedbu s odzivom dobivenim primjenom optimiranja uprfihietrajektorija (isprekidane

linije)
7.3.4. Upravlja [ka strategija D

3DUHWR RSWLPDOQD UMHAHQMD G RAWY B Qb NRVLH. 3 WX UMD R WH
SRGUXpPMX NDUDNWHUL]JLUDQRP WUPDW D/@MNP LQB UFRVMMNHERJH
AWR VH YUHPHQVNL WU HW®QDXRWDNH XNHD PRAG MO DELED WL QHRYLVQF
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YUHPHQVNL WUHQXWDN X NRMHP NDSDBIDNGI @PREGXQWDLNYNO
2VWYDULYH SHUIRUPDQVH ]D EU]H SWPRIDVMYQRAYIQLLIXH6WXU B QY IHR
X VPLVOX XGREQRVWL SURPMHQH XVS VOLNH L

8 XVSRUHGEL VD 6WUDWHJLMRP & LMMNOMMPHQH. WSR MAW RR WHB]3
XPMHUHQLMLP SDGRP L]OD]QRJ PRPHIZWDX\VS SUDPRRHGLMHD X LFQ
7R VH RPRJXULOR GRGDYDQMHP MRA WRHGQ H WX Q RIR DY XRXS
VOLNH G L F 68RMQONMH2Y& XNDSpDWEDNRLEE VEHRRVEWH 2 &R
VLQNURQLJLUDMX LVWRYUHPHQR QDVNUVDMMNDLQHUF L' REN¥H 0] H
UHGXNFLMH PRPHQWD PRWRUD YUOR MHRFNOR$INQPRQORE@MDG
XSUDYOMDpPNLK WUDMHNWRULMD R SMAUDWERMMWIH GRVEILED VYR
WRpPNX VLQNURQL]DFLMH PRPHQW PRIMWRAWNMH VBKHWWLPH RE® LON
SURPMHQX SULMHQRVQRJ RPMHUD EWRQBQWDRM AQRM PRRHE®
PRWRUD SRPpLQMH UDVWL SUHPD SRIDD]PRNHUWRMRPRGQRWWIUR BN
RVWYDUHQH SDUDPHWDUVNLP RSWLPLUDBIQUREP $UDRMNQEREO
RSWLPLUDQMD XSUDYOMDpPNLK WUDMHB RIDLRIG® VD BRY H (DG B
GLVLSLUDQD X VSRMNDPD SRYHUDQIVIMPD |RS W L XLX\DSRVIH & § U D/Y
WUDMHNWRULMD ,SDN DSVROXWRMNDWPLLMM B Q RGHEM M-E YW D R DPE
N -
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Slika 7-6. Rezultati optimiranja parametara za 10-6 silaznu promj@¥550 Nm,
Strategija D): (a) evolucija rjeSenja tijekom brojnih iteracija genetskog algoritma ki
Pareto frontu, (b) Pareto optimalna rjeSergavezana s definiranim stupnjevima agilnosti,
(c)-(g) odziv pogona vozila za odabrano rjeSenjerd = 370 ms; pune linije), ukljju
usporedbu s odzivom dobivenim primjenom optimiranja uprfihietrajektorija (isprekidane

linije)
7.3.5. Upravlja [ka strategija E

SHUIRUPDQVH RVWYDUHQH SULPMHQRRGQRMXWEDLREAH( GREpQD K
GRVDG SUHGVWDYOMWQDRVKIUNMLY DB DMINGMEHQ & H INL BRGUY BP V
SDUHWR RSWLPDOQH WRpPNH GRN MH RVED YRMWDBGHK RK\EW DW IO3LD
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VWUDWHJIJLMH 2VLPNRJBD WBDLNHVRXREDW SR QNYLHIXH GX@ 3DUHW|
VOLND E YMBURVPRGWHEBLIGBBPLPNRJI SURFHVD

9UHPHQVNL RGJLYL SULND]DQL QD GHNR KEND W\N URDEQVLH VIOLNNGIM X p &
EUJR RWSXaAWDMX X SUYRP GLMHOXJRQH\DFLMMSIENEHH HBURMH
SUHGVWDYOMD XSUDYOMDpPNR GMHORYR®H H HIR M H{ BGR R YNDRG
BWUDWHJLMH & XVS VOLNH G L VSRMNHSQBUWR W H B RHM & WDY E
VLQNURQL]DFLMH WH VSRMNH QD YLH RNXJXUDMDGOWN@RR]® W Y
VOLND G 7DNYR XSUDYOMDpPNR GWRHOBRY¥D ] M HX VROHIMKHGL RV RS
YLEUDFLMD NRMHRGHLFRJIX XRQLRVILPR FH QRN OWIBIANIP QR GREL)
YLVRNR RVFLODWRUDQ RG]LY W U]DWDR YYRYIMHD HVQDNDG R BQ RNVR\
'UXJD XNOMXpQD WISHRQRNOL \S R pRRMHHQ & MO GVIR [(GNRXY N LQM WR/GRL ] D F
ORPHQWRP PRWRUD XSUDYOMD VH QD GGIPLR) XNSRINDLY QVMHD PYNHLIP
VWUDWHJILMDPD R®D VMU B RIXQ MXHAH [SVB\BN_H H DQ B WAUHD VI D SR O |
YULMHGQRVW WLMHNRP IDJH SULMHQRVD PRPHQWD VOLND F

,DNR VH XSUDYOMDpPND VWWVBWHMBDVMPRIDDNRBRWHXDRY WL XNR
VLQNURQL]DFLMVNRM WRpPpNL SRND]CPODHNROW KB HOMMXR R SU BYC
WUDMHNWRULMH UH]XOWDWL SDUDPHWD BGNMRIIO NRNXV L\PH IHULN
GUXJDpLMH 1DLPH YULMHGQRVW 506MHQJ®HNYV DX WWY]ORMDH BE]L §
UH]XOWDWLPD RSWLPLUDQMD WUDRWPHEIWRPHMR®* XRD/SHPREMB aX1
VSRMNH ][DKWLMHYD EOLVNX NRRUGVYR DH WRaAHRVWEDRMWI LDWNI
JUXELP SR GLMHORYLPD OLQHDUQLP XSUDYOMDpPNLP SURILOLP
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Slika 7-7. Rezultati optimiranja parametara za 10-6 silaznu promj@¥ug50 Nm,
Strategija E): (a) evolucija rjeSenja tijekobrojnih iteracija geneskog algoritma ukljuju
Pareto frontu, (b) Pareto optimalna rjeSergavezana s definiranim stupnjevima agilnosti,
(c)-(g) odziv pogona vozila za odabrano rjeSenje@ = 484 ms; pune linije), ukljfju i
usporedbu s odzivom dobivenim primjenom optimiranja upréxitjarajektorija (isprekidane

linije)
SUHGQRYDQMH SSWHDOREMHNULK ¥ WUDWHJLMD

2YR SRWSRJODYOMH YUHGQXMH S U HGO/OHRAMDOQMX ¥IW U B WxH LDV B L.
VFHQDULMLPD SURPMHQH VWXSQMMH SWRPHVIHRMD X]SUR[DQ HLX\A
PRPHQWD UD]OLpLWLK REOLND L PDJRBWXBDUDQN]XGREWYHE
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XSUDYOMDpPpNH VWUDWHJILMH $ GR ( QWD&DOWHNVHQNY P QW.LRV
SUHGODJDQMD QDMSULNODGQLMH VWUDWHILMH XSUDYOMDQMI

7.4.1. 10-6 silazna promjena, konst#an i visok ulazni moment

6OLND SULND]XMH LQGHNVH SHU IIRWH /VQWMLD W H BLLMRP M B Q B Y]@©
NRQVWDQWDQ L YLVRN XOD]QL PRPHII SRERNDDPM % HN X OR/ BW U L
% SUX4D QDMEROMH SHUIRUPDQVH DPMPLYUE G UIDQLIDNDH KS M F
XGREQRVW SURPMHQH 2YGMH VH Y ® MD HGQ R MH @D WY ONRBAM R
GHILQLUDQD MH V QDMYHULP EURMHPDSNUBRHM BN L®IHO QR R
REOLNRYDQMX XSUDYOMDpPNLK SURIIGAXJSHU R RNUDQ@H VEWKISDWM D,
NDUDNWHULJLUDQD MH ]QDpDMQR PDWXMQPB E UNRRVEH B VEDIAD R B WWVH
L GDOMH SUX&D YUOR NRPSHWLWLY@HIBRHBDRUAD @WK OB HEILJMH
XSUDYOMDpPNLK SDUDPHWDUD SULEOLRMMQRRK @BMROUADLWR
VWUDWHJILMH XS UHEDOMDRUWLIN DF QM DMWHIAIMD B SEWAD QHAWR
SHUIRUPDQVH X XVSRUHGEL VD VWIJUHD VWU DMDIPO5 B 1 196 LU D RO LVMM
EURMHP SDi&DPHWDBMMUDWHJILMD ( WSRRINMRMVWUHI 2D &DWYRULWL
WRPNL VLQNURQL]DFLMH SUXA&D LQRWWLRIURPEHQHR VRXGQM X §

7DEOLFD SULND]XMH XVSRUHGQH D®G MMV W RpHUH RIDRIOHIWR. |
XQXWDU SRGUXpMD RG LQWHUHVD QIFIQDHHRIRNI XKRDL]R QW DA
7DEOLFD WDNRYHU XNOMXpXMH LQEBNV B HIX FBULKD S VU DNRMX VE
5SHODWLYQH YULMHGQRVWL GDQH X GRQRVDAGD PM6 SIRBIJMM B X. N R D
VSRMNL SRYHUDQH X XVSRUHGEL V RP@MDY XS D B X0 MD ML} K OMLDN
1D WHPHOMX UH]XOWDWD SULND]DIMKGHIWMD RSDERDQMBRJIX VH L

€ ,QGHNVL SHUIRUPDQVL GRELYHQL SUULPMHGREBLEWQDMRIHJIL
SULPMHQRP RSWLPLUDQMD XSUDYOMBMPNER YWD VB N\WMR]DL
YLaH RG GRN VH HQHUJLMD GLVIBEIMDIQEIH X VSRMNDPD &

€ 6WUDWHJLMD % PRA&H SUXAaLWL VXSHBVRUWLQWRARWIR UPDR V
LQGHNV WU]DMD SRYHUDYD VH ]D DL QO MIEH 3 X CB W RoPWI
RSWLPLUDQMD XSUDYOMDpPNLK WUDIKBM@RULMEILP IR BULH LP
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X VSRMNDPD X WRNX SURPMHQH NRML RRIWXSRUIWAIG SR YWHUD
UH]XOWDWLPD RSWLPLUDQMD XSUDYOMDpPNLK WUDMHNWRU

€ 6WUDWHJLMD & PR&H SULEOLALWL SRBELMNRH@PIDRDV B UHWPIM K CBRIF
SULVWXSD RSWL PK WDWQIVNDH XN SVURDUYLONRD\WALL DOM. N [Y K] L@ WINA
X] VPDQMHQMH JXELWDND HQHUJLMH X VSRMNDPD RG RNR

€ 60LpQL WUHQGRYL PRJX VH XRpLWLLQE®BNVWER DVGHRAE QR W
SURPMHQH NRML VH MR& YL&H SULEOQEBQRPURISHIUWLPQW C
RSWLPLUDQMHP WUDMHNWRULMD *XEWNK |BQRINRLMHXX VS
XVSRUHGEL V UH]XOWDWLPD RSWLPLUDQMD WUDMHNWRUL|

€ .RQDpPQR 6WUDWHJILMD ( SUXAD QDMRBRH HDRHIH R UWLRIHNV D
WU]DMD YR]LOD

Slika 7-8. Usporedba Pareto fronti dobivenih primjenom ratiti parametarski optimiranih
DTS upravljakih strategija (10-6 silazna promjen@= 550 Nm): (a) cjeloviti graf i (b)

uvei@ni prikaz odsjdka istaknutog na (a)
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Tablica 7-1. Usporedba vrijednosti indeksa trzegzzila i energije disipirane u spojkama za
10-6 silaznu promjenu za rafilia trajanja inercijske faze i za ragfte upravljafike strategije
(vrijednosti u zagradama dajoostotne promjene u odnosu na rezultate optimiranja

upravljalkih varijabli)

jrRvs > P @
WLMHNRP Y| EBoss >N{®RJ
LOW H U@ O

6WUDV 6W XS tinertia
XSUDY| DJLO| >P\

%

7.4.2. Ostale promjene s dvostrukim prijelazom i drugi profili ulaznog momenta

.DNR EL VH SURYHOR ]DYU4QR YUHGQRYB YWH BWHGIONRB HRDL KD P
RSWLPLUDQMH SURYHGHQR MH ]JD L pHWLUL '76 VILOMNQH SWRI
PRPHQWD PRWRUD NRQVWDQWDQ L XPRIMHGI\W PRIPHQWHNBQRW
PRPHQW V QLVNH QD YLVRNX YULM HGHRY WS UID YIOIM.D pAYHH \SW b
BWUDWHILMD $ % & 'L ( 3RVWXSDONMRRB®LDENXD@AMD i]D VYD N
VFHQDULMD UH]XOWLUD MHGQRP 3DUHWR IURQWRP
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6 FLOMHP YUHGQRYDQMD 3DUHWR ULRGWILUG R HIENHQ I W X3 QNDPOS
WM YUHGQRYDQMD SUHGORAHQLK XiSU DNHO N B WNLILK. \B\R N D Y\DHAJ
SHUIRUPDQVL .DNR EL VH NRQJLVWHMWQR VIL] U D KQIDOUH B/MRN LL
SULND]DQH QD MHGQRP JUDIX SHWHIULRPWLY ]I SHWVRENRY ONM
QRUPLUDQH V REJLURP QD QDMYH ii R LYUDLQ/NHES QIR W\I | ¥ B BVNJRID N WL
]D VOLNX WR VX YULMHGQRWWILM QBWLOQ VYHWRUPLUDQH 3
WRpNH VPMHAWDMX VH X SRGUXpMH NIYDGUDWD WO LINSBHWRJ W
SRND]DWHOM S K USRWPIR@KLP QMLHeBgR MEpED/BLFE Mdicator Iny
SUHGOR&HQ X UDG MK P M@ UBRWNDIRWH@MWULWHULMVNRJ SURVWR
WRpPNDPD 3DUHWR IURQWH 8 NRQNUHMNWHURR YOKBQM) UBDXH W
KLSHUSRYUALQX RPHYyHQX 3DUHWR | BIREWMHRPWIQ RIR WLR/IONLR R L FGY-
> @ MH X]JHWD NDR UHIHUHQWQD WRpPBEWR YMH OHNX Y ULMMHG
SRND]DWAMARMBH VHW UMM ME ER DMDG DMK UD WKISJLIMWID M D p N

'UXJL SRND]DWHOM SHWRYPWRVYW MRAPMMEBHGHILQLUDQD NDR
VUHGQMD YULMHGLQRWQMH KQWHIR MM B B®UDVBRY HU R@WMH 7UHUL SR
SHUIRUPXGWIO MHQRVW L]PHYyX GYLMH NUD NMEM N W RHUH MO 3|
XGDOMHQRVW GX& \ RVL VOLND SRNDYRWWHID M B D] Y VA HWIGIREIQ R
YHUD MH UD]DSHWRVW 3DUHWR IUBQWMB $UIMMNQRKX VY U /WD QIR LI
YL&H IOHNVLELOQRVWL X RGDELUXDV ®XIS\pH@®R DDL QR @ B WQ RS Wbk
SRND]DWHOM UDQJLUD XSUDYOMDMHG @ RAMDNIRMW % 1LIPIIMA
XSUDYOMDpPNLK SURILOD NRMURGKQLK.QEDFYDANLLOL PDQMH Sl
LPSOHPHQWDFLMX 1DNRQ GRELYDQMD USRNDWMW DG MDFISE D UR
SURPMHQH VWXSQMD SULMHQRVD RBMILKRYPHQWDH QDM WHHIKQRW ML
SRMHGLQRJ SRND]DWHOMD XQXW D UU SR HALQRIG\ORMID S RMD | I
QDMEROMX VWUDWHJILMX X WRP SRND]DWHOM XJ WEHG\VIDINDD HQt
QDSRVOMHWNX VH LQYHUWLUD NDNRYIEARVMR GRBPMHIDH QO
VWUDWHJILMD LPD QRUPLUDQX XPLQNRYLWRVW
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Slika 7-9. llustracija hipervolumnog pokazateljpokazatelja razapetosti Pareto fronte na

normiranim Pareto frontama (10-6 silazna promjergs 550 Nm; usp. sliku 7-8)

6OLND SULND]XMH QRUPLUDQH BHIUMRUOPKRYWL SIDYD WUL SF

UD]JOLPLWH VWUDWHJILMH XSUDY OMIR) MOH $RAPPNDAMIDH PVRWHMRSLLIM [

XNOMXpXMH SURVMHPQH YULMHG QR WD pWM XKVS\RNDY BIWIHOX [B
VWXSDF WDEOLFH SULND]XMH L QIDEX@LD W NENUFDM D Q MG @ RYYUDLQUWHIE
SRND]DWHOMD GRMN D)MW LLOWOKDEBEWRWDYXEO B WRY]LPDMX L
VYD pHWLUL SRND]DWHOMD SHUIRURB&®MIR WME MHNWRWM X NS®
MHGQRVWDYQRVWL VWUDWHILMH ©HBVMHGQ®D WU QN Gl G RIDWM L
IDNWRUD YUHGQRYDQMD L]JUDpXQDWH SRMBEXQLKXSRNDUWWH 8
VX GDQL X ]DJUDGDPD X GUXJRP UHWNX WDEOLFH

THPHOMHP UH]XOWDWD SULND]DQLKHD]YBYWL VO MHWGHEQ L]JPLN C

€ 3HUIRUPDQVH VX RSUHQLWR SULOLpH R PHHDAQ MHHSOHBR R @ H
VWXSQMD SULMHQ FOAMD ptBI] O/ U IVW NS MBEHYUG R MIXD Q ) M E R)G L
6WUDWHJILMD & SUXAD QDMEROMH SHW DRUNPD@ VH X]PMH U HSE
PRPHQW PRWRUD GRN VH LVWD VWQBRMMWRP X LNHR$RE D
LVWH SURPMHQH X] OLQHDUQR UDVWXiL PRPHQW PRWRUD
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€

I1DMYL&@H YULMHGQRY &R N HMUHYGRNDDORYIXM PHEW K IV\M HAI R B HY %
6 GUXJH VWUDQH 6WUDWHJLMD $ WRMBRNDVIWEHO SIDRYV MH [

$QDOL]RP SRND]DWHOMD XpLQNRYLWRVWD SDREMHGWH F
XSUDYOMDpPNH VWUDWHJLMH SUXaDAMHQ QDUIWELRPMM H/ WH] KX GBA
6WUDWHILMD & YUOR NRPSHWLWLY®Q®BpPpYREBNDPLYVOXWWD KA

8GDOMHQRVW L]PHyX GYLMH NUDMOMR YW R QRHRQDD PP WIRC
VFHQDULMX SURPMHQH VWXSQMD S8WNMB@RVDME R RS%HH Q L\

6WUDWHJILMD & N DWHAQRMN PLYULL@DRIE B D Y @/NID pG\H.IR. BIULRD Q D
QDMPDQMLP EURMWP SDUD@HNMDDUD 7R SRVHEQR YULMHG
NDSDFLWHWD PRPHQWD LVNOMXpQLKDR)IL VEAMMWDL N R MGLR A
RQL LPDMX NRPSOHNVQLML SR RGVMHY®LUPDW DIQUHDRD G
XNOMXpXMXiL SRYH]DQH SRWHENRUH VSEBMRRMKAGRP XS UH
BWUDWHJILML %

1D WHPHOMX |LQH®@RXDIQM IV G YKF B YDHBEXM PG YD PR S V
]JDNOMXpLWL GD 6WUDWHJILMD & SUXRDLYDR ERWRRA HX X KLPH
VH X REJLU XJODYQRP VXEMHNWLY QALMDPDNBI] W KO MW HUH GI®RL
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Slika 7-10. Indeksi performansi promjene stupnja prijenosa i pokazatelj razapetosti Pareto
fronte za razlite DTS silazne promjene, raie DTS strategije upravljanja i za: (a)
konstantan i visok ulazni momerg£ 550 Nm), (b) konstantan i umjeren ulazni momeht (

= 250 Nm) i (c) linearno rastia ulazni moment 2= 100 - 550 Nm)




2SWLPLUDQMH SDUDPHWDUD XSUDXOMP SNUKMEORIR®D SURPM

Tablica 7-2. Rezultati konmog vrednovanja DTS upravlfiaih strategija dobiveni
usrednjavanjem vrijednosti pokazatelja penhansi sa slike 7-10 (vrijednosti dane u
zagradama odnose se na fypostavljanja nejedinmih tezZinskih faktora na raZite
pokazatelje performansi)

I, E d, -HGQRVWD YRR |[EHGNXSQR V

=
<

NULWHULMODLWHUYLMHP

7HALQ
IDNWI MHGQRVWHEMGRRWWDYQRVWL

6 W WIS

6 W LIV
6WUDW
6WUDW
6WUDW

$QDOL]D RSWLPBAQRQIRER]YDD |]D UD]JOLpLW
SURPMHQH VWXSQMMDPL BSNWMHQRWDpPQH VFH:

2GMHOMFL X QDVWDYNX DQDOL]JLUBMP RQBBBINRVHVEMQYDPQM D Sk
VWXSQMD SULMHQRVD UD]PDWUDQLK X SUHWKRGQRP SRWSRJO

7.5.1. 8-5 silazna promjena, konstantan i visok ulazni moment

60LND XVSRUHyXMH 3DUHWR IURQMK BSREDY B @D pNWRKLEWH G
XSUDYOMDOQMHRP X] NFQV® DJVODR PR PSHLY\RNP IMDMERQO M H
SHUIRUPDQVH X VPLVOX VPDQMHQRIDWHJDMR %RIXODH FRENKHQ
6WUDWHJLMD ' NRMD MH GDOD GREUHG6UH|XOXADWEDKORALM
SHUIRUPDQVH SURPMHQH VWXSQMD W0DLSRIRRVEX VBD L\ XD SIX@
NDUDNWHULJLUDQR YLVRNRP QHXGREQR&UX SURPMHQH
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Slika 7-11. Usporedba Pareto fronti dobivenih primjenom taliDTS upravljalkih
strategija (8-5 silazna promjen& = 550 Nm)

6OLND SULND]XMH RSWLPDOQL ROMEF ERVMXQDXYQPLVD LJBL (
LVWDNQXWD ]JHOHQLP REUXERP /LMHMPXOW\PEDSYODRHWDU
RSWLPLUDQMD ]D SURPMHQX L XBPRIY GWIRDNOLVIM/UNIDWIEK DLOM. X
VOLPQL VX RQLPD NRML VH NRULYVWWH &LNR MAHGCEORR\REY DXONLRPM S WL
XVS VOLNX LY > @ JGMH VB MR ®L0 DM HQXOML QM DELR L G
SULMHQRVD RVWYDBRMKODEQWRR QLNNIEMED QHHV SRMNHH Q R V Q
EUJLQD YUWQML SULEOL&DYD FLIDNID QRN IDALYHWS B R ANHDWIX L
VSRMNL VH SRYHiBRD LMDN&URLP MH QB (SIY ILM\M QR RED RNPRIY DR L
GLR WUDMHNWRULMH RG]LYD SULMHp@RYVQRRMNH B R PL QMDX NI X
X YUHPHQVNRP WUHQXWNX X NRMHP S/RIMNND SRR IMOHIM R/SXIE /D IV
QXOL VOLND E  NRUMEQRRAM QW B X RWRNPUXR®/IH WOLND
1D VDPRP NUDMX LQHUFLMVNH SURPQRIQRR PHRA W IV HV)ORINDV L SU
,DNR WDNYR XSUDYOMDpPNR GMHOR YDRIMHRRHRGWL 8§ RAJWH]MHID M R
RQR SUHGVWDYOMD RSWLPDODQ QDKBQM® VIPIMRY X XNGR EJDR K DA
SURPMHQH .RQDPQR PRGXOLUDQMH® HWROMWXPQ LIX] X/ SR MOMWLL R|
GLVLSLUD ]QDpDMQEsNRID LIRVORYRQHMILMBLND G
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'"HVQD VWUDQD VOLNH SULND]XNMHX R S VEIUFRLRNDHDQ XRIG BLW USRI IR
NRMD MH NDUDNWHLLP| LSUCR) DOM A B QR R\ DI YSHUR AKMWSOMMH EUAD |
SULND]DQH QD OLMHYRM VWUDQLDWALNR L]UD¥AH®DMRPHWXE® PNF
1DGDOMH L]OD]QL PRPHQW SRpPLQMHQUDEGORA WDUWL XOJDND &
JERJ &XVWURJ XNDSpDQMD XNOMXpQ QHI MSRMMWIH QFMQRI RPEMH 2
RVWYDUHQR MH UHGXFLUDQMHP PR PHIQWWIN R R IVJRU b HG [DRRJ AQ R
XNOMXpQH VSRMNH JDWYRUH PRPHQWD RRW RUDMWIE GRWW XS @/
PRPHQWQH ID]JH VOLND D 2G]LY LDPOB Q@RI LARP HQW DS MWD
VSRMNDPD MH PDORJ L]JQRVD LVSRG N-
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Slika 7-12. Odziv pogona za 8-5 silaznu promje2e 650 Nm) dobiven uz primjenu
optimalnih upravljakih profila za upravljgku Strategiju B (al)-(el) i Strategiju C (a2)-(e2)
(pune linije), ukljujuju G usporedbu s odzivom pogona dobivenog optimiranjem uprgitia

trajektorija (upravljajxa Strategija 1, odnosno 4; isprekidane linije)
7.5.2. 5-2 silazna promjena, konstantan i visok ulazni moment

60LND SULND]XMH UH]XOWDWH R/SWLP LYLIVE@MDP P H Q W7 & R WF

1P 5H]XOWDWL RSWLPLUDQMD SKRUDY®MO BNDHN R WL DIWUHD 1R
VOLPQH SHUIRUPDQVMNXY VEDNRYRGX 16 WHLDWHQULWMN $ NRMD RPR
RVWYDULYDQMH QHAWR EROMLK SHUIRUPDQVL ]D VSRUH SURPN
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'HVQD VWUDQD VOLNH SULND]XMH @ BMNLLP DJDEIU B G RL Y MSHREIHRG
VH RGQRVL QD 3DUHWR IURQWX 6RNHIDQWH YIMWX-5 @ M.DV SWKLSVDHOQR B D
QHJDWLYQL 3LOMDN X RGJLYX WU]IMMNKN RPJED \QDLND PR PJ SR P
JERJ EUJRJ RWSXAWDQMD LVNOIRMIQD KGRYRVQNH V.DREDX2WR PN X V
RQD VH SRpLQMH XNDSpPpDWL L SUHQRBUYLWHQER]QWR L YRFLMFIRIPH B!
REOLNXMH VH QD NUDMX LQHUFLMYV EHDI\DFH PX R BIGHONFH G HP PXRPU
PRWRUD VOLND F 5H]XOWDWL IS X DRRHVP D UG/RIERLIY RI W P PXLSJROL
SULVWXSD NRG NRMHJ VH RSWLPLOMD MG HUS B DNOWDHNHP VWIDD O
LVNOMXpPQH VSR MNHURMWHS X \8 D MKW \XHR SMSLPU I DHIWIDU MNRRIJ X N O M-
GLQDPLNH DNWXDWRUD VSRMNL PFORLHN@WD KHLPD.QMSUFIDG DLNO
SDUDPHWDUVNRJ RSWEMH@WM D UXERIDNGL QSR (RGLMMSPRLLOD N
NDUDNWHULJLUDQL YLAHVWUXNLP WRpNDPD ORPD VOLND F
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Slika 7-13. Rezultati parametarskog optimiranja za 5-2 silaznu promj2rb60 Nm): (a)
usporedba Pareto fronti dobivenih primjenom rditiln DTS strategija upravljanja, (b)
uvei@ni prikaz odsjdka istaknutog na (a), (c)-(g) odziv pogona za Strategiju C i odabrano
rieSenje (tertia = 511 ms; pune linije), ukljfuju ilusporedbu s odzivom dobivenog
optimiranjem upravljgkih trajektorija (Strategija 4; isprekidane linije)

7.5.3. 10-6 silazna promjena, linearno rastilulazni moment

6OLND SULND]XMH UH]XOWDWH REBWQRLIU DQ | H DAJFER. YD M X
PRPHQW RG 1P GR 1P 2SWLPDOQD R®UF VERIRDD $S U ILIXQH]D
ID]X WUDMDQMD PV VWXSDQM D JDWQIRPHWLD UV 8RS RRISH/GLEL U

RSWLPLUDQMD WUDMHNSRWY VMPX DD SSUGLEEIRIHMILHY RSDMWDPHWUL
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XSUDYOMDpPNLK SP RIF@®DX IGMX SRR AVMHHRY Y W OMXYM QRSB UD]OLND

GYD VNXSD RSWLPLUDQLK RG]LYD RIXWIXMHXNM A LM M SFURIPYHIWADDD WP

'RN VH UHGXNFLMD PRPHQWD PRWRUIRSWWRYUD QMPH XI$R D Y\OWI

WUDMHNWRULMD U WNRXIORSDN P [SIDIJ@IARE WEKTHUM K [PNRP QW D PR W

VDPRP NUDMX LQHUFLMVNH IDJH L QRHRRRFRQSWRIHN KIS|®IR \BMIG\
E

'RELYHQH 3DUHWR IURQWH SRORAHQLMIHP V|® X VXW)S BWHREMLH @ X
NRQVWDQWDQ L YLVRN XOD]QL PRIFHIPW GOV 8 HWONUNDMHI L Y DQIM H P
LQHUFLMVNH ID]HARY G MK G HWQ RV GHIEWHKRD VAR ] LGDEH W MVU]DMD R
YL&D ]D LVWR WUDMDQMH LQHUF ILMR/RIFHH DWH XD 6 WQIDDIUHIR MIHD ¥
GRQHNOH & 3DUHWRMRSWDFILQQM X MHEHUXPRR WYUNDRMDQMD V
SULMHQRVD X VOXpDMX OLQHDUQR UDNWRWLHFD XVHD]QRIHPR M
XMHGQDpPHQLMH ]D UDJOLPLWH XSUDYOMDpPNH VWUDWHJILMH
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Slika 7-14. Rezultati parametarskog optimirang@10-6 silaznu promjenu (linearno ragitu
od 100 Nm do 550 Nm): (a) usporedba Parfetmti dobivenih primjenom razjikih DTS
strategija upravljanja, (b) uvéni prikaz odsjdka istaknutog na (a), (c)-(g) odziv pogona za
Strategiju A i odabrano rjeSenjanétia = 448 ms; pune linije), ukljtuju i usporedbu s

odzivom dobivenog optimiranjem upraviigh trajektorija (Strategija 1; isprekidane linije)
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6NDODELOQL |]DNRQ RSWLPDOQR.,
SURPMHQRP VWXSQMD SULMHQR)

8 SUHWKRGQLP SRJODYOMLPD QDJQBV\DWUNDKV B I RM@®D SWIR]FYNR M
SULMHQRVD L DQDORYIOMIBPNILKD G®IHKD RESEWY ML U BRWMDX SEJ L WR |
SURYRYHQL ]D MHGDQ VNXS UDGQLK XYMHWDQSSRPREDRM 8WC
DNFHOHUDWRUD LOL PRPHQW PRWRUOBVIX\WRPHW Qb EQQRM SULV
SURPMHQD VWXSQMD SULMHQRVD R SIH®QMPR XWH/ W & R DL QR ¥ LV
GHILQLFLML PDSH SODQLUDQMD SUBRMWQH QW R SQREU 5K LSMHIQ!
SURPMHQH VWXSQRNFRRUDNORYR X YMIHWD SRSPNRINIDP D]Y R G L

MH XYRYHQMH VNDODELOQRJ ]DNRQDLXSUBRS0OBMDQMDp N RH LY U
YR]DpHYLP NRPDQGDPD 6 FLOMHP SRVNNML]|SQRPMROWLPIASQ
SULMHQRVD X RYRP VH SRJODYOM GDHGOPRX |®XR GL XNSWDY
NRML VX EDJLUDQL QD SULPMHQL SIUNWNKLKGI)GRDSUHGVWDY OMH G

SURPMHQD VXWHEG @ERMWHOD]RP

6LQWH]D VNDODELOQRJ |DNRQD XSUDYWOWDYQMM XS SYUR PWH BXU
MHGQRVWUXNLP SUPMHOD]RRLODJBWINIKQ MH RXISOD YORMDfpHY L
NRPDQGDPD RVWYDULW iGH VH VNDOSOR@MBR XNSIDDFLMIHIWWD KP |
XNOMXpQH VSRMNH L UHGXNFLMH PRPNDOMDJBAWR URQ NFUWM p HF
SHGDOH DNFHOHUDWRUD L EU]LQ H YWMXS\DH/ N FS& INVRHUGIRY D L Q LI

8.1.1. Odreyivanje faktora skaliranja

6 FLOMHP RGUHYLYDQMD RSWLPDOQ LSURMR®IH G/GIR \R\S W LIBINMDI
XSUDYOMDPNLK YPULNDEBQURSRUO HBRN RDWRUR XYDPWWRUL VNI
RGUHYyXMX VH PHWRGRP RSRWLPLUDQG®ID NKi$ URDQED M D pNDINKW ¥ D U |
EUALP L]YRYHQMHP RSWLPLUDQMD X SUSRBHWDIU Y PAEMRERB [K
SURYRGL ]D VYH NRPELQDFLMH SDURY L SRRORKE WMIH SE G PIOGIHD
PRWRUD] V NXB'D & DA L
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"RNU PLQ 23SWODLANLULKD QIMHL NPEDYOCSURYR
VOMHGHUH SRVWDYNH

€ =D PRGHOLUDQMWHVSRIWNLXNSRW HYWIOVNL M Q RQDV V. WRSMRWWVINHX S

€ 9ULMHGQRVW JODYQRJ WHALQWNRIXIDNMDRXYD MHGQODN B LNLH
VH VDPR WU]DM YR]LOD

€ .RULVWL VH UHDOLVWLpPQD XSUD LM IWVHMHNIMWW.YDNG MXIpMB N
LQHUFLMVNRM ID]JL SURPMHQH SULBBGDWXLHQRIJUDQLpPHQN

€ 8SUDYOMDpPNR GMHORYDQMH NRMLP VR UTP RHX GRNYR O MWE XN
X REMH JODYQH ID]JH PRPHQWQRM L LQHUFLMVNRM

€ 1LMH GR]YROMHQR XSUDYOMDQMH GREGBEDWQRP QRUPDOQR

€ 7TUDMDQMH PRPHQWQH L LQHUFLMVNMHLIDJ]HVMH ILNVQR L L]¢

1IDNRQ @&WR VX SURYHGHQD VYD RSWQBUDROMDP RRGILHNY B MWXS R
UHGXNFLMH PRPHQWDD PRW.RWDX MDD LRANSWVRIURLDGHQ ARWH QW BNXNOM
VSRMNH ]D SROR&ADM SHGDOH DNFHCOHWYDBW R UDL QL MO D YIDNWIRQLL K
PRPHQWD RGUHYXMH VH X VYDNRP YUHRUPWNRP X]RYWNIDNIDR
YULMHPH VLIPXODWV XMW RGR LPDX]RUDND

— ONC i H
stNC i ' { nu}
ONCref i

SUL p2hBXRGJIJRYDUD WUDMHNWRULML PRPHQVRDUXNBMKXQ QI D/ SF
RYGM#H ]D NRML MH X VUHGLQL UDVSRQB ®ROXiD K FHOHUHIB/QRL
.DNR EL VH RGUHGLR NRQDpPDQ IDNW®RMD/NDO MU @R D WL YUHNIX K
NDR

Nyz

fonci=— ! f

SONC i | sONC i
uz i=

2PpLWR MH PHYyXWLPIDMONR ]DNQONHDQMD QLMH GHILQLUDQ G
NRMHP MH PRPHQW XNOMXpQH VSRMNBOMHINMHNO BXDW R D DR E D]
UDJORJD X L]UDIDMHGORE QYN LKOD D NBRIR WWHENMHHGQ RV W L

i DA Ruz
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6OLND E SULND]XMH RSWLPDOQH WRM RIGIN WER USRIGR HHING XN
DNFHOHUDWRUD SODYD OLQLMD DIQMH IBNWIRQD ® NQIOMD D
UHGXNFLMX PRPHQWD PRWRUD QD SUBSIWKRGQR RBUVDR QWM E
UHGXNFLMH PRPHQWD pHVWR YUOR EMIHR GKMHOX PR PH\Q YRM
UHGXNFLMD PRPHQWD PRWRUD VH QHJ SUNIPMHDMOHMH R GLEHRJIX M
NYRFLMHQW VUHGQMH YULMHGQRV WD Q® 6 X\NUFD M H NRARAPUHLQWHD L UU
WUDMHNWRULMH QD VOLFL E RQBR/X SULND]DQH FUWNDQRP

T
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ecl

_ n 1 _
fenc =nuzr\:— | { nu}
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ecref i

Slika 8-1. Optimalne trajektorije momenta uKkhe spojke (a) i momenta redukcije motora (b)

za dva polozaja pedale akcelerator&q{= 2500 okr/min)

6OLND SULND]XMH IDNWRUH VN DIO UHIBXMW B LAVRP R R WHQX\ND RIX |

SURPMHQX NDR IXQNFLMH SROR&ID MD ]S B EDOHVDNVAHPRWBWBR

SULND]X 9DOMD XRpLWL NDNR MH QWU MSOSBMNRMR $ DIQMIDNRR P\
UD]JOLPLWH SRPHWQH EUJLQH YUWXRIMH] P RMRWIUNDLEDLAOR OL
UDJOLNX RG SRMDpPDQMD PRPHQWD VI3 PRMWHR UDR @B P D QMH/ QR GXI
WUHQG L ]D QDMYHUL EURM WRpDNIS NBHWLMWRP YHPRREH SULPL
RGUHYHQL EURM WRpPDND NRMH ]QD® R MW @GR HRFOMMWDXGSIDAV W ARIGN BVRID
] Dotn ne IL]JPHY X L RNU PLQ 9DOMD QDSRRMQXWL ND
]JDQHPDULWL MHU MH PDOR YMHURMBWQ R V®D LiHL ¥ H USDMR P M HWQ D N
UDGD PRWRUD
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Slika 8-2. Ovisnost faktora skaliranja momenta ufgispojke i redukcije momenta motora o
polozaju pedale akceleratora i brzini vrtnje motora za 1-2 promjenu: (a), (b) 3D prikaz i (c),
(d) 2D prikaz

.DNR EL VH VPDQMLR EURM SDUDPHMD]JWN R® NISRJID ¥GIM®HIMOQ L &
VH DSURNVLPLUDQMH IDNWRUD VNRP®RIPUWQ MDHVDUWGDNBS 0HJ LRE

y=ax +bx + cx+ d

2SWLPDOQH YULMH&EQRVWIWBRNEDPHMWDUDDQRJ PRGHOD SULWEF
NRULAWHQMHP 0$7/% oty HWNKQRAMMRHGRP PLQLPDOQLK NYDGUI
SRpHWQX EUJLQX YUWQMH PRWRUD RGHBPXMH VH SR MHGDQ SI

'RELYHQL SROLQRPL WUHUHJ UHGD NPRWOLRPD MDDBR RN WHL XD K
VSRMNH L UHGXNFLMH PRPH@WDVR RDROOhEWH SRPHWQH EU]LQ
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PRWRUD .DR PMHUD NYDOLWHWH SUPO&JIRgobdReRy/MWfit SROLQRPI
NRULVWL VH W]Y NRHILFRMHGFWMHIMWHGPAMGDFIMDELMH PR&H S
LJIPHYX L  SUL pHPX YULMHGQRV VS EICQBRDRMHGRYWFBERIQOQORD X
WRpPNDPD 7DEOLFD SULND]XMH YQILALHGIQ RV WID JIOR H LIWFHL MSF
YULMHGQRVWL EUJLQH YUWQMH P R \WRUBN GNHX P R RGSHRM/HN N NLD O}
PRPHQWD PRWRUD 5H]XOWDWL L] RWPEP WWbIH i HY XUHE D UDRAX G
RGOLpQD SULODJRYHQRVW SROLQRPMXPQ W RS RMNWHNELOR GD Q M

]JD JRWRYR VYH SRpHWQH EU]LQHWHWPQK) B FRRW RQHDE W RR MIH
L]JQRVD ]D PRGHO UHGXNFLMH PRPHQWQRRRWRALS DYRI@DWE pD M
RGJRYDUDMX PDOLP SRORADMLPD SHD®DOH IV\OVHORR\Y VR D L Y

Slika 8-3. Aproksimacija faktora skaliranja (a) momenta upl@uspojke i (b) redukcije

momenta motora sa slike 8-2 polinomimaigg reda za 1-2 promjenu
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Tablica 8-1. Pokazaljkvalitete prilagojenosti modela skaliranja momenta uKkhe spojke i

redukcije momenta motora za rajitie pofetne brzine vrtnji motora

ne >RNU PL

5 SRND]IDWHOM PRGHQD
VNDOLUDQMD PRPHQWD
XNOMXpQH VSRMNH

5 SRND]IDWHOM PRGHAQD
VNDOLUDQMD UHGXNFLMH
PRPHQWD PRWRUD

8.1.2. Provjera skalabilnog zakonapravljanja STS promjenom

6 FLOMHP SURYMHUH VNDODELOQR B UMHNRRIG X & B DRIGWHMMINDX G R
SULPLMHQLWL X UD]QLP VFHQDULMLPDUSJURP WD) ¥ WHIRDIM DP B
VSUH]L V QRPLQDOQLP RSWLPDOQLP \X8XSY b SHNIWHRRFID OR ©
Ptn 3ULWRP iiH VH NRULVWLWL GUXISWDNQIMDPR IR SV R HICFL R
SULVWXSRP RSWLPLUDQMD QMLKR Y.L\W RS- DPUHRWYVRGDL. ® R PROS W] LPF
SDUDPHWDUD XS UIDY QMR LK IS LSARYMIND B RIVERI] DQIH JDUMD O LpL W F
SHGDOH DNFHOHUDWRUD NDNR EL VPADGRELI®D SRMMHHEB VEQR
VNDODELOQRJ ]JDNRQD XSUDYOMDQMD

.RQDpPQL UH]XOWDWL SURYMHUH WOBVERQHWDQMN WWDIENHE R RV W,
WU]DMD YR]JLOD Y L]JUD] GRELYHIRIH OSU LUMPHQ R B DXQIKD !
QDpLQD RSWLPLUDQMHP SDUDPHW IVRL DD |DDYPD AL QX SRE
SHGDOH DNFHOHUDWRNWD RLID WR MH XMHGQR L DBMHHQWQR |
QRPLQDOQLK XSUDY@MDpNLEDOMILODSRPHQXWL NDNR MH |D L
SULPLMHQMHQR LVWR VNDOLUDQMBIPMDRHL GD QR O M B POX YS R M)
LQGHNVD WU]J]DMD X RGQRVX QD UH IGIWHIRP QRVKIS AX L CBR S RIVAPHLC
GYD VWXSQMD WDEOLFid GDQLRWULPVOL 8H]XCHYOOM ODH RGQRYV
DJLOQRVWL Y SRJODYOMH V QRN DRI RNFSURPMHQH VW)
WHPHOMX SULND]DQLK UH]XOWDWD J]BPRRB XIS DN O M R QIWDL YNNI
GREUH UH]XOWDWH X VPLVOX SRVWNMD LVKU$DINM DR Y R PLA@WDL W3XPY
MHGQRVWDYQRAi(iX ]DNRQD VNDOLUDGM®DHQR® LR GI) NYWR ¥ SWUHD BO




6NDODELOQL ]DNRQ RSWLPDOQRJ KMHRDROMDQMD SURPMHQRI

SURILOD L SRJUHANDPD LQWHUSRO DRINDK) MIRG,DRBP VX D@D
SRYHiDQMD 506 LQGHNVD WU]DMD YR]IYGIDLNWD SRMEBLQH WR
DQDOL]JLUDQMHP RG]LYD XSUDYOMDpPNLKDSUR YLRO LY UXCRRp DEYCDL WA
UHIHUHQWQLPD > @

Tablica 8-2. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upfa¥ija
profila i skaliranih upravljalkih profila za razne radne f§iie motora kod kojih se inicira

promjena s jednostrukim prijelazom (1-2 primjer)

ne >RNU

2SWLPDOQ@ 6NDO ]| 2SWLPDOQ@ 6NDO ]JDNRQ
ph > @ ]D GDQL ¥ XSUDY(d |]D GDQL ¥ XSUuDYOMDQMD
vwW DJL( VW DJI vw DJL(C VW DJLO

8.1.3. ProSirenje skalabilnog zakona upkdjanja STS promjenom sustavom

regulacije

8 RYRP tH VH RGMHOMNX SUHWKRG QFD8G@MWQ MO MHIRA VINIDVDLD &
UHJXODFLMH V ALROBXYVR BRWW LQ D QMDIUIDMDRWKIB VERUDRRI VXVW
L YDQMVNLK SDUDPHWDUD SRSXW P PLE@MAH VW M HQRD § Ui L P RIJH.
]D VLOD]QX SURPM RQXU VY MHD®QRR WVIDXNRY [®MBIH J M OVDHV RO X VW U |
SULPMHUX X]OD]QH SURPMHQH V MHGROW VOGLWHNLPWXWILM H D W\
UHJXODFLMVNRJ NUXJD pHVWR VH DM RIEQHSRSKRHMIGI ML BU bL QaH N
1DLPH X WRNX X]OD]QH SURPMHQH ¥ MBGDRMNDUXN O R SHLQ M VG
LQHUFLMVNRM IDJL PRQRWRQR SDGD [NR PNDU QXM LL] LAOH.J DN VW
YULMHGQRVWL ,]ERURBW HRNGIRL IDNU HQMDHMHD WHIDQWDH PRAH VH L]U
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XWMHFDWL QD WSDMPEMBH \XEREQRY @B UL NH BRRFRP @DGX NI
UHJXODWRU EU]JLQH NOL]DQMD XN MMDXQPLQ B, 'VISRMANID WRWL \5W I X0
DNWLYDQ VDPR X LQHUFLMVNRM ID]LI$OQRPIMHQR J%ORNBY EN |
NOL]DQMD XNOMXpQH VSRMNH SULNDH ® OLHD@M N XKINAM X p Q HQ\
LQHUFLMVNRM ID]L RSLVDQD MH UHGXFLUDQLP REOLNRP L]JUD]!

=m +m +m

ONC f ONC is os

SUL pHRX VX RGJRYDUDMXiiL0 i@ 5P HQONDLE PN WRRGE-M HOR Y D Q M
SULEUDMD VH QRPLQDOQRP XSUDY O MOHNRPO BIDRIN B XX XRMD YR
NUXJX D GHILQLUDQR MH VOMHGHULP LJUD]RP

de §
nonek= K g + K, 3 dt+ KDW@

51

SUL pHRXKVKp SDUDPHWUL UHJXODWRUD 8 UDGXDYQ®J NRML U
NYDGUDWLpPQRJI UHJIXGDWRO D QAsH [[D VDKIMURCPRDWMHAN R/B5 FPNVINHHD M [
SRND]DQR MH NDNR SRMDpPpDQMD UHJXDONWR 8D GR 8 UDY|LQX NV
VSRMNH NRMD VH |DWYDUD 6 FLORMAVPLRYXWDNBB®MS VDY PEID Q
VDGUADQ MH ISRMDAVHNOWRPMHQMLY X YUHPHQX OLNRIMLY MH GD
LOXVWUDFLMX QD VOLFL 9D OMD LQRBRHPGQHK WD EDNRH iiND
RSWLPLUDWL ]DMHGQR V S DU DtRhbWsUR P@D Y X ODHNDRVHQ R2 VP D I
LQHUFLMVNH IDJH X WRNX NRMH MH UHJXODWRU DNWLYDQ

Slika 8-4. Blokovski dijagram struktureg@acijskog kruga brzine klizanja ukljme spojke
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Slika 8-5. Definicija pojdanja parametara regulatora u ovisnosti o tijeku inercijske faze

8 OLWHUDWXUL VH |D UHIHUHQW@XRW DB MWHN\SROL K R FE WU B #HHN (
RVLIJXUDYD PHNR ]DWYDUDQMH XNOMiXHhQH \WIRRVINH | B U @QF D@E t
NOL]DQMD VSRMNH NRULVWLW L WQUD RIG W MWHRHN.DM DN R HNDWADH QIVIHOD
SURSXVQLP ILOWURRQGUNHR NROGW DY@ FLP D CBIRQRGYMQD UHIHU
XYHGHQD V FLOMHP SULEOLADYDQMIDLRB®N BD G R RIMY HAHD NRISK
RSWLPLUDQMHP X SAUBLYIOWID p B QKN U DWLHPDSRUMH WKWMHM RS WRUL M
NOL]DQMD XNOMXpQH VSRMNH ]D  USIURPNMGY R H \&X B @WDNDUWI]
REOLNX SROLQRPD WUHiUHJ UHGD L NUIODYGIMH SR RGVMHpPFLP

Slika 8-6. Referenca brzine klizanja uKtje spojke u inercijskoj fazi uzlazne promjene s

jednostrukim prijelazom

2SWLPDOQH YULMHGQRVWHKr BDUDPHWRUD YHUMBOQYRVWL SDU
YUHPHQVNH IXQNFLMH VNDOLUDQMD LSR WEDHINDVID U HRIXDHDGWRN [
SRVWXSNRP VWRKDVWLpPNRJ URE XV QRIRRIW L PYLUWLIMHGID 8 B WD PG
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SDUDPHWDUD NRML LVWRYUHPHQR BHMVMLSHWINRY PMUMGQWH ©
VWDQGDUGQD RGYWMSD B INRNHIVE BIDPM K IMPH. GLQIDNMWMXRVQAL PD GHIL
LJUD]RP =D UMHG3DYDQMH SUREGHPDWASMRBGHYIPQMIE52B QF
025'2 PRGXO NRML RPRJXiUDYD GRGMHRMLYDI|DH PV B/MRKD R MM P\
3ULWRP VH UD]PDWUDMX YDULMDFLM}MD WKYSSDBDPX®DBL MM
SRWSRJODYOMX SRMDpPDQMH NDBHRELW RWW YRR ¥ HQMWHP KN

PRGHOD DNWXDWRUR XN CBNRWHIHHD @18 R MANGeR H @M DG R R WNRIUQ®M V N D
SDUDPHWUD  «QDJLEGR\DWH DMRH V.X WR JLLJO D | X SULWRP V
LIUDpXQDYD¥NDR WBQWQD PRMDSYRHWIMD VH QRPIMQDOQRM PD
X LJUD]LPD L ghenB gSPD LDPHHWUHR VWD YOMD VH QRUPDOQ
X] VSHFLILFLUDQX RPHNLYDQX YULGIRIG QRVI\W BD/UMDERGGOUHG QR R

SUHWSRVWDYOMD XQLIRUPQD GLVWUWLAKHFE®RYVW]LVSHFLQXF LW
.RQDpPQL UH]XOWDWL RSWLPLUDQMDWIUYNDRBQRWHK QD VOSERF
VWXSQMD SULMHQRVD SR®RADM. SSRPBIGH) ® NEFRH D&IX DY'W RO H P

RNU PLQ 'XEOMH DQDOL]H SRQSOURPMBQDPIX @ DAY B Q B Y DDS C
L UDGQLP XYMHWLPD PRJX ELWL SUMBGRN®D]ERG XWX 3 NDHWR 1RS V
UMHEHQMD VD VOLMEHQNH REDDHQIRAURYND K BSHRONWMHIWRPHNLY D QMD
WU]DMD YR]LOD L R]JQDpHQR MH NUX&LUHP V FUYHQLP REUXERF
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Slika 8-7. Rezultati optimiranja parametara regulatora brzine klizanja yt$spojke za 1-2

promjenu stupnja prijenosa

8.1.4. Simulacijska provjera glokupnog zakona upnrdjanja STS promjenom

uklju Juju Granalizu robusnosti

.DNR EL VH LVSLWDR VYHXNXSQL VXVNMD B WKSWHYFROWD QM R YRFF
RGMHOMNX SURYRGH VLPXODFLMH UDFHMP VB @H YD JX]QRIVY\OLUL
SDUDPHWDUD .DR L X SUHWKRGQRPXFS@WNMNOMBDXY MHHIXIRW MWQ R
VH L]YRGL SULRNU PLQ L X] SRORA&DMM SHGBOIHVERRRAHD XVDRNRIY R N
SHUIRUPDQVH GRELYHQH SULPMHQRF WGYRNM XV WWDWWHIMM X SXUSI
NRULVWH VH RSWLPDOQL XSUDYOMWhRrRL USDURMIDOED GREH WHQID K
X SRIJIODYOMX ]D UDI]PDWUDQH XY B KBWNIRWRFWHQ W NN MIQINDL
VH VNDODELOQL ]DNRQ XSUDYOMD®® DJ HD X O BRIRVPHV HXRp ISW R &5L0
XNOMXpHQ X SUYRM VWUDWHJILMLS UANXIRR WHH GLDRERBHYV W HL 5>
PRPHQWD XNOMXpQH VSRMNH L SRMD p@HMHK DUNHG XNNDRRL NDHD \PXRFALE
YULMHGQRVWL X] SUHWSRVWDYOMHR RIRUFRO@D WDRG MRERX Y G
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PRGHOD DNWXDWRUD VD VSRMNRP JHQH UQDWDMPXL INDHR KIQLLMRIGFR:
60LND SULND]XMH KLVWURJUDPH UDJGMRE R RYPALX S IDIDRR H
QHVLIJXUQRVWL DNWXDWRUVNRJ VXVWEWIDUD Y BIQW\DNL KS GIR
SUDYRNXWQLND SULWRP R]QDpDY DMXGEMRKMX XGR ULDNDJ P QHUHGY Y
LOQWHUYDOH XRpLWL NDNR MH JEURM VWK EURMMO JHODHURND
YULMHGQRVWL =D SDUDPHWUH ]D WREHRED SGRIGBRY R DMD K
ERMRP R]QDpHQD QRUPDOQD GLVWUXELMD JHQHULUDQLK YULM

Slika 8-8. Distribucije parametara nesiguosti aktuatorskog sustava i vanjskih poraigeih

parametara za ispitivanje sustava regulacije 1-2 promjene

.RQDpPQL UH]XOWDWSELWLPKD@WDMMILEBN XS @ROMBRVIWRLXND]|DQL V
6OLND D SULND]XMH LQGHNVH BPXOPFEPMAPLSNRRA M WEHGR
SULMHQRVD ]D UD]QH NRPELQDFLMHVWILLMH®O@RMNIL KS [3 & D PP W
SDUDPHWDUD L X] SULPMHQX GYLMHQXWRSWIHID®E LXSYDY DD
SURILOD L X] SULPMHQX VNDODEL®MQRYVWRRRP ¥ B U)X DRLIMHV D
E SULND]DQH VX GLVWULEXFLMHLO Q,G HNDWID BHD IRRIA B QVQ L\KD J
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QD VOLFL E YLGOMLYR MH NDNRLO® F[PHNLVOMDH HD L Q GX|NS/UDL R
UHJXODFLMVNRJ G MIQ®R YIMDNIS D,V VR GHHE HM B BLWID QW HQD MH
8YRYHQMH UHJXODFLMVNRJ GMHORY D\QUWDIM 3@ VLDV ISYUGRR NKNAQMHH |
SULMHQRVD 8] UHJXODFLMVNR GMHQRZ\D/QXMIH RIDHSIL Y D B @ RIVD U
MH ]D GRN MH VIVD.M®DW G QM DEHRDSDRPMHQH VPDQMH

Slika 8-9. Rezultati analize simulacijskilpitivanja sustava upravljanaj s i bez ukgnog
regulatora za 1-2 promjenu: (a) indeksirfimansi za razne vrijednosti parametara

nesigurnosti i vanjskih parametara i (b) distribucije indeksa performansi

SURPMHQD V GYRVWUXNLP SULMHODI]RP

$QDOL]RP MH XWYUYyHQR NDNR SULPMK®D BRVR\QCS I$M) LONHDILDQQLR)
SUHWKRGQRP SRJODYOMX QH GDMH &REXH IUFH BUOWIBWB]|RRG'B
JERJ NRPSOHNVQH NRRUGLQDFLMH YBifiN8 5URMEID H NOAL MBIWRRD
SULODJRGLWL VDPR SR DPSOLWXGVNBWR EDO/HRJD] B R QDI Kt (GO
]D '76 XYRGL W]Y SRVWRWDN GRYUZSHDRYWINBMR P WHIQWHEW X
ORPD SUDNWLpPQLK SR RGVMHpFLP DL LVPBIN UDRIKL XS XBYOMO b
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GMHORYDQMD VWUDWHJLMH XS UD WOINDDPLQ {1 D SRIGHYGLRWIDNOM B H 7R YL |
VH LPSOLFLWQR X VXVWDY XSUDYOMMQMDREXRWLISRY BIDNDQ UV
XSUDYOMDQMD 3RVWRWDN GRYU&DR REMWIL GUURIPM MAHNDVW XS QM
SratioSHp

PP Se = EH,
c P

SUL pHRX MHHQXWQD YULMHGQRVW SULMHOQRN 8RR RPMHUD EU
& &s Hh MH SULMHQRVQL RPMHU SRM}DNORIULWMKORMDRLSRPMHQ RA
VWXSQMD SULMHQRVD 1D SRpHW N XVSWFSD\HBBR) MG IEIDROVE D N W L
.DGD VH SRVWLJQH SULMHQRVQL RAM$WL MVBR RRIRIRYDUD FLOM

6 FLOMHP GRELYDQMD UHIHUHQWQRBLPKQH UDMR QDX BDINRO @B QL
SRPHWNX VH SURYRGL RSWLPLUDQM HARMDRIDP H\R G UNDR ML K D/ H. (
'76 3URPMHQD NRMD iH VH UD]PDWH DAMLSSR @ RIHQR MHDWL 60W 8|
]JD NRMX MH X SRJODYOMX SRND]DQXRAGDRGRM H DWE B X NKH M
VFHQDULMD SURPMHQH 8 SRVWXSFLP IRGBWKL FLRIIR@NDD Y K] L\DLL
XNOMXpHQD MH GLQDPLND KLGUDXQ@pRNLKQLFWXD WRGDQV SR MK
YUWQML PRWRUD L YLVRNLK SHGDODDNFWW R WD WoR UDU RYSRAGLLP [|

RNU pifD L  'RGDWQR RSWLPLWM@MH SDUDPHW

RNU BilfD L  V FLOMHP GRE L YDDAQIM D GBUDRIRM HVUNKX
VNDODELOQRJ |JDNRQD XSUDYOMDQMD

8.2.1. Definicija zakona upravljanja

7RpNH ORPD XSUDYOMDpPNLK SURILODVHPDFD]PDWOR®X 6 WU DLW
XVS VOLNX JGMH VX WRpPNH ORHAPHXSUDY B RO M NK PS WR IH QX
3DUDPHi¥UdoP Bon &ov GHILQLUDQL VX SRpHWQL NDSDFLWHWL P
VSRMNH WH NUDMQML NDSDFLWHWL PR PHROPHI WL XNRMNL XD QW LV
VSRMNH SUHQRVH X VWDELOQRP VWX SRRWKRS DL MBDQRLY BHRSUYHI
SDUDPHWUL WUHEDOL VNDOLUDWIDBS@RDPE &H VEXIRLY H&/N\DLO N B D Q?
PDSH PRWRUD L DODWD ]D DXWRPDMW 8N X ®RHEX NFLLOVN QUWHHEIDUDR &
6 FLOMHP SRMHGQRUWRY QDNMRYD X¥REMMBEMRYWD Y SMBD MH Q
NRQVWDQWQX YULMNGQRRM VH RVLIXUDYD EU]R FDVOWIDUD QMH
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XRpLWL NDNR MH X VNDODELOQRP ]PIDRRRP KQWDY PRIDRMD @B HA
SRPHWNX LQHUFLMXNHGID]H WHRBD/NPBVD ROWLPDGQRANMNKYMHW H
NRG NRMLK VH LQLFLUD SUR RBMt:Q Dtes BHPISW B P MWON LS BRI RO OIM
NRQVWDQWQH YULMHGQRVWL WM aQ HRY S\RRYIW B X ORV id @ GIIR I8 RV
WUHQXWQH YULMHGQRVWYs PREIPHQWD/ PRRV&® DY GERINY DI®IMD SUR
VWXSQMD SULMHQRVD WM LQHUSDMDRIN WH]BIQRDBAMR DAQLMX X
SRVWRWDN GRYU&HQRVWL SURPMH IS RMRDRERMBIB RH XNOMXp
SRVWRWDN GRYUSGHQRVWL SURPMHQB8 WR @ R BOHBSURHFLLQNDH U F
WUHQXWQRJ PRPHQWD PRWRUD PO PIPUHERPW BBPVRUD X WUH
ar @ PDPon VX UDGL MHGQRVWDYQRVWL NRQRPVQDVERIO REDM QH
SHGDOH DNFHOHUDWRUD L SRpHWWQK ESWLEPD @ QW Q' H MPHRGRRIVDN
SRVWXSNRP RSWLPLUDQMD SDUDPHWIBMHOMNDANRPMH SULND]DQR

Slika 8-10. Definicija profila kapaciteta momenta spojki i redukcije momenta motora za

skalabilni zakon promjene stupnja prijenosa s dvostrukim prijelazom

9DOMD QDSRPHQXWL NDNR VH '76 ]DINRN KB WDWEGWRDYEMOY MH DL 8 MIRIDM HQ B
QD]LYD VNDODELOQLP MHU LVSXQMDSRWAHLaXQNFVNB OLR IVGIM R Pl ySONLIPP HQV T
676 D YHU YH]DQMHP SDUDPHWDRD XSUDYOMDpPNLK SURILOD QD
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8.2.2. Formulacija problema optimiranja

1IDNRQ &WR VX GHILQLUDQL XSUDYOM®YNY OIMORY ML NMANDPOKDDAEL
SUREOHP RSWLPLUDQMD pLML MH FL ®R MLRPEDL WIHQ®IHHI IRBIVWIDRD ©
]JDNRQ XSUDYOMDQMD SODYR ]DRNUWXHOH SDUDP MK U L QDL VROHL
RNYLU UREXVQRJ R DWIDP NBMQ MP B DXIXRHHMIWKY DDGR Y WRpNH
NRG NRMH VH SURYRGL SURPMHQD BWESQMDDSEH®HQRWIR ULD L
EUJLQD YUWQMH PRWRUD PRJX VH XREMHRDRR S VU P P H QM 0Q H\OL
RSWLPLUDQMD WDGD QDOD]L RSWLPDQ@&B NMNRQG @BV VY OSVDOIUZ
PLQLPL]JLUDMX VUHGQMH YULMHGQRVSVIRV®E QX N %HO LRUPVDX) ¢
VWXSQMD SULMHQRVD X 4&LURNRP WSYN WD X LWDEQ MO X\DNGHW R
BUREOHP RSWLPLUDQMD IRUPXOLUD VHGNDR YN &HLNWY HMHU M\
LVWRYUHPHQR PLQLPL]JLUDMX

P L‘Q: E[ linertia]

S\/NDO

ty a o

PLD=E —3/th« »
S/npo tf « »
- Y

6LPER®]QDpDYD RPHNLYDQX WM VUHGOMDIX Y2YIGWHSQRVWD GD
LOXVWUDFLMH X]LPD VDPR MHGDQ $SDWHHP B WHBHIO @ H B MWIKWD RNDW
SRND]XMH GD LPD GRPLQDQWDQ XW MEHRADMU L BX HMVEIR \B\WR O R @ DIND
DNFHOHUDWRUD VD VUHGQMRP YULMHGQWRUILIMHGQRVAWUL QRFPHLI
SULWRP VH ]DVLUXMX QD

3DUDPHWUL NRML VH RSWLPILAbERMLYBE URDIQQ MXDX WDNRW R U X
T
SwidPDR  PDRy PDR, 3 |

SBUREOHP RSWLPLUDQMD MH SRGORDERRY W H GHILLIPP R WD p H C
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Vv \Y

t

.DR L X SRJODYOMLPD L XNOMXpNDQWOWRVELGREG D SAQLIM 8 Iy IDORJ H E
NUDWNR WUDMDQMH LQHUFLMVNHWDNLY UK BMHHIDRQMD]|PDWUDQ

E[t PV

inertia]

tf end
3 o dt<  UDG V

i end

t

=D UMHAGDYDQMH GHILQLUDQRJ SUREOHWVWDLRMIWRRGH PPN D, (SRR
025'2 PRGXO Y SRJODYOMH ]ID YLAK SR¥WOD@OIMAALMDIDGD X]RUSE
YHNWRUD NRML VDGU&H YULMHGQR WA L0S8 D3 P PIHHQ BIWD/ R IH D IQIXRU
VD SRSXODFLMVNLK JHQHUDFLMDG aWR BRYBXDFER INRQDWG
RSWLPLUDQMD

8.2.3. Rezultati optimiranja

6OLND SULND]XMH UH]XOWDWH REWLWPRQD Q\D SYQUNDE & WD U

E LJGYRMHQD VX 3DUHWR RSWLPBB GRQDMUXSQMDME LG MDY
SRGUXpMH WUDMDQMD LQHUFLMVNH GIDEH DSUR BVMHE W R/ \RS SWQ 7
UMHAHQMH ]D NRMH iiH VH X QDUHG®RFH @ B MHD MHNXH 8 U R YR-EVKI
.ULWHULM RGDELUD RYRJ UMH&HQMMD [E L RDWHL G D MRPYDXQ N U DLNDGM
3DUHWR IURQWH WUDMDQMH LQHMANMVINBRDLH MW UQBWLPD
YULMHGQRVWL SDUDPHWDUD ]D RG DE WDER I3PLU HW B W3 HEGILONKH
2SWLPDOQR UMHEHQMH MH WDNYR G B H BGXNFRRMD NPRPM X IV Q HRF
IDJH NDGD MH SRVWRWDN GRYU&HQRYMDQ EHRRNGINMXp @ LN RKSI
]JDSRPLQMH ELWQR UDQULSRM NDWKND S POSRUANMEH DH&E RP X WUHQ X
NRML RGJPRN DUDMXPDP $OJRULWDP RSWLPLUDQMD WDN
]QDPDMQX UHGXNFLMX PRPHQWD PRWR NRMD IVDRR/R NUBNX Q® Y
L]JQRVD PRPHQWDDPRMWRRU® X WUWMEOLFD
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Slika 8-11. Rezultati optimiranja paramegaskalabilnog zakona upravljanja za 10-6
promjenu s dvostrukim prijelazom (10-6 primjd€a) evolucija rjeSenja tijekom brojnih

iteracija genetskog algoritma, (b) izofena Pareto optimalna rjeSenja

Tablica 8-3. Optimalne vrijednosti parametara za izabrano Pareto optimalno rjeSenje

Optimalna vrijednost

Parametar . ..
za izabrano rjeSenje

PDPe
PDPon
PDPon

aAeP
e

8.2.4. Provjera skalabilnog zakona upravljanja DTS promjenom

3UHGOR&HQL VNDODELOQL ]JDNRQD XSX DYDQQILIPQXNDM'H & IRAPD SSIUL R |
VWXSQMD SULMHQRVD NDNR EL VHHRDOOWDWLOS P L QY SR R ¥MMHU KR
3DUHWR RSWLPDOQLP UMHAHQMLPD G]REGYDIQ®L R YRHMWHP LSUIRPW
VWXSQMD SULMHQRVD 3ULWRP iHQDH3 PU M WRR IWHRGENKL RNGRIMEHU DI\
LQHUFLMVNH ID]JH QDMEOL&H RQRP HJGREIRGHD R 8 U] YSOMP QM D X 9
QDSRPHQXWL NDNR QLMH XYLMHN PRG M QN XNGRK MGLDMD Q M B AlH
ID]D MHU 3DUHWR RSWLPDOQD U MHE K&MDU QWU XM X MHUND MO
IDJH 7DNRyHU YDOMD QDSRPHQXWL RDMR XRGMIIWIQOR. BRD QDO
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QD LIQRV UHGXNFLMH PRPHQWD PRWEARWDWY HUJOD]XVSRUNBGNRL
GRELYHQLP X] SULPMHQX VNDODELOQRJ |[DNRQD XSUDYOMDQMI

.RQDpQL UH]XOWDWL SURYMHUH VNDQDREV R QR WIDER®IQML X S U D
UD]JPDWUDQL VOXpDM WM |D VYDWDBRORAUM ISVESDOHY BN R HOL
LQGHNVD WU]DMD ¥ RRMMID KR RISWHICPHKS O UR | XS D D)DOGIDPN LV O X |
VNDODELOQRJ |DNRQD XSUDYOMDQMRB \5MDXOD®EDWQL SJDRRMH 8t
RGOLPQH SHUIRUPDQVH SURPMHQH WWXB®WLIK SXYLIMWHVOIR BIJ X NiR
LQLFLUD SURPMHQD VWXSQMD SUIQMHOQORRD > SHDIYLMN DVIOVKD D Ml
PDQMH LQGHNVH SHUIRUPDQVL RG RQNKPRRMI KV % UGRREQDH|®L C
VOXpDM 7R VH REMDAQMDYD GRGDWQLEP @B UDLYPRFD [SNRLpAH & VX
LQHUFLMVNH | DRHX NNGRWDHD B QR HN R GQEWDR \SWYSP RRBWUPLYDS VOL

6 FLOMHP GRGDWQHLSQRY MBMR QN XS U RYQD MB QSIDL PREHR M X M H
SURPMHQL VWXSQMD NRMD VH LQLFLUWQMHPRXWBYDMRM SRD
RNU PLQ ,DNR SDUDPHWUL VNDO DB ORIRID 0N FOQ IV DXNS U/BDYXpND M
RSWLPLMDQL JDRNU PLQ L GDOMH VH GREL YIDQGXH NW WWJ D NUDA |
YR]LOD ]D VYH MH SRORA&DMH SHG DD UDHNI FIHJ®! )WDQARR RIND HVUFLIDQRM €
RSWLPLUDQMHP SDUDPHWDUD ]D GIMH. V@OXPBIMWVRHS LLJEHOLAQR

Tablica 8-4. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upitawja
profila i skalabilnog zakona upravljanja za razne polozaje pedale akceleratorimo

brzinu vrtnje motora od 1750 okr/min

ne >RNU

2SWLPDOQL
oh > @ GDQL VOX
jrRMs > P @ tinetia >P\N  jrus >P @ | tinetia >PV @
i

BNDODELOQL |[DNRQ XSUDYOMDOQN

e
e
I,
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Tablica 8-5. Vrijednosti indeksa trzaja vozila dobivene primjenom optimalnih upitawlja
profila i skalabilnog zakona upravljanja za razne polozaje pedale akceleratorfgimo

brzinu vrtnje motora od 2250 okr/min

ne >RNU

2SWLPDOOQL
ph > @ GDQL VOX
jRMS>P tinertia > P\ jRMS>P @ | tinertia >PV @
i

6NDODELOQL |IDNRQ XSUDYOMDQN

I’
e

6OLND GDMH XVSRUHGEX RG]LYD SRMBRQWHYRYHGH QD N R ULER
VNDODELOQRJ ]JDNRQD XSUDYOM D Q MDD QHK XX/SRIVBMIRD N LNKR & U &
LVWH XYMHWH $QDOL]RP XSUDYOMDbPMLK SURNODPLJQ WOAQH X

D H PR&H VH ]JDNOMXpLWL NDNFOWYURQD %UORWOLD QLO]DY @
RGQRVL VH QD XSUDYOMDpPNR GMH O RYLLQNH HP RDV R U I FOMDH VYONP @RI
NUDWNRWUDMQX UHGXNFLMX PRPHQWODDNRWBQMMNRBGOVYNDO D EI
7DNYLP XSUDYOMDpPNLP GMHORYDQMH®MDEMH RIGY DYXHWJ D MDQ
NRML MH SULVXWDQ NDGD VH SUL RMH QNRMILX XR BRVLPPXOOCDFLL M IS LS|
QLVX GRSX&WDOL RYR LQLFLMDOQR 'GVHIR YWDIMH. R RWR G ) RV
UHGXNFLMX PRPHQWD PRWRUD QD VH RRIRE W R DEBVOE Q QB ULF G N Bi
NRG VNDODELOQRJ ]JDNRQD XSUDYOMDQRRJXADIDYD VXSYPYQMB
XNXSQRJ 506 LQGHNVD WU]DMD YR]LQ@PD|DGRE XY KQ$E R UHAPIMMQ
SULVWXSD RSWLPLUDQMD SDUDPHXDUD XSUDYOMDpPNLK SURIL

6OLNH D H XVSRUHyXMX RG]LYH NDWXGXQMIM SU NIR M®IR VWDH LRUL
pn B RNU PLQ 3ULPMHQD RSWLPD@QLEH{SOWYOMBDRMAR LS
QHJDWLYQLP WU]JDMHP QD SRpHWNX/ SRMNFLRIWIS KA\ P-M XMHSR V!

E 3URILO UHGXNFLMH PRPHQW DVRRWR UHD YIUDO RDNP IR B/ O IUIMX
SULVWXSD XSUDYOMDQMD 8SUDY OM®DNDHBNMORNDMXMDUDR
RGJLYRP WU]DMD YR]JLOD Y VOLNXXNDHXMHX®B LWDEOQL¥ X RE X
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SUHGORAHQRJ VNDODELOQRJ ]DNRQDYXHWODY GM D QNNRDM IQADD SVUHR P
SURPMHQD VWXSQMD SULMHQRVD

Slika 8-12. Odziv pogona vozila za 10-6 promjenu izvedenu koriStenjem skalabilnog zakona

upravljanja (pune linije), ukljyuju @i usporedbu s odzivom dobivenim primjenom optimalnih

upravljalkih profila za razmatrani sli@j (isprekidane linije): (al)-(el)wp= 0.8, &o= 1750
okr/min; i (a2)-(e2) p= 1, &o= 2250 okr/min

8.2.5. ProSirenje skalabilnog zakona upkdjanja DTS promjenom sustavom

regulacije

8] LVWX PRWLYDFLMX NRG 676 D RGM® ®NDRDELO QIUHW RRGER
'76 SURPMHQRP VWXSQMD SULMHQRVHE SWRG@KUXMD WWRE XV D
]JDYUAHWDN SURPMHQH VWXSQMD S U]DMAQIRWYIDQ IHPHMM IS QO RX E
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VSRMNH RYGMH XH DHNXDDB LY/RV B UXNEH QLRQ/ERiR PB/R @ MBIW R U

MH DNWLYDQ X WRNX LQHUFLMVNH S]RP SIHRMMSQIHV KKQRR IR M |
EUJLQD .DR UHIHUHQFD SULMHQRVQ@RR WRPMEHHD ERGIDQDRNVRUM W
IXQNFLMD SRPHWQRJ RPMHUD SULMR QR MR \RPXISHUNDHPUS UQ M H
A4HOMHQRJ WUDMDQMD LQHUFLMVNHXLCOWD AMHN YRLHPNIDE R UG R URQ ¢
EUJLQD YUWQML EXGXiUL GD UHIHUH@ WD XI®B |5 RG NFROILLIQ R D Y1
,]JOD] UHJXODWRUD SULEUDMD VH QRRLDQDIMMPRY M SUWSIRIVONVHD pNLR|

.DR UHJXODWRU SRQRYQR VH NRULVWLUNRRRQ WQIE LSRURPMHOQ 8 '
SRMDpDQMLPD SRQRYQRNRMXEKWRGGBQUDRBWDNX RIOHGQH WD
YUHPHQD SURWHNORJ X LQHUFLMVNRM [2]3W LYP DROGMHH ® MIDNUH G C
SRMDpDQMD UHJXODWRUD RGUHYXMXVDEODMHERRRP WDHJ [5RHH M
SRVWXSNRP RSWLPLUDQMD SDUDPHWHBVERL 8/ QDVISGWRMHR EMH C
]JDNRQ XSUDYOMDQMD '76 SURPMHQRPYRNDOGDEOOEOLMEBNRD SUE

SURPMHQH X] SROR&DM SHGDIOS RINHMQ K UDWRR QX YUWQMFH

RNU PLQ XSUDYR |D WDM VFHQ BWIUND MMHHWLD § D R HHIXHODRV R §W |
SRGHAHQMD UHJXODWRUD L QMHJRYRG SRQWHXQAMP HNRIGVBO X ]
UDGQLK XYMHWD SUL NRMLPD VH RQHLVWBBALFROMBLWL SUHG

8.2.6. Simulacijska ispitivanja cjelokupnogakona upravljanja DTS promjenom

uklju fju @analizu robusnosti

8 RYRP iH VH RGMHOMNX QD VOLpDN) QDpLQVSRR/DWD BREXY
SUHGOR&HQRJ RSWLPDOQRJ ]JDNRQD »®SEDIYNOHMDIIR P S D RFAMUH QI R
SDUDPHWDUD QHVLJXUQRVWL DNWXDMWGRIUR I$ R LR WW /WL K XY D Q
QDVXPLPQR VH JHQHULUDMX YULMHGQRK WS RMNIL EDRAMD/HD I MDR
PRPHQWD PRWRUD GRGDWQH PDVH YR]LODL& SRMNIR J3YWMWRHQ [
VH ]D SUYD WUL SDUDPHWUD SUHWRSRWH DY © RIY RIGRWIP B\VAUQ DS G H\
XQLIRUPQD GLVWULEXFLMD 'LVWULEXOHMHMXQQD H\GHLFIUK SDUX
QDSRPHQX GD VH VOXpDMQR JHQH U SWOL® D MHQM¥INGI) RADWYV S RIMD
VSRMNH X '76 SURPMHQL OUWYR YUXMHFWWVBQNNRRA D NEWWD VW
]JD GYLMH XNOMXpQH VSRMNH O9DOMDVWRNRGHEU QDSRPWRXNF
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LVSLWLYDQMD 676 D ]D LVSLWLYDQWXHIDPp&E MD NVRHWD X XIIDDYNDQLEKC
DOL X] LVWH VUHGQMH YULMHG QRMWSR URGQR VK S I WDRHDDNG

Slika 8-13. Distribucije parametara nesigurnosti aktuatorskog sustava spojke i vanjskih

poremeiajnih parametara za ispitivanje sustava upravljanja 10-6 promjene

.RQDpPQL VLPXODFLMVNL UH]X®WDW’L ]D RNWRERHHBYLNDDQL \
QD VOLFL 60LND D SULND]XM®H. QB HNV]H HS HWIRWHG QR
SDUDPHWDUD QHVLJXUQRVWL L YDQNWMNV KX RUWHMHHIFDM G RW Sl
R]QDpHQH WRpPNH GRELYHQH X] SULAMGD XDRG WQ A DUDBLAKHXSYUND N
VXVWDYD UHJXODFLMH 9DOMD QD SYFOPVHIDWYL LSNERNIRO ¥ XM 8§ G IQFDLN
VLPXOLUDQH NRPELQDFLMH YDULM D FOLAHDD IS DAXD WIRW DK 05 REH.O H C
SULPMHQX FMHORNXSQRJ RSWLPDOQRNRQNSQYD XS M D Q6D DLQ MR

X] UHJXODFLMX O9LGOMLYR MHXSDRDNR REWLR PO PR FLN R Q
XSUDYOMDQMD JNRSIR®WXpX b SGRRRENDDNXIM W KWL ML DJMWW R SR W |
UDVLSDQMD LQGHNVD SHUIRUPDQV LD BOMDB QR D VGLR BN MAMRNYXS Q R
QD VOLFL E NRMD SULND]XMH GL VWD VBRNIDMS$RIMGHEIHNMIK SH
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VOLNH E YLGOMLYR MH NDNR FMHIIRNDX ¥FQ@D QDNRY® X RpBHNQ ¥
LQGHNVD WU]DMD YR]LOD ]D , VIV RYQUGHHANH/DRW VY Y\DIMDG PRIJE QD !
VH ]D 2PpHNLYDQMH WUDMDQMD SW& R WHQ W P\DW XISKQNHD X$ LBLLM_E

FMHORNXSQRJ |DNRQD XSGRXNOWMDQWMDDFDLMGQR MBEHDMQR VPDQ NV

3UHWSRVWDYOM O QWDH DG D/ XS RYDINAI D Y DQGIHDN Y D US MDIR U P L
GRPLQDQWQR RVWYDUHQD SULPMHQRWPH VRVGIDHA H DLV B SXUSDUYDONOL
GMHORYDQMD RGYLMDMX X RYLVQRVWU RMOBRIHI R YWOMY MX RLYI
SRVWRWNX GRYU®PBRRVWL SURPMHQH

Slika 8-14. Analiza simulacijskih ispitivanja za 10-6 promjenu: (a) indeksi performansi za
razne vrijednosti parametara nesigurnosti i vanjskih parametara i (b) distribucije indeksa

performansi
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1D SRPHWNX UDGD SUHGVWDYOMHQ IMNFOMIQ® Kb WIHPRGME S RB|
L SRVWXSFL RSWLPLUDQMD SUHGVWDRORRGHOR RNV@IDWR & HWOC
EUJLQVNRJ PMHQMDMWDR NRIQH UMK NX] HW DXNMHRP VDB NRIS @RI H Q ML
ODWHPDWLPNL PRGHO PMHQMDpD SXDQRIROGHiISURR MRIGH B G
X IRUPL YH]QRJ GLMDJUDPD NRMLP VH D DP NRIDONMD (DD pLRGR SN
SUHGOR&HQH VX GYLMH PHWRGH ]D D>XP\WRERDW VANRHDMIHWDL S & Q
UHGD LJUDYQR L] YH]QRJ GLMDJUDP DVRRHQWXEHM QRSO 2B HIQQIL
SUHSRUXPpXMH VH NRUHRWE QMK R HQBREHPY R J0S$7/$%W LR HP RRI D
JHQHULUD PDWHPDWLPNL PRGHO X VLPERIONY NRMHQRURPLNBRLU
NDUDNWHULVWLPpQLK PDWULFD PRGHOD SXQRJ UHGD SXWHP 0%

8] PHWRGX ]D DXWRPDWVNR JHQHULUDQMMHPR GRV/DIV $XINR J] D
DXWRPDWVNR UHGXFLUDQMH UHGD PR @O O D] DE [SUR LN RRIQ M\Q/R)
SULMHQRVD LOL SURPMHQX VWXSQNBUSYMMAMQRY I D MR LVV A XK
L RSWLPL]DFLMVNLM® B/ OXMVRIPFODN \O K @/ @ & 6 HLOUD DMIHOHBPHQW L U
NDR 0$7/$% VNULSWD WH MH XVSMH&QRW 3 pRIYHI HUJHRMD] PDH U D]«
SURPMHQH V MHGQRVWUXNLP SULMHGBPRBHGXEWRPQNRY SRGD]I
RNR SXWD EU&H RG PRGHOD SXQRGHOH®D HNRWD WSIR DN LV HR Gl
SURVMHNX GYD SXWD EU&H DNR VH RRNLVSQWDRPDWEEBQRY PR\
DXWRPDWVNRJ SULVWXSD PRGHOLUDBRIGHBIDR LEU DIYXMR R P]D WR/HNI
DXWRPDWVNRJ PMHQMDpPD SURL]YROMDH RMVUX§ WHKLRQ D DR RE
DXWRPDWVNRJ PRGHOLUDQMD NRMD E Y DSUDHWKYIR UYLID]ED LV IGH RO J
6OLPQH IXQNFLRQDOQRVWL YHU VX XV DR MRV QAMWLHKIRLY D PSS QP @
QD DXWRPDWVNH PMHQMDpH L VOLp@HEWGMWEBY UBEDRQD PR&H

6 FLOMHP EROMHR SUWDL R B DPRY DEMD PULBRR RIH S R QDEPKRMDDSS UL M
UDJYRMD V WLP SRYH]DQLK VW U DWHRIU MDNVXSADD @ © Bl MGHWPDH OM R DI
RSWLPLUDQMD .RG SUYRJ SRVWXSHEBOR SW RPMHDHV YWOSIIOM D 12
DXWRPDWVNRJ PMHQMDpPD SURYRGL Vi RWDEFLLAMAHIGIM Pt IR WRGHKX (
GUXJRP SRVWXSNX RSWLPLUDMX VH SHDDU DOPLHQMWDIU CBLLKD NW R X
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XSUDYOMDQMD SULPMHQRP YL&H NULWRWWMSNRJ RBO/1PUUWB
XSUDYOMDpPNLK YDULMDEOL QD SMEHWNRDVIXSINSIOWIDR WD 8D R
MHGQRVWUXNLP SULMHOD]RP 7D LXGD®QXDXpM QR NRNDLW 8 B W X QX
VWDELOQRVW L UREXVQRVW SUHG O RAHWRIPBRRWYRSWD \RS\8 RRI
NRULVQLP VD VWINDREY IMVEW PQ N ¥ DK WLUD@IMID B XMNRRIDS\RQNIRA] P M H Q
WRNX SURPMHQH VWHRSXWD SSILIPWHHQRIYEK Y Ry HGMB GRKRWDW O M D
PRPHQWRP PRWRUD LL NRPSURPLVD DMMHMRMOELMD® B R NF]
JXELWDND HQHUJLMH X VSRMNDPD WHL&XLNR WBREROMEDR
QHNRQYHQFLRQDOQLK SULVWXSD X SiuIH' Q10D Q&G DASUH NRBEM
LQHUFLMVNRM ID]JL ,]PHYyX pHWLUD WDH@WL S R MNH. V BAXIS\DWKXI
QD SURSLVLYDQMX RGQRVD SR ID]DPD GRMNDYDRNHHXYX O NBIYR WQ
UREXVQRVWL OHyXWLP WDM MH SULVRX3O0QRUP NSOQIMY MDD
SURPMHQX V MHGQRVWUXNLP SULM HO@VYRXP W 8 8 DV SDX\EL WHP\HD M
SUHSRUXpXMH VH ]D 4LURN UDVSRQGEPBDWODXMDL XSO MMH®D XRiP
SRVWRML SRWUHED ]D RSWLPLUDQM HPWND 5UFLLY\Q-HRW DR B R/R. IR QW
PRPHQWD VSRMNH MNRUHISRUKXEMMHN®BYMDPQ R $ RAVRNGH ODU IMNWDH D
PHWRGRORJLMD RSWLPLUDQMD XSUDYQMWRpNL K DY BBULMIBIE §IUV
DXWRPDWVNLK PMHQMDpPD QSU WUDEWRIGL]MBIDD HG RN WXIN F
WUDQVPLVLMH NDR L QD PHKDWURQLpPNH VXVWDYH V WUHQMFL

OHWRGD ]D RSWLPLUDQMH XSUDY OMRMHERYDUSR\Y R 8 LMSHURPIVPH
]JD RSWLPLUDQMH NRPSOHNVQLMH SURMNRM®RIM W HG LR VWWRLY X PR
XSUDYOMD V pHWLUL VSRMNH 6D ¥ WRERPGGARBEY B®MPPXYXGWDD;
DNWXDWRUD pHWLUL DNWLYQH VSRMNHUD 8RWRU SW K G & RDHU@
UD]JOLPLWLK VWUDWHJILMD XSUDYONMDRSI\YLRRMBIQWID X\NRASER(
RJUDQLPHQMD YH]DQD X] ID]JH SURP MHD)MD @WXS S RIDD O M WXRI
SULPMHQD UDJOLpPLWLK VWUDWHPLMBXSRPDRK WM DRIMDQ U K ] X HWDLY
GMHORYDQMD V UD]JOLpPLWLP SHUVSBNWhNRP D/ XY WHDNBKQMHX W R R
PMHQMDpPD $QDOL]D WHPHOMHQD Q B FUHHY X O MMMV X 8 D DRYSOMIPQ M D
MH NDNR 6WUDWHJILMD NRG NRMHV X H PLIRANHO BIX X & LHW Y S\RVENHU
SHUIRUPDQVH X VPLVOX XGREQRVWWLESUJR® M HQHQWW XSO MB HS X
6WUDWHJLMD NRG NRMH QLMH GR]PRVD®MIH @D ]5Q B PMHQD®ME UXIN
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VSRMNL PR3aH SUXALWL SHUIRUPDQVH RRWH X LYVIOR DN RBQNLX
6WUDWHJILMH OHYyXWLP WD VWUDWEJKNMO MPKWLKMMSERMBDW X
LQHUFLMVNH IDJH &WR PR&aH ELWN WIUGCEFH ] DKS\OHPHIRN DD MWD Q

5H]XOWDWL GRELY KO U DRYSOWILPANAIKQ MIBVEQ R (SEUQ. IP MOHOM LIYJWU X UH|
VXVWDYLPD X NRMLPD VH WLSLpQRNNRRMUILVWHOB R M G QRWVHUBY
RVWYDUXMX L SDUDPHWULUDMX N DUCHEWLLADMMH PRAHQWRIDS
RGUADYDQMH PRPHQWD VSRMNL QD SWPRIAN RRQMWQLPUOHI H.JBIRW
]DGDWDN SRVHELFHREDGDLYVUHD K]WIR NMVHIOW QWD IUNDID \WWDRMN L R N R
NOL]DQMD MHG QDINGIQ& X WL S\ H DYPIHUN. DNDES PR GHIODA M RNPNK L G U
DNWXDWRURP 5H]XOWDWL RSWLPLWXQWH X SLIDG’O DR LK H@L
SURILOLUDQMH SUDNWLpPQLK L SULE®MBM R LK SYADLUPLOMODGE KL WELDEOM
SR RGVMHpPFLPD OLQHDUQLK NULY XWOLWDV LDRW K PDIDUIH M WIDMDGQ
IRUPXOLUDQLK XSUDYOMDpPNLK YDULMDEOLWRGUMYNG@B SXRB(
RSWLPLUDQMD 7DNR IRUPXOLUDQLLSMRE®RPPJR QW WR/NFIQNMDJ R
02*$ ,, LPSOHPHQWLUDH)R21X QEWSIUR PRIGPVMRJ RINWXRHWD UV NR
RSWLPLUDQMH JDSRpHWR MH V WHPH®PWQVW XJ QB HNMP UV MO
MHGQRVWUXNLP SULSRE®D]BOD $@D GAHOMHIDNEGREOARLMH UH]
ALURNLP VNXSRP 3DUHWR RSWLPDO QRKXUMWHR HREGWIE L UL RHOWH ©
RSWLPDOQRJ NRPSURPLVD L]PHyX Y U HRHMM QRNIM D QWML DSWIR ¥
2SWLPLUDQL SR RGVMHpPFLPD OLQHDUGRE SYUHRQL® L R¥VI S RW W/ALHA
SULVWXSRP RSWLPLUDQMD XSUDY ONID\bARI VKK VR QD MPHHY WRRIE QIR W\

8] NRQYHQFLRQDODQ SULVWXS YL&H DNWDL WSHURLI MO D RXS B BWQ ML
YDULMDEOL SUHGOR&HQD MH PHWRGIH ]$DVW R K IV\DW Dp NNR M R B
PLQLPL]LUD pHWLUL NULWHULMD RP RIHO\H. Y VXIS Y\ D MSHUG QI RID\R I |
WU]DMD YR]LOD WH QMLKRYD VWDQHBRIUGBSW LRG VY IV K D QIIDU DF
SRND]DOL VX GD MH PRJXiUH GHILQRUGW VK RpHWLMD ROHY U RH
VWDQGDUGQR RGVWXSDQMH WU DM DLQMIM % U BR WM Q]HD & MEK SIGRNE X °
REJLURP QD WUDMDQMH SURPMHQH M HX GRRHEJQRMLIX SRR/RWMH Q X
RPHNLYDQD YULMHGQRVW LQGHN VO MXULDAWLD NYDRR OXCS U D Y @/NHD p
GRELYHQL ED]JLPQLP QH UREXVQLP SHUIWVXESOWRP RRSENLE MY BIQM ]
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UREXVQRVW L NDNR VX GDOMQMD S RERAINMIADW ML GREM DHIIDU B
SULOLPQR RIJUDQLPHQD 7DNRYHU YBROWDD SRYIDXOSN.DV R N INFRL Y D |
L GR QHNROLNR SXWD X VOXpDMX SRHWDUHD HRYR E QROR E RS WX PX
SDUDPHWDUD QHVLIXUQRVWL

3RVWXSDN YL4&H NULWHULMVNRJ RSSULRLLLODY B DRYBIGHRH W B UD \
SURPMHQH VWXSQMDUSUNLMHQRWH ®DGRRG6 S ULYR NIDIR NRG NRM
RSWLPLUDMX XSUDYOMDpPNH YDULMBBONH SAWHUEDO/RHE HLQHH VKR MBI
SR VWXSQMX NRPSOHNVQRVWL W NV XSREDURMXR SPOG\DN? i MFD. B D
XSUDYOMDPNLK SWRISROR YOO GIRND | D] LGDWILKR WW H BB/ HI LML
UH]XOWLUDWL YUOR ALURNLP VSHNWDWRPD R S B\W P P DR G MOS VY B YQ
SURYHGHQD |D UD]QVWVEXRPRMISQHMHODPRRW DL S AMUODPRPHQWD
V NRQDPQLP FLOMHP YUHGQRYDQM DMB UMHEGRREMBP KS RS0 B Y DRI R[S
LQGHNVD SHUIRUPDQVL G5H]XOWDWL YSUHERRR DD VSRHIDMH
XPLQNRYLWH X UD]OLpLWLP ]DGDUDPXNASUBYOMBQMRFS ULREGD |
RSUHQLWR PHYyXVREQR NRQNXUHQWQHRMHDWMYSEDSIDQD G DNR-
NRMD VH RGQRVL QD EUJR RW S X 3 VD@WHY DVWOMXE & Ui K PV BRRMNDIM
VWUDWHJILMH L SRJRGQD MH VDWIWSRRYQEWBDXIEQH U W MM HF
GLVLSLUDQD X VSRMNDPD RELPQR @DNDAMGHWD |10 RYX M W UIDM
EURMHP XSUDYOMDpPNLK SDUDPHWDU® XSMH®QR I DLYQ SR R BLRO
LVNOMXpPQLK VSRMNL

8 ]DYUZQRP GLMHOX UDGD SURYHGHQRQRPL QDULMLUKI R DR D.ON
XSUDYOMDpPNLK YDULMDEOL YR]DpH YRPH R RIRPQGDIPDD BEVORQ RIH |
XSUDYOMDQMD .RG SURPMHQD V M H®®RQWIBSXUNLYO MDLQWHID R [RUF
WHPHOMHP NYDQWLWDWLYQH D QD OR §H LIPH $X)Q W\ WHR R SRASLVP L P ID
XSUDYOMDpPNLK WUDMHNWRULML 2 WBIDMIPLO HD M B/ARNUN HV N DUWOH.®
PRPHQWD PRWRUD DSURNVLPLUDQL VXMHPRM®DIRPHVQUP EURY
SDUDPHWDUD NRMLWYDONE L®HIL QDN BIQD X]$HU B X CBNRIN@ IO K QI D N R
SULVWXS GDMH YUOR VCPREOK 8HDEGWMARRE QRINHUHOKUBRELY H
RSWLPLUDQMHP 6 GUXJH VWUDQH ]D]BRRQ@B BEXS GHY OMIOUDND
SURPMHQH V GYRVWUXNLP SULMHOD]R® R WXYWH GSHR RMNHH Q/RY V \8 R
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SULMHQRVD QD NRMHJ VX YH]DQH WR pSNWHR OLROMD BERNRQVIMAR F
GHILQLUDQL QRPLQDOQL XSUDYOMDpNYLOBDRIND L] D/ NOURPEMIOQ,
GYRVWUXNLP SULMHORDNR®LpX R RQR PR L& IY L EOVNPMMH MM SUHWKR
SRND]DQR GD GDMH QDMEROMH UHIDFAWDWMD pR VP XNDH UFLQ@ NV €
RSWLPDOQLK YULMNG®RRF W IM B DAHI L9 MADIRE VY\SUDYEOLMMQ MD 3 U
NRULAWHQD PHWRGRORJLMD UREXVQRIDEBBURRMMWD JDNRYIV RSV
YDULUDQMH SROR&DMD SHGDOH DNFHOWDDWRHWWLIXBROR YV WH

VNDODELOQRJ ]JDNRQD XSUDYOMD QMU L 8V B R PHGE R P GRVLVP YYDYUMHH
PRWRUD V UHIHUHQWQLP PMHULORP (& RWPRIDGQK WH S\R/MRL DD
SHUIRUPDQVL NRMH VX EOLVNH RSWLPDOQLP

.RQDpQR XSUDYOMDQMH PRPHQWRPODNFW MYQILER GIVRVONRLY B P RIELA
MH RVWYDUHQD NRUHNFLMD XS UD YROHID (NLIKK GINDHUQ RIDEQM D &M B
VXVWDY XSUDYOMDQMD LVSLWDQ MH SSRXNDH B QRD |6X0Q 30 Q B Kl H\
VNDODELOQRJ ]DNRQD XSUDYOMDQMD RPRUXUNMH VOR VWV WD\
UREXVQRVWL FMHORNRSQORMDXYW BYH EKMIBQ X RJIDIGRINK MXpXMX
YDQMVNLK SDUDPHWDUD SRSXW QDXIGCEOHFHVYWEDO X RYRFKF BROGWD
PRJDR EL VH RGQRVLWL QD SURMHN@WMDDOMH SRBESUWH CRIGHLX
SUHGLNWLYQRJ XSUDYOMDQMD

1D WHPHOMX L]JORAHQRJ PRJX VH WUGIRWVILWRNWRHGHRL @I

€ 3RVWXSDN DXWRPDWVNRJ PRGHOLUD @PWRG HODX Y RP DMC/QRI
DXWRPDWVNRJ PMHQMDpPD V YHOLNLPREUPRRAHNPQRWXE D QM F
VSRMNL

€ 2SWLPLUDQMH XSUDYOMDPNLK YDULMPBE®QWIR FPHRQDRUD WS
XQXWDUQMLP L]JDUDQMHP ]D SURPMHQBHUYNWNOQMIP SWIHM
DQDOL]D UH]XOWDWD VD VYUKRP GMDLQUBP®MDHRSWKXBDA
SULMHQRVD

€ 3URILOLUDQMH SR GLMHOX OLQHDMOQEKLWIDD MHRWRH QMWD
GYRVWUXNLP SULMHOD]RP IRUPXOLQMQMH NRRDWM®LEY DEIRVIL
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NRPDQGDPD YR]DpD WH RSWLPLUDQMWHH SIDRIEDPVHWRD/WWOL S)L
YDULMDFLMH WHPHOMQLK SDUDPHWDUD RG]JLYD DNWXDWRI
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\Y

@ 9DGMRQ XU 9 7HKQLND PRWRBRGXIQMRQROD]GD G UD Y
+UYDWVND 3XpNR RWYRUHQR XpLOL&WH =DJUHE

@ *UHLQHU - *UXPBE\DLFFK 70) DEXWPR R VL BQ 6\V\&HK P D OHQ RIQV
DQG &RPSHWLWLP® BBEHHFIQRLF RL G

\Y

> @ .ULVKQDVZDPL 5 1RUULV . $00 1HA yRUD®VPELINHBQG:" 30
'HVLIQ 'HYHORSPHR® R$ (LMFXMQW 3RO2PDWIKWRZ DQG 5
THFKQRORJLHV WK , QWHUQDWLRQD®6&7, 6\PSRVLXP 1RY|

@ ODVXQDJD 6 OL\D]DNL 7 +DEDWD <GRDIPIHG\DDO+DVHJIDZD
'HYHORSPHQW Rl ,QQRYDWLYH 7R\RWIF 7 BE3OWBLIMR/QRQVXG L
6$( ,QWHUQDWLRQDO -RXUQDO RI (QJLQHV GRL

@ .RQGR 0 +DVHJDZD < 7DNDQDPL <D $UHW. DD TERNPWD . L
$$ ( 6SHHG $XWRPDVMRLF ZIWDK I RYW\O SRDHEW WHIPQ @R QW
7HFKQLFDO 3DSHU QR GRL

@ ODUDQR - ORRUPDQ 6 &]R\NRZVNIPLEV YKRNHS5& WSDXWIRRPQMNCL
,QHUWLD (IITHFW RQ 6KLIW 4XDOLW\ 6$( 7THFKQLFDO 3DSHU
GRL

@ 6HRQJ :RRN - -DH &KDQJ . :RQ 0LQ RRM®HRMRQUIRRQ 1 .D
‘RRN + OXOWL VWDJHV DXWRPDWLF MQM QRPLVVLRQ IRU YH
$

%HFN 6 6LEODD& WRKFRDW.LVSHUHBEPYWLYRLRQ 86 BDW

\%

\Y

\

\Y

3KLOOLSV $: (OHNODOVFEKHW GDEXIMLYRLRQ 86 3O WH

*ROHVNL *' %DOGZLQ 5% OXOWL WSHRIG 7UDQVPLVVLRQ

)X <; &XL /< ;X ;$QRQWBV RI "\QDRLIVAWV&LEY RO FSXNMVRPD WL
7UDQVPLVVLRQ 6KLIWLQJ &RQWURO $SSOLHG OHFKDQLFV C
GRL Z2ZZ VFLHQWLILF QHW $00

> @ -R +6 3DUN <, /HH -0 -DQJ :- 3DWINH-+ P SUPR YoH FBFWQXVG \RR @/
VKLIW FKDUDFWHULVWLFV IRU WKHR®D V § WA IHLD AR @QXW RR
Rl 9HKLFOH '"HVLJQ *

> @ .RXURXVVLV * 'SIKREEQGEMNDR 3R 9IHWUDQLKY BOGCDFPREMW QD O\
ZLWK DQ DXWRPDWLF JHDUER[ OHFKDQLWP DQG ODFKLQH 7
GRL M PHFKPDFKWKHRU\

@ =KDQJ 1 /LX'. -H\DNXPDUDQ -0 I9GO@DRLFHYD / ORGHOO
FKDUDFWHULVWLRADQV PIQVDXRUR BDAM OINMNRKIHMGERQDQJR|1 WK F

@

@
@
@

\Y
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,QVWLWXWLRQ R BGHNKBQUND Q (@xum@o&mqwuwapv
(QJLQHHULQJ YRO S +

@ %DL 6 ODJXLUNQDPIBH®QBOIVLV DWHBP&RIYWIR ® 16\
$XWRPDWLF 7UDQVPLVVLRQV :DUUHQGOGRH 3$ 6%( ,QWHUC

\%

\Y

@ 'HXU - $VJDUL - +URYDW ' .RYDRd $XWRPHOLLFI DQG $QD
7UDQVPLVVLRQ (QJDJHPHQW '\QDPLFV FLQNMMHRDVH -RXUQ
OHDVXUHPHQW DQG &RQWURO + GRL

@ +URYDW ' 7REOHU :( %RQG JUDSHKUPWGBDQQJ -RIXDXW R PR
JUDQNOLQ ,QVWLWXWH + GRL

@ &KR ' +HGULFN -. $XWRPRWLYH BRQ2HURWUWIJMOORIGNQLRLU
6\VWHPV OHDVXUHPHQW DQG &RQWURO * GRL

> @ 'HXU - $VJDUL - +URYDW ' ORGHMOLRJDMEVPQDOLROV RI
(QJDJHPHQW '\QDPLFV 1RQOLQHDU &DOHR|QFOXRAIFQJ 9DOLG
6\WWHPV OHDVXUHPHQW DQG &RQWURO GRL

@ ,YDQRYLF 9 7VIDGK %D%WR® G SHURDIFR | | RXIWORRFECHDLLF
7UDQVPLVVLRQ "\QDPLFV 6%$( ,QWHUQDWLRQDO -RXUQDO RI
GRL

@ (UvDO 7 )DWK\ +. 5LGHRXW '* ZRRFDBURSHBW HIRE H/O I$Q3H Y
7THFKQLTXHV -RXUQDO RI "\QDPLF 6\VWHPVY OHDVXUHPHQW
GRL

@ 6HR - <L 6 - 'HVLJQ RI DQ DXWBPD@JL B QDD BVEUDWLRSR X
IORZ XVLQJ WKH DXWRPDWLF SRZHUHI®RZ)YHRIHMIOM/LRQ DO,
QVWLWXWLRQ RI OHFKDQLFDO (QJLQOHUQIBQHMULQRXUQD

+ GRL ,

> @ 5DQRJDMHF 9 'HXU - $ %RQG *U DG KHEDHAHIBWARQKRIG R1 $
$XWRPDWLF 7UDQVPLVVLRQ ODWKHPDYWULGDO BR GHILQEH\ ,Q)
+ GRL

@ .OHLMQ & *URRWKXLVVIY 'LIBHIQXDIQFHYPKHGH
&RQWUROODE 3URGXFWV % 9

> @ +DM )UDM $ IBRBOIIHRQWUEZR® BIWIHIQW VLMKQLDXK\WBRDWLF
WUDQVPLVVLRQV -RXUQDO RI WKH )UIRANOLQ ,@ VWLWXWH

\Y

\%

\Y

\Y

\%

\

> @ 1H]KDGDOL 9 I bIPNMHRRIN /IR$J PRBHOD FRDWQEB REWDXWRPL
WUDQVPLVVLRQ V\VWHPV ,)$& 3DSHUV2Q/LQH *
GRL M LIDFRO

@ YRULU O 5DQRJIJDMEERYLHWU 7VHOQWLtRQRKRWBERLIW &RQWUI
7UDMHFWRULHYV IRDVWMWHBULDHDWP § X WIRRPQR/ | 'S @@M(PIRFXU QD
6\VWHPVY OHDVXUHPHQW DQG &RQWURO * GRL

@ /LX < :DQJ 6+ /X ; 6RQJ 7 %LQ :IRL *6lD;X 6 KL BMEHRMUWFKR

\%

\Y
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7THFKQRORJ\ IRU D 1HZ 6WHS 6SHHG $XWRPDWLF 7UDQVPL
GRL ZZZ VFLHQWLILF QHW $00

@ /HH 6 =KDQJ < -XQJ' /HH % $ 6QDWPHP QDO WSSURDFK ||
9HKLFOHV :LWK (LJKWXRARPBWHF63HHBE@\CP RY VLQRIP L-RXUQ
6\WWHPV OHDVXUHPHQW DQG &RQWURDO GRL

@ 5DQRJDMHF 9 'HXU - $Q $XWRPDWKRE @ RBYH @ RUWGEHHGHG
$XWRPDWLF 7UDQVPXVQIDRQR| HEUXP-IRF 6 M WHH@W OBV X

\Y

\Y

&RQWURO GRL
> @ *XR : /LX < =KDQJ - ;X ; '"\QDPLRI$QID \&/Q X WFXG) &®Q MQ
3URFHVV LQ &0XWFK WR &0XWFK 7UDQN® LQVLREWULRWKH P

+ GRL

\%

@ 6RQJ: 6XQ = 3UHVVXUH %DVHH&ZQWOWVR IL\RQWR QR 08 VR Q X
6OLGLQJ ORGH &RQWURWIMPNMDFEWLBBY RQ OHFKDOWURQLFV

GRL 70(&+
> @ ODUDQR -( ORRWRDRQ6B :KOOLDPFGYWEBRXMFEKQNRLV VLR
FRQWURO VWUDWBIO\3BSHUOHFRQL  RL G

\

@ 6DQDGD . *DR HPDMOR I+ 7RNJL\D .URHEXIVM) RRQWUROOHU
VKLIW FRQWURO RI DQ DXWRPDWLFQWWD @XMNMVL RO 0BHER B
(QJLQHHUV 3DUW ' -RXUQDO RI $XWRPRRELOH (QJLQHHULQ.
GRL

@ *DR %= &KHQ X 6DQIVGEDQ R4 FOXRF®HWO LFBUFRXQWRPDWLF

WUDQVPLVVLRQ XVLQJ ERRNMNDHS/DFQVD RQWR RIQF UH F K
+ GRL 70(&+

@ /L* +XDQJ < *H < :DQ * (QJLQ H RRRPGMQIIFWHGDROR/@ W\
GRZQVKLIW SURFHVV 3URFHHGLQJVWHQFH ,RQ@ 9PW HEXQMDWL |
(OHFWURQLFV DQG B6DIHW\ ,((( 5 + GRL L &9(

@ =KX 6 +X -+ '"ULYLQJ ,QWHQWLRQI RAD$XWE REMNNIPHO 6KLIV
7UDQVPLVVLRQ $SSOLHG OHFKDQLFV DQG ODWHULDOV
GRL ZZZ VFLHQWLILF QHW $00

> @ 5DQRJDMHF 9 ,YDQRYLU 9 'HXUV-HGVIIQ/IH Y (V P2HBQWL FRLI] D W L
DXWRPDWLF WUDQVPLVVLRQ GRXEOH QUUREWUWQR G WIXE WL A
+ GRL M FRQHQJSUDF

@ +HEEDOH . '\QDPLF DQDO\VLV DIQXGVARPQWDROQRI R GRNXEY
WUDQVLWLRQ VKLIWLQJ VI\VWHP WKQ ($ROHKUAQRHIRZBR D
1 'HDUERUQ 0, ,((( S + GRL 933&

> @ .DKOEDX 6 %HVWOH ' ZSWLPDOEGQ‘{[PWV&R(BWURI@FII‘RDJQ$.KV
%DVHG 'HVLJQ RI 6WUXFWXUHY DQG ODFKLQHV
GRL

> @ =KDR =* <DQJ << &KHQ +- /L ;< PIRQFRIQWRRQOGLE VWL IQV

\

\%

\%

\
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SURFHVV IRU K\EULG FDU HTXLSSHBQZLWKR GUAXBRXTRAW FOX W F
;XHEDR &KLQD -RXUQDO RI +LJKZD\ DQG 7UDQVSRUW

@ 5DQRJDMHF 9 -yRYD@QRYLHIXY 0X3®WD RHEWHEVEZSYWLPL]DWLR
$XWRPDWLF 7TUDQVPLVVLRQ 6KLIW &BAWUWRO 3URILOHV 6%(
GRL

> @ 5DQRJDMHF 9 U'HXUVHQWDYRYYXONLURPMWHWLYSHWLPL]DWL
RI &RQWURO 3URILOHV IRU $XWRPD® 6K ZIWD\Q V&R @ WIURRD 'R X

\%

(QIJILQHHULQJ 3UDFWLFH X UHFHQ]LM
> @ YRQ 6WU\N 2 HEW DOVG-K GBG LUWH BW HPAHMWRAIR GRS VRILP W DW LR Q
$QQDOV RI 2SHUDWLRQV 5HVHDUFK * GRL %

\%

@ 5DR $ 7UDMHRWR B\62CWIHR L | @W OOPVDRKRDY ¥ N\R, 6 WHLQEXFK

0 GHO 5H/ HGLWRUV 2SWLPL]DWLRNDYK @ SMWLHMWO 6&R QW

YRO 6SULQJHU QWHUQDWLRQDO 3XEOLVKLQJ S ¢
B

@ *UDKDP .) 5DR $7APH QUPXMHFWRUN QS@OWEB®WLRQ R
SHYROXWLRQ /RZ 7TKUNDQ®V(IHUWW K -RXBIW O (RG 6RKFB KH MWV
* GRL $

@ /LPHEHHU '-1 3HUDQWROQL * 5DRX®D 2 QW LHFOW HRRQUNMUR O
UHFRYHU\ VIVWHPY ,QWHUQDWLRQRO -RXUQDO RI &RQWUR
GRL

@ X6 /L6( 'HQJ. /L6 &KHQJ %D® RIPSKE BWHRGRUSH F\
JUDPHZRUN IRU 2SWLPDO &RQWURO RI BRWGRINK RROHV , (((
OHFKDWURQLFV + GRL 70(&+

@ 'HXU - yRULUOU O .DVDUO - $VVDGAEWDWRI)&RBEBXWWWLRID®L FL
2SWLPDO &RQWUROLWR 9RQKLBUYHKOQ-H R. RRONPHLIQREYXAK 0
GHO 5H/ HGLWRUV 2SWLPL]DWLRQYIHO& 2SWRYPHQ &RQWUR
YRO 6SULQJHU QWHUQDWLRQIRQ 3IXEOLVKLQJ S
B

@ $SUPVWURQJ +pOBXYUILW &&SRBQWKHIW\ RQPRG/LY WRROV
FRPSHQVDWLRQ PHWKRGV IRU WKH BRQWBRWIRFDPDFKLQHV
* GRL

@ $VWURP .- &DQXGDV GH LW & PHRAEAHQ W, QJI&RRN DROUH I
6\VWHPYV * GRL 0&6

@ S5XWTXLVW 3( (GYDOO 00 35237 WODNGIDEH RBWDEPDO &RQ\
2SWLPL]DWLRQ ,QF 6HDWWOH :$

@ YyRULUO O '"HXWJI +K AURMDW ' 2SWRWLYBWLRXR/@GHRQVLRQ FR
LOSXWV IRU LPSURYHG YHKLFOH UL®HDBHIMRUPDQFH 9HKL
* GRL

@ YRULUO O '"HXU QJ.BYVDHURYDW ' 2BWRPWIDMVMALRQVSHQVLRQ
FRQWURO LQSXWYV IRU LPSURYHG Y HXH BOWHWKIDPQ'GCODRBUIFYH U |

\Y

\Y

\

\%

\%

\Y

\

\Y

\%
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* GRL

@ S5DQRJIJDMHF 9 'HXU - %RQG JUB®KRD QK \KL\ Z (DLAEG GRIVOL F
FOXWFK WUDQV P LW VARRF M K GIW SRIRF RWKOHH F®& DWW L ADXOV L
(QJLQHHUV 3DUW . -RXUQDO RI 0XOWL %RG\ "\QDPLFV
GRL

@ :XUP 06% %HVWQRDFKIHZU$BSLO V PALR/(Y L @ GO L[HOMH/G
OXOWL REMHFWLYH 2SWLPL]DWLRQ XPDD®G (MKE QWL DW I

\Y

\Y

\Y

@ 3ROHV 6 02*$ ,G PX QWS UFEWHH FW LIWHKHQHWLF $0JRU
@ $QRQ\PXV PRGH)5XLBGH5 BVHWVWH (67(&2 6S$
@ OLVKUD .'" 6ULQLYDVDQ . 5REXFVWWKWR® WIRR B ODXGG K WK L PV

\Y

\

&RQWURO (QJLQHHULQJ 3UDFWLFH QJSUDE GRL M |
> @ /LX =< *DR -: =KHQJ 4 5REX\HW LFI@XNMREKDKWLFSPDR\Q\W U R (
WUDQVPLVVLRQ 3URFHHGLQJV RI VOKIH UYV\8 DWWW L RROX R Q DK
RI $XWRPRELOH (QJLQHHULQJ + GRL
> @ OLVKUD .' BULQLYDVDQ . 5REXNDV KOO QO RO & W 6 K WRRO
&OXWFK 6KLIWV ,)$& 3DSHUV2Q/LQH LIDFRO + GRL \

\Y

@ .DUQRSS '& ODUBEHALIV5E BRWWRP 8\QDRHEVSSSURDFK
1HZ <RUN :LOH\

@ +URYDW ' 7REOHBK RR&GRQIGQIUD QG IFRPREVRH D X¥WRPRWLY
WRUTXH FRQYHUWHUV -RXUQDO RItWKH )UDQNOLQ ,QVWLW
GRL

> @ 6X]XNL 7 6XJLMUDDH|XINMRBPLHZ 5G' $ X OWVRPHDWLF
7UDQVPLVVLRQ |RUOHDN ¥VHIQX HP 9 K LF HOONELD VDG &RK H L
,QWHUQDWLRQD@MHRXUQDO RRI(QJ

\Y

> @ 'HXU - ,YDQRYLU 9 +DQFRFN 0 POAVGULRY) $FOMRGHOLQJ C
'LITHUHQWLDO '\QDPWFIVP LR $U\QDIOPR | OHDY XURKPHDRAD
GRL

> @ .DUQRSS ' &RPSXWHU 6LPXODWHRIDRILBEDQFNQ®®ILE )ULFV
6\WWHPV -RXUQDOHAV\QBPIKEHAH QW D@\GD &RQRQR R WK
$60( +

@ 'DKO 35 $ VROLG IULFWLRQ PKGHEHURVEHDIH) &RU &R OD WRL

\

> @ OH\HU &' 0ODWWQIF $9PONHMIGY/DQHDG HMOIKEWN D3 $3 KAROFLHW\ |
, QGXVWULDO DQG $SSOLHG ODWKHPDWLFV

@ -DFREVRQ % 2XWOLQH RI D QHIVEGRD W U RQHFER Q@ WHISWJ DRAUL
DXWRPRWLYH WUDQWQRVVR L RVEW M/‘BLQM)EWOR(@RIQO—H—FUV 3C
' _RXUQDO RI $XWRPRELOH (QJLQHHULQJ
GRL

\Y


































