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Investigation of thel mpact of Surface
Roughness, on a Ship Drag (Hull Resistance)
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Abstract Recently, there has been an increasing focus on maritime transport, asst offer
many advantages in terms of storage and transport. As a result, shipping compagits nee
reducethefuel consumption of their vessels. These companies have tried to define methods
of operation and maintenance in order to reduce greenhouse gas emissions and also to
reduce operating costs, thus increasing company profits. One important paranagter th
directly affects speed, power requirements, and fuel consumption is the hsthmesi
Computational Fluid Dynamics (CFD) can be used to calculate the resistanceoagla
surface using special wall functions that take into account the effect of roughnédss on t
boundary layer near the hull. These results can be compared with those of a amiaath s

In addition to the effect of surface roughness on hull resistance to pregsanmethod also
allows the combination of roughness and 4liaear effects sth as the spatial distribution

of contaminants, the movement of the ship in waves, and the effect of thulbtesigtance.
Accordingly, the aim of this research is to determine the effect of surfagleness on the

ship resistance for different values of roughness height, boundary layer, areb
velocity, pressure, and kinetic energy fields for the KVLCC2 model hull byuSkD the

RANS equationsandthe& 667 PRGHO $ QXPHULFDO VWXG\ ZDV SHUIRUP
surface roughness affectsetvelocity field and kinetic energy.

Keywords: KVLCC2ship hull roughnessvelocity, pressure kinetic energyCFD; k-& 6 6 7

1 Introduction

"KHQVIGHVDQ® FDRSARDDWMKLS RQH RI WKH PRVW LPSRUWL
NQRZ WKH FRQGLWLRQV XQGHU ZKLFK WHRKIBSHHURSHOOHL
SUHVVXUH NLR@®WLFRHWHEEBYY D YHU\ LPSRUWDQW SD!
SUHGLFWLQJ WKH WKUXVW WKDW WKH SHR®H®RIOWK FDQ
VXUIDFH URXJKQHVYV R@®@ WKH VIR WWNAR JLHOMME IR RO GVKH SU|
EH LQYHVWLIJDWHG ,W LV WKHUHIRUWHWRH FSDAYICDUN VR
RI WKH ERXQGDU\ ODGHNUDQRRPR® WRKH BKLWKLYV LV WKH
IDFWRU IRU VWXG\LQJ WKH IORZ DURXQG WKH KXOO
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SUDQ@GEWW@G 3IPQBWQHG WKH FRQFHSW RI D ERXQGDU\ O
QHDU WKH VXUIDFH RI D ERG\ LQ D I®RRANIQH S&EXV GF $0S U
SUR¥VHV WDNLQJ SODFH LQ WKH ERXQGDG\SMMHDQEHW
LPSRUWDQW UROH LQ IOXLG PHFKDQLFVY SUREOHPV

2QH Rl WKH IRUHPRVW FRQVLGHUDWLRQYYRQ YW S GH
DFTXLULQJ FRPSUHKHQVLYH NQRZOHGJH DEIRQW WKH SL
HQFRPSDVVLQJ IDFWRUV VXFK DV YHOR¥FRWWLBHWVVXU
7KH YHORFLW\ ILHOG DQG NLQHWLFUHQKR®ENLROWHDWVXWH
WKH XWPRVW VLIJQLILFDQFH LQ HVVWIRRDPWHIXH @MW E\ UBHW)
EHFRPHV LPSHUDWLYH WR LQYHVWLIDMWH WKKHYGIWXRQF
ILHOGV ZLWKLQ WKH RSHUDWLRQDO XODGH QORI DMXAH SU
VFUXWLQL]JLQJ WKH ERXQGDU\ OD\HU WKDRWGR®HORSYV
EHPRY SLYRWDO DV LW UHSUHVHQWYV WWHKHHSUQRELSDO
G\QDPLFVY HQFLUFOLQJ WKH VKLS V KXOO

5SHFHQWO\ VHYHUDO SDSHUV KDY H KEH HQI FBWE GRL WKHE DRAH
URXJKQHVY RQ IORZ SDUDPHWHD \Q X6PRHQUIL HIVO DVON XG® RFR
HITHFW RI KHWHURJHQHRXY KXOO URXIXQHWBW$IHBQ VKLS U
EDVHG &)' PRGHO XVLQJ WKH PRGLILHG ZD3 @ RXMPFRON LR Q
UHVLVWDQFH FRHIILFLHQWY IRU GLIIHUHQMW KXOO FR
H[SHULPHQWDO GDWD IURP 6RQJ HW DOHHPE QAMKLFK VK

ZKHUH WKH KLJKHVW%HR.(RRIZ\MMHIU—RXIQ((}DEWZ_WK
URXJK/DMIBRXIK FRQGLWLRQV

6LPLODU REVHUYDWLRQV ZHUH PDGH EDWRRQWHWQDROWKH (
HITHFWV RI KHWHURJHQHRXY KXOO URXJEG YHWD W R WWKHHV !
DQG WKH URXJKQHVYV 5 KN\HMRXAGNWYV QXPREZHG WKKDW ORFDO
ZDOO VKHDU VWUHVV OHG WR GLIIHUHQHWGLRMXIKHPW V 5t
URXJKQHVYV HIITHFWV GHSHQGLQJ RQ WKH ORADWLRQ RI
6RQJ HW DO > @ ZDV FRQILUPHG LQ WRDVDWEXED FKRQV
SUHVHQWHG LQ WKLV VWXG\ FDQ EH WBBRIHGHWRVSUF
URXJKQHVY RQ SURSHOOHU SURSHOOHUYV

5H\QROGV $YHUBWHRMHM YE$HUS VROYHUV RQFH GHYHO
HYDOXDWH WKH UHVLWWMDEHFFRRH WQEQG DVQH O\ KRP SOt
FXUUHQW JHQHUDW LRWQDWRZ O B QO MMIDHBA 6 KRUWO\ W
VROYHU ZLOO EH DEOH WR DNGHHBH OV SRE PHRWH RY IGWIDQ J
ZRUNVKRSV RQ QXPHULFDO VKLS K\GURG\QDPLFV KDYH

WR DVVHVV WKH FXUUHQW VWDWH ROW)» @HYHORSPH

,Q WKHLU SDSHU 7DKDUD HW DO > @PHWKRIGHO Q@ RY
SUHVHQWHG DQG GLVFXVVHG SMWKRISKMBVKRQY VY REG MVAN RW LR
&RQWDLQHU 6KLS .&6 LQFOXGLQJ D FRPODIWDXMKEQ ZLW
G\QDPLFV ()" GDWD JRU WKH &)' PREZHO RI,®2 WRZHG
FROQOWDLQHU VKLS .&6 ZDV SUHSDUHG PR®G MK HWXKIHO O | X
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URXJKQHVV IXQFWLRQ RI D-BICHYQHRX WOIUFHDVEBEG XD
UHSURGXFH WKH URXJKQHVV HIITHFW LQ WRKIHWK¥XUEXOHQ
&) VLPXODWLRQV ZDV WKHQ FRPSDUHTBGKHBLWHKY WEW VH[S |
VKRZHG D FRQYLQFLQJ DJUHHPHQW L Q WHRIX WD WH HR1 W
SURSHOOHU WKH PD[LPXP HUURU REV WUQHGVXDW D/SISK F
&)' DSSURDFK DFFXUDWHO\ SUHGLFW W DVX® GUIDIF R RV KR
" KX0O0 )LQDOO\ WKH HIIHFW R| DREIKGRVSRRIHQWH Bl
WKH VKLS ZDV LQYHVWLIJDWHG 7KH KYUWKHWKRBOXDWL

GLVFXVVLRQV LQ 7RN\R ZKHUH ERWK PHWKRGV ZHU}

7KLY SDSHU DLPV WR DQDO\]H DQG L@GHWXWI UNMQ W\KHFY D
HQHUJ\ DQG YRUWLFLW\ ZLWK VXUIDFWLRRX RH QKN  Zk
SURSHOOHU E\ QXPHULFDO VLPXODWLRKUIRKH HQXENULF
&) ZLWK WKH FKRLFH RI VXUIDFH URXJKRE8HW® IRQFWLRC
.5,62 9HU\ /DUJH &UXGH &DUULHU QR .9/&& VKLS PRC

2 Wall Functions

7KH ODUJH JUDGLHQWYV LQ YHORFLW\ G®OINGXDH&D QG N
HLWKHU E\ GLUHFW VROXWLRQ RU E\ XVLQKDZHOO IXQF\
EHHQ FDUULWWXBXWOQMR GHWHUPLQH WKH SURSHUWLH\
SDUWLFXODUO\ LQ WKH ERXQGDU\ OD\HU DMX® WKHVH

GLPHQVLRQOHVV FXUYH RI WHKH YHIDR EIHNVG HMAV/WLE IHEGX W \L
QHDUQWLGHO IRUPXOD LQ DOO FDVHV VHH )LJ

,Q WKH WXUEXOHQW ERXQGDU\ OD\HU VHCHER\®HERG\QDP
QRQLPHQVLRQDO PHDQ@ HOBRFLW\ SURILOH >

y fU 1

ZKHUHLV WKELERQVLRQDO YHORFLW\ SURILOMVKE WKH E

QRQLPHQVLRQDO GLVWDQFH PHDVXUHKEVIHEBHDBH AHML
DUH GHILQHG DFFRUGLQJ WR WKH IROORZLQJ WZR HTXD

u 2
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yU,

y X
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ZKHUHV WKH DYHUDJMW JWKHG WIHONRFRW O YHORFLW\ LV C

UHORQM/QY WKH ZD OO JGW KW INQ RHH P D Wik WV K HV¥ RN DW \
VWUHVV DW WKH ZDOG GHQVLW\

7KH UDQYH 5LV WKH OLQHDU UDQJH ZKHUH WKH HIIHFW
DQG WKH BITXPWWVRYDWLVILHGS5 , ¢ dVKH WKMJIJK\EULG

UHJLRQ D WUDQVLWLRQ IURPW DQY MIRUDU & R DIVULIRMDK/KILFS
UHODWLRQVKLS RFFXB VY dL30K [ER WK H LVMF@RXY DQG WXU|
VWUHVVHV DUH LQ HTXLOLEULXP DQJs DIQRRHLWLQHDU Ut

SUHVHUYHG 30$WWKH ORJDULWKPLF UDQJH LQ ZKLFK W

WXUEXOHQFH LV VDWLVILHG EHJLQV DPRDGXWKHN YHORGLW
DV GHVF[@LEHG LQ

u vy kiO)QB 5 yd 30

const

ZKHBHYV D FRQVWDQW WKDW FRQVLGHUV WHORHFILWEW R
GLVWULEXWLRQ DQG DFFRUGLQB WBRL WV D/QR HH ESHHMIAL PYHDGDWX ¥

IRU LW, DQG LVIUPiQMRQVWIDQW
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YLIXUH
7KH @GREHQVWDROMDRI WKH YHORFLW)\ G IE\RW Q IGEDUN LRI H) sWEH W X U

6XUIDFH URXJKQHVYV FDXVHV DQ LQFUHDVWHMUWHWXHNEXOH
DW WKH ZDOO DQG WXUEXOHQFH VWUBRXVYKOYH¥YERWRMQRI Z|
EH EURDGO\ GIW\ISGHHIBVLAVRIRXIJIKQHVY ZKLFK DUH WKF
FRPPRQ W\SHV 7KLV FDWHJRUL]DWLRQ RQGHXWHGPLQHG
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7KH SULPDU\ SDWOWHMHHURPRIK QVHKWHY IXQFWLRQV LV WKH
k ZKLOH WKH SULPDU\d-S\WBEBPUHRVHKQRVVWIKIQFWLRQV L)\
GLDPHWHU > @KBAHWHKNUPRKHRQRXJIJKQHVYV DIIHFWV WKH W
OD\HU QHDU WKH VXUIDFH LV RI I XQQWDPGEIHEDWYL QFFSFR UW D
DQG LV VWLOO RQJRLQJ DQG WKH PRXK AKP SRHUWDQW
UHFRPPHQG WKH UHDGHO20VR, Q MWKLIVZ SD@HOXE@H FRQVLC
URXJKQHWVSRI VLQFH LW KDV EHHQ VKRWOSWKDVW KXOO |
DQG KHQFHIRUWK WKH WHUP URXJKQHKVVQLD XZHEBLRWR PH
WR RWKHU IDFWRUG WKRD HRDH LEFH. QH URXJKQHVYV WKH ¢

WKH URXJKRQRYWHKHLIRWIKQHVV KHKIJKIMKRISHTEROBOH QW
QXPEHU IRU URXJKQH&® NP ZEVYERQIVODTRBQWLW\ FDQ WD
WKH URXJKQHVV KHLJKW DQG LW LV JRIY[gZ) E\ WKH IROO
kU,

X

7KH W\SH RI IORZ RQ WKH VXUIDFH LV GRPEHWMHBI DFFRUC
URXJKQHVV DFFRUGLQJ WR WKLV FODORY LUHRPD WH R QWKHKIH

WUDQVLHQWO\ URXJK UHJLPH WKH IXOOPRRWKK UHJLP
UHJLPH

$OWKRXIK WKH VDPH 5H\QROGV QXPEHU RI URXJKQHV
UHPHPEHUHG WKDW GLITHUHQW W\SHVIRRAURKJIKRHVYV PD
RQ WKH Y2XUIPpFHW[DPSOH SFEWDAMMWEQIYKDW LI WKH V

URXJKQHVV LV LVRWURSLF kKD ®G WKBHILQQ W HOH) S WK/ HD LYDLOQK
UHJLPH LV RI WKH VRIW K\GUD XODB W\ $\HJ DIDQVE W WR VX0 Q

UDQJH RIBYDOXMV DQG EHFRPHV IXOO\ FRDUVH WKH FI
GHYHORSHG UKHJILAH ZKHQ

((WHQGLQJ 1LNXUDGVH V UHVHDUFK IURP LQJX>» @ 6FK(
HTXDWLRQV WR GHSLFW WKH YHORFLWRISWRH ORXJX WKF
WXEH@

k

uu’ UyS8
P 1oq,r_ Yoo By CLk/
JW ok U ©
B 1opup
K
1
u —o0 B
kconst % ?
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ZKHKH, DQG WKH FRHBJKPIHQWNULRXV YDOXHV IRU
IORZ UHJLPHV

JURP WKH DERYH LW FDQ EH REVHUYHG KR H QWRKLUWQHVV
SURILOH ZKHUH LW FDXVHV D GHFUHDWRHY DWW WWHL FYHO

GRPDLQ WKLV GHFUHDVH LV FDOOHG WKH URXJKQHVV I;
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)LIKU
7KH HITHFW RI URXJKQHVV W@ HVERXQHXDRALGD\SURIVHOHRIQD > @

$V KDV EHHQ SUHYLRXVO\ GHPRQVWUDWRXQWRMKH\YHORF
OD\HU UHJLRQ LV ZKHUH VXUIDFH URQJWRIBYNOKDYV WKH
7KH VXUIDFH URXJKQHVY FDXVHV WKH UMILRQ RI FRPSC
ORdJDZ UHJLRQ GRZWZJDUGO_RQWWKIHH PLUHVXOW RI WKHYV

URXJKQHONMWHG YDULDWLRQV LQ WKH YHORFLW\ SURILC

IULFWLRQDO UH YZNVMD® AHK H QFFHUHADRHYA SURILOH LQ WKL
WKH (T

U%OQBU

ZKHUH LV WKH YHORFLW\ REWDMXHG URX IDKQHRW OHHGRF

SURICOHHOLPLQDWLQJ '"WKHURPFS WHMV LRQFWLRQ SURYLGH

HTXDWLRQ LW LV SRVVLEOH WR UHSUHVBIQG® VDKW KUR X JK
FDVH RI D VPRRWK VXUIDFH LW UHSUHVHQWYV WKH YHOR
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W LV LPSRUWDQW WH NHASO\QGRNVDS SMIPDW IURP (T
HTXDWLRQ LV WUDQVIRQPMBHLEDARH RI D VPRRWK ZLWK
VXUIBEEFH WKHUH LV QR VLQJOH URXJKQHWRI IXQFWLRQ

URXJKQHVV WKH DD RHWHQY GHWHUPLQHG HPSLULFDOO)

+HUH LW PXVWKDBDKM QRIMMHBDOO IXQFWLRQ [BJRSRVHG E\
FRQVLGHUHG WKH HIITHFW R7KELRWZD BRDIW QG W DR KB X OELI
LQ VHYHUDO UHIHUHQFH VWXGLHWWQFOKG2ZRHQEKW QR\
> @ ZKHUH WKLV IXQFWLRQ ZDV XVHGDWMREBVEYHVWLJIDYV
VXUIDFH URXJKQHVV FDXVHG E\ 7KRIDWH DX ODWYVG Z FRIGIW\DHP
FRQYLQFLQJ 7KH HUURU LQ RSHQ ZB5SMUHLLP H Q WFHLG! Q AWV KR
LV

*LYHQ WKDW WKH SURJUDP WKDW ZLGOREMH RFPHBKLEKVK L
XVHV D URXJKQHVV IXQFWLRQ WKDW RRP & DQUR/X\WH® HFVK/D
IXQFWLRQV PHQWLRQHG LQ WKH UHIHUHQHABVEDRLMBU IR
ZDOO ODZ JLYHQ E\ WKH IROORZLQJ WHHFIW L@ DIV WK H G
ZDOO WR VLPXODWH WXUEXOHQW IORZ ZKHWRVWEKH HI
VLIQLILFDQW 7KHQ > @

uu 1 Oqfu*yp§

- B
W/WkU ©

ZKHUH CLk/ DQ@® %OQJp LV WRKELPHQVLRQDO IORZ YHOR

DORQJ WKH ZDOO LQ WKWK HE R ¥ QWD U QI HOR\RL DA L F
YLVFRYLW\WKH URXJKQHVV FRHIILFRMQW R/IKDQWG t\WWHUHPQ

GXH WR URXJK'BHOHSHQBNWWDLQO\ RQ W\SH RI VDQG QH\
DQG WKH URXJKQHVV VL]H

7KHUH LVQ W D SDUWLFXODU UR X MR HD\O\O FARH | HUF# 8 Q/WN L
R1 URXJKQHB/\LV EXHO D W H-Gs IWPR QWKLHR @IR® U KX IJKQHVV KHL

ZKHKHV WKH SK\VLFDO R X\UKIQHIW \G KIHHUKWQ@W IRUPV
x k, d K\GURG\QDPLFDOO\ VPRRWK UXQQLQJ
X k.d WUDQVLWLRQDO IORZ

x k, 190 FRPSOHWHO\ URXJK UHJLRQ

$FFRUGLQJ WR QXPHULFDO GDWD ZHDUGIGYWHDWPWE&B HC
WKKNGURG\QDPLFDOO\ VPRRWK VA\WWHP EXW WKH\ DU
WUDQVLWLRQDO VI\VWHP DQG JUHDMWHO\ WIRKXB W WHJIH R/QV \
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7KH SUHYLRXV WKUHH URXJKQHVV UHJLBRG ZHUH VSO
IRUPXODV SURSRVHG E\ &HEHFL DQG %UDGMKDEZ > @ XV

XVHG WR GHBWMRUPHQMHK UHJLPH DV IROORZV
X JRUK\GURG\QDPLFDOOKV®RRWKQ®\VWHP
B O
X )RDWUDQVLWLRQD®d/\VVWHFG

a
B %oés— Ck& VLQ k OQw
« -

ZKHGHLV WKH URXJKQHVV FRQGWSRWG LIQV R\Q GHVWHH
URXJKQHVV W\SH

X )RDV\WWHP ZLWK DEVIROSWBQRXIKQHVYV
B %OQ C.k.

7KH ORJDULWKPLF YHORFLW\ SURILOH L3¥VEWIORZQ E\ WKH

40 r
5+

30 F

ut | Smooth wall

AB (k7))

Rough wall

100 1000 10000

YJLIXUH
'RZQZDUWMJUHVVLRQ Rl WKH ORJDULWKPLF YHORFLW\ SURIL

8VLQJ $16<6 )OXHQW PXOWLSOH WHFKQLTXHV FDQ EH
GLVWXUEDQFH -ZPGWOSDREHYNDQJ WR FLUPXRYHQW WKL)\

S5RXIJKQHVV KHLJIKWGHHGXIPWHRQ MMV PHWKRG LV W
WKH URXJKQHVYV KHLJKW EDVHG RQ QHWZRUN RSWL
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k, PL® vy 2

7KLV HQVXUVI\DS\SQMFD(‘I@VD]S—SJRDFKHV JHUR DV ZH
7TKHUHIRUH WKH JULG UHTXLUHPHQW LRU WKH U}
Yy !ksLQ RUGHU WR HQVXUH WKH IXOO HIITHFW RI WK
BK\WVLFDO FKDQIHKRIVWMEKRQ® OSSURDFK LV EDVHG R

WKDW WKH YLVFRVLW\ HIIHFW UHJLR@HINUH[FOXVL
VPRRWK ZDOOV

7KH YLVFRVLW\ UHJLRQ LQ WKH URXJHKIHFRZVLYV GHV\
DUH PLQLPDO LQ WKH WUPGE YV LW HRQ V& HJ RIRNKIE QW
HOHPHQWY DUH VRPHZKDW WKLFNHUGHKDW WKH VXt

7KH VHFRQG PHWKRG SK\WLFDO FKDWBHQRW WKH IZm)XOIX |
ZDOOV 1HT RDWDRKYG GLVRUGHU PRGHBYVXD@®BRABWYKH IROOR
GLVRUGHU PRGHOV

X 6WDQGDUG PRGHOV 51*-DRRBGWKOH DSSOLFDEOH N
X 5H\QROGV VWUHVV PRGHOV

"KHQ XVLQJ UHJXODU ZDOO IXQFWLRQ@PHWRRG/FDQDEOH .
DSSOLHG ORUH VFDODEOH ZDOO IXQFX\QRRVMREDD EH XVH
FRDUVH ZDOO PRGHOV GR QRW UHPKNKH W SVFEKLB VF BV IH
6SDOMOWDUDY PRGHO 7KHUHIRUH WK IUBXWKPHWYR G

KHLIJKWWGIHVUHDVHYV

3 GeometricModel andBoundary Conditions

7KH .9/&& VKLS PRAHR2ZWK.HB, 38 ®GIU\ /DUJH &UXGH &DUU
PRGHO ZDV FKRVHQ IRU WKH FDOFXODW QRMDWO GXIHWWR W

6LQFH RXU VWXG\ ZDV SHUIRUPHK DW D/SIRFH )URXGH C
PLVVW&H HIIHFW RI IUHH VXUIDFH GHIRUPDWLRQV ZDV L.

.QRZLQJ WKDW )UR %G HP@IQPVELHRLD DBD QRIPHEFWIL R.@'DID AORY V
FKDUDFWHULVWLF GHILQHG DV WKH IROORZLQJ UHODWLF

F Vship

"L,

ZKHYH VKLS YI-HrIBIﬁFgWDFFHOHUDWLm’RSf RIDRQJD YLW\
OHQJWK RI WKH ZDWHU OLQH
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JRU DVVHVVLQJ WKH PDWKHPDWLFD & H VDMNQRMWGCDRIGY H |

D SODWH SRVVHVVLQJ DQDORJRXV SURSHUWILHIQYWVR WKFE
> @ ZDV VSHFLILFDOO\ FKRVHQ

3.1 Geometrical Dimensions andBoundary Conditions for the
KVLCC2 Tanker Model

7KH HVVHQWLDO JHRPHWULF PHDVXUHPHWWG® RUWKKH .9/
WKRVH RI WKH RULJLQDO VKLS HG X\ R GFERB\WDR \IL\QJ W |

7DEOWKRZV WKH GLPHQVLRQV RI WKH .9/&& WKLS DQG LV
WKH &$' PRGHO [B(] .9/&&

7DEOH
7KBLPHQWRLPRMKH .9/&& VKLS DQG LWV PRGHO

Geometric Symbol Full-scale Model Unit
dimension KVLCC2 KVLCC2
/IHQJIJWK EHW,

m
SHUSHQGLFEY Le 320
%UHDGWK FREGHG 58 1 m
'UDIW PROGHIG m

%ORFNDJH FR@LIILFLHCW
"HWWHG VXU

2

ZLWKRXW Dg © m
'LVSODFHPHRW 312622 m®
l'f “ LPP >

L— l \T

7Y

A

Y : "
- 0.5 X Ly, -
YLIXUH

&DUULHU VKLS PRGHO > @

JLIXUH VKRZV WKH ERXQGDU\ FRQGLWLRQV DWG VKLS
IROORZV

L BuT u L, L, L
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ZKHUHB T DUH WKH OHQJWK ZLGWK DQG KIRWKW RI WK
WKH VKLS

Top (symmetry)

Inlet (velocity inlet)
Sides (patch)

Ship (wall)

Bottom (patch)

QOutlet {pressure outlet)

YJLIXUH
7KH ERXQGDU\ FRQGLWLRQV DURXQG WKH VKLS

7KH VKLSDQJLWHKG IOXLG LV PRYHG DW WKH VDPH VSHHG
5H\QROGV QW PEHWFK WKH YHVVHO RSHUDWHMWH/ KH IOXLG

DQG WKH RXWOHW LV WKH 2XWd§(g-}/W?VX[\LKIEDF\1-LV'FIRH/LGN-I\QML
kg/m DQG WKH UDWLR RI VSHFLILF KHDW LV

3.2 Geometrical Dimensions andBoundary Conditions for the
Plate

5HJDUGLQJ WKH FDBQHUDWKLIRZY S\CKIHWGIL PIQVLRQV R1 6FK
)L VKRZI3] LW

7DEOH
7TKBELPHQRLAVKH SODWH > @
Geometric dimension Symbol Value Unit
/HQJIWK L piate m
% UHDGWK Boate 590 mm
+LIKW Tojate mm
(GJH WXUQLQJ| URGLXV mm
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- Towing carriage direction

Carriage mount

T
Side force gage (.
Drag force gage ﬁ Plate clamping bracket
- *‘/—-»___ — U-Channel stiffener

|
z ____________ 4}
Test plate \l\ |
590 mm
152m
YLIXUH

9DOLGDWLRQ SODWH > @

JLIXUHOOXVWUDWHY WKH JHRPHWULF GRBPVLYKHHG LQ
JHRPHWULF GLPHQVLRQV GHILQHG DFFRWGRQORVR 6FKXC

L BuT LLpIate Lplate L P'aM

1.0L 10L 4.0L 15L

Wall(No Stip)

(a) Domain (b) Boundary conditions

YJLIXUH
&RPSXWDWLRQDO GRPDLQ DQG ERR@GDU\ FRQGLWLRQV DUR:

4 The Fluid Flow M odel

7KH 1D&FWRMHY HTXDWLRQV DQG WKH FRQVHUYDWLRQ R
PRWLRQ RI LQFRPSUHVVLEOH 1HZWRQLDRULEXIGGE\ 7XUE.
IRXU HTWODWMIDRQ&)' DQG $16<6 VROXWLRQV WR WKH V\
ZHUH REWDLQHG

OHQBHY B XW IRWVWYWEEWKFHEKHDU 6WUH VKRGUHIDR-\EIRIU W
DX®PRGHOV DUH FRPELQHG

Ais A
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,Q WKLY PRGHO WKH EHQHILWY RI WWHKOMRBH®RGWOV DU
XWLOL]JHG RXWVLGH WKH ERXQM@RA D OO BVAHHD LR/Q LQ W
DSSOLHG FORVH WR WKH ZDOO ZLWKLQ WRHH RXMHGDU\
WUDQVIHU HTXDWLRQV IRU WKH GLVWXHE@BEFH UDWH & I

@
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5 MeshGeneration

JLIXUH VKRZV WKH VWUXFWXUHG JULGRKP IKRWAKG LQ \
ZDV GHVLJQHG DSSUR[LPDWHO\ ZLWK QRGHV LQ

FRQILIJXUDWLRQ 7KLV JULG ZDV JHQHUDWHRD ®QOLQJ ,&(C
RULHQWHG SHUSHQGLFXWR W QARX WHK HD @ KOLFSF X UVDXWH DF IS U
WKH YLVFRXV IORZ ILHOG VXUURXQG LIQRQW KWK N KEFSZ ,Q V
VWHUQ DQG UXQ VHFWLRQV RI WKHRXKQMS ZRIRISD DM &L W®R

WKH FHQWUDO VHFWLRQ 7B FPL® WK ENIPHWR D FHOO

M GHSHQGLQJ RQ WKH LQIORZ YHORFLW\ 7KLV

ILQHU UHVROXWLRQ LQ UHJLRQV RIVKHGKHLDSM)RUZLBR PSR
UHOHYDQW IORZ SK\VLFV ZLWK JUHDWHU ILGHOLW\

JLIXUH

6WUXFWXUHG JULG DURXQG WKH .9/&& QADRHQW UL QXWEKHUERXQRGB UD QG
UHJLRQ ORZHU ILJXUH

7KH VWUXFWXUHG JULG XWLOL]JHG L QLW K B VQLXRPQH (S IOFCDV/OH V
VKRZQ LQ )LJ

Ao A
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YLIXUH
BWUXFWXUHG JULG DURXQG WKH SODWHN K ERX QIGIXW\HO D\GIG W KBILR Q!
ILIXUH

7KLV JULG GHVLJQHG IRU V\PPHWULF FRORGHXYUDWLRQ
7KH JULG JHQHUDWLRQ SURFHVV ZDV FDR ULHGBNVRXW X VL
WKH IORZ FKDUDFWHULVWLFV QHDU WXMHSRIDWH VXUIDF
FKRVHQ IRU JULG UHILQHPHQW LQ WKHAYERKXQ@BPHQBAH U
VWUDWHJI\ DOORZHG IRU D PRUH UHIQIQMGRPHVKHUSIYBW X
HQVXULQJ HQKDQFHG |L&HID®IONNORY FEXKSMYRPHRIDQ ARK VW
QDWXUH RI WKH JULG IDFLOLWDWHG BIQIG FR.BIRQW PR B §IX W
JULG UHJXODULW\ DLGLQJ LQ FRQYHUJHQFH DQG RYHUL

6 Solution Method

,Q RXU VWXG\ WKH ILQLWH HOHPHQW IP6HW KRG YHY LPSC
DV WKH SULPDU\ QXPHULFDO DSSURDFKKDRUW RDXAFRUDWHC
RXU NRVW

7R VROYH WKH FRQWLQXLW\ DQG PRPHQWXP®GXDWLRQ)
YHORFLW\ LQVWHDG RI UHVRUWLQJ WRVIRGYHVMVXUWK RU
D 3UHYWWODMHG WA\SH ZDV LPSOHPHQWHG ZKLFK LV D PL[ E
DQG,®23VFKHPH ,Q WHUPV RI VSDWLD COEOLWHGE ZWWV]DWLR
FKRVHQ IRU WKH JUDGLHQW DQG FRQVLGBUHHF RVEE SUH\
RUGHU XSZLQG ZKLOH WXUEXOHQW NLQWWRFZHQHUJ\ D
FROQVLGHIBHRBUGBWHD XSZLQG

1A
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7KH VLPXODWLRQ ZDV-\OWXQWHQGHW WL QW HIPG\O\LQJ WKD!
UHPDLQV FRQVWDQW RYHU WLPH 7KHOMNIORZGYDWH BEDHHON .
LQLWLDOL]HG XVLQJ WKH +\EULG LQLWLDOL]DWLRQ DSSU

JRU WKH S@DW HVB & B JHR/ADWWHYVFKHPH ZDV HPSOR\HG LQ
ZLWK FRPSUHVVLYH YROXPH IUDFWLR®VV T7RDBUHNHYWEHIHO V
EDVHG DSSURDFK ZDV DGR3IWHBG2 IUWKVRURFXV RRU WK
PRPHQWXP WXUEXOHQW NLQHWLF HQHHFRRREBGQGBUVSHFLIL
XSZLQG VFKHPH ZDV XWWDWHGEHWWLQWHD G\

7 Validation Study

7.1 Assessment oNumerical Results for thePlate

7KH URXJKQHVV IXQFWLRQ HPSOR\HG LQ $16<6 LV FXUL
GHYHOQRBPHKHUHIRUH LW LV QHFHVVDU\WWD QGDWIGD OO0\
FDVH WR HQVXUH WKH UHOLDELOLW\ DQG DFFXUDF\ Rl W
$ FRPSDULVRQ EHWZHHQ WKH QXPHULFDH WWR\WDI[SHUL
UHVLVWDQFHI,FRAHRQWVILGAWL.QJ YDULRXV WRXJKQHVV KHL
SUHVHQWHG LQ 7DEOH 7KH H[SHULPEQDABB® DWDWIWRLV
JURXGH QRPERKN UHVXOWV LQGLFDWH WKDW WKH HUURL

JURXGH QXPEHUYV DQG URXJKQHVV KHLJKWYV
.9/&& RSHUDWHYV DW D VLIJQLILFDQWO\ @REZRRJS PURDGCG H Q

WR WKH YDOXHVY OLVWHG LQ 7TDEOW WKKHIHMROWYV LAV Q.G
HYHQ PRUH DFFXUDWH LQ WKLV VSHFLILF FDVH

7DEOH
&RPSDULVRQ EHWZHHQ ()' DQG &)' 3UH¥HR®WRI WRWDO UHVL\

velocity (ms?) | F d M | G | G Error %

0
85
129
0
85
129

W LV REVHUYHG WKDW WKH PD[LPXP GLIIDPOWHOQFH EHW?Z
JURXGH QXPEHU RI DQG D2UANX JKKQH/V G LR/ISIDIKLMWWV \R L V

FRQVLGHUHG KLJKO\ DFFHSWDEOH 7KXV QWWHOHQ EH FR

A2 A



Acta Polytechnidangarica Vol.21, No2, 24

FRQGLWLRQV URXJKQHVV IXQFWKLRD 66GH BXARKDRADL® QV
PRGHO IRU VWXG\LQJ SODWH UHV LYW DIURH HWF KB W H\. XWX
WKH H[SHULPHQWDO GDWD ERWK TXD G\g\WODWWKHOH D Q
FRQGLWLRQV ZHUH FRQVLGHUHG VXLWDEGHZHRIW WKH
LPSOHPHQWHG LQ WKH VXEVHTXHQW VWDJH RI DQDO\]LG

7.2 Assessment oNumerical Results for KVLCC2

7KH H[SHULPHGQWpHO RMDWKH WRWDO VKLS UHVLVWDQFH F

.9/&& VKLS LV DYDLODEOH DW @U REEH OXIPEHQI WKDW W
UHVLVWDQFH FRHIILFLHQW GHILQHG LQ WKH UHODWLRQ\

c G G,
ZKHU:(HLV GUDJ FRHIILFLHQW WKI—CND((E’GILWIEWLR@\F‘RHLUII—IL

FRHIILELHQ@ELY ZDYH UHVLVWDQFH FRHIILFLHQW 6LQF}

UHODWLYHO\ VPDOO WKHQ WKH UHVLVMADLQ/FWD R F i DLWH V
GRPLQDWHG

7TDEOHHOOXVWUDWHY WKH FRPSDULVRQ EHVWAHHEG WKH UH
E\ $16<6 IRU WKHVWWDWPEBO BRHIILFLHQW

7DEOH
&RPSDULVRQ EHWZHHQ ()' DQG &)' 3UH¥HR®WRI|I WRWDO UHVLYV
9HOR ML F G ero G oso (UURU

(UURU SHUFHQWDJH LV FDOFXODWHG E\ WKH IROORZLQJ

CF EFD CT CFD u
CT EFD

7KH UHODWLYMH HUWURUWR DIURGIPHQAMN EHWZHHQ WKH H[S!
DQG QXPHULFDO UHVXOWYV

8 Numerical Results andDiscussion

7KH VXUIDFH URXJKQHVV RI WKH KXOOHKIDFOD QR W:IKEHQH L
WKH KXOO VXUIDFH LV URXJK LW LQMHYR GROARK/HGLV W XL
DURXQG WKH VKLS SDUWLFXODUO\ LQ WKH YLFLQLW\ RI

A3 A
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7KHVH VXUIDFH LUUHJXODULWLH\X®HBQW EB& QG WK®DNR
DQG YRUWLFHV LQ WKH IORZ $V BMKQGF HOVR Z W QLFOR/X ) WNDHAUA
WKH SURDHOHO HFWDSVLQJ VHYHUDO VLIQLILNDQWWHLIFHFW V
HQHUJ\ DQG YRUWH[ IRUPDWLRQ

,Q WKLV VHFWLRQ WKH VXUIDFHDURXZKQFK \DSS OAHIEQH
LQ WKW IQPDRHVR O X5WR @83 IRQ OTWGLWLRQ WR WKH PDVV DQC
FRQVHUYDWLRQ ODZV

8.1 The Effect of Surface Roughness on th&inetic Field

YJLIXUH LOOXVWUDWHY KRZ WKH YHORFURSHQOQBEGVFKD
ZHUH EHLQJ XVHG 7KH FKDQJHV RI WZARUNHQR BLMHDILHC
ZKHUH ZH FOHDUO\ QRWLFH KRZ ZLWKKW HOH HQ FRUHVDO/RIZ L Q
IORZUHIFVHV ZLWKLQMAKHD QBGQUKH IORZ GLUHFWLRQ SHU
WKH YHORFLW\ JUDGLHQW LQFUHDVHRP MM U\ GLOHFA LR Q
7KLV PHDQV WKDW WKH LQFRQVLVWHQSORQHWXKLH OOR Z
LQFUHDVH ZLWK WKH LQFUHDVH LQ HIRX JKR DDV L @RUEH VK
LQ WKH RVFLOODWLRQV DURXQG W K/HP ISW R/ SIHEOWD R W KZHK IVFAK
RWKH VKLS DQG LWV KXO0O

d=3mm — 2 d=5mm

YLIXUH
7KH FKDQJHV RI WKH YHORFLW\ |LH®D-Y D ARKR B GRS EHOWRR RIRSMID R H | DREB U |
PP

7KH LQFUHPMOREQUMOIRZQV ZLWKLQ WKH SURSHOOHU ZRU
WKUXVW JHQHUDWHG E\ WKH SURSE8RD BDWWHDAKHIG WHKGIXE
WKH HIILFLHQF\ RI WKH SURSHOOHUV QUH¥KK®WD®RJ LQ
SRWHOQQAULLPSDFW WKH RYHWIDDQRH S HEDRUKH @ KH D QG

4 A
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JXUWKHUPRUH WKH FKDQJHV LQ IORZ GWUHBWERKQMNHU <
FDQ DIITHFW WKH GUDJ H[SHULHQFHG HE\LOKHRXBEKQHNVNKXO
FDADXG WR DQ LUUHJXODU IORZ SDWWBRWL QIHRROWKID J
KXOO 7KH GUDJ IRUFH FDQ KLQGHU WKXLURQJIADRRUARRYH
SRZHU WR RYHUFRPH WKH UHVLVWDQFH DQG PDLQWDLQ

8.2 The Effect of Surface Roughness on theKinetic Field

YJLIXUH VKRZV WKH FKDQJH RI WKH NLQMWLBFHQHUJ\
URXJKQHVV LQ WKH ZRUNLQJ SODQH RIKWK HLSX RS HDIOWMK
WKH LQFUHDVH LQ URXJKQHVV WKHWKIDISWUBS HQGIURX QD
GLUHFWLRQ WR WKH SODQH RI V\PPHW BI\D\DHY/GLW KMK¥D O
SURSHOOHU GLVF FLUFOH DQG WKLW\L @G MFOMV MR UDVL 19
HQWHULQJ WKH SURSHOOHU GLVF DWVVZBIQWGQWY RLQVERY\
YHVVHOV 7KH ORZHU SDUW RI| DMKG DFF RU®L Q/JON H ¥ H
KDYH WZR KXJH YRUWLFHV WKDW HQWHU LQWR WKH SOD

d=3mm ——— d=5mm — — —
JLIXUH
7KH FKDQJHV RI WKH NLQHWLF HQHBEX\KQaDE R 5 FHRWEHLQ $ O\DRQ W KR UV X L
VPRRWK PP

8.3 The Effect of Surface Roughness on thé-ormation of
Vortices

$V VKRZQ LQ )LJ EHKLQG WKH KXOO RODWKIH VWXGL
ORQJIJLWXGLQDO YRUWLFHV $ LQ WIGHKE MXIURDFW R %V Z R Q/d
WZR VPDOO YRUWLFHV DW WKH SURISH CGHGGHEL HDV L B W QWKAAH

s A
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VXUIDFH DUH JUHDWO\ LQIOXHQFHG E\GWKHQU WD VXIUQD F I
7KH PRVW LPSRUWDQW DQG LQIOXHWVD @ YERHADIXAHHY D
WKH\ HQWHU GLUHFWO\ LQWRKWXH KXIRSHGCGHHVZRRUUNL @&
WKH WXEXODU SDUW RI WDQNHUY DQG EXON FDUULHUYV

$FFRUGLQJO\ WKH LQWUXVLRQ RI YRUWEPNFDL@M RIWKH
QHIJDWLYH FRWQKBWXHRFBHIWW ERWK WKH SURSHOOHU V\\
HITLFLHQF\

JLUWWKH SUHVHQFH RI YRUWLFHYV LQGXFHNKKAHRLQKWHQHC
OHDG WR PHFKDQLFDO LQVWDELOLWLOGVHNQGWIIRKWWEWH
7KHVH YLEUDWLRQV QRW RQO\ FRPSURRDRWHJ WHEHWHWIY K F'
GHFUHDVHG WKUXVW JHQHUDWLRQ

6HFRQG WKH VWUHVVHV HIHUWHG RQ WWKKIHSYREWQBHV E
LQWHUDFWLQJ ZLWK WKH SUR S HOHDEWWRKCHY XU Ol DYWL W X 14
DQG ZHDU RI WKH SURSHOOHU EODGHAMWM DXUAW K HG XAPLIDIL !
WKH WKUXVW IRUFH JHQHUDWHG 7KHKUBHGKU HR AMKIU X'\
FRQVXPSWLRQ WR PDLQWDLQ GHVLUHG\VSHHGY DQG SUF

ORUHRYHU WKH GLVWXUEDQFHV FDXVHG EDW\WHUQ®RWWLF
DQG LQFUHDVH GUDJ DURXQG WKH SRARS HQ CGBHUR SXIONEG RQ
HIILFLHQF\ 7KLV LQHIILFLHQF\ WUDQWILRWQHNYVLPRARH LQF
SRZHU LV UHTXLUHG WR RYHUFRPH W IGH SWHREXOWVLEBH D
SHUIRUPDQFH

0 0250 0.500 (m) %‘

0.125 0.375

YLIXUH
9RUWLFHV IRUPLQJ EHKLQG WKH KXOO RI WKH .9/&& WDQ

Conclusions

,Q WKLV UHVHDUFK WKH &)' WHFKQLTEKHWZRN VXMHOGFWMR
URXJKQHVYVY RQ YHKLFOH UHVLVWDQFH DFFEBEGNKH IROORZ

x 3URSHOOHU SHUIRUPDQFH LV VLIQLKFBDWWWBRN DIIHF
WKH KXOO
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x $V WKH VXUIDFH URXJKQHVV Rl WKHLIQXWB&EH QFUHD
ZRUNLQJ DUHD RI WKH SURSHOOHU EHFRPHYV PRUH
JUDGLHQW LQFUHDVHY LQ WKH GLUHEMDRLEY WRUSHC
DQ LQFUHDVH LQ YLEUDWLRQ LQ WKHHEWRSHOOHU
SURSHOOHU SHUIRUPDRBWMHGBQGLEDRWHR@ DQG VWL
SURSHOOHU EODGHYV

X $V WKH VXUIDFH URXJKQHVV LQFUHDWAKH WKH NL
GLUHFWLRQ SHUSHQGLFXODU WR WKHKI®DQH RI V
UHVXOWYVY LQ DQ LQFUHDVH LQ WKH LQWHQVLW\ RI
ZKLFK FDQ IXUWKHU GHJUDGH WKH SHUIRUPDQFH R

X KHQ GHVLJIQLQJ DQG FDOFXODWLQJIJVRUYBENNHO LW
URXJKQHVYV LQWR DFFRXQW DV LW DOHHFWY WKH SHI

X $Q LQFUHDVH LQ VXWDFMRUB®JKQHWWDUHDLQ YHOR
LQFRQVLVWHQF\ NLQHWLF HQHUJ\ DQG YRUWHI[ I
QHJDWLYHO\ DIIHFW SURSHOOHU SHUIRUPDQFH

X 5%$16 HTXDW LBV PRGHO DQG WKH URXJKQHVV IXQF
$QV\V SURJUDP JLYH PHWDUWIRRGDOBS\OLGWWILRQY DQG
PDWHULDO FRVWY DQG WLPH HVSHFLDOO\ ZKHQ FD

X 5RXJKQHVV KDV D VLIJQLILFDQW LPSDFW®&Q WKH IR
WKH IORZ FKDUDFWHULVWLFV DURXQG WKH KX0O

X $Q LQFUHDVH LQ VXWDFMRUB®JKQFHWWDUHDLQ YHOR
LQFRQVLVWHQF\ NLQHWLF HQHUJ\ DQG YRUWH][ I
QHJDWLYHO\ DIIHFW SURSHOOHU SHUIRUPDQFH

X 7KHVH UHVXOWY DUH XVHIXO IRU SUHGMWKWHLQJ WKFE
VKLS LQ PDULQH FRQGLWLRQV IXHO FRQVXPSWL
HPLVVLRQV

Nomenclature

Symbols
B ) FRQVWDQW FRQVLGHUV WKH |
WKH YHORFLW\ GLVWULEXWLR
Brodea M EUHDGWK PROGHG
Bpme mm EUHDGWK RI WKH SODWH
B m ZLGWK RI WKH JHRPHWULF GRPDLQ IRU W
B m ZLGWK Rl WKH JHRPHWULF GRPDLQ IRU W
C, - EORFNDJH FRHIILFLHQW
C, - GUDJ FRHIILFLHQW
C, - I[ULFWRRIQLFLHQW

7 A
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C, - SUHVVXUH FRHIILFLHQW
C, - URXJKQHVV FRQVWDQW
C, - WRWDO UHVLVWDQFH FRHIILFLHQW
C o - WRWDO UHVLVWDQFH FRHIILF
UHVXOWV
C oo - WRWDO WFHRWHIVIWDBEOM DFFRUC
UHVXOWYV
C, - ZDYH UHVLVWDQFH FRHIILFLHQW
d m URXJKQHVV KHLJKW YDOXH
f, - URXJKQHVYV FRHIILFLHQW
F - JURXGH QXPEHU
g ms? DFFHOHUDWLRQ RI JUDYLW\
h m WKH FKDUDFWHULVWLF OLQHDU GLPHQVL
Keonst - iUPIiQRQVWDQW
k m URXJKQHVYV KHLJKW
K m WKH HTXLYDOHQW VDQG URX:
s URXJKQHVYV KHLJKW
K, - QRQLPHQVLRQDO URXJKQHVV KHLJKW
L piate m OHQJWK RI WKH SODWH
Lo m OHQJWK EHWZHHQ SHUSHQGLFXODUYV
L m OHQJWK RI WKH JHRPHWULF GRPDLQ IRU
L m OHQJWK RI WKH JHRPHWULF GRPDLQ IRU
L., m OHQJWK Rl WKH ZDWHU OLQH
p N/nf SUHVVXUH
Re - 5H\QROGV QXPEHU
[ olate mm HGJH WXUQLQJ UDGLXV IRU WKH SODWH
S m? ZHWWHG VXUIDFH DUHD ZLWKRXW DSSHQ
T m GUDIW PROGHG
Tojate mm GUDIW RI WKH SODWH
T m GUDIW Rl WKH JHRPHWULF GRPDLQ IRU W
T m GUDIW Rl WKH JHRPHWULF GRPDLQ IRU W
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U ms® WKH PHDQ YHRRMHWWRUHOWMWLYH WR WKFE

U, ms® WKH IUHH IORZ YHORFLW\

U ) WKH ®FRHQVLRQDO IORZ YHOF

P WKH ERXQGDU\ OD\HU

U ) WIHR@LPHQVLRQDO YHORFLW\
YHORFLW\ SURILOH

U’ ms? IULFWLRQ YHORFLW\

U, ms? IULFWLRQDO YHORFLW\

'U - URXJKQHVV IXQFWLRQ

\ m’ GLVSODFHPHQW

y m ZDOO GLVWDQFH

y ) WKH ®RHQVLRQDO GLVWDQFF

SHUSHQGLFXOOQMUDFHVR WKH

Greek letters
- k-&667 FRHIILFLHQWYV

D

¢ m WKH ERXQGDU\ OD\HU WKLFN(
F - WKH UDWH RI GLVVLSDWLHR@HI
F kg/ms G\QDPLF YLVFRVLW\
R
\'

kg/ms (GG\ YLVFRVLW\
m’/s NLQHPDWLF YLVFRVLW\

Vohip ms? VKLS YHORFLW\

v m’/s WXUEXOHQW YLVFRVLW\

8 kg/m* WKH GHQVLW\ RI WKH IOXLG

v N/nf QRUPDO VWUHVV

W N/nf  VKHDU VWUHVV

Z 1S VSHFLILF GLVVLSDWLRQ UDWH
Acknowledgement

7KH ILUVW DXWKRU ZDV VXSSRUWHG- (EAJ'DW1IDEZDUQHEED
(QILQHHULQJ 'HSDUWPHQW )DFXOW\ RI OH®EKDQLFDO I
7LVKUHHQ 8QLYHUVLW\ /DWDNLD 6\8LURMHPBPWWKRUYV

LPSOHPHQWHG ZLWK WKH VXSSRUW SURYLGHG WR
WKH 1DWLRQDO 5HVHDUFK 'HYHORSPHQW DHGS ,QQRYDYV
XQGHU WKH . IXQGLQJ VFKHPH
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Abstract: Humanmachine cooperation is an activity used to maximize job openness for all
workers by removing barriers of languages, disability, age, gender barriers and
maximizing employee welking and motivation. The diverse technologies providing
physical and cognitive assistance should facilitate attractiveness andafecéinployment,

and thussocial sustainability within the production section. The main goal of this paper
to analyze the cuent state of humamachine cooperation and identify the requirements
for future humarmachine cooperation for socially sustainable manufacturing in Industry
4.0.

Keywords: humanmachine cooperatignndustry 4.0 employmentproduction processes
social sistainability

I ntroduction

The world has witnessed three industrial revolutions since the end of the
eighteenth century, which have brought major leaps in the efficiency and
productivity of industrial activities. The™ndustrial Revolution and Digitizen
Society are currently taking place on a global scale. We encounter elements of
digitization not only in industrial enterprises and industry as,dudhthey can be
found in everyday life as well.

While the first and second industrial revolutions werkaracterized by
mechanization based on the invention of the steam engine and eleatrifioéti
production processes, the third industrial revolution was defined by more
progressive automation of processes to produgtipn
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A characteristic element dfi¢ fourth industrial revolution is the digitization of all
systems within the organization and their interconnection into one whole, such a
revolution can be referred to as Industry 4.0. Industry 4.0 is characterized by
interactions and communication bewmeindustrial equipment (machines) and
cybephysical systems for retime operations management, the Internet of
Things, artificial intelligence, robotics, cylseccurity, and other elements and
technologies that contribute to technical sophisticativmeased competitiveness,

and production automatidg, 3].

The main idea ofndustrial transformation is to increase the competitiveness of
enterprises, through increasing resource efficiency and produg#iyituality of

work, quality of processesverall quality, and product safety are important for
maintaining and improving the competitiveness of companies. The issue of quality
in every industry has become a parameter of a company's survival in a turbulent
competitive market. In addition to theaijity of products and services, the success

of companies also depends on the performance of the processes taking place in the
system5, 6].

The article is structured as follows: section 1 provides the theoretical bactgroun
characterizing sustainable pration, followed by humamachine collaboration

in industrial practice. Section 2 describes the empirical data on the issue under
study, obtained through a survey, then the research questions and hypotheses are
stated. In Section 3, the research questimms hypotheses are evaluated and
interpreted. Section 4 provides a discussion of the paper's topic, followed by a
conclusion, including a suggestion of possible directions for future research.

1 Theoretical Background

One of the goals of the implementatiaf Industry 4.0 is to increase the
professional knowledge and qualifications of people, and thus increase the well
being of employees under the guarantee of sustainable jobs. In Industrial
Revolution 4.0, there is no competitive battle between workersrastiinery.
Industry 4.0 offers opportunities for more efficient use of human potential in
cooperation with machinds].

The EU's population is aging and the EU's workagg population will fall by 1/3

by 2050[7]. In addition to this change in societygywmworking styles, working
from home and working with robots are becoming popular, and societal and
working lives are being transformgsgl.
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1.1 Socially SustainableProduction

Social sustainability was emphasized only after the Rio Conference in 1992,
The Unted Nations Conference on Environment and Development (UNCED) sets
out in its Agenda 21 human and social issues and their impact on sustainability.
The first part of Agenda 21 emphasizes the importance of combating poverty,
protecting and promoting humaredth, and creating an impetus for sustainable
human settlements, a social and economic dimerjSjofiResearchers also define
social sustainability a%a code of conduct for human survival and growsmd
"must be achieved in a mutually accessible anddgrtimanner"[10]. Social
responsibility can be defined ke obligation of a company to use its resources

in a way that is beneficial to society, through engaged participation as a member
of society, consideration of society as a whole, and improviegvé-being of
society as a whole without regard to direct profitsl].

This concept of social sustainability can be extended to include the management
of social resources, including people's skills and abilities, relationsimpssocial
values. The Wited Nations Framework for Sustainable Development (UNDSD)
classifies the dimensions of sustainable development and includes the social and
economic environment. In the social dimension, the identified indicators are
equality, education, health, housirsgfety, and population. Social Sustainability
(SV) is grouped into three categories (SU development, SU bridging, and SU
maintenancel)12, 13].

It is these three categories of social sustainability that speak of social
sustainability as an approach thatpsehumanity address social issues such as
poverty, equality, education, wages, human rights, and diversity. Howeve, soci
problems in industrialized economies differ from emerging economies due to their
very different social standards. Social sustailngbseems to be more difficult to
accept and understand in many enterprises. Measuring the impact of social
responsibility is a more challenging task for organizations, especiayl snd
mediumsized enterprises. The concept of corporate social ragitypsncludes
activities related to the social dimension of sustainabiiitit can have different
meanings depending on the context and interpretation. In companies, we often
discusghe concept of sustainable productj@#d, 15].

In additionto reseech, the concept of sustainable production has also moved to
small and mediursized enterprises, especially in industrial production.
Sustainability of production is based on three areas: economic, environmedtal, a
social. Sustainable productiaan be dfined as the production of products in a
way that minimizes environmental impacts and takes on the social responsibility
of employees, the community, and consumers throughout the product life cycle
and achieves positive economic results. Theltesfi aigning organizations with

the goals of socially sustainable production are clear. Decent jobs help keep
employees at work, occupational safety and health care reduce inéss
absence, and continuous employee training provides them with higgléy cqrd
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productivity. At present, the sustainability of production is most closely linked to
the environment, foexample, companies in the automotive industry. The aim is to
reduce emissions in production through which it is possible to rethee
environmentalimpact by 45% per vehicle produce&litomotive companies such

as Volkswagen, Tesla, etc. came up with a new concept foprttiction of
electric carsThe mentioned examples of sustainable production with respect to
the environment are relatéd humanmadine cooperation. The reason for this
cooperation is and will be new technologies and machines and at the same time a
declining demographic curve. Manachine cooperation is expected to contribute

to reducing emissions, greenhouse gases, addstiial wage. Humanity is
entering a period where the industry's intention is to affect the climate and the
environment as little as possible. However, we cannot forget the man and his
stable working conditions and environment at the same time, so dnnibha
prodwction environment is complemented by a robot and two hemmechine
entities work togethgi 5, 16, 17.

1.2 Man-MachineCooperation

In order to prepare for labor shortages in the near future,niééessary to take
into account the fact that theowking syle of employees will change. Humans
will work in coexistence with intelligent systems and robots. The production
system in industrial enterprises will be fully automated, using various tegjie®lo
and machines. The focus of job fear has shifted to aditmmavhere people are
replaced by machines. So we showicuss partnerships and mamnachine
cooperation in the workplace. Paradigms, between hum@hine cooperation,
should move from taking on a role to thinking together, learning together, and
working together. The vision for the future is that machines will increasingly work
and behave like humans. This means that creativity, intuition, ek e&ean be
common to humans as well as to machines in certain elements. It is assamed th
humanmachinealgorithms will be developed and humarachine relationships

will be managed by experts. People will have to trust the denisiking of
autonomous machines. Relationships between humans and machines will require
new industrial psychologji 8].

One of thecentrd characteristics of Industry 4.0 activities is the integration of two
entities, the machinenodern technological progress and people (employ&ek)

It follows that future competitiveness should not only be ensured by supeitiorit
productivity basedon automation, but especially in the offer of added value to
customers. For this reason, meaningful integration of the strengths of both the
human and machine entities will increase production flexibjR]. Successful
cooperatio and interactionof people with different machines (innovative
technological hardware and software components) will be of great importance in
various areas of industrial production (automotive industry, engineering industry,
electrical industry, metallugg and also in ta field of agricultural production.
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In order to achieve a symbiosis of man and mach®ie 22]. The Industrial
Revolution, in which industry, as well as society as a whole, finds itself, is
transforming the design, engineering, production, operation, samdice of
products and production systef2s].

As stated by Krupitzer in his reseaff@?], in which he analyzes the current state
of humanmachine interaction in Industry 4.0. Initial research and scientific efforts
in the study focusewn fully manageable siams. Over time, research has
focused on adaptive mechanisms. This has led to the requirement to establish
humanmachine elements and to work togetheraloomplex the mammachine
system can no longer be considemedividual islated units, buas a dynaic

team working together on a common task. It is natural that evermié ©f the

jobs of operators in production remain, some will not survive as we know them
today. New profiles of workers with specific skills will be needeunediately,
wheremanual waok will be reduced in favor of cognitive and analytical skills and
the way of working will be fundamentally changed. Information technology and
work activities such as data analysis come to ithetfAccording to the estimage

of the US statistical office, there is talk of 1.37 million people in the US who will
be retrained for the scalled "New viable" professions. Professions that do not
currently exist at all, but will require skills and abilities in the field, such as
(amalysis of big data ofusers ad entities, internet of things, markets with
applications and web, virtual reality, creators of computer systems, cdoperat
with stationary robots, humanoid robots, etc.). These positions will include
software developers, tibase administratqgr€omputer systems engineers, and
computer and information research scien{isss 24].

Advanced modern digital and industrial technologies will help people stay in,
return to, or join modern manufacturing comparaes workgroups. Thanks to
technologicaldevelopnents, such as new connectivity optioasd intelligent
technologies between components, machines and humans, industrial production
systems g increasingly evolving towards the idealedner, and more integrated
production,reattime data mondring, evaluationand adaptation to production
conditiong[25].

The new work environment, based on the ideas of pylysical factories and the
digital twin, will directly affect the operator, the nature of the wankd create

new working connections between people and machines in the workplace, but also
between the digital and physical environments. The future of companies through
transformation toSmart Factories will require a new design and engineering
philosophy for production systems focused on stedtinological transformation.
Automation, robotics, and other modern technologies are considered eldmagnts t
could further improve and expandrhan capabilities31, 26]. The expansion and
improvement of human capabilities in Smart Factory will be controlled by the
Operator 4.0 model, where the operator will be understood as an "intelligent an
skilled operator" performing its work not only witbhots but also with intelligent
machines using cyberphysical systems to achieve advanced imscaime
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interactionand achieving a mamachine working symbiosis in automation. This
understanding of Operator 4.0 is based on the assumptions of the industrial
production of the future, which will require the analysis of big data of users and
entities, the Internet of Thingapplication, virtual reality cooperation with
stationary robotsand humanoid robots. The result will be the creation and
development of newkills and knowledge of operators. In the future, the operator
will be understood in a different sense than today. The operdtanegd to be
qualified and professionally focused on data analysis, working with iatiom
systems, cloud solutionand te Internet of Things. It is very likely that human
machine cooperation will take place using a comg2#.

A study [28] describes simultaneous localization and mapping (SLAM)
technology. This technologig used in robots and robotic devices that ewalua
and scan space in rethe. Using similar technologyew robotswill be created

in the industrial environment, which will be able to relieve peadplethe
production process.Hancock [29] expressed the idea ofiumanmachine
interactions with respetd social sustainability. According to him, machines and
automation should adapt to the cognitive and physical requirements of people in a
dynamic way. In such a sense, adaptive automatios @iroptimize mamachine
cooperation and efficiently distribute mamachine work in a production system.

The idea ofidaptive automation will help increase the efficiency of the production
system in a sustainable way, man and machine will achieve sgimbiiothe
production system and achieve production goals. The main goal of this adaptive
automation paradigm is to achieve efficient production efficiency, prevemserro
and thus increase quality and eliminate forms of waste and improveehtal

and physical burden on people. Everything is focused on the fact that people
should never be subordinated to machines and automation, but on the contrary,
machines, and automation must be helpful to people. According to Hancock and
others, in order to achieve the sustainable development of human society, that is,
the symbiosis between man and machine, automation is needed through the use of
intelligent automation systems that will enable man's goals and plans to be met.
Romero presented the involvement of "Eptexe Architecture (EA)", which
represents a set of knowledge between-maohine cooperation. EA considers

the societechnological aspects of systems, combines management and
engineering practices, highlights key requirements, principles, and models,
includes people, business information, and technology processes, and describes
the company's future positi¢a5s, 29, 30].

Innovation, based on the humarachine cooperation paradigm, benefits
primarily from the advent of new technologies and ideas in thesiridl
environment. The advantage of open systematic innovation is primarily the use of
machine intelligence on complex networks in the environment and the ability to
quickly select those innovative technologies with the greatest potential.
Technologies based on the ideas of a socially sustainable business@ewit,
technologies that make work easier for people, minimize environmental pollution,

—38-



Acta Polytechnidangarica Vol.21, No2, 24

and improve the economic environment of the company. Closed innovation in the
business environment will leadota wellmodeled search for business
opportunities that can benefit the whole community. Patented systematic
innovation will benefit from the mamachine function, joint innovation at a
competitive advantage through rapid decisioraking, the creation ohew
markets, and the alignment of products and services with market dynamics.
The technologies needed for machine intelligence are already available. The use
of these technologies can have a positive impact on people's behavior and business
development. Té needs of today's market, as expressed by today's and
tomorrow's consumers, call for advanced innovation processes that are fast and
lead to custometailored products and services that are efficient. In this complex
environment, intelligent machines wifllay an important role in the future

The impact of emerging events that have the potential to change the world of work
and life will continue to evolve exponentially, resulting in the constant
development of innovation, both inside and outside the bsssgresironmenf31].

For Industry 4.0, costs and sustainable development are key aspestsittecc
when implementing new technologies. Cypéysical systems, cylsscurity,
blockchain, anadditive manufacturinglay an important role in the redistributed
production modethatpromotes social sustainabilityTechnologies such as digital
twins and Big Data will enable better data analysis in cooperation in the context of
man and maching2, 33, 34].

Lagashe[35] says in his research that cloud computing is currentlyobriee

most widely used technical solutions for data processing and interconnection of
this data within machines. And in the presented article he discusses the issue of a
cloud server, which also deals with hurrmaachine cooperation.

1.1.1 Man-MachineCooperation in Industrial Practice

German industrial corporations in the automotive and engineering liieduate
among the leaders in Europe and in the world. Companies are technologically
advanced, they are introducing new technologies and they have the financial
means to implement new elements of the most modern technologies.

When the government of the Federal Republic of Germany came to the public in
2011 with the term Industry 4.0, all German corporations and companies began to
implement element®sf Industry 40. Industry 4.0 was created to improve the
economic and industrial environment in Germany and Europe. The issue of the
aging population in the EU and the labor shortage in the industry are also
significant. As a result, technologies and machines havenkteghe introduced

into manufacturing companies and industries that can replace people or make
work easier. This Industry 4.0 idea is not about removing people from production.
Rather, it should motivate people to make their work easier, one of these
paradgms being mammachine cooperation.
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2 Materials and M ethods

Empirical data on the researched issue were obtained using a scientific
questionnaire. The questionnaire contained 37 closed questions, the first part was
focused on finding out the identificatiomdr demographic characteristics of
respondents, and in the second part we focused on the following four questions:

RQ1: Do you feel threatened by the introduction of new technologies in your
organizatioR?

RQ2:Do you currently consider your employer's sbbi@havior (employee care)
to be socially responsible?

RQ3: In what areas do you consider your employer's behavior to be socially
responsibl@

RQ4:Which skills do you consider most important in terms of digitization and job
automation (0 don't know; 1 Isamportant to 5 most importarit)

Based on the research questions and for the purpose of the papeflothimd
research hypotheses were defined

Hypothesis 1: In the fear of employment by introduaiegv technologies, there is
a significant differenceetweenemployees of different positions.

Hypothesis 2:There is a significant difference in skills needed with regard to
digitization and automation between employees in different job positions

It was 556 respondents who filled in the questionn&esmpndents answered the
questions in the questionnaire as representatives for the company, not as
individuals in terms of their employment statlse tothe thematic focus of our
contribution, we focused on companies operating in the industrial sector with
small (10 to 49 employees), medium (50 to 249 employees), and large (250 and
more employees). We have excluded mienterprises (1 to 9 employees) from

our research because the topic of humamachine cooperation will be
implemented significantly in smalinedium, and large enterprises. After filtering

out the variables, we looked at a research sample of 322 respondents.

Data processing was performed using Microsoft Excel and IBMSSH&tistics
28.0.0.0. The interpretation of the data was processed thetatgdtical methods,

such as histograms, pie charts, and chart analyses. Statisticmhtig tests and
ANOVA were used to test the relationships between dependent and independent
variables.

A deeper distribution of respondents operating in individualosgeof industrial
production can be found in Figure 1. We focused mainly on the 4 largest industrial
sectors in Slovakia.
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= automobile industry

s mechanical engin eering, metal
produ ction and metallurgy and
other production

» electrical engineering and energy

chemistry and plastics

Figure 1
Distribution of respondents operating in individuattees of industrial production

The distribution of respondents acdiog to the size of the company according to

the number of employees in which they work is shown in the pie chart in Figure 2.
The graph shows that the largest part of respondents come from large companies
(72.4%). 1t is in large companies that a massitegration of humamachine
entities is expected. The rest of the respondents come fromumsitied
enterprises (19.9%) and small enterprises (7.8%). In another question, we
examined the representation of respondents depending on gender and job position.
Based on these data, we can conclude that 64.3% of respondents were men, and
35.7% were women. Part of socially sustainable production is balageimder
equality across the organization, and based on the results of the analysis, the
authors state thatefturrent distribution is not in line with the trend of sustainable
development, which may result in fewer inaccuracies in predictions for future
humanmachine cooperation with regard to gender diversity.

= 250 a more
= 50till 249
= 10till 49

Figure 2
Representation of the relative numberedpondents and the size of the company according to the
number of employees
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The distribution of respondents by job position is shown in Tableh& term
employee specialist is understood as an employee who may or may moabe i
managerial positigrbut in terms of his job description is key to the management

of production. Further, a 'production worker' is not a person who carries out
operational activities directly in production, but a person who manages operational
activities (i.e. the lowedevel of management within the relevant organisational
management structure, e.g. a teamleader). For this reason, we consider these views
to be comparable.

Table 1
Distribution of respondents by job position andn/woman
Overall Men Women

Work position | aApsolute | Relative | Absolute | Relative | Absolute | Relative

frequency| frequency| frequency| frequency| frequency| frequency
employee 102 31.7% 71 34.3% 31 27.0%
specialist
administrative | g 24.8% 31 15.0% 49 42.6%
staff member
production 61 18.9% 42 20.3% 19 16.5%
worker
management 59 18.3% 46 22.2% 13 11.3%
position
other 20 6.2% 17 8.2% 3 2.6%

3 ResearchResults

In the following section, the individual research questions are evaluated and
interpreted, as well as the research hypotheses that the authorsreshBideto

the insignificant number of respondents who indicated other in thegsitign,

these responses were excluded when examining the research quastbns
hypotheses as the results would not have relevant predictive power.

Research Question Do you feel threatened by the introduction of new
technologies in your organization?

We used basic descriptive statistics to evaluate the research question. In this
research question, we examined how employees feel threatened by the
introduction of new Indusy 4.0 technologies. The significance of the threat in
this research question is defined by the future expected defjteeeat to their
current job position. The obtained results are showiahle 2 Based on the
above results, it can be stated tBarespondats (31%) state that their position is

not in danger or employees do not feel threatened by the implementation of new
technologies an@2 respondents ([®6) say "no, | assume that this will have a
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significant positive effect on my work". The fabiat58% of all respondents have

a positive attitude towards the introduction of new technologies in companies is a
very important factor for the future of the business environment and the
competitiveness of Slovak companies. In such work environmentsarhum
machire cooperation will be implemented much better and more smoothly. From
a job standpoint, it is worth mentioning the words "yes, | am worried about my
job" (15%) and "yes, | am afraid that this will have a significant negative impac
on my job" (10% by prodiction workers. From the results, we can conclude that
the introduction of new technologies into companies from the perspective of
employees can be perceived as a positive feature of'theddstrial Revolution,
which focused on a high degree @fitomaton and direct mamachine
cooperation. The fourth industrial revolution, focusing on humachine
cooperation in the context of socially sustainable production, does not aim to
remove employees from companies, but on the contrary to simplifyvtbek or
provide them with new jobs with an adequate retraining program.
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Table 2
The feeling of endangering employees by introducing eWwtologies in the company

employee administrative production management
specialist staff member worker position

Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel. Abs. Rel.
freq. freq. freq. freq. freq. freq. freq. freq. freq. freq.

overall

yes, | am
worried about | 2 2% 3 4% 9 15% 1 2% 15 5%
my place

yes, | am
afraid it will
have a
significant 5 5% 3 4% 6 10% 0 0% 14 5%
negative
impact on my
work

I think it will
affect my
work to a
minimum

14 | 14% 18 23% | 12 | 20% 7 12% | 51 | 17%

| do not feel

31 30% 23 29% 17 28% 22 37% | 93 | 31%
threatened

| did not think

0, 0, 0, 0, o
about it 13 | 13% 9 11% 8 13% 2 3% 32 | 11%

no, | assume
that this will
have a
significant
positive effect
on my work

34 | 33% 19 24% 5 8% 24 41% | 82 | 27%

| am worried
about my
work for other
reasons (€. 3 3% 5 6% 4 % 3 5% 15 5%
economic
consequences
of COVID-19)

overall | 102 | 100% | 80 | 100% | 61 | 100% | 59 | 100% | 302 | 100%

Hypothesis 1In the fearof employment by introducing new technologies,
there is a significant difference between employees of different positions.

Table 3
Results of Hypothesis 1
Chi-Square Tests
o _ _ value df _ _Asymptotic_

Please indicate which sector you work in: Significance (2-sided)
industrial Pearson ChiSquare 48.736 18 0.000
production Likelihood Ratio 51.539 18 0.000
Linearby-Linear Association 3407 1 0.065

N of Valid Cases 302
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The hypothesisvastestedbased on the job positions framhich the possibity of
job pasitions which have been includeth other was excluded.The results are
shown in the Table 3, the hypothesias verified by ChiSquare Test anthe
strength of the correlation was determined usingmer’s V value in the Table 4.

Table 4
Results of Hypathesis 1 Cramer’s V

Symmetric Measures

Approximate

Please indicate which sector you work in: Value Significance
|ndustr|§ll Nom!nal by Phi 0391 0.000
production Nominal
Cramer's V 0.226 0.000
N of Valid Cases 302

Significance came duless than0.05, that is, we reject HO at(0& level of
significance and this implies that there are significant differences among the
workers in their concern about their job positigkccording to the value of
Cramer's V is @26 sothe result is thathe dependene between the variables is
moderately strong

Research question 2Do you currently consider your employer's social
behavior (employee care) to be socially responsible?

In this research question, we examined the opinion of employees on the soci
area, wih which we can connect social sustainability. The results obtained are
shown inTable5 depending on the job position. Based on the above results, it can
be stated that a total ofL& respondents (72%) rate the employer's behavior as
socially espmsible. These results were evaluated depending on the variable job
position and from the above results it is worth noting that up to 54 respondents,
which is 92%, who work in the management positions evaluate the employer as
socially responsible.

Tale 5
Socially responsible (socially sustainable) behavior of the eyepl

employee administrative production management
specialist staff member worker position

Absolute Relative Absolute Relative Absolute Relative Absolute Relative Absolute Relative
frequency frequency frequency frequency frequency | frequency | frequency | frequency | frequency | frequency

yes| 69 68% 62 78% 33 54% 54 92% | 218 | 72%

overall

dlf notl o3 | 2306 | 15 | 19% | 20 | 33% | 4 7% | 62 | 21%
now
no| 10 | 10% | 3 4% 8 | 1% | 1 | 1% | 22 | 7%

102 100% 80 100% 61 100% 59 100% | 322 | 100%

overall
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Research Question B1 what areas do you consider your employer's behavior
to be socially responsible?

In the third research question, we examined the opinion of employees on a
specific social area in which their employer behavesialgcrespomibly.

The results obtained are shown Tiable 6 as absolute and relative numbers
depending on the employee's job position. In the given question, the respondents
had the opportunity to choose from several answers. Based on the above tesults, i
can be stéed that we received a total 888 responses, of which a maximum of

193 (57%) responses were listed under the option "activities and measures to
promote health". Other answers wereotiwlife balance" answered by §24%)
respondentslt was 38 (11%) respndents described “support for disadvantaged
employees” and “support for vulnerable communities” was identifiedSb{r %)

by respondents as the area that respondents considered least affected by the
employer's actions.

Table6
Areas of sociabelavior ofthe employer

employee administrative production management overall
specialist staff member worker position

Abs. Rel. Abs. Rel. freg, Abs. Rel. Abs. Rel. Abs. Rel.

freq. freq. freq. freq. freq. freq. freq. freq. freq.
activities and
health

. 64 | 62% 54 62% 25 39% 50 60% | 193 | 57%
promotion
measures
support for

disadvantage| 9 9% 9 10% 9 14% 11 13% | 38 | 11%
d employees

workclife |55 | 5106 | 21 | 24% | 22 | 34% | 17 | 20% | 82 | 24%
balance
support for

vulnerable 8 8% 3 3% 8 13% 6 7% 25 7%
communities

overall 103 100% 87 100% 64 100% 84 100% | 360 | 100%

Research questions 2 and 3 are directly related to the socially sustainable area and
say what activities employers carry out in order for this social area to develop and
be sustainable.

Research question ¥hich skills doyou corsider most important in terms of
digitization and job automation (0 don't know; 1 least importantto 5 most
important)?
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Table7
Ability / skill
- emplpy_ee administrative | production manag_ement overall
= specialist staff member Abvaorker position
I e I e e fea | teq | nea | fea | nea
0 3 3% 1 1% 3 5% 0 0% 7 2%
technical |1 | 26 | 25% 16 20% | 10 | 16% 7 12% | 59 | 20%
(professi | 2 7 7% 9 11% 6 | 10% 4 7% | 26 | 9%
onal) 3| 5 5% 12 15% 9 | 15% | 10 | 17% | 36 | 12%
skills 4 | 29 | 28% 17 21% | 13 | 21% 20 | 34% | 79 | 26%
5 | 32 | 31% 25 31% | 20 | 33% 18 | 31% | 95 | 31%
0 3 3% 1 1% 2 3% 0 0% 6 2%
1| 23 | 23% 14 18% 6 | 10% 5 8% | 48 | 16%
digital 2 | 11 | 1% 9 11% 9 | 15% 9 15% | 38 | 13%
skills 3 | 11 | 1% | 14 18% | 12 | 20% | 12 | 20% | 49 | 16%
4 | 18 | 18% 12 15% 7 | 11% 14 | 24% | 51 | 17%
5 | 36 | 35% 30 38% | 25 | 41% 19 | 32% | 110 | 36%
0 3 3% 0 0% 1 2% 0 0% 4 1%
1| 26 | 25% 23 29% | 10 | 16% 7 12% | 66 | 22%
abilityto | 2 7 7% 3 4% 11 | 18% 7 12% | 28 | 9%
learn 3 9 9% 15 19% 8 13% 13 22% | 45 | 15%
4 | 20 | 20% 18 23% | 14 | 23% 15 | 25% | 67 | 22%
5 | 37 | 36% 21 26% | 17 | 28% 17 | 29% | 92 | 30w
0 5 5% 1 1% 2 3% 0 0% 8 3%
flexibilit 1| 17 | 17% 15 19% 6 | 10% 5 8% | 43 | 14%
Y, 2 | 13 | 13% 10 13% 8 | 13% 11 19% | 42 | 14%
adaptati | 3 | 20 | 20% 23 29% 19 | 31% 13 22% | 75 | 25%
on 4 | 18 | 18% 17 21% | 14 | 23% 11 19% | 60 | 20%
5 | 29 | 28% 14 18% | 12 | 20% 19 | 32% | 75 | 25%
social 0 5 5% 1 1% 3 5% 0 0% 9 3%
(ability 1| 16 | 16% 14 18% 7 | 11% 10 17% | 47 | 16%
;?O?g 2 | 28 | 21% 20 25% | 18 | 30% 13 | 22% | 79 | 26%
with 3 | 27 | 26% 19 24% | 17 | 28% 21 | 36% | 84 | 28%
other 4 | 11 | 11% 14 18% 9 | 15% 8 14% | 42 | 14%
people) g | 45 | 1506 | 12 5% | 7 | 1% | 7 | 120 | 41 | 14%
overall 102 | 100% | 80 100% | 61 | 100% | 59 | 100% | 302 | 100%

In the last research question, the authors dealt with the abilitiekilts that
employees consider most important with regard to digitization andgjomation.

The research question, by its very nature, deals with the future requirements f
the ability of employees in humanachine cooperation. In the questionnaire
survey, respondents commented on the question on a scale from O (I do not know);
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1 (eag important) to 5 (most important). Respondents had the opportunity to
comment on the following skills: technical (professional) skills; comnatiuio
skills; organization of time within work, and work tasks; ability to manage
make decisions; ability to learn; ability to work under pressure; digital skills;
language (foreign languages); social (ability to get along with other people);
initiative (entrepreneurship, commitment); flexibility, adaptation; creativity and
creativity. As some skills and lowledge do no directly relate to our research
area, humamachine cooperation in socially sustainable production, we have
decided to select only the following skills/competencies that we consider aksenti
in humanmachine cooperation. The skills amdmpetenciesare evaluated in
Table 7. Overall, the most numerous skills were of a technical (professional)
nature and digital skills. It was 0@1(36%) respondents rated digital skills as the
most important and up to 95 (31%) respondents rated technical Sgim&d)
skills as the most important. We assume that the effective synergy betweeen t
mentioned digital skills and professional skills will be key in the integration of
employees affected by Industry 4.0 technologies in the context of homacimne
coopeation.

Hypothesis 2:There is a significant difference in skills needed with regard to
digitization and automation between employees in different job positions.

The hypothesisvastestedbased on the job positionEhe results are shown in the
Table 8 the hypothesisvasverified using analysis of variance

Table 8
Results of Hypothesis 2ANOVA
ANOVA
Sum of Mean .
Squares df Square F Sig.

technical Between Groups 4311 3 1437 0.630 0.596
(professiona) Within Groups 663723 291 2281
skills Total 668034 294
digital skills Between Groups 3521 3 1171 0524 0.666

Within Groups 654070 292 2240

Total 657591 295
ability to Between Groups 4.202 3 1401 0.593 0.620
learn Within Groups 695009 294 2.364

Total 699211 297
flexibili ty, Between Groups 5.998 3 1.999 1.069 0.362
adaptation Within Groups 542234 290 1870

Total 548231 293
social (ability Between Groups 0.240 3 0.080 0.500 0.985
to get along Within Groups 464565 289 1.607
with other Total
people) 464.805 292

For each skill category, the sifioance came out greater tha®®. i.e, we do not
reject HO at the 05 level of significance and this implies that there are no
significant differences in skills among workers with respect to digitizadiah
automatian of work.For all positions tested, these skills are equally important.
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4 Discussion

Due to the advantages and disadvantages of humaghine cooperation,
collaboration is very important, a machine can represent a person in certain
activitiesanda persomwill have more time and energy for other activities that the
machine cannot handle (handling more complex parts of prodéetsn the
results we analyzed, we came to the conclusion that employees in companies are
aware of the need to introdeicew technologies, which we can state based on the
results focused on the need for skills and abilities. Employesgondents rated
technical (professional) skills as well as digital skills as the most necesdaciy,

is undoubtedly the basis for humaracine coopration. We can define precise
paths of activities and procedures for the machine so that they are economical and
efficient for the company, and that is why one will have to develop these two
areas of skills, which serve precisely to coordinadith the robot. Cooperation
between mamachine opens up new possibilities for advancing not only industry
but also everyday life.

Conclusion

In the last decade, technology and technological progress have gone exponentially
to the forefront. Today, humay, science,and industry know the technologies

that undoubtedly make people's daily lives easier. Technological progress is still
advancing and at present, we cannot even realize what awaits us in the industry in
the future, but the application of thedusty 4.0 paadigm, accelerating and
improving production processes, focusing on the sustainability of production and
production processes in accordance with theli®ensions of sustainability
(economic, social and environmental). The views of autf@ts 24, 31] and
scientific researchers differ. Many authors state in a global sense the negative
impact on humamachine cooperation, othaltscusshe positive impact on man

and his work. Man in the production process is an irreplaceable gsisedike a
machine. Thre must be a definition of areas of work for the machine, for man,
and their cooperation. Collaboration in terms of outlining the activities that will be
performed by a man and by machine. Defining, for example, specific taskasuch
feedingparts to a rachine/robot for the human assembly, so that man does not
interfere with the production process (feeding parts) of the machine and the
maching robot into human work activities (assembly of parts). Furthermore, to
define the distanse between e machine o robot and human, if a human
approaches a specified distance, which can endanger a human, he must cause the
machine to stop its movement, and activity. Defining ergonomic requirements
when working with loads, wherein such an atyivithe wok of the robo is a
human aid. The primary purpose of introducing technology, automation, and
digitization into the industry is due to a weakening workforce and the facilitation
of human activities.
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Without the implementation of the basic elements andntdoljies of hdustry

4.0, companies will not be able to constantly adapt to the new challenges that
come with this new paradigm. Without basic innovations and implementations
within the Industry 4.0 trend, small, medium, and large Slovak compaviil not

be able to pply technologies that would support hurraachine interaction.
Employees, especially production workers, based on the current results of a
guestionnaire survey, more than 65% of employees would say that they generally
do not feel hireatened Y the introduction of new technologies into the company in
which they work. More than 85% of employees do not feel threatened by
administrative staff. It is the production and administrative staff thatxpected

to be the most vulnerable gmmiin termsof the introduction of digitization
related technologies and Industry 4.0.
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Verification of Articulatory Phonetics Features
with Quantitative Data

Laszl6 Czap

,QVWLWXWH RI $XWRPDWLRQ DQG ,QIRFRPPXQLFDWLRQ
OLVNRDAWHPYiURV +XQJPIMNRIDFSKXQL

Abstract: This paper aims to refine the bad&ta set of visemesthe visual counterparts of
phonemes- with quantitative datdo provide accurate input for visual speech synthesis (a
talking head that supports the training of speech production of deahambof-hearing
children). Measuremeritased features extend the existing data and refine our previously
used dynamic model of articulation. This requires the definition of two majos ofata
simultaneously: the shape of the mouth, which can be examined relatively simply in an
ordinary camera image, and the position of the tonglueanalysis of which requires the

use ofmedicallevel imaging devices and the processing of their signAlsiculatory
phonetics can be divided up into three areas to describe consonants. These are voice,
place,and manner respectivelfhis study aims to confirm the description of the place of
articulation with measurement data. Data derived from the shape and position of the
tongue is suitable for determining the place of articulation of sounds. In the caseea$y

we estimated the tongue position with the centroid of the tongue while in the case of
consonantswe define the place of articulation with the measured distance of the tongue
from the palate. To measure these, we used MRI and US images and determined tongue
contourswith an automated process. The results of this analysis statically defineodata f
articulation keyframes for visual speech synthesis. We applied our resufiprove the
existing Hungarian transparent talking head with a more accurate model based on the
clarification of the dynamic features. We also adapted the same model to the Chinese
Shaanxi Xi'an dialect.

Keywords: Quantitative tongue description; Articulatory phonetics; Place of articulation;
Talking head; Viseme features

1 Introduction

BUHYLRXV VWXGLHV VKRZ WKDW YLVXDO LQIRUPDWLRQ
KXPDQ VSHHFK JUHDWO\ FRQWULEXWHYVY WR XQGHUVWD
VSHHFK IRUPDWLRQ DQG WKURXJK WKLV RKR WKH HI
VIQWKHVLV[IPHWKRGWDGLRORJLFDO DQG PRQLWRULQJ S
DYDLODEOH VXFK DV PDIJQHWPERF FR?PEBQWEAEUHWRPPRILQD SK
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&7[3] XOWUDV RXQHO HBWURSDO D3 RRUDISBHFBURPDJIQHW
DUWLFXORJU BB W H(0I$Q G L VG HIMWD\VE DBIJ LWR NQRZ WKH G
IHDWXUHV RI DUWLFXODWLRQ 7KLV LV WHEDXO/HWWKH |
REWDLQHG ZLWK WKH KHOS RI LPDJLQJ WIHRCODLWKR® FD
PRYHPHQWY EHORQJLQJ WR WKH JLYHRQUWS[DRBSIONLIQDO
WKH SDUDPHWHUL]DWLRQ RI D WDONL®UK KW G \LIPD WHKN L
TXDQWLWDWLYH GDWD IURP D VHULHVURY WG, DREVS86 LP
ZH SURYLGHG DSSURSULDWH SDUDPHWHIL\Q KRB WXU DQL
RI WKLV DSSOLFDWLRQ LV WR VKRZ ¥ WHF W& QUXGINRRY H P
KHDG 7KHWEDPALRRI WKLV DQLPDWLRQ DUH WKH YLVHPH'
XVHG ZHOO LQ VSHHFK WKHUDR®W LYH VO JXDVHI @ HO U
WUDLQLQJ RU HYHQ LQ WKH FRQVWBXOWWRA RIHDQYW K H
LQWR VLO[AQWGDSHHFWLRQ IRU D &KLQHVH GLDOHFW KDV

7TKH SDSHWRDISPRMRYLGH D QHZ TXDQWLWDWLYH PHWKRC
PRYHPHQWY KEB&KBEQUGIMKHRSOH DUH DFFXVWRPHG WR OL
XQDEOH WR REVHUYH WKH LQYLVLEOH WRQJXH PRYH
SHUFHSWIHR QU MKYHR/\XDO PRGDOLW\ RI VSHHFK WR EH D
VSHFLDO VSHHFK VLJQDOV 7KHKHARDQWKHPWILNY GDW
UHDOL]DWLRQ RI D WUDQVSDUHQW WDONLQJ KHDG

2 Methods andM aterial

7KH SURFHVVLQJ RI 05 ZDWBUSRUPFHDGIHA/XULQJ WKH VWI
G\QDPLF DQDO\WVLYVY 7KH SURJUDPV IRHQWKIMRQIRPHR VULV
LQ WKH IUDPHZRUN RI ZKLFK ZH ILWBVHHG RD QVEB K[ MRLDINK HF
EDVHG RQ G\QDPL[B] SURJUDPPLQJ

7KH UHVROXWLRQ RI WKH UDZ 05, LPDDHVKIRZV 1$V SL[H(
WKH ILUVW VWHS RI SUHSURFHV\DL@A\ WX KV K A DRIHG VD JLA\
05, FURM¥WLRQ LPDJH E\ IRUPLQJ UDGLDOUFIO}HV IURP
FHQWHU VHMHLSRDBW #$HU® DQG LQ WKH IROORZLQJ VFD
SL[H@NLV LV QWHRHNRMIBUWKH DSSHDUDQFH Rl WZR FRQW
VD P HXPROR| WKIHZKADHHWKH WRQJXH FR& W XWKEHDGIVHE T
GHWHFWLQJ DOJRULWKP FRXOG QRWDHIHQBQE\ YRR MK H
E\ WHQ GHJUHHN EXQW)LLIXWHDOLW\ UHVDPSOLQJ LV GR
$UUDQJILQJ WKH VHFWLRQV WKXV REWDLQH®L@HG &D U\
7KH UHVDPSOHG LPDJH LV UHSUHVHQWHOQLUEUWHKH 'HVF]
E 7KH ERWWRP OLQH FRQWDLQV WKSUFHNGIWWY SWRKLH W
SRLQWV RI WKH FLUFXPIHUHQFH RI WKH FLUFOH
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D E
YJLIXUH
3UHSURFHVVLQJ B6WHS D UHVDIESOWGH 8\DKHNGEY, LIDRD FIR ORQ PO®AU L
UHVDPSOHG LPDJH

,Q WKH VHFRQG VWHHS I LIQEG WWKHH POODAUU HIV WH FROPUXYGHD WL Y H
LQ WKH LPDJH REWDLQHG DIWHU HGJH HQKIXQ@QH.QJ ZLW
D SURFHVVLQJ LV GRQH IURP WKH OHKIN LFFRDOXIPQ WR
7KH LGHQWLILHG FRQWRXU LV LQRGKEBWMHGE AWK HALWH
WRQJXH ERQMWRRWKHG E\ ILOWHULQJ EHIRUH IXUWKHU .
WRQJXH FRQWRXU UHSUHVHQWY WKHXDPDWHRRU ,\@ KW KIE
LPDIHLRXWEHWKHRQIXH FRQWRXU FDQ EH IROORZHG E\ S|
WKH RULJLQDO LPDJH 7KH GHILQLWLRQ RQLWKHNVWRQJIXH
SHUIRUP YDULRXY DQDO\VHYV

D E
YLIXUH
3UHSURFHVVLQJ B6WHS D 7KH KILLIKOIH R H B VHW Kitl RR XAQKGH VER Q WKHHV E
ZLWK ZKLWHWSRL QR Q@I X ERGWRRKWHG RQWR WKH RULJLQDO LPC
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2.1 Analysis of TonguePosition

7KH GHILQLWLRQ RI WKH WRQJXH FRQWRXWURPBPNHV LW
IHDWXUHV IRU D VHIPHQWHG SDUW RHARVUGIXHIWRDD O
PXOWLOLQJXDO BEDRWPMEDXDXOVBOWWDOR GHWHUPLQH WKH WR
DVVRFLDWHG ZLWK HDFK VSHHFK VRXQG BVIWKH PDOH V
VRXQG VHTXHQFHYV 9 YRZHO & FRQVRQDQW TKURXJK

RI DUWLFXODWLRQ LQ 05, LFP D/IHNAHPEH GROENDD LRW G IVRKD W
VRXQG

2.1.1 Method of Defining TonguePosition of Vowels with Quantitative
Data

7KH LGHD ZDV WKDW E\ GHILQNGF WKRQFR QW K R LVGRRIJ WH
ZH FRXOG REWDLQ TXDQWLWDWLYHNGBDIMD DRERDWL RVQK\H R4
WRQJXH FKDUDFWHULVWLF RI WKH FXURJIHQKMHWBR & FXHV R
LV GHULYH G RING WK HP RIPUMQW XP R1 WKH KRUL]JRQWDO DQC
RI WKH ZKLWHISEB®WERQ RXIWERG\ FIDMYKRZQ LQ

Cxy=[EFET= 20 D x [0y, =19 0¥ [xy) )
x y ¥

x

ZKHIKY)=1 LQ WKH ZKxW+ PXYWBLGH WKH G&ILW MV KOH H D
QXPEHU RI ZKLWH SRLQWV

YJLIXUH
JLOOLQJ WKH VHFWLRQ RI WKH WRQJXH VRXQG -

‘H DOVR QHHG WR GHWHUPLQH WKH R SRAH. PADRDQ DXXHP EH U
ERG\ GRZQzZzDUGV IURP WKH WRS SRLQW RIOWBH WRQJIXI
WRR IHZ URZV PLIJIKW OHDG WR LQDFFXUBWH RHDW XUHP
ILOOLQJ WRR PDQ\ URZV PLJKW OHDG WR RYHUVLP:
FKDUDFWHINIH/ WRNVIWWMR.RQ RI GLVWLQFW VRXQGYV

A58 A



Acta Polytechnidangarica Vol.21, No2, 24
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YJLIXUH
7KH YDULDQFH RUQNKURHGNOMW URYBXHOV YHUWLFDO D[LV RI WKH C
DV D IXQFWLRQ RI WKH GHSWK RI ILOOLQJ KRUL]JRQWDO

7R GHWHUPLQH WKH ILOOLQJ GHSWK WKMHYVYWDRGDOG G
YRZHOV Rl WKH PXOWLOLQJXDO YLGHR BDWPEBVH ZDV |
IRU WKH KLIKHMWLGX VW K®FWIIRGKH DYHUDJH RI GHYLDV
I[IURP WKH PHDQ GHFUHDVHV E\ ILOOWRD RXYHHV URWRRZV R
OHVV GLVFULPLQDWLYH 6HOHFWLQJ OHWHFWILIRDQ l
UHSUHVHQWLQJ MXVW WKH WRS RI WKH WRQJXH DQG QR

%DVHG RQ WKH DUJXPHQWDWLRQ DERYH WKH WRQJXI
LQYHVWLIJDWHG ILOOURIVWKIHSGHBEOWK IRU HDFK YRZHO E
UHVROXWLRQ RI WKH 05, LPDJH ,Q SK\WMHWBUILRHQVLR
WKH WRQVXHFWURYVZHUH VHOHFWHG

2.1.2 Method of Defining the Place ofArticulation for Consonants with
Quantitative Data

7KH DUWLFXODWLRQ RI FRQVRQDQWMWR LY R/ZXHEWW DKWY D O
FDQ EH FKDUDFWHUL]HG E\ WKHVSGHRH RP LIDQHNGL EX @D WDLS
FORVXUH IRUPHB GEMPOAKHREHP HQ W

7KH SODFH RI DUWLFXOWWH RXD UV FGAHWH WRALG BB VEAUH R
DUWLFXODWR12] PRKKHP HNMHKWMVSODFH RI DUWLFXODWLRQ F
SODFH RI WKH QDUURZ SDUW IRUPHG E\ WRHNDWRQJXH D
FDYLW\

7KH FRQWRXU RI WKH DOYHRODU ULGJH DOQM\R WKHH SDOD\
GHILQLWLRQ RI WRQJXH FRQWRXU 7KH RQ®&®HGLIITHUHQTF
FLUFOH FHQWHU ZH QHHG WR 4IDQIE® Q8 WOERHWFSUIHBDAVK DU E U
LQFUHDVLQJ BDBUUINWQHWGJIH UQ MWACH D ZBWH KDV QR
HGJH WKH SDODWH FRQWRXUYVY DUH GHILQHG E\ DYHUDJL
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2QFH ZH NQRZ WKH WRQJXH FRQWRXU DQKHWKAHRSDODW I
FXUYHV FDQ EH GHILQHG SRLQW E\ SRLQWKHKH GLVWI
GHQLWLRQ RI 1HDUHVW 1HLJKERU 'LVUPIQFIHQJIJIWKHYV V.
GLVWDQFH RI FXUYHV FRQVLVWLJQIBIR VHWGXVI AMDHNHWWEXP
WZR FXUYHV GHILQHG E\ WKHKEJ D/OE® Q03WpE8 N W

WKH GLVRMPH BRIRKQW RI 8 IURP FXUYH 9 EH WKH GLVWDQF
WR 9 QHDUHVW WR LW DQG FRQYHUVHO\ DFFRUGLQJ WI

DuU(i) = mj_in|u1- — vj| DV(i) = mjin|vl- — uj|

JLIXUH VKRZV WKH RH®HYHWR® BIOHKEWRH V

j

50 100 150 200 50 100 150 200

YJLIXUH
*UDSKUABOHVHQWDWLRQ RI 11°

JLIXUH VKREN BWOYHROGDODWHG FRQWRXU UHG OLQH DC
FRQWRXKWH ZKLQHE YKRAMWKH PLQLPXP GLVWDQFH PHD\
SDODWH YHUWLFDO D[LV WR WKH SRU@MV RIVRRKAVWR C
WKH PLQLPXP GLVWDQFH PHDVXUHG IURP WKH WRQJXH
SDORP@YWMKH KRUL]RQWDO D[LV WKH VHULDB®XMUXPEHU RI
SRLQWYVY UHVSHFWLYHO\ RQ WKH YHUWWMH OFRXWDJHQ W KH
FRQWRXU SRLQW FDQ EH VHHQ RH®DIVROUMGEFIXQDBLLRQV
FRQVLGHUHG WKH SRLQW RI WKH WRQJXH EHORQJLQJ W|

D E F

YJLIXUH
JRU WKH VRX@&HWRQWRXU Rl WKH SDODWH U ME HD®RLS/ WERQRBMX HR F RIGW F
SDODWH PHDVXUHG IURP WKH WRQJXHIURPGWKW SQOD WHWKH WR
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'LWK IULFDWLYHYVY DQG DSSUR[LPDQWYV R H RMRI MUK N HFW
SDODWH :LWK VXFK VRXQGV LW VHHPV WESURISGJGLOM H
RI WKH ZKROH QHDU S“0-MAW LIRAOW HUW® JORIZWKH GLVWDQF
SODFH RI WKH FXUYH PLQLPXP FDQ ERZ/KHIFMHR VB WK
LV VKRZQ LB YLYFUMWH FRVLQH WUDQVIRUPDWLRQ ZDV >

0 50 100 150 200 250 300 350 400 450

E
YJLIXUH
D 7KH WRQJXH FRQWRXU RI VRXQ®WN QBFE A XEFWKRIQI L OMKHUE Q X HR IC
UHSUHVHQWY WKH RULJLQDO FXUYH DQG WKH UHG LV WK

BHOHFWLQJ WKH DSSURSULDWH IUDPWMKRI WRKH) & LIGHR V
FUXFLDO SRLQW RI WKLV DQDO\VLVLEQWHM ROK\HH | B D /M
EHIRUH WKH EXUVW LV PDUNHG DV W KH WK IRMVKHHQUN D V
FRQVRQDQWY WKH PLGGOH SRLQW RHPWKHGWLPH LQWHU

3 Results

,Q RXU H[SHULREQ@WNVQHG TXDQWLWDWLYH GDWD IURP W
WRQJXH FRQWRXU GXULQJ VSHHFK 7KHRZAHDAX®WE DUH
FRQVRQDQWY FRPSDULQJ WKHP WR WUDGLWLRQDO GHYV

3.1 Vowels

,Q WIOWH RI YRZWORMVER®\WGDOWD IRUPHG DORQJ WKH ORQ
YRFDO WUDFW DUH DIIHFWHG E\ MDZ RSRRDQBDWQOBQG W
ZLGHU VHFWLRQV RDQ\GKHV KRFOBSHW HDRIVBH WKH VSHF\
SURSHUWLHV RI WKH H[FLWDWLRR] V)UIBDUKRZAVLQJ IURP
WKH SRVLWLRQ RI YRZHO DUWLFXODWLR @ LDWVKE RAUKGHL QJ V
FRQYHQWLRQDO UHSUHVHQWDWLRQ WRP OW WHH ZBI\E X U\N H 7
RI WKH)DOWLRQDO 3BRRAWWLBIOSK
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2Q 05, UHFRUGLQJVY RI YRZHO DQQRXQFHPHQWYV WKH V
WDNHQ IURP WKMWHQBRONBIRWRKNKH VRXQG ZDV ILOOHG
GHSWK RI PLOOLPHWHUYV DIWHULDXWWRKRDINVL M KR QW R X

FHQWWRRIWKH WRQJXH ZKLOH BURQRXQFLQJ WKH VRXQG

-h

50 100 150 200 250 300

YLIXUH
7KH FH@®W VYRE® G

JLIXWUEH VKRZV (\WWKKVRURLG RXSWWHRQI®OH® WKH RUDO
DFFRUGLQJIWRSWHKH FRRUGL@GHDWH XVDMBH® X ILEYH
ZKLFKDAQAOXUHIOHFWYV WKH SKRQ@IDWLF DUUDQJHPHQW RI

Vowels

Front Central Back
. . 115
Close |« Y ot w .u =
" w
120 j .
1Y U v, Ty
o I é\ \ e 0

126

Close-mid € » @ 9.6 ¥ 40

130

° &

135
Open-mid € .0 346 A 4O o3 "

140 S 33—

145 a oa
Open a & a.p

M0 M5 120 125 130 135 140 145 150
D E
)L J XU H

D $UWLFXODWLRE PES WRQIRZHOEHWQWURLGY LQ WKH 05, LPDJHV WKH
FDYLW\ LV VKRZQ RQ WKH ULJKW WKH IURQW SDUW RQ V
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7KH WUDGLWLRQDO PDS GLYWBRGXNHIRWMIABIORQ LQWR
KRUL]JRQWDOO\ LQWRYWRWPISD WHE VZLR/EAVWKH PHDVXUHG F

,Q TDEOWKH WRQJXH SRVLWLRQV ORFDWHG L@ WKH FRL
XQVKDGHG FHOOV *UD\ VKRO[GERIJHWHEQAFDWHW KOHR QKFHR U L ]
YHUWLFDOO\ 7KH PRUH ZKLWH FHO®RDHNWLFPKMREY WDE
PHDVXUHG TXDQWLWDWLYH GDWD PDWMBK HOOFHK RRAVKH U
ZHUH PHDVXUHG

7DEOH
7KH DFFRUWKH WRQJXH SRVLWLRQV

horizontal vertical horizontal| vertical

i 1]

Yy a L
i £

u 1 1 [ =]

ul 3 1

u a 1

I 1 A 1

Y b ]

[+ - ] 1

e B

24 a

[ ] [+ 3 1

e 1 a

T 1 D

3.2 Consonants

7DEOWKRZYVY WKH SODFH RI DUWLKAK ORQPURE BR¥RWVRQ IR
ELODELDO DQG ODELRGHQWDO VRXQGWZ\IK DR WQHWMKRH. Q
IRUPDWLRQ RI WKHVH VRXQGV WKH SRWLNMDRWQLWRI MWK H
DGDSWV WR WKH WRQJXH SRV,IQVWKG VFH ROKNHH D GWKDH ISQ W
DUWLFXODWLRQ LV QRW GHWHUPLQHG E\ WKH WRQJXH E
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7DEIOH
30DFH RI DUWLFXOMNLRQ RI FRQVRQDQWYV

siatial || Labiodental]|_Dental || Aveoiar | Postaveotar]| Reotix || _Pataal || vetar || Uwlar | Pharyngeal]|_Giota
Pesve | 0 b t d t dic 1|k g|qg ¢ 7
e mi m n ng n n N

T B r R

Tap or Flap : r ['

e | B VO Os z| [ 35 Z|¢ JlXx Y/X B|h T|h A
e t 13
foprorimant L J 1 J Y
eoreimant I Ll A]

Where symbols appear in pairs, the one to the right represents a voiced consonant. Shaded areas denote
articulations judged impossible.

JLIXUNKRZV WKH SODFHV RI DUWLFXODWLRQ@REWDLQHC

Retroflex-

Alveolar

Post-
alveolar

Pharyngeal-
Glottal

Dental

YLIXUH
&DOFXODWHG SODFH RI DUWLFXODWPRQHRI FRQVRQDQWYVY PDU

7KH WKHRUHWLFDO DQG TXDQWLWDWHYHRGB\L (RUG DSOD
VLQJOH VRXQG K PDUNHG ZLWK UH®&H. COMDKEHIVLBX UH
DUWLFXODWLRQ GHILQHG ZLWK TXDQWLWRWWYRQ&DWD
ZHOO
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3.3 Application of the Results in the Speech Assistar@ystem

7KH 6SHHFK $VVLEHODERWUDWW® 8 RDUWBQ ODQJXDJH WR
WKH GHDI LQ OHDADOL QX¥UWRK WS HIHNLQHG E\ LQFRUSRUDV
WKLV PRRUNLIJXWHVKRZV WKH YLVXDOL]JHG LPDJH RI W
SURQXQFLPWWR®O DQG WKDW RI WKH VRXRSS UWHKARWHG HG
RQ WKH ULWK@LVE®B\V WKH WUDQVSDUHQW WDONLQJ KH
KHDG IRU WK Hn GHIDDGEW: LRID&KLQHVH DQG LWV 6SHHFK
XQGHU GHYHORSPHQW

57 Besaid tanits abceimazss a X

£ I esei tantt alal. R ‘E-_—.ﬂ::n‘ teas

YLIXWH
6FUHHQ YLHZ RI WKH 6SHHFKWEFWULVWDQW GXULQJ S

Conclusions

$ TXDQWLWDWLYH DQDO\VLV RI DUWLFXNODWLIRD ZDV

DUWLFXODWLRQ YLVLEOH LQ D WUNRYSDWYH @MW HVD AR U R B
SRVLWLRQ ZDV GHWALGHEHGCREWBWMKBVWGHULYHG IURP 0
% FRQVRQDQWYV WKH SODFH RI DUWLFKWIRWLRRHZDV L
FORVXUH RU QDUURZLQJ EHWZHHQ WKH SMR@IWH DQG \
7KH UHVXOWV RI WKH DSSURDFK FRQIRUDR\WKW NRULW D E
YHULI\LQJ @HSKRIQSWLF FODVVLILFDWLRQV 7KXV DQ LP
TXDQWLWDWLYH GHVFULSWLRQ RI WKH DWDMNIHRXODWLR
7KH WUDGLWLRQDO SKRQHWLF F®RWVED.GFEXYDLIRQH B | SWCSDH
DUWLFXODWLRQ DQG WKH WRQJXHDBRVARQ\RLY \GHOQW G
GHVFULSWLRQV UHSRUWHG LQ WKH DW@MY B&R QHIWLHY D
ZLWK TXDQWLWDWLYH GDWD UHTXLUHVZKXHUQBEWUY H RUH
(QJOLVK VSHDNMHWW S FX ONDRKHIBE W IRH WKH ,QWHUQDWLRQ
$OSKDEHW 7KH REWDLQHG UHVXOWV GRQQRW. F&® QW UD
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GHVFULSWLYH SKRQHWHRUBGQDVVWIR PMDKMH. RMHVWLPRQ\ RI
7TDEOH WKH SODFH RI DUWLFXKOHD\WHRFG URISWKMHY RERR QW
GDWD ZLWK DW PRVW RQH FXHVM[\WMHO@WLIR® RIHWWH RO B
D ODUJHU QXPEHU RI VSHDNHUV DQG GLKHUHQW VR’
SRVVLELOLW\ RI LPSURYHPHQW

7KH UHVXOWY VKRZ WKDW WKH DQDWOHKNV&KDDIQWK HL PLJ WLF
GLDOHFWENSHGBNMMW DVRXQG LPDJHV PDNHV LW SRVVLEO!
GDWD Rl YLVHPHV EXW DOVR RIITHUV WKMFRESRUWRKRQLW!
Rl WKH DUWLFXODWLRQ 7KH SUHVHQWHWLWY QDWW HYV VX
TXDQWLWDWLYH GDWD WKDW JR EH\RQG SKRQHWLFDO F
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The Enhancement ofthe Overall Group

Technology HEficacy using Clustering Algorithm
for Cell Formation

Lan Xuan Phung*, Trung Kien Nguyen,Son Hoanh Truong

6FKRRO RI OH@KROHRDRL@J +DQRL 8QLYHUVLW\ RI 6FLHQF
+DQRL 9LHWODR SKXQJ[XDQ#KXVW HGX YQ

WUXQJ QJIX\HQNLHQREXWWKRGXKRY QK#KXVW HGX YQ
*&@RUUHVSRQGLQJ DXWKRU

Abstract: Cellular manufacturing is a principal application of group technology in which
machine cells and part families are generated based on their similarity in theqgiad
process to minimize overall movement cost and maximize machine otilibgtiusing
conplex mathematical programming procedures or computer tools with a lot of
computational effort and time to solve problems. In this study, the clusteratgsisbased

on a similarity coefficient is developed to efficiently solve cell formation prablerhoth

single and multiple process routings. A novel similarity coefficiedéi®loped to integrate
operation sequence especially adjacent operation, processing time, production volume,
machine capacity, and multisits to minimize the number of actuateircell moves and
voids in machine cells. An improved clustering algorithm is proposed for groupingrmaachi
into cells and simultaneously determining the machine sequence in cells te iracell

moves as well as selecting the best process rowtirgath partThe practical effectiveness

of the proposed method is demonstrated through computational experiments involving
eighteen test instances, varying in scale from small to large probldhen compared to
other complex methods, the proposed approach not only enhances overall grouptgachnol
efficacy but also significantly reduces computational time, making it a highly pngnaist
practical solution for addressing cellular manufacturing challenges.

Keywords: cell formation; overall group technolgy efficacy similarity coefficient;
clustering algorithm

1 Introduction

/HDQ SURGXFWLRQ IRFXVHV RQ RSWLMPLIQRRLHIQUFLHQF
ZDVDVHG LPSURYLQJ RYKOPIM®XTXPWE WY QRGO A1 WKH NH\

SULQFLSOHV KYH GW WV 1D IRESGIFWLDHFUXFLDO UROH LC
SURGXPWLRED LV EDVHG RQ JURXS WHFKQRORJ\ SULQFL
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PDFKLQHV LQWR JURXSV ZLWK VLPLODWWNKDQWRWIDULW V
IDPLOLHV WR DFKLHYH KLJKHU SURGXFINGYWWR @A [0
PDQXIDFWXU@RH SULQFLSDO SUREOHP LQ WKH &0 V\VWH
PLQLPL]H WKH QXPEHU RI PRYHV DQG YRALIGO/LLMWLRE RH C
PDFKLQHV HTXLSPHQWUR®XFOREBRXWURYSYIOH PDFKLQHYV
DQG SURFWNEREWMDLQHG FHOOV &0 UHGXFHV PDWHULD
WLPHV 7KLV UHVXOWYV LQ D PRUH \QWIDHRZP ®LQH BLDIQEI H |
WKH WLPH UHTXLUHG WR PRYH PDWHUR OY JERY\HHMHRO Z
SURFHVV H)RUFIRHYQAU WKUHH GHFDGRUYLH@W H B XK HSUKRRGEX
KDYH EHHQ LQWURGXFHG IRU FHOO IRUPDOWLRQ SUR
SURJUDPPLQJ KHXULKNMXFLDWGF POWRULWKP JUDSK SD
PRVW FRPPRQO\ KLHUDUFKLFDO PHWKIRG@G] F KW KFRGWKHP |
IRFXV RQ GHYHORSLQJ WKH PRGHO WR RDJDPRHE VRKHH W F
WR PLQLPL]H WKH PR¥HV @RWBHWWYXEHEBYBVDGGUHVVHG
DOJRULWKPV EPPWELRQVRORROYH UREWIARUPRWLRQ S
PDFKLQH OD\RKNW@ HRARWWHBEXHXULVWLF DSSURDFK ZLV
RQ WKH VLPLODULW\ VFRUH ZDV GHYOHLOR SHIB@XRV S UR G X
SHFHQWO\ KRKWD/WLF PHWKRGV VXFK DV YL@BXODWHG C
JHQHWLF BDOJRU@MQWPFROR Q\ BB WU LKWDKYAH EHHQ LQWURG!
SURPLVLQJ PHWKRGVY WR REWDLQ :DEPHFEDMIERIHLYRO)
SUHDVRQDEOH" FRPSXWDWLRQDO WLPH RIGQISYWLY® UHV
QHWZRUNV KDV DOVR GHPRQVWUDWHG7WHKH DESIOLW\ W
SDUWLWLRQLQJ DSSURDFK UHSUHVHQWYV DG JDWSK ZLWHK
PDFKLQHV DQG VLPLODULW\ PHDYXOHWR PDEKPQH SmWUH
FHOO WUDYH®OV,Q RWKHU ZRUN WKH K\EULG/B®OJRULWKF
FRPSOH[ PREONHRBWLEPL]DWLREPV> | UKW KBIUFKLFD O
PHWKRG LV WKHWRLQ VSISURQBR\VLY LQ ZKLFK WKH VLP
IXQFWLRQ DQG KLHUDUFK\ RI FO%W WIMEINKIDYIHQ G HDWQIEU P L Q
FRPSXWDWLRQKEBOPXGRWAR® FOXVWHULQJ PHWKRGV E
FRHIILFLHDQUW FPBRUH I0H[LE O WQRXYWSHIRI®XFVQLUR Q GDWD
VXFK DV RSHUDWLRQ VHTXHQFH SURGXFWSBRBLWROXPH
HWF- @

7R DGGUHVV WK H SHREQFHKPL EQ ONVKHIW K R G| UREMWM UHVHD U
PDFKkEQBWWUL[ WR JHW D WUDQVIRUPHG PDWUL[ LQ D
GLDJRQDO EORFNV E\ JURXSLQJ PDFKL@®RHRLIQQWR]FHOOV
WKH QXPE-HUE ®RRNWUHIWWH[ABSWRRQDO HOHPHQWYV 7KI
VWHSV LQ WKLV PHWKRG SURGXFW LR & DFXWID FR D@H FW L
SDLMVWGIULQJ DOJRULWIRR PBWORLD EDR B GRQD&DPLO\
JHQHUDWERR QWP BRHSIRGWX FW ICRIQFDEEBRHW RBWUL]J
clygLV ILUVW GHWH U PIDQHLEL [FRMHP R IQMD @3/ RG WWL[ LQ
VLPSQBIZKHU1 LI FSURFHR@BEKERERWKHBZLVH

@ Q RWKHU ZRUN DHORWEHBHSDWVYRQW HT XNWBBH LQGH]
LQVWHDG RI XVLQJ WK i DADWDXH® 9% H VQ CHBAIVAEH L [
SURFHVVLODGVISRAIRGXFWLRQ YROXPH PDFKLQH FDSDE
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SURGXFWLRQ GDWD IRUR® KHJ BEREWHPQ %QSKE GDWD
GHWHUPLQHG FEV FeIOTHW K 1 \BQ RS b OBIMNXKHGRE KHJ L Q D O

6& WKDW FR QWG BXFERHQUOR| PDFKLRHERONK R SHBRB WH B Y.
DQG RU DW OHDVW RQH RSHUDWLRQ > @SRUDWIS®&D DC
SURFHWLP®JIDQG SURGKEBWKER Q RUPXXEIHKH RSHUDWLRQ

VHTXHQFH-BQGLAXDNRDERO VLG WG R QP X @KLV

VWXG\ IRFXVHV RQ WZR VSHFLILF RSHUDBWLRQUL®AKH IL
DLPHG DW UHGXFLQJPHIOD @RIYENWU RR ZHWHHU WKH DGMDF
WKLFK SOD\V D FUXFLDO UROH LQ GLPAHQA® KLRYIHE X KO NF D
QRW EHHQ DGGUHVVHG

,Q VOKHW VWHS WKH FOXVWHULQJ DOJRULMKPWDEMH HG |
DQG JURXS PDFKLDKNUHQIMRH FHFORIVIRRIALAMRKP V IRU JURX
PDFKLQHV WR IRVP & DIEXRMMMANMOH OB OLQNDJH DOJRULWKP
> DOQWWHHUDJH OLQNDJH DO JBLWDHDKIPFISOO. FOXVWHULQJ
LV D PHWKRG HPSOFR O GLAODRFHEQH UDWKSY E\ OLQHDUO\ F
WKH VLPLODULW)\ VFRUHY EA&& AWHQQWRZR PNFELUQMW PHW
FRPSXWLQJDOJRIWASVKP DQG DQ HDV\ VROXWLRQ LQ SUR
FDQ EH DOORF DFVRHUG NWRZRIPPI/IIL HYHG PDFKLQHV WR RSWI
LQWHDOO PRGHYRLGVQA QWRERFWLFDO ZRUN D OMMHAKQ®OMLW H D
SURFHVV URXWLQJV WKDW PDNH &)3 PROQHRFRPFELBBIW H (
FHOD& SDUW IDPIGOUHR®HEWMVW URXWLQJ QHHG WR EH F
&)3WR DFKLHYH WKH RYH®@DWAHBEMPRWHY HDWUH FODVVLIL
WZR PDLQ W\SHV [RUZD U gHARHIDPB-GMEFO PRLYGIP HQ W V
DQG EDFNZDUG PRYHV 'XH WR MK ARVHY RU D PNDADHIGL B R
LV VLIQLILFDQWO\ KLIJKHW WK®®Q WKQMP RILRW EDE NPFIYU G
EHFRPHV D NH\ IDFWRBHIO®D PHRYNEEL DY RIRBMHDY LR X V
FOXVWHULQP DIOGAURRAMMG X FL QIHWRHP REWWWHJIDUGOH V
SD\LQJ DWW HQWLMRIR HVRDFINZIDRUG PRYHV DQG WKH FRPSI
IRU WK RXWWQJ SWSEGRISBRHE WKH RSHUDWLRQ VHTXH(
YLWY PXOYWLQJV SURFHVVLQJ WLPH SURGXFWLRQ YRO.
LQWHJUDDWH B LO@W RWQ WRHQLIKH PRGHO WR VROYH &)3 |
VLQUARKWLQJ-DAEWLXDIWISUREOHP

7R HYDO XD RXSWKHIFKQRORVUM B Il DRKRDLQBHP HWKRGV DUH
LQ WKH OLWHUDWXUH 7KUHH W\SHV HRQ WY ZOIXBIWL\RHG S +
LQFOXGLQJ JOREDO HIILFLHQF\ JURXS HHIQFL&EQF\ DQG
7KHVH PHDVXUHPHQWY DUH TXLWH LQGLRYGBXYDOMQG L
HYDOXDWLRQ RI WKHIRUPRBWIRRREBYW RUKENOSUREOHP 1
1DUHQGUDQ GHYHORSHG ERQG HIILFHOQFP RQHWR UDBRA D
FRPSDFWQ®&WH DQGUWRXRVHG JURXS WHFKQRORJ\ HIILF
VKRZQ LQ \WISHURRUPDQFH PHDVXUHPHQW RI FHOO IRUPD
DFW X D BHIOIDWRIR'Y H ¥ RPG® FRA Q@YW H GH RV *7 6D M D

GHILOH G RQW@IHIH EDF N Z IDU/G SRIRYWHIQ WoH G@QIQV YT
PHDVXUHPHQW WKHHBIOHP®Y RV L Q@& YHINFN Z2DIUK® O
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DOWKRXJK WKH\ DUH TXLWH GLIIHUHQWKIHQGW KIHQDWWROQ C
Rl EDFNZDUGQ WKYR QO XFRYHUV WKH RSHBRDWDRQVY QX VLC

WKHwWSKDLOW WKLYV PRYH H[LVWV HRH® KRIUSIBWWH UQ IDOGR-$ IHH
FHOO

#+/
~ . _ +/
.AN0) 6 ' = 08
0+
rros - lF#+2/++/$/
- B 08
0+
2+/= 01F02

ZKHUH $,0 LV QXPEHUFRO @ FPARXYH® X MEMHIV RI EDFNZDUG
PRYHV 3,0 LV QXPEHU RI SRVVLEOH LRWHNBQRGB® PRYHV

LV QXPEHU RI RSHUDWLRQ LQVLGH PRFHKUDQW LFRH® @ X WNAL €
PDFKLOQHFHUOWKH QXPEHU RI SDUWYV

7TKHXUSRVH RI WKLV DUBRLFROGVILG WRL DR GAMMBOBHEODRRNY X0 LQ\
DQG DFWXDO EDFNXMMXBRPBBFW®HAXGKRWHGOG 6& DQG
PRGLILHG FOXVWHQL@KMWDXOFR UELRWKIR FHOO IRUPDWLRQ C
VHT X HBDQHHYV RIDXYGIWE D Q HRRXQ/WOL G H WIKW LRRVR/I LPSRUWDQW |ILC
LQFOXGLQJ RSHUDWLRQ VHTXHQFH SURFHR@LQJ WLPH
YROXPH-YEXDW\Y DUORX WKIQRVHY KRB WYWULEXWH WR LQFUHDYV
RYHWDORU ERWK VLQGORHXODRXWILQI POYREOHPYV

2 Methodology

2.1 ProposedSimilarity Coefficient

% H V LRROML@MHUP SRUWDQW IDFWRUV VXFXKUBY¥HRVSH QD W LR (
WLPH SURGXFWQORBROWRILWNH SURSRVHGWERHLQWHJIUDW
I D F WIRQRO XIBGE QD FH Q \@ DROSIHKIRWSE R FW@ HVKH FDOFXODWLR
7KH SURSRVHG 6& EFDQTHPIREKD B3\ H LBR.DY VK B X Q

LQ @T

5 = A%@%?DSU 3
T R oty St Af gly St %60 (
ZKHEHUHIMWRVKH WRWDO DFWXDO HORRFWHGOR & JEK\ PLORKW Q

ZKLFK XVHV EFWEGPPBERYEHD O F X O D W, HUGH LMWK H
DFWDOIR@ZYV WR RU |BREORPPKIAQAHKIGP PBIGIHQE\ WKH SDUW
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%LV WKH YRLG SRVVLELKDLQWG E B&KAHWHE H° VRO UR X W H
RlI DOOSSIDVUMKRIGES FWLRQ YROXPH RI SDUW

i Rt av #oaokSave ave (
46vaovo
#oave (1= 8%
a@a@5
) 0EB) 450 KN{,50
where =43 P1 EBS,51 KNy
2KPANSEOA
ZKH#HyLQGLFDWHY WKH WRWDO DFSVRFOHGREBE WK SRXIK
ZKLFK XVHV ERRMDKQ ® DFIKEHRIOD WKHNDRXWKHRZQ LQ (T
Jygefersto the nXPEHU RIDWRARWHI W H 6 JZLWKKEPERMU R
R S H U DIMZLKR.GW BSV R F R BIWK EIQQH W K Hyl HfR XQUGL RFOCHVH VW
IORZV WKDRKERUHR F HH G HEZ KEI\ FKDEFVW B F K EIQRHW) W.L P H
DQG PDEKRQMWVLPH T INQ{ Widdted ROVWRISHUDW LRI& LQGH[ LI ¢
PRYHV WKURXRIR W DIAHMREH WRXWH

6ysvhWH SURSRUWLRQ RI PLQLPDO DQG PDEL@MX® WRWDO
URXWSIHQGLQIPROKER®EV VKRZQ LQ (T

Xéov FovOU&YxRaev o vl &
|EIFAG Aosog: A Ao &

@5%
By a v ; (
_ ooy govdaviaey povia
|= TR G A ety o bas

wKH Eggkst KH SURFHVVLQJ BXMWHV LR DAF R H QBAXHWY LW K H
URXWH YV WIKHKLQH FDSDFLMN\ RI PDFKLQH

<avlb WKH SURSRUWLRQ FRQVLGHULQJ WKH DGMDFHQW R

DQERSDELWY RNOY VKRZQ@ W KV WKH NH\ IDFWRU WR UHGX
FHOO PRYHYV

 RLBLY
a@5a@>5Uav (7
where \§% \1 EB> K> 373 @ s MO =0 @gaF FaE D))
0 KPANSEOA
oo ! E B KD ,7J @), MO
Y 0OKPANSEOA
ZKHYELY WKH QXPEHU RI DGMDFHQWFRGQ HUOM WR@W EHW

DQG P DGIKQ QWK MLW LW K MEY RYBAL Y WKH QXPEHU RI RSHUD
SURFHHGHG R QFERWWKK BDBIKR BBIEKQ QWK ML\GLWKH URXW H

A73 A



L. XPhunget al. TheEnhancement thieOverallGroupTechnologgfficacy
usingClusteringlgorithnfiorCellFormation

NE\ SBERP®O\ WKH DFWXDO I10RZNy WMRFBO FIX@RPWHG ENQHR M
ZKHUWHyLY WKHIORMAXDVR RU IHRPFORBKDRQEP BBKHQH
E\ WKHLSWKM BIRXWHKRZQ I{@#(VI' WXRMELKURXJIK FLOFKLQH
WKH WHPHOXGLQJGRRDFW K®HRDBH EBEL®DWKH URXWH
asy
Iy Tk1 gave Loawy (
a@5s
40780y 0
lyave | TK &y
a@a@5
0 EB{ 450 KN4 MO
where K)33 P1 EBS,51 KNy
2KPANSEOA
% LGHILQHG E\ WKH DEVROXWH YDOXH RI WIRH GLIITHUHQ

SDUWV YLVL\WRQG WEK@IOEEH U RI S DRID\F\K GRE LWVRIXQ\IH
GHVFULKEMG7KQV IDFWRU WDNHV LQWR DFFRXQW WKH LPS

9

a4 aov a aov
%= nii?2 avF 112 gap
Ueses Ueses (10

1EBysMO
0KBPANSEOA

Vb KM XPEHU RI RSHUDWLR GBA PR KHEQ GNHKGNB) RSONHNV

where %33 \

2.2 Improved Clustering Algorithm

7KH FOXVWHULQJ DOJRULWKP LV PRGLIRHGWURB WKH /&
VRUW DOJRULWKP ZKILAFXOMW B QDAIRXKNMWHBH@QWHILFDWLRQ R
PDFKLQH SRVLWLRQV DEWKURDWHIREGEHDQGWHHQVUHOHFWLEF
XVHG IRU GHWHUPLQLQXHWKBREHANMWUWRRWPRSGLILHG F(

DOJRULWKP IRU JURXSLQJ DQG JH @HUWIXWHBQG MKHKLQH F
DOJRPULRYKOXGHYVY WKH IROORZLQJ VWHSV

Stepl $FTXWURMD W URPIDV KEQMAVEN SURFH\Y6EMNP H
SURGXFWL{R® EY RIDX® I? D F K L Q%pF FOIS\WW FIDM\XH IRU WKH VLPL
FRHIILFLHQVOBN AR M@EKRWGURXS PHUJLQJ FRQVLGHUDWLI

VWHS E DQG ZMLDNWVKDHFWRWLR EBDQ/Z HFpJW@BWHNZDUG
FRVW XVHG DW VWHS

Step 2 &D O F % QIRW HHPOFKK SO#D QGDQG JHQHUDWH D VLPLOI
FRHIILFLHGWUDDQNULWKH 6& LQ GHFHQGLQJ RUGHU
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Step3 &OXVWHU P DE KL FRD ¥ VGKRU POQFKLQH SDLU ZLWK WK
5, 'XULQJ SURFHVVLQJ WKH SRVLWLRQ RI WRPDFKLQH
GHWHUP L)X EDWLQJ DQG FRPSDULEQEHMWEHWVEHBIRDIH VYV
PDFKLRDI®WBD FKGQHH RUGHU ZLWE JWGKHI KYHRHSW. R U LW\
'LWK PDFAOLQEH® D FHOO WKH .BU1GQMD/JRDOFXOQWHG EDVI
RWKH WRWDO EDFNZDU® WV RKRZ EHWZTHQ WKHP

EJGI= T, Véss
Ueses@s@s
where Y&, (11
=1 EBYaf Ha7l =J@)aM0 =J @), MO))
= P=0.25 EB,F aR2 =J @[, M0 =3 @, M0))
=0 KBANSEOA

,Q WKLV VWHS WKHUH DUH VRPH FDVHV DV IROORZ

3D ,I QR 0& LV JHQHUDWHG WKH |DJAKFDYE& Y FUHDWH
7KH RUGHU LQ WKHFOLRMYY EHC 8 COMFERRID ULV R Q
YDOXHMI ®RAD QG JGAKDDERRHQWLRQHG

3E ,| WKHOHDMWDRQH JHQHUDWH GFDQG@KQY HE RWR K PDFK
EHHQ DVVLJQHG WR WIQN PHUIWQFKHRXS SURFHVV LV
GHWHUPLQH RAKKWIOHFWKLQHY DUH DVVLJQHG LQ D Qtf
JHQHUDWHGEMBEQNBRKLQH LQ JHQHR® WM& 08& I
DUH ODUQBNATR/HBMG WKH QXPEHUWKPHPDAKGE FHD Q Q
LDRW OMDKNEB[RPXP H[SHEWPBHU RI PDFKLQHV LQ FI
PDFKEQGEDUH PHUJHG LQWR VMK IBDWXILVBHDG QHZ 0& L
FUHDWHEDRKLWHKKSDLU

3F ADFKERBNOUHEBN®R YR W KH FHO OGN QPR KELHHQ
DVVLIQHG ®D¥VFKRQBRFDWHG WR WKH FHOO WKDW |
7KH SRVLWLRQ@GRQ PRFENREQBKH YBDXHD QI
LEJGLEHWZGMH®MG HDFK DVVLJQHG TP DLRX LVQKIH FORRF KWLR) H
ILQGSMKHWLRQ KDYLQJ WKH KLIKHVW OLQNDJH VWU

3G ,| PDEKDYO UHENH®RYRHI®KH FHO OFKDYGQMRMF HELHMHH)
DVVLIQHG FDY BDRMVQAMNVEHGFWEBO WKDWGLQFOXGHV PDFKI

3H | BRD¥FKER@®D FK G& B Y0HD U EH®\R Y/ RHKED PRHH O O
7TKHUHIWKH PDFKDQHESDIDIDR URGNVR WKH QH[W VWHS

31 ,| PDFRO@#DYH EHHQ DOORFDWHG WR WZR GLVWLQF\
FDQ EH UHVHUYHG IRU IXWXUH SURPMK WH\H FIXIEK DV |
FRQGLWLRQV

Step4 5HSHDBW MWHS'KH Q% {WQWIIPHDCWLQHY KDYH EHHQ
DVVLIQHG WR 0&V
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Step5 $VVLIQ SDUWYV WRYV MAS RIQGHIFILVOH HHWD UMWH IROORZL(
VXEWHSY DUH UHTXLUHG WR DVVLJQ SQUWWR LVORNHR SDL
JHQHUDWHG 0&V )RU VSHFLDO FDVHV¥HXXWWKWH D SIRIFHHE

5D )RU HDFWE BDWK HUNDXME HDFK PDF&H@H UPHQO
0§ UHSUHVHQWLQJ WKH WRWDO QXPEHSDRWPDFKLQH"
DQWGEysZKLFK GHQRWHY WKH VXERRWRBGEH DWKLR/QWHRIOS

5E 3EUWUIKREKN.WDVVLIQHG WR WKH SDUW MMIRHOLHV FR
PDFKLQHAHKHRBGIOWISHy ¥ X PPLQAAWPBPOOFXODWHG E\ (T

08Lr 0&4 Olys 1
5F 5HSHBW XQWHISO DOO SDUWV DUH DOORFDWHG LQ SD

JRGDUWYV ZL{WRX WW®& ¥\ R OSORZAHHAMMWHO U SURFHHGHG WR
VHOHFW WKMIJEHVW URXW

Step6: 6HOHFW URXWLQJV IRU HDFK SDUW

D )RU HDELKQ S\ K MI URKWHEEPHSOHKIDIWWFDOFXODWHG E\ W
ZHLIKWHG WKW OWEXP E H UF R D D FRARYEEIY QU KWH U
W R @/ORE HDUF RIX DO E D F NZE (@ VY RAKHREZQ3 D W

S#+%x #+Lht M#S/ys (13

E$SPRQJ WKH Y DU LKMRMXR XUARK WIL\GBE WGP B GFOXHRY \WAQK H

FDVH Rl WE#+ WEZR DG GLWLRDDOVVKEY DUH HPSOR
7KH ILUFRQGXEVLRQ LQYROYHV HYDOXDWLQJ WKH UL
GHQRWINE#DWVG FDOFX@DW H®& K WHFRERD G XE LR Q
SHUWDLQV WR WKH SURFHVVLQJ WLRFREWHHFRIWLYH
WLPH LME5BRBOWEB FRPSXWHS ' MSHQBLQJ RQ WKH VHOHI
REMHFWLYH REORQRBILWEZRQWDEWRRFSDIUH®R XV URXWLC
GHWHUPLQH WKH RSWLPDO URXWLQJ ZKLFK \LHOGV "

0834
40835 — 1
gz 014 (
3 46vo
565 (1P Jay (15

Y@a@s

WKHO8sV QXPEHU RH DYRCEDUWK HN ORXW B XPEHU
RI RSHUDWLRQV LQV IS®ELRDW K HQURKMMOV IR U

F SHSHDBX®QWHS® DOO SDUWV FDQ FKRRVH WKH EHVW
Step7 6WRS

Ar7 A



L. XPhunget al. TheEnhancement thieOverallGroupTechnologgfficacy
usingClusteringlgorithnfiorCellFormation

2.3 Modified Group Technology Hficacy (MGTE)

7KH PRGLILHG JURKISLWEBRE\KQRYRIQWU R Q WHHKBHDMWRH W
DFWXDO EDFNZDUG PRYHV LQFOXWXHDLIRWRERHJWDQDO RSHU
SUDFWLFDO SURGXXRONMLRAY WHKHN MWKWHRDLQ FRQFHUQ DQ
HITHFWYV RQOWEH IMRUAWFTHK XV LQMEHOO PRRKMOG KDYH D
VWURQJHU HIITHFW VEEUK RXVKG E H DIBG/®RID® AXQODWLRQ
'"HSHQGLQS$ ROMWW RFEHO DODVWHEBIPRY H FRYXW T YDOXH FDQ FKDC
WRHHMWWSHFLILF SURGXFWLRQ FRQGLWDRBGVLBWKH LV QRW
SURSRYHGWKH RYHUDOO JURXS WHFKQRDRIUKRZAQLFDF\ FI
LQ (T
1F#+/+2y/#$/
e =——%5g — 1
1+T+

3 lllustrative Examples

7RH[SOWIK® FDOFXODWLRQ SURFHGXUBPBOMKHZBWRSRYV
JHQHUDWHG ZLWK VL[ SDRIWVLDQGH LWYRIX PR OKL Q¥ RUSR L
YLVLWV 6XEDHPOHQWOWLOL]HG SURGXFWLRQ GDWD IHD
PDFKLQHV DQG IRXUWHHQ DOWHUQDWLYH URXWLQJV

3.1 Example of $hgle Routing and Multi -Visits (Example 1)

5DQGRP SURGXWIIHRID @ Bl WKWK BV PRV UQGRFDWLQJ
WKH RSHUDWLR QVKSHTRGXFAHL RIQ BROXPHL LQ WKRZEQ LQ 7
H[DPSOH D®8&VERQWYHKDRXVEEQRID OLFX & WMDISRIID VH G
IRU DOO PDFBQGHWSDH W\H V X O WIVE O I$ MV WKIBZ QL L Q
GHWHUPWEMGKLIKHVW YDOXH VR PDFKLQHV DQG
LQ WHPDF¥FKLQRKAHHROGHU RI P DIFEHQHMVEPERPED ULQJ
WKHNDL VWUHQJW KWKBIOFXPOWVOUR Q BRLIG 4= % HDRDX V H
LEJGL=1 PDFKLQH KDKRRIXEBEROQMDRKLQH WR REWDLQ WKH |
OLQNDJH VW BHIQWWH YBBBRGEY W Y DO XH VR PDFKLC
VKRXOG KK@YRXBHG LQ WKH VHFK®GOR QNKDLIGH VRHLCHD J\
EHWZHHQ PDFKL@HYKHD @@HDQZWKQ PDFKLGIFH DQG
PDFKIQKRXO®EH Q QURRIMD FKL @GHVLP LOD UL SUHRFXW M G
IRWIRMWRBBKLQH SWEZRWRZEDEQ DGIQH UIDWFHX G L Q J DQG
DW WKH HQBGKRI YDWHEY W K RGR DAUK-H DD\ WLIQBNHCH
HDFK SHiDWWL,s RU HDFK PDEFYHQAD BFRMIWHEQ WKH SDUW
WHRISHFLIZEWE H VP D OROELIVQEENP)LQDW@R SDUW IDPLOLHV
D WHH Q H UIDQFIOX G L Q J DMRRAGLQJ WR WZR PDFKLQH F
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7DEIOH
7KH SURGXFWLRQ GDWD IRU ([DPSOH
N ODFKLQH
3 DiU W 0 0 0 0 0 PV
P1 3 1
P 310
P3 1 3
P 1 3
PS5 1
P 1 150
7DEOH
6LPLODULW\ FRHIIUBPH®@W PDWUL[ IRU
0DFK Llon ODFKLQH
0 0 0 0 0
0 1 0.8703
0 1 0.8481
0 0.8481 1 0.7777
0 0.8703 1
0 0.7777 1

3.2 Exampleof Multi-Routings and SlectedObjective
(Example 2)

7KH VHFRQGZ H\VMPBW H. QMWD Q FH XWHBURGXFWLRQ GDWD
VDPSOH IHRPVWKEJ) QRWABNOWXUH SDUWV DQG PDFKL:¢
DOWHUQDWL Y@K WSXY\WEGYWLQJ WL PHDNRXBVRGERIS HUDW LR (
VDP$IFFRUGLQJ WR RVK R5PEQRANXQP DWWKHQH SDLUV

DQG KDYH KLJKHVW IGIRUWDRHRHEKLQH SDLU
VKRXOG EH DV V LO&MHBGWRKW KOHD FIKWDW SADR. W KH V IDNVR/Q GQ H
0&VLQFKH PHUJLQD WRBGGQRWRODWLVILHG

7KH QH[WS5EALYRKY P\ FKLQHODFKWLQMDOKB DG\ EHHQ DVVLJIQ

WR WKHOSHRRQGDFKRQWLIQHG W R&W K H DFHHARXHGS D L U
KPQRW EHHQWRQALYQKB PHUJRQG IRW WVRIQLY SDLU

V D WEEH EH X VEH& EYRDAOKKHY IRU PDFKDQB BOHWKHU WKDQ

W IOHBN ADBHY@D O X H  + H Q F B UDABKGHH/GH IWUB\E\VE L WK H PDFKLQH

SDLU 7KH SURRBWLQXHG X Q WLUDHVD/Q O\IREE & WQ W K H

HQGWRHSWDRVFRUUHYVSR Q G-LSPJIU WL WDKP MOA RM{MILRI \D O O

JHQH UDWKRZ GDEDKULWIHS #+$ RU DOO SDUWV ZLWK DOW

U R X WOLUBHD\D F XID\D WIHBK H U RXIWRR Z B# &LV VHOREWH G

SDVW DQGNZR DOWHUQDIKH BBRITK R YW 85
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DQEH:DUH FDOFXODWHZLL WR UW BR FREQERE D ¥ MAQ HW K HD Q G
SURFHW\YEMR) REWDL FRREDFIRQHWYH FDVH WKH
VPDOOOSBYWWYRUH LPSRUSGED GWS IVEW Q DRIGBIMHVUPLQH G
(PR 3R 3R 3R DQGRI13 3R1 P-R 7R DFKLHYH WKH
SURFHVVLQJ WRRHWKEMABWH YWKH VPER DWDWK H U
SULRIUQG'WZR DREEOQMRI-R_HBR 3R 3R DQGRI13

3-R1 3R 7ZR PDFKLQH FHOOV ZLWK PDHAKLE@OQGD\RXW IR
H[DPSOHV RI PDW HR3 DI 58 B HRUKR I RO

7DEXOH
&HOO IRUPDWLR®XRUWL @IX/O PXOWL

3D U WR XMt ODFKLQH 5#+ 40856
010 0|0 |O 0|0 (0O 09
P1 R1 3|4 5 1 2 1
P2 R3 213 4 5 6 1 1
P3 R 1 3 5 0.25| 5
P5 R1 1 3 5 0.25| 5
P6 R1 3 4 1|2 1
P7 R1 1 3 0 |[067| 3
P1 R 1 3 5
3 R1 1 3|5 3
3 R 1 3 5
P3 R1 3 1 5 0.67| 5
P4 R1 1123 4 0
P5 R 3 1 2 |067| 4
3 R 1 3
P7 R 1 3 0 [025]| 4
Intra-cell moves z 8 Intra-cell moves
B Mool |z 5| [w How
= ~ YT =T =
S, SR, A b4 4

\
. e[l

M7 A ~ . ~ M4
K — C—7 _|Intercell moves — —

CELL 1 (P1, P2, P3, P5) === - =~ Y%CELL 2 (P4, PG, F

Material flow 1-2¢-———-» Material flow 1 e-eeeeeeeeee >

(P2-R3):  M21T M37T M5T M71 M8T M10 (P7-R2) M2T M4T MeT M9
YLIXUH

&HOO IRUPDWLRQ DQG PD¥RQGHPOOIMRXWD-GRIDREV3IRU 3
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4 Comparison Results and Discussion

7KH SURSRVHG P HWKRHEPARHG SURBIOHPY IURP WKH OLWE
VPDOO5S5VLIWR ODUJH VMRMKH'DOXDWLRQ D@KRUHFRIPSDULVR

NLQGV RYDGKEBNOXEBHQY »7(@5DMDI¥ *®QG SURSRVHG
0*7(DUDOFXODWHG IR US$WH HHORRSIZ DR G XX D&/ &
DOORZV WRDO¥FIXFNBOMHS OQGWKH JURXS WHFKQRORJ\ UHV
SURSRVHG)PHBMKKRREZY WKH ILQDO VROXWLRQ RI FDVH |
DSSOLFDWLRQ

& Group Technology - O '3

= = i Gel Grouping Realt 133 Total nterMove 37 Computational Time 222ms
Total 3 Total Bac e 19 Lee's Group Hficacy 04343
Threshold Vaie | 05 | Weihiing Factor | 0.7 | el 00 TodAcudlbeelove. 35 5. Raja’s Group Bficacy 03328
e = i Total Voids n Cels % TotdAcudBacwsdMove. 20 Modfied Group Eificacy 03754
M20 | M3 | M11 M25 M18 M7 | MI16 | M4 | M3 | M3 MI0 | M21 | M6 | M22 | MI5 | MIS M5 MI7 | MT  M24 | M2  M23 | M12 | M4 MI3
P3 Zils
P 1 3 4 2
TN I S
P14 3 4 2 1
P 3 112
P 703 4[5 1 5
PS5 1 3 2
] i1z |els 5
P16 4 3 2 1
P17 o o
P30 q 2 3 4
P10 3 (] I
P19 3 1 2
P21 slela]
P2 ) 2 4 1
P28 e
P38 3 2 1
P8 12 3
P25 2 |1 3
P27 3 2 1
P29 i 3
P35 i 2 3 4
P | 3
P8 3 2 1
Pis 1 5 213 [
P23 3 1 2
P2t 2 1
PN : 2 1
P2 [ 4|2 7
P2 4 5 3|1 |2
P36 4 1 2 3
P 7
P& 2z 1 3
P20 1
P26 2 4 1 3
P34 3 1]
P37 3 1 2
P35 1
P11 Z 1 3
) a3 e

YLIXUH
7KH UHVXOW RI WKH SUR G X\WWH FoH GIDOWDS MG 1D RS O L[F DML R Q

7TDEOGILVSOD\V WKH FRPSXWDWLRQDO UHVXOWYVY REWDLC
HDFK WHVW LQVWDQFH DORQJ ZLWXFRLHERPBRUKHVURQ WR
DSSURDFKHV LQ7 WK 5 OR 3RMIHDGNRHW KRG JHQHUDOO\ RXW
VWXGCWNUPY RI $,0 DQG $%0 H[FHSW IRU WKH [ DQC
$OWKRXIK WKHVH WZR FDVHV H[KLELW D WMWHKHU QXPE
VXSHULRUHARPBDPWRKLQH FHOOV ZLWK VLIJQLILFDQWO\
IRU WKH [ HIDPSOH WKH SURSRVHG PHWKRG \LHOC
DGGLWLRQDO $%0 ZKLOH PDLQWDLQL®JAORWHUBWKU H \O
PHWKRGYV &RQVHTXHQW AR @Q\KLIH/ &/ BIRS\ROAHOGF R HMWKHRVGP L Q L
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PRYHV ZKLOH HQVXULQJ KLIJKHU FRPSDFWWKNYV 7KH L
SURSRVHG PHWKRG SURGXFHV VROXWLRQV ZLWK ORZH
LPSURYHG FRPSDFWQHVYVY DFURVY PRVW WHVW LQVWDQF

7DEOH
&RPSDULVRQ Rl WKH SURSRVHG IPHWKR® ZOWK RWKHU PHWK
7HVWG6L]H % H V W FPuodogeddMdthod %H
1R| 3[0[5]| 1& 12 1, 19 [$,0/$% OHWKRG\,RX
1 [ -21-4| -14 -3 -4 | -3 | -
5[ [10 2|1 0 9 1 0 2 | ODWKHPDWLY >
3 [ 2| 5 28 14 5 0O|6LPLODULW @
7TZRPRRGH. P L(
[ 3| 5] 38 8 | 5| 3|ERHIILFLHQ] > @
5 [ [ &|-2|-7| -26 -9 -71-0F -
[ [ "|-2|-7| -24 -11 | -7 | -0 | -
[ [ 3| 8 23 11 9| O|+HXULVWLF| >
[ 3| 6 50 14 7 12l6LPLODULW] >
7 [ 3| 20 59 30 22l 6 |6LPXODWHG| >
[ [ & 3| 15 32 16 18 4|6LPLODULW] >
[ [ 7 3| 15 29 19 18 5|6LPLODULW] >
9 [ 3| 9 52 0 16 8 [)ORZ PDWUL >
10 | [[ & 2| 2 26 10| 2| O|7DEX VHDUR > @
[1 7 2| 2 24 11 2 0| DOJRULWKP
7DEX VHDUR
11 |10[ [ 3 2 30 3 2 1 DOJRULWKEPl > @
1 [ I 2| 5 67 17 6 116 LPLODULW] >
7TZRPRGH VL
13 [ 5| 14 65 18 18 11FRHIILFLHQ > @
1 [ 5| 44 123 21 60 27|*HQHWLF DQ >
15 [ 8| 33 100 26 35 20))ORZ PDWUL >
[ 5| 32 115 53| 44 206LPLODULW] >
17 [ 5| 30 130 66 41 221*HQHWLF D( >
1 [ 5| 30 150 84 37 29/7236,6 >
3 [0 [5Part number[ Machine numbelf Route number(C): Compactness objective;
(T): Processing time objectivé{C: Number of cells

JLIXUSIUHVWERWPSDULVRQ RI WKH SURSRVHG PHWKRG V
DSSURDFKHV VSHFLILFDOO\ IRU WHKH *7( PMBVWUHYVWD
7KARQVLGHUDWLRQ Rl DGMDFHQW RSHDQWQOR QH®XWHKH ¢
WKH WRWD ®, QXHPEHDORMKKH EHVW /HHYV *7( LQ FRPSDULYV
PHWKRGYV LQ WKH OLWHUDWXUH 5DMDJ¥%@(QDQG SURS
PHDVXUHV DUH DOVR KLJKHU L@ WRHH SDRI®RR BBKPINW KR C
7DEDSUIQWH D FRPSDUDWLYH DQDO\VLV RI WKH SURSRYV
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VROXWLRQV IURP WKH OLWHUDW XT(H DIRG XWVK © 5 B RS RI/H G
0*7( PHDVXUHV DF URMWBQRAWHH®H FRPSDULVRQ UHVX
GHPRQVWUDWH WKH VXSHULRULW\ Rl WKHQSWRSRVHG PH
RI 5DMD V *7( DQG WKH SURSRVHG 0*70DQA®RWDPEO\ LQ L
WKH SURSRVHG PHWKRG DFKLHYHV VPO OMKHLQ/ RMW KHT ( E
PHWKRGV 7KLV LV DWWULEXWHG WR WXWLRWDRBZRWHKG Pt
RQH PRUH 19 ZKLOH PDLQWDLQLQJ WRNWDRHRHNO DQG IH
DQG [ WKH SURSRVHG PHWKRG H[KLERLW\KIDJKHUKHU Q
1& +RZHYHU WKH VXEVWDQWLDO UHGKF®/QRQWHQ G\ W R
VLIQLILFDQWO\ KLJKHU *7( LQ DOO PHBWXRIEW\SHV FRP.

GTE
)
w
G

0.15

T T

o o
Pﬂ\\ v

o BN

< oF o©

T T
N 2
IR
PR
o
—8— Lee's GTE —— Raja's GTE —w— Proposed GTE

YLIXUH
&RPSDULVRD(\RRBWHLQHG E\ WKH SURSRVHG P HRUWK B G RREGHP H[LVWLQJ

J)XUWKHUPRUH LQ RUGHU WR DVVHW/KWRG HZ KHIQ F®OHD QL QA
ZLWK BVEDOHHISUREOHP ZH HPSOR\ WKWH.QURGRKEPRLRQ G
PDFKBEQHW P[DW LQWERRB®BEGY @&KH UH SDUWV DQG
PDFKLQHY DUH LQYROYHG 7KH RULJL RDFKBQRB X.FWLR Q
DQ RSHUDWERRQVWIETREREMQRDWUL[] WR HYDOXDWH WKH
WKH SURSRVHIGH P&3BKWGPH WR VROYH WKMMWHISHREOHP
VHFRQGV ,W LQGLFDWHV WKH PHULRERIBURE GHRBRVHG
LOVKRUW FRPSXWDWLRQDO WLPH ZKLOH (VVRUOIOREWDLQ
UHPDLQLQJ HYDOXDiHH ERPGYXWD@HRIRWY DO WLPE LV VLJIQL
FRPSDULVRQ ZLWK RWKHU BNWRRGKHLQLRAKGHOS WRIIULIDW
PHWR& @

JLIYSUWMKRZYV WKH &38 WLPH FRPSDULVRQ UHY PQWBYV EHWZF
RWKHU DOJRULWKPV IRKHSRRRSDULVROWDFXYWY HPS|
VLIQLHRDQRFRUSRUDWIMQR QZMRDPERMORBHBRY UHVXOW
GHFUHDVHG $,0 DQG 19 LQ PDFKLQH FHO ®W JRKH WKIP FW L
LQ GHWHUPLQLQJ PDFKLQH SRVLWLRQV $PXMULQJ FOXV)
BHOHFWLQJ WKH EHVW URXW L Q JUIRWOHDREXHSY DG PDWV K G
FHOO FRPSDFWQHVV DOORZV IRU DFKIONMVRXQWLRSWLPDC
SUREOHPV ZLWKLQ WKH FRQWH[W RI &)3
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7DEOH
7KH *7( FRPSDULVRQ EHWZHHQ RWKHU RBSURDFKHY DQG WKH S

SHVXOWYV IURP WKH DU RVS-FRNIINGKRIGI
7HYWG6L]H &34
1R| 3[0[5 /HHY 5DM| 3URSRVHIE 5DM| 3URSRVHE
*7( *7( 0*7( | *7(| *7( 0*7/(
1 [ - - - 05490 0.3431| 04049 | 3
3 5[ [10 0.9 0.45 0.585 1
[ 0.5277 0.5277 | 0.5277
[ 0.6500 0.5572| 0.5850
70 [ & - - - 05428/ 05428| 05428 | 15
5 [ [ 7 - - - 0.4857 0.4857| 0.4857
[ 1 0.4637 0.4637| 0.4637
[ 0.6373 0.3906| 0.4646
7 [ 0.4198 0.3646| 0.3734 | 31
[ 1 0.3239 0.2476| 0.2704
9 [ 7 0.60%| 0.4146| 0.4731| 10
10 [ 0.6500| 0.6500| 0.6500 | 17
11 | 10[ [ 0.8264 0.7851| 0.7975
1 [ 0.7121| 05554| 0.6024 | 35
13 [ 0.5442 0.3982| 0.4420
1 [ 0.4659 0.2912| 0.3436
15 [ 0.4949 0.3328| 0.3754
[ 0.4032 0.2667| 0.3076
17 [ 0.4267 0.2999| 0.3379
1 [ 0.4571] 0.3131| 0.3562

—e— Simulated annealing [11]
Tabu search [37]
31 v— Proposed method

CPU time (s)

T T T T T T

20x8 19x12 20x20 35x18 40x25 51x20

YLIXBU H
&38 WLPH FRPSDULVRQ IRU SRSXODU LQVWDQFHYV
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Conclusiors

7KLY SDSHU SUHVHQWY D QRYHO VLPLOXYWHUERHBIILFI
DOJRULWKP WR DGGUHVV PDFKLQH FHOOURWPR®YLRQ D
VLPXOWDQHRXVO\ 7KH SURSRVHG PHWKMPDG VYRMKHDYVDWH
RSHUDWLRQ VHTXHQFH SURGXFWLRQ YRMOXPHOSURFHVYV
YLVLWYV DRXWXQWL 7KH PRGLILHG JURXS WHFKQRORJ\
HYDOXDWMHWK®BGIO SHUIRUPDQFH RI WKH VROXWLRQV
&RPSDUDWLYH DQDO\WHV ZLWK H[LVWLQJ PHWKHRGYV XVL
IROORZLQJ FRQFOXVLRQV

-7KH SURSRVHG PHWKRG RXWSHUIRUPY RWKHU DSSURDF
PRYHV DQG YRLGY LQ PDFKLQH FHOOV OO FIR@XISVWHQ\
WHFKQRORJ\ HIILFDF\ IRU PRVW WHVW LQVWDQFHYV

- 7KH SURSRVHG PHWKRG GHPRQVWUDWHY WAWQLILFDQ\
LQVWDQFHV VROYHG LQ OHWLMWKDDR E OMHHF RO@ &/\H UHDYAHXQ |
LQ XQGHU VHFRQGV

- 7KH HIITHFWLYHQHVV RI WKH SURSRVHG DSEBWRDFK PDN
VLPXOWDQHRXVO\ DGGUHVVLQJ FHOO IRUPDWLRQ DQG
SUREOHPV ZLWKEQOMKHO DHPOR RIDFWXULQJ
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Metaheuristic Algorithms for Related Parallel
Machines Scheduling lPoblem with Availability
and Periodical Unavailability Constraints

Mihaly Gencsi

'HSDUWPHQW RI &RPSXW BQLRIQDDOL NS BRI SEFPDIM IGR Q
672 6]HJHG +XQJDU\-VUHHQFGLEXQI X

Abstract: The RelatedParallel Machine Scheduling ProblefR-PMSP) is a type of optimal

job scheduling problem. The problem is to assign different types of jobs to differalfel
machines. Every machine has a speed rate that can execute a job faster or slower than othe
machines. Thipaperfocuses on an-RMSP, with availability and periodical unavailability
constraints. Some jobs can also have machine preferences. The problemhesih t
constraints is NFhard. This study describes three metaheuristic algorithms for solving the
problem. Namely, the algorithms are Genetic Algorithm (GA), Simulated Annealihg (SA
and Discrete Grey Wolf Optimizer (DGWO). This article focuses on examining the
performance ofthe algorithms, determined bythe required timgto find a suboptimal
threshold. Simulated Annealing pravi® be the best in terms of efficiency and time required
to find the suboptimal threshold. In addition, the study describes a benchmarktgene
method for this problem, which guarantees to create a problem with given pespant

with a given optimum.

Keywords: Parallel Machines Scheduling; Availability andefodical Unavailability
Constraint; Genetic Algorithm; Simulated Annealing; Grey Wolf Optimizer

1 Introduction

7DVN VFKHGXOLQJ SUREOHPV FDQ EH VHHRB®Q@K® DQ\ SD
VFKHGXOLQJ SURGXFWLRQ OLQHV VFKHGXOWRJ WDVN
VHUYLFH TXHXHV 7KDW LV ZK\ VFKHGXOLYIWR RHQH RI W
VROYHG WRGD\ 7KHUH DUH PDQ\ DSSURDEKHU DR XMRD YL
EXW WKH GWKHUYURE®HP PHDQV PDQ\ RSHQ DUHDV 7LPH
UHVRXWDROX\D E B QV ERHBADSYHRGSHU O\ DOORFDWLQJ WDVNV V
7KH PRWLYDWLRQ IRU WKLV UHVHDURK WRPEH/ VBRF HGZR
7KH ILUVW LV WKH VFKHGXOLQJ RI ISQG®LLYHLM@GWYD OV R/ AAVHN W L
FDQ LQFOXGH &7 05, EORRG WHVWW 6RXQBEMU BQ HRY AN
YDULHVY DQG SDWLHQWY KDYH WKH RSWLRMKXRISTKWRRYVQ ¥J
KDV DQ DJUHWMRHQKMH ODERUDWRU\ 7KH WHVWLQJ ODE
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FKDUDFWHULVWLFV PD[LPXP DYDLODELOQWYDRGSHEBDILQLWN\
WLPH EUHDN WLPHV PDLQWHQDQFHWKLPLH VSRV M VOIDERW
WKDQ RWKHUWS5 GRYFAKINQMY RHWF 7KH VHFRQG H[DPSOH
RI WDVNV WR YDULRXV FRPSXWLQJ GHYLGBEOH. WK MR PC
DV 3&V VXSHUFFPREXNWARQYWBRGMHRFHVVLQJ VSHHG YDU
WDVNV PXVW EH DV\R RGMG LA FRW G i BUWANY]Q QQ JDW DR/

PDFKLQH FDQ UHGXFH WKH UXQQLQJ WRP® \RD D0 RDD V N
EH GHOHJDWHG WR SUHGHWHUPLQHG P IFAKLRM\RWRU UF
FRQWUDFWXDO REOLJDWLRQNU\LIQH VAHK B D B K IWQHHM. \B\R I/ F/\A \
UHERRW WLPH PDLQWHQDQFH VFKHGXOHKLQMQG FOH
VFKHGXOLQJ SUREOHP FDQ EH SUHFLVHGUREWHARHG ZLW
7KH FKDUDFWHULVWLFV RI WZR H[DRBS\OHN B Y HD 8 H UWHKFHV
WD\ONDMEBDERUDWRULHY DUH WKH PDFKLQHRL]HQWERMWK FDV
PDNHVSDQ L H PLQLPL]LQJ WKH W LDRCHG GW KIH UHHQGGF R | EWM K
WDVN VHTXHQFH 7KLV SUREOHP LV FDOGRHEXWKH 5HOD
3UREOBBP6F ZLWK FRQVWUDLQWYV

,Q WKH QH[W VHFWLRQ LQ FKURQRRP®MRBOSBREBGHP WR
PRUH GNWSIHVHHOH WKH W\SHV R IV & HGHH/IHQWS BRE O H
PHWKRGN GHVFEQ LEHBDPPWKHPDWLFDO PRGH® RI RXU S
GHILQBIIBFWLRIHVHQWY D EHQFKPDUM KDMW HWU B WG R QWK IH\
RSWLPXP 7KH XVHG PHWDKHXWSHRNLEF DRREG W KFD W LR QR
GHVFULEHG 5. @ K6HFMEDRMDWLRQDO UHVXOWW DUH GLVF)
J)LQDOO\ LQ W KH FODIVRIQH M K GARRIID QNGRHRED LDLQWE & H
SRVVLELOLWLHV |RUVDXGBMMWAXY LIRSURYHPHQW

2 RelatedWork

5SWHDUFKHUV KDYH UHFHQWO\ GHILQHG FDOWNIQIJRULHV D
SUREOHBARVEURDG FODMHERIUEHWYWLQJIXLVKHG

. Single-stage jobscheduling :KHUH HDFK MRE FRQVLVWYV
Rl RQO\ RQH

HIHFXWLRQ SKDVH

. Multi -stage job scheduling :KHUH MREKFRQVLVWYV
RI VHYHUDO

HIHFXWLRQ SKDVHV WKDW PXVW EH H[HFXWHG
SDUDOOHO RU D SUHGHILQHG RUGHU DFFRUGL(
GLITHUHQW UXOHYV
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TKHUH DUH VHYHOGNMW VIS R E | WALKPIG KIOLL@H VWFIKGIBXD L Q J
LGHQWRFRWEKPGERJ) PDEDYHIHG PQICQXQUHODWHG PDFKIL
VFKHGXOLQJ 7KUWMIIBEHM RHEXOMQJ SUREIORIPYV DUH N
VFKHGXORBKIRS VFKIBD®XGO WK RSREFKHGXOLQJ SUREOHP
IXQGDPHQWDO SUREOHPV FDQ EH H[WHRGW® WDLMING LIt
ODFKLQH FRQ\EMUDV Q RIVPBE®LQH FDQ ZRUN IRU D SDUW
HDFK PDFKLQH KDV LWV RZQ WLPH WR RBRURFHHWM WKH LQ
WDVN DQG PDFKLQHV FDQ VWRS SHUILERGRFDRD®\ 7DVN
NLQGV WDVNV PXVW UXQ ZLWKLQ D JL YU ® DFIKRIQ HD WDV
WDVNV FDQ RQO\ EH DYDLODEOH DQWEHJ \DS © DW VWKLSF RO DQR
7KeIFDEGLITHUMBRWREH |XQFW >R @VDW R VSDJLPX PH

ODWHQHVV WKH WRWRPE AR P BIRERIMNWRKX WV MPRAW DO WDUGL
7KHHQNWWHG UHDGH6 @V DUHG HUKIH W MR BH@FHY WKHUHL

2.1 The Single-Machine Scheduling Problem with Constraints

7KH VLPSOHVW YHUVLRQ RiPWKK LSUR E DKIPGXO IMKH SWLREC
ZKLFK SHULRGLE RHDNY FOR) EH @ V VALK @ PEEG L@ H
VFKHGXOLQJ SUREOHP ZLWKWE YDV O®EVLPOXLWAHER QAZRU IV
DYDLODELOLW\ FRQVWUDLQWY DUH LQWBRGXMHI B PDF
VSHFLILF WLPH RU D WRRO PXVW BH G HEFOD F, 19 GWIXIM/HID D
WKH JRDO LV WRDANLKMPDH WK EQ W K B WJIDVKIRDQ & H
SUREOHP ZLWK WZR PDLQWHIDIUEF H6 ER @\ B/H\D LRI WKH X V L
DOJRULWKPV DUH SURSRVHG WR VROYH WKW SUREOHP
SHUIRUPLQJ DPRQJ WKHP LV WKWV ®HREWH DYURU LRAUIGH U')
Q >@ WKHPDEXLQM SUREOHP LV DGCH 8 U WHE YOQGHRIDW B I/
XQDYDLODELOLW\ FRQVWUDLQWY 7KH XRBOULYLWRWLQL
DQG WDUGLQHVV $ PDWKHPDWLFRDR HRUPXONW WPRQ @DV
SUREOMMDULDEOH 1HLJKERUKRRG 6HDUFK-0218 ZDV XV
SUREOHMY 918DV H[WHQGHG ZLWK WZREDNVGRZORGDW® PR
VHDUFKHV ZKLFK LPSURYRHVWWH®GRADNOBYNKVRI 916
([SHULPHQWDO UHVXOWYV KDYH VIX® ZDF K\LKID'\M WEW LPR®L
near RSWLPDO VROXWLRQV LQ D UHDVRQDEOMHWRRM ,Q D
RWKHU VWXGLHV LQ WKH OLWH UDWRIGH R D PXGODRACHY W/ KAH:
SUREOHP XVLQJ YDULRXV ®@URYHQ PHWKRGYV

2.2 The Two-Machine Scheduing Problem with Constraints

O0DQ\ SDSHUV LQ WKH OLWHWIFWKQ@HG6BREWYK RQUWRMNVWZF
FRQVWUDLQWY ,Q > @ WKMWISHRERGPFZDYDVYWR E L & GWA G
Rl D PDFRK@GHU JRDO LV WR PLQLPL]HHWKW KRDDAWN WMWVKSHD Q
/IRQJHVW 3URFHVVLQJ 7LPH ILUVVWDWMH RDWNKRKH/ 37 KDV
SUREOHP LV R@OLWHKDHEWIHR SUREDELOLW\ ZDV JUDGH
FRQVWUDLQW WKDW RQH PDFKLQH URD@ DY DAHR PE QHPR\WV

fo1 A



M.Gencsi Metaheuristiégorithms féelatedParalleMachineschedulingroblem
withAvailability arieriodicadlnavailabilionstraints

WKH WRWDO ZHLJKWHG FRPSOHWLRQ WLPMLPHKH\ GHYI
DSSUR[LPDWLRQ VFKHPH )37%$6 IRU WKHWG SWURBOHP 7
VFKHPHSWRDOOHO PEFKWEADPWERQPH VFKHGXOLQJ SUREO|
XQDYDLODELOLW\ RI D VLQJOH PDFXHGH T7RHLD VEBBPBLZIDRY
WR PLQLPL]H WKH PDNWANGCGDEOKRBONHVHEBDUWMKLY SUREOHF
GHYHORSHG D VHSDUDWH VROXWLRQ PHWXKRKRHYHRU HDF
PHWKRGY DUH HIILFLHQW HYHQ IRU D ODUJH QXPEHU RI

2.3 Multiple Machine Scheduling Problem with Constraints

7KHUH DUH DOVR SDSHUV LQ-WBHKQ QW HWUDWNX ¥ AKHHEXDW 6
PXOPDIFKLQH WDVN VFKHGXOLQJ VHYHUDO WKSHV RI FR
OLWHUDWXUH IRU ZKLFK GLIIHUHQW RRUR UL \@K® M DKDW H
ZLWSVB0®P O\VLY Rl WKH FODVVLFDO VFKHGXOLQJ SURE
WLPHV IRU PDFKLQHYV DQG UHOHDVH GDWHHVQDMUERG N BH B H
$ EUDQFKLQJ VWUDWHJ\ DQG DIRWZIVRR 2ZMDVINY G X 8 SGHIY E
EDVHG RQ D UHSUHVHQWDWLRQ WDNLMYKRZ®@ WHHD V8 H U
HPEHGGLQS WDHWRBWLYH ORZHU EIRRIGFEPSKWIRQLRDY LC
EUDQRBRXQG DOJRULWKP \LHOGV YHU\ SURPLVLQJ SH
PHWKRG WKH\ ZHUH DEOH WR VRQYWRLQWDVR § DAMHK
&38WLPH 7KH DX@WKREX\R ROP VKKLBXOMRLYVN VFKHGXOLQJ .
ZLWKW H[WUD FRQVWUDLQWY 7KHLU JRD/®R IMRWRHPLQLP
WKLV SUREOHP WKH /DUJHVW DWXG! 'V)OR YRH U3 UTR.PHHV WLLLOV
6LPXODWHG $QQHDOLQJ B®JRWGMKIF GROMG G7KH7LQLWLD
ZDV JHQHUDWHG XVLQJ D KHXULVWLF /3'X\PHIGVIORG ,Q L
HITHFWLYH VROXWLRQ IRU WKH UH S UH¥BIRS\.MDW LIRYGW K D V
LQVHUWLRQ LQWR WKH QHLJKERUKRRG DQGWKRLGV ZRU
LV DEOWHVBURE®HPV ZLWK VHFRQENV DQG WKH DYHUDJ
EHWZHHQ WKH ORZHU ERXQGV IRU DOO VWXY®GRP LQV
[13@ WKH SDUDOOHO PDREQER VFKWNGHRSIOMBLSOH VFKHG X
XQDYDLGBEHLBGW\KHLU SUHVHQWHG FDVH WKH\ DOORZ W
7KHLU JRDO LV WRNPHWYIPQ]H MHKHILUVW IRUPXODWH WKH
IRU \OPBIGLRPG PRGHUDWHO\ ODUJH ID@QVW@XQFFHHYD WKRQ S
DOJRULWKP XVLQJ OH[LFRJUDSKLF VHTXHQFLQJ 7KH\ F
0,/3 PRGHO ,W LV VKRZQ WKDW WKH SURSRROEVDICRI® UL
DQG LV ID@W MEKKHE XOLQJ SUREGH® VRLADODSMLEDOOHO P
ZLWK VKDUHG VHU®HSHQXHYWTXHOKIS WLPHV LV DGGUH
WR PLQLPL]JH WKH PDNHVSDQ 7KH\ GHVFW.EG® DR ®,/3 PR
DGGLWLRQ LPSOHPHQW @) PECBHWHW LFQROFRRAWHWKP IR
SUREOHPV $IWHU FRPSDULQJ WKH HIILFQAQRDRGWKH W
WKH *$ DOSRBYWEMWHU TXDOLWWHDRERWEREVFR® SXWDW
WLPH
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3 Model Description

,Q WKLV ZHEFHW BRRQEU SUREOHP 7KH S URBNMHIM \RVDOGIQHHG L
MRE VFKHGXOLQJ ZKZ RQWK HURZBVWGIMIQ D SUHGHILQHG V
PDFKLQHV $RIOOWQNNY DUH XQUHWRWWHGR QRIW IFRHIPQM R/E
DQTHFDQQRW EUHDN WKH MREV LQWR WPDDIHIIVWDVNV R
ZHZLOO XVH WDVN D Qmntadd EL [HG VD Q B QG PIWIHDWR/ILQ QV W L F
PDFKNGHFLILF FRQVWUDLQWY WR WKH SURB®@EP PD[LP X
SHULRGLFDO XQDYDLODELOLW\ FRQVWIHH®MFKODFKLQH
PHDQV WKDW D PDFKLQH FDQ H[HFXWHVRB G WQIMK VI RY W\
WBV DUH JLYHQ LQ QXPEHU RI PDFKLQHM RBRK/MYHXFWLRG
LQVWUXFWLR QWL B RKQ@H VR HQHIH POEFWRDQHFRQVLGHU RQH
XQLW RI WLPH DVaRI@BIVPHQ XCUEKSRRALIR QKRB MW D Q
H[DPLQDWLRQ ZOQWKLYWWYWPORXLRQV D ODERUDWRU\ ZLW|
ODERUDWRU\ ZLWK VSHHG )RU HEKDRSOWHWKRHR VHFF
HTXLSPHQW- DX EIHW®/ H/W D IR QK DK MV KIHU MMJ VOAD ER U D W F
FRPSOHWH WKLV WDVN LQ QLQH PLQXMHV PZ®K@/Hi W K H
7KH PDFKLQH DYDLOPHEDRQ V\DWRIRWK\L.W HDL\Q WQDYDLODEOH
SDUWLFXODU WLPEH)RWYHHPD®BBDRIU RVKRNY U ZEWKOD 2R ¥ N
VFKH@HBEQQRW DVVLJIQ PRUHHMKOL@® DRXEBR KRXKN RH U LF
XQDYDLODELOLW\ FRQVWUDLQW FRQVL\DWG KISWZRHRPS|
$IWHU WKH HQG RI WKH XSWLPH WKNKVBBRKGLHG] ' RRIXV W
PDLQWH Q DEX}SS RALRHKWIXYDMW D ODERUDWR W HAK B WA XLQW H U C
WKDW ZRUNHUVie®@ PIHGXWR WDMBINDHYHU\ FDWH QWWH YV ,Q
XSWLPH RVQXWAG WKH PDLQWHQDQFH WLPH LV PLQ X
SDUDPHWHUV DUH GLIITHUHQW IRU HZFHK P DLPKSIRYHH G, IRWK F
DODFXLDHRXOG REWDLQ D SDUWLFXODU RBWBIQRI WKH SL
LQWURGXFH IHDWXUHNFDRU DI VFRD AIQMDWR G XFH IHDWXUH
7KH PDFKLQH SUHIHUHQFH IRU D W DIVQIGL V SHFPW | WHRV DW K DA
WKH WDVN[PRXWHG RQ WKDW PDFKLQH ,W LYJLPSRUWDUC
D WDVN LQW-RVBRNY QURMWUE SUREOHP LV LPSRVVLEOH 7|
WLPH QR DSSHDUDQFH GDWH DQG QR B[HF OW DR Q DEIDWMH
DW WKH PWD2XWLQBRDMLLY WR PLQLPL]H WKH PDNHVSDQ

7DEOH
IRWDWLRQV

={R -REE L, ...,J

2= {1} 1XPEHU RI RMAKALQKFWLR

2= {F§ ODFKLQH SUHIHUHQFH RI

/= [ly_ ODFKLEHV..,I

5= [Q. 6SHHG RI HDFK PDFKLQH

76= [QP 3HULRGLF XSWLPH RI HDF
/6=[IR_ ODLQWHQDQFH WLPH RI HDFK PDFKLQH
#= = $YDLODEOH WLPH RI HDF
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7RRUPDWKH S URHROHHHG WR LQWURGXFH QRWVEDOWLRQV VXF
,JUHSUHVHQWY WKH LQGH[ DUUD\ RI WKHK, WDRAN WKH FK WI
DURD\Q DGGLWLRQ HDFRgEWDYXHL\Z DMV LQIEE FDWHV WK |
RQ ZKLWFRVIN QHHGV W RZ IR HJR RPWIGH QH SUHIHUHQFH W
YDOXH LV UQPSUWBVHQWY WKH LQGH[ DUUD\ RI WKH PDFKk
DVVLJQHGGQUWRPWSKHGQWHUYDO @ ZKHWHPBIVSHHG
IDVWHU PDFKLQ HQWKHD@DWIHRKIGW R) B U RHFBIVK/ ID@F MILLEPHH
DQI®VSHFLILHV WKH LQWHUYDOV DW ZK L@ kD ®/GHWRLREK L Q |
WKH PD[LPXP DYDLODELOLWS M/LPI®RR BIDWFHKQP DB RPQW K H
SDUDPHWHUFWRPRBQWIFDNKH PD[LPXP QXPEHU RI VHIPHQW YV
DY &gy
QDPH@E 2.

e acH
%DVHG RQ WHHDODHRYRXODWH WKH IROORZLQJ GHFLVLRQ

19 = \1, if the EYob is run on the G $egment of the E Ymachine;
PY™ .
0, otherwise.

'LWK WKHVH SDUDPHWHUY DQG YDULDEOMRGRQHMHRIFDQ IR
WKH SUREOHP PRGIHO ¥RBKEBMH XVHG WR VROYH WKH SURI
IRU ,/3 *LYHQ WKH FRPSODBHL®J BRAR QB UHVRHE @B KHPDW
PRGHO LARWWEMAFDXVH ,/3 VROYHUV FDQQRW VROYH UH
HITLFLHQWO\WTKHHHUH IRDM WR GHVFULEHVWKWMK®WR B/&KHP C
UHDGHU FRXOG XVH DQG3UUHPAPUHDMWHGWKH SUREOHP DV

4 Benchmark Generating M ethod

7KHUH LV QR EHQFKPDUN IRU WKLV SUREQRPOLQ WKH
VROXWLRQ ,Q WKH SDSHUWBPEQRRA HEQHY BWFHE LW BV W
ZHUH XVHG 7KH EHQFKPDUNV LQ WKKFELWISURWGHPA DU
WKH\ GR QRW FRQWDLQ EUHDGNVUH Q& W K B FRIRQB/MGU DHLGDV
WKHVH H[LVWLQJWEAHD VK PIIVMLER QR X PIQIE) RRXAG E

XQDEOH WR SURYLGH WKH RSWLPXP 7KHUHMUH D EH
SUHVHQRVHM@VXUH WKH RSWLPDO VROXWLRQDROJ WR GHIL
RQH JHQHUDWH JDSV ZKLOH NHHSLQJ WKHVROWQRI/O VF
BHYHUDO SDUDPHWHUV R IDRXU FR-OQWHIWRDMCOLHE U PARKHW/IKIR ® O O |
VSHFDWIRKRH JHQHUDWHG SURETHDR YRIW HIDPISWOW RQ V
PDFKLQH LQVWUXFWLRQ WKH PD[LPXPFDYODXOSWEPE LWNKFR
VSHHG RDPAKKB®E® WKH SUREDELOLW\ Rl PDFKLQH SUHIHL
QXPEHU RI PDFKLQHY DQG WKH QXPE® ER IVEHIL IIRHUGHD F
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4.1 Description of the Generating M ethod

,Q WKH ILUDALPYW/R FUNMRMWH D SUREOHP IRU ZKLFK ZH N
VRO X WHLIREDD F K IGEY WHWWLQJ WKH WRWDO WLPH RI HDFK |
RSWLPXP WIONM UDPQIGRBMWHIHU YDOXHV IRWPADFK PDFK
JLYHQWHEKDREK ZLOO JLOYH W KHD Y BWRPHYY WKHVH KDYH
WKDQ WKH)RGERYRWXWDNH PDLQWHQDQFH WLBHW LQWR DF
WKH VSHHG RI WDXFK RMIKKW QWMKH H[HFXWLRQ WLPH Rl WK
WDNHV H[DFWO\ W K HVRKIBWAQPLRID L\WY WAHD SQWH W LPHYV DQG X
HDFK PDFKLQH EHWZHHQ WKH OLPLWW VXRK WH D W KVMKM
WKH RWKHUV EXW VWULFWO\ ODUJSWLRXEGLIOWKLY ZLO
JLYHQ YDOXH :KHQ PDYNHU B YIKHIVOELBPWWVRI WKH QXPEH!
LQVWUXFWLR@OQGVWKEMBHBPWHGQR JDSV LGOH WLPHV R
(DFK SDUW RI D VHIJPHDRAL L \POD QM HAGK /'R IV DMRNEV RQ WK H
IROORZ HDFK RWKHU DQG RQO\ PDHHQOHWBRREHQWLPH FD
WKH PD[LPXP DYDLODELOKMW\PPR®VQYWD LOMOG RFRO\ EH W
PD[LPXP DYDLODEL@HM NH FXWY WKDW WKH JHQHUDWHG
WKDQ WKH RSWLPXP

%\FDUHIXO JHGNQBWLWRIODW DOO mdéBQW VWIKBY R SBEAHH® O
VROXWLR QVLWNHRIZHY EWHH BRLFHY H[FHSW IRU SDXVH WLF

4.2 The Rules for Generating theGapsfor m Related
Machines

$ JDS LQ D VROXWLRQ LV WKH LGOH VQIRPM ZRKWIQLQYXKH P
,Q WKH SUHXHRIQHUDWSG WHVW FDVHV ZLWK QR JDSV L
+RZHYHU LQ PRVW SUDFWLFDO FDVHWRXWKIRD G RHV WIR \
DUWLILFLDOO\ LQWURGXFH JDSV LQWRLBROQRH\RM\EDVH VX
QRW FKDQJH

2QHDREVHUYH IWKDONP DRIGLROMD Q UHGXFH WHKIH 10, RI
WDVNV E\ RQH ZLWKRXW DIIHFWLQJ WKH RSWLPDO VRO

7R VHH WKH DERYH VWDWHPHQWPIVKISSRNWVR WX®W ZH KI
WDVNV ZKHUH WKH 10, RI DOO WOV HNVWH 110Q W M JRQH W
XWDQGRPO\ UHGXFHIWKMHVNY, Rl RQH FOR/@IVIZHWHW K H

UHGXFH WKH 10, RI WKH ODVW WDVW\NNV1RP® MK KD\D VW VH
6WLOO WKH RSWLPXP FDQQRW FKDQJH HHFORVH RQ W
UHGXFWLRQV DQG WKH ODVW WDVN $VYQUKNKHW DWHWXRH
WDVNYV ZLWKVWACHQOAH BV WWQWWU GLVWULEXWLRQ RI WKH W

‘H DOVR REVHUYH WKDW ZKHR1ZAD UKIEXH H (PRUBIXW\WK DR Q
WRWDO WKH RGMHWPEKPVPALIKWMLOO ZH FDQ REWDLQ D O
RSWLPXP E\ FDOFXODWLQJ WKH PD[LPXP/H®WWLEOH GHF
| EH VPDOOHU WKDQ WKH VPDOOHWVIW ,10ZHRUWGKFGIDW WHV |
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WRWDO 10, RI ND @/& MDD WHKNH EQ[SQVLPSUR\LAH—éD;\éVXR}LWN E\
08-.0
WLPH

7R XQGHUVWDQG WKLV IRUPXOGD PDXEERVWINRIWBROGW ZH KL
WDVNV ‘H UDQGRPO\ UHGXFH WRWMO7 R D@R®KHVDVNYV

ZRUVW FDVH ZH UHGXFH"W\D@H(LC@#\E—\WOWNK\X\RIW\A«-I—I M
OHQJWK RI HDFK PDFKLQH LV UH—G—X—FHGNERFMBKMHIKWDPH DP
RSWLPDO VRDHRK WR

OBZ

,Q WKH GHOHWLRQ PHFKDQLVP ZH FDQ FXRRWH ZKHWK
QHFHWUDBK HDWKRRG ORZHU DQG XSSHU ERXQG RQ WKH R
‘H DLP WR UHGXFH WKH 10, ®DXIVJ P MEDRAKN W IQDW K IHWQRIQ Q
EH FKDQJHG E\ DQ\ WE QW L ®RWKH VDIODMW BAHIHPQ HUDWLR Q
LV DOZD\V VKRUWHU WKDQ WKH RW KR Q WHDIPHDAMY W & HD
JDSV FDQQRW EH PRYHG WR WKH O KWW H/ HYPHM @ V[ LPKIPV D
UHGXFWLRQ ZKLFK FDQ EH PDGH

1DPHO\ ZHJHABXFH WKH WL-PBVW IVHYBDHONWY XQ W RCP
FRPELQDWLRQ RI DOO SRVVLEOH WDVNYHUDPDHMVLQRWOQO
SRVVLEOH VROXWLRQV FR P EHHDWMREQIWPKHHOMW W RFD ¢ [BH Q
SODFHG LQ DQ\ RUGHKW YLYWXWX D PDFKLRSWLPDO YDOXH
aOJRULWKP FRQWUROV WKLV ZLWK D S\NDXNWDWPHH WLIHUV W R G L
SRVVLEOKHRYHFRQG VWHS UHVXOWY LQ D WHVW FDVH
VSHFLILFDWLRQ DQG ARQWOLOW UBSXFHGRIODOWRWDO R
LV IXDUDQWHHG ZKLDKHHUI UHGEO-QWERQP QY WKH RSWLPXP

7KH UHVXOW RI WKH JHQHUDWAWHY IPHWDKRBXOGVHQYKRZQ LC
7KH ILIJXUH VKRZV W RVBHBHAK EFENVHYVZRBNKHUYHG WKDW WKH
VROXWE RQLMYW WKH QXBE HLQ BJ MKIH/HPDOLIWMH G ZLWK D
UHG VWULSHG ER[ LQ WKH VROXWLRQ QMKW RH QHWDWH
FROQOWURO SDUDPHWHUYV

5 Algorithms

7KH3063 SUREOHP ZLWK WKH L Q WKWDRIGX FAHRG ZFHR BV QUQUW QI
DQ H[DFW DOJRULWKP \§ K R BORIRQHY & GINGY GHDMRQ D E O H
WLPHHUH DUBIOBRMAWAK W REOHPY ZLWK WZR PDFKLQH\
FRQVWUDLQWY EXW LI ZH LQ PAUB\DNNE \R K/HD G )GP FERIQ VRV UPDLF
ZH FDQ RQO\ VROYH WK NWLFR/E GHP XOML\BEBEBRQHDOLQJ
*HQHWLF $OSRDUMWKRPPRQO\ XVHG PHWKRGY @R VROYH
> @H KDYH XVHG WKHVH DOJRULWKPY DQG LQWURGXFH
UHVXOWV FORVH WR WKH RSWLPDOGYRBYMWRQY HQVRE G LI
WKH *UH\ :ROI 2SWLWRWWROYH WKH SUREOHP
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5.1 Common Representation andOperators of the Algorithms

7KH WKUHH DOJRULWKPV XVH WKHRWWWPH Q B S GHWHLRW D Wi
XVH WKH VDPH ILWQHVV WOWNLYRICR QD QFGJ RQYRY.BO WPRO X W |
SURFHGXUH

5.1.1 Representation ofl ndividuals or Solutions

‘H FDQ DFKLHYH IDVWHU FRBRKRNHE QUFHS ZHW K QDV X\M DR
LQGLYLGXDO RU D VROXWLRQ % B REFHISMHHEIR N YHHD\W K R
\SDRHR@LPHQVLRQDO DUUD\ UHSUHVH@NWVOHPGHLOW G XD O
RI WKH DUUD\ FRU UH DRRQIGQW R GHK BEKWBRK/ NV HIPHQW R1 ZK
LW LV DVVLIJQHG VHMNLWKWHHE R GRVWKQVO IZMHILQVW HQXPH
VHIJPHQW RI HDFK PDFKLQH ZLWKLQ WKHTBMQUWLDOO®KN W
IURP WKH ILUVW PDFKL@MWRNWRI VEKHFRDWAMMIPHQWY EHORC
PDFKLQHV LQ DQ LQGH[ DUUD\ ,Q DRGV WZIR QY WRR H/ S\HKHL
JDSV LGOH WLPHV RI HDFK VROXWLROW\QVBQFRHUUD\ W
DYDLODEOH RQ HDFK PDFKLQH Y FURVYWR Y HY B IQIG/ FDON DGV
GR QRW QHHG WR FDOFXODWH ZKLFK VHJIPHQW UKDE/ HQR
VWRUDJH VSDFH LQFUHDVHV E\ VWEXIM U RN H\D SWK HC
FRPSXWDWLRQDO WLPH FRQVLGHUDEO\

7ZR VROXWLRQV DUHR DX WD ISO WP 2K BWH\RHY RH QQ/R\Q R |
DQ\ PDFKLQH LV GLIITHUHQW 7KHVH LQEBWYLBXD QY GLII
GLIIHUHQW RUGHU EXW WKH WDVNV DVNTIQWIOWRW JL
7KH DERYH UHSUHVHQW D WLLR® ¥ RV LKBHHUQWW R KX M VRO R
VHIJPHQWY H[FHSW WKH ODVW ZLWKL® G RID RMOFKLWDH L
LGOH WLPH :LWWKMRKDRGH®RVWIPHQWY DUH RRKHHG WR W
VHIPHQWIMRUIDSUH,Q WKH FDVH ZKHUH WZR VHIJPHQWYV KDY
WKH FKRLFH LV EDVHG RQ WKH QXPEHU RI WDVNV LQ WK

JRU H[DPSOH WHMHVQV \FHH/HX UBHR PW K H P D ALKIXQUHHV L Q

‘H KDYH WKUHH PDFMR@ENYG W KD RISWQRWPHLYPSOH
ZHHRIQH JDIBUNHG ZLWK D RGWKMHUILING FPRIFKLQH DQG F
ILUVW VHIPHQW RI WKH VHFRQG PDPKRKQEMRRIEUGFKDUDFW
LGDEOH ‘H VHH WKH VRQ YRV LR IQH UHS RIHHAKIRO VL DXMNH
DUUD\ FRQWDLQV WKH 10, GRH W KMKHWDIAHNWP HW WHL QISR GRG !
PDFKLQHV W K HWQHT O X&G RS i \O BUWVBIBMD DSV RQ WKH
VHIPHQWYV :H FDQ VHH LQ WKH VR OXWL[P@ DA DW KK H V
ILUVW QUDARNE L Q )LZXE@E SHUIRUPHG RQ WKH VHJPHQW
RQH ZKLFK LV WKH VHIJPHQW R WAKCHO QW& WRFED FIKQ Q HJ XK
2 ZLOO EH H[HFXWH GVWRKQ LVQIGH [V HLYPHH QAK IZAK LV WKH ILUVW
WKLUG PDFKLQH
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Figure 2
*HQHUDWHG WHVW FDVH ZLWK PDFKLQHYV MREV ZLWK WK

5.1.2 Generation ofInitial Solutions or Individuals

7KH LQLWLDO SRSXQBWHR Q VRIGVIR DDUMMREREXLIJQ WDVNYV .
PDFKLQH SUHIHUHQFH WR WKHLU FRUUHW&RQDBLQJ PDF
PDFKLQH LV FKRVHQ UDQGRPO\ 6HFRQWRWIHERPOLQLQ
VHOHFWHG PDFKLQH VHIJPHQWYV [UR R M KR Y H QZKUHIMA HWK K|
LQGLYLGXDO RU VROXWLRQ LI WKH WDVWHW ORBWLSID BV
DWWHPSWYV

5.1.3 FitnessFunction

7KH ILWQHVYV IXQFWLRQ PHDVXUHV KRZ DF@® RO DOWILR'GI Q
RI WKH SUREMHRXPWULF YWeXHODMYGIYPHGXD®W RU D VRO
FRXOG XVH RQO\ WKH PDNHVSDIQQDWHD®BVWOQMH\WPRUKQFW
FRPSOH[ ILWQHVYV IXQFWLRQ ZH DGG WKHWRWEEBU RI R
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LGOH WLPH RQ WKH RFFXSLHGHVFHDIR H B DVWK R LW IQH \P\D N H
IXQFW(RRIEPOK??QLDA@®+ PKPE@HA I=GAOLFJ

5.1.4 Crossover

$ FURVVRYHU LV D JHQHWLF RSHUDWRYRL QHOKHFWHIGI QH'
LQGLYLGXDOV SDUHQWYV LV FRPELQHG WRKBYRGXFH QF
LPSOHPHQWHG VHYHUDO WWWHW WK FFW RAD/QR EHHU X/ $KBU DL W
GLPHQVLRQDO DUUD\ UHSUHVHQWDW LRKU HLVIKHRIAHD W R UR
EH EHWWHU :H KDY3R LREGDIHREHF® WHOBIHRK) WV F@RVVRYHU >
‘HVZDSSHG UDQGRPO\ VHOHFWHG VHIPHQYWY VWX WLKRH L Q (
ZH FKHFNHG WKH IHDVLELOLW\ RI WKH FRZQKXKWHR@QRWQG (
IHDVLEOH WKH QHZ VHIPHQW GRHWREWW YHW MWEKVDRY DMK
FURVVRMHIU VX WKLV ZDXVAHIHY® OWPKRY WHWKRGYV FRQYHU.
ZURQJ VROXWLRQ TXLWH TXLFNO\

&RQVHTXHQWO\ ZH FUHDWHGHREHRMHGOAMUBNMERDHAHF H
E\ UDQGRPO\ VHOHFWLQJ WKH VHJPH®WQIW RPFD WMKIRQOMH WK
,Q FDVHV ZKHUH LW ZDV QRW SRVVLEBH RUR QD RBIX\W KA
VHIPHQWYV ILW ZH OHIW WX WZAHROHW K g \W UKRR\B\KHDN WHRAJ V
JHQHUDWH PRUH FRUUHWWDWYROXW LWRIQN DU E KWW B BPH

5.1.5 Mutation

$ PXWDWLRQ LV D JHQHWLF RSHUD®RIX0BWIRQV L BOHVI
VOLJKW PRGLILFDWLRQ RI DQ LQGLY LRFoX RO* WRHKAHD VR O X W
‘ROl 2SWLPL]JHU UHTXLUHV VHYHUDO PXVOBWENR @V WR PD
ZROYHV GLYHUVLILFDWLRBLWHI GDY® Y EBSGH B H QMU
PXWDWEBRQQ® WKHVH LPSOHPHQWDWLRQV RHQMWQWYV DU
‘H FRVLGHU D PXWDWLRQ WR KDYH EHHQ MVHWKH WKH L
FRQVWUDLQWY RI WKH SUREOHPV 2WRHWURPYHFDDWHXK L C
,Q DGGLWLRQ ZH LPSOHPHQWHG D PRGIGILHERYHUVLRQ
,Q WKHVH WDNORRADDB SHG W KEX WIERIMHHWKH VHIPHQW\
UDQGRPO\

5.1.6 Selection

BHOHFWLRQ LV D UXOH WKDW GHWE& U BIRGBKD B HRIQQ B U YW
LQGLYLGXDOV SDUWLFLSDWLQJ LQ WKBIQRJRXWRYWHLR Q QG
ZHDRQGRPO\ VHOHFW LQGLYLGXDOV XV RHVW R XAXQLRHHQWV S
VHOHFWLRQ UXDISRBX GDWDR/Q® IR@HMRXU SUREOHP >

5.2 The Algorithms and their Adaptations

‘H PRGLIGSVKMHKH DQG 'W:RH ZLWK FKDQJHV WKDW DFKLHY
FRQYHUJHQFH DQG LPSURYH WKH TXDOLW\ RI WKH VROX
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5.1.7 Simulated Annealing

7KH 6LPXODWHG $QQHDOLQJ DOJRULWKPLRVLWIRQDWHYV
FKDQJH WKH SK\WLFDO SURSHUWLHV RI RRPOMQHULDO E'
7KH PHWKRG HPSORRWLR Q VDHAERR WBBEUQ) WHPSHUDWXU
SDUDPHWHUY EDVHG RQ WKH DQQHDOLQJ RSHUDWLRQ RI

$OJRULWKHPVFULEHY WKH 6LPXODWHG $QQHDOLQJ DOJ
ls GHQRWHV W' PHKQRDWHWVR @' KH FRROLQJ @PHPH SDUDI
HQFRGHV WKH SUREOHP WR EH VROYHG

7KH DOJRUIWKPHY DQ LQLWLDO WHPSHUDWXUH D UHG)
LWHUDWIGRQY LQLWLDO VROXWLRQ ZKLFK7EHO® EH FDO
DUH VMWYHHRITHW BI\E X BWLKRHFSH\D HDU ORJDULWKPLF H[SRQF
TXDGUDWLF 7KH OLQHDU VFKH P HMH/P @K bl DEMVWH | RW WAHKGHX
IURP WKH LQLWLDO WHPSHUDWXUH D BFRDBK QW WRDWHKIR C
ZH JHQHUDWH D QHLJKERULQJ VROXW L RQQVXWR QX W\LIRH F X
LV FRPSDUHGL ZK BRKUWBH \QGRDXWLRQ ,W LV VZDSSHG LI LW
WKDQ@E XK QW ILWQHVV YDOXH 2WKH U ZBIRE DIEA CLMVY Z D S
7KH UROH Rl WKH DFFHSWDQFH SUREDELGLRWWDDV WR E
PLQLPXP SRLQWYV D®\G PHRWW HWRZROXWLRQV $V WKH WHF
WKH YDOXH RI WKLV DFFHSWDQFH SURBBGE WQLIR\WY GAHFQ H L
EH LQWURGXEMB Q DQ WRHEMDL R WKW HEHAV W VROXWLRQ KDV Q
RU WKH PD[LPXP QXPEHU RI LWHUDW LR QWWLIFVQIDHWQU H H
Rl WKH DOJRULWKP WKH RSWLPDO WROX@M.RQ FDQ EH U

,Q RXU YHUVLRQ ZH XVH WKH PXWDWLR@®®RSWUR® R,QV W
FRQWUDVW WR WKH EDVLF BnM@IRND WMKEFPW MR G RVQLRQ BHPH
,QVWHDG ZHDIHQHEPWMHUH WKH EHVW RQH ZLWK WKH FX

Algorithm1 6LPXODWHG @=CHEPAKL] loa JABDEK L Yig
Tses8 *HQHQHUDW @ =¥LXODWLRQ
E8 Topax8 Toea NQBPNQA
while 2 EP,AN& NQdo
PAlde:8 &DOF7E® [y,
:8 *HQHUDWHITY JISEJABDEKY N »
T.448 6HOHFW%HVINIHLIKERRU
if )LW CTy3% Q) LW CTy'\ithen
Toea8 Teaa
if )JLWCTLY Q) LW CTyglien
T@(za% T(;aé
end if
else
if 5DQGO,P2H[S )LVTGHYIMW (Tiy P Ald,sthen
Toea8 Teaa
end if
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end if

NQ8 ([DPLQH6WRS&ULWHULRQ
end while
return Togeo) LW T'g ¥V

Algorithm 1
6LPXODWHG $QQHDOLQJ

5.1.8 Genetic Algorithm

TKH *H@ONRBULWKP LVEDSRGS XFO-DWLRHXULVWLF DOJRULW
QDWXUDO VHOHFWLRQ ,QVWHDG RIFRQHVYRONOALRQ ZH
SRSXODWLRQ 7K HS R 68X OB DRIGMKGEX® GWKHUQ X P E

RI LWHUDWLRQV LV FDOOHG JHQHUDWLRQV

$OJRULWKRVHQWY WKHWIMHXBWRER GB JRINLE WAK RV KHKH U H
FURVVIZFYMUVKH PX\TDWLWRH D/VI®HFWLRQ SDUDPHWHU
Algorithm 2 *HQHWLF$ @ =RUKLFCAIuilo la e

LKde8 *HQHUDWH:@ SFLRIMLLR Q

Tooak BHOHFW%H\LK4ARGLYLGXDO

for =1 CAJua®
?NKOO&R2IQP=PBKY
for F=1 L;"”ﬁi’o

NN M85DQC TKRLyig

P?NKOOBT?NKOOKRBRVVIZLKA::N N

IQP=PBEXIQP=PERXWDT;LCKE N
end for

LKdeg BLKE 28 IQP=PE'?NKOOKRAN
Toe8 BHOHFW®%H\IKIRGLYLGXDO
if )LW CTy'gl¢) LW CTy\thlen

Té@aﬁ; Toes

end if

LKdos8 6HOHTML KD
end for
return Togeo) LW T'g ¥V

Algorithm 2
*HQHWLF $OJRULWKP

7KH DOJRULWKP UHTXULUKBY JB QHRIDVMIRGL RQ]H. QLWLDO
SRSXODWLRQ ,QGLYLGXDOV IURP WKHGEXRUUWHR) WRPRIS X O |
VHOHFWLRQ UXOH :H XVH RXU PRGLILHGKF®ORWIRKHU D
SRSXODWLRQ RI WKH QHZ JHQHUDWLRRQLVLQROKEBWRL IL
PXWDWLRQ DQG FURVVRYHU UHVXOWR UZW QMMAH O HFWLR ¢
DOJRULWKP FDQ EH VWRSSHG ZKHQ D JHQHUDWLRQ ¢
LPSURYHPHQW LWWREMBUYYHG DIWHU
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,Q RXU LPSOHPHQWDWLRQ ZH ZRUN LQWK. DOQNS[RISX OB S
JHQHWDWIRFPFPRUGLQJ WR WKH PHWKRG GHYHDERHG LQ
LWHUDWLRQ RU JHQHUDWLRQ ZH JHQHBR®MOQWZIRQ@GL"
VL]H E\ FURVVRYHU DQG PXWDWLRQ RS HUDWHRONFWKIG LQ
UDQGRPOM WHRXUQDPHIQRW WHKMHY WRIERWXRQ VRLRQV

5.1.9 Discrete Version of the Grey Wolf Optimizer

7KHMUD\ROI 2SWLPL]HU L\EDVERSKOWMERRUWILWWR A QVSLUH
E\ QDWKHHPHWKRG DWWHPSWV WR PLPLF WM RILHUDUFK
JUH\ ZROYHV *UH\ ZROYHV DUH RUJDQLBH®YO®WR D KL}
RPHJD ZROYHV (DFK OHYHO RI WKHQKL FDRQUEK \DEIVH QW \
IURP WKH KLHUDUFK\ 7KH DOSKD ZRDV I\ROW MVKW RVRISNF
GHFLVLRQV DERXW WKH SDFN DQG W R PRIQ@G OWKYH SDEIN
WKH KLHUDUFK\ +LV UROH LV WR-PIYNLFW WRHUBOSKDVK
GHFLVLRQV RI WKH DOSKD ZRO| WRKULBHUSDFHN 7EXWO R & HD\
OHYHO RI WKH KLHUDUFK\ LV WKH RPMHNBVIR @R 02 KLLF KV K
SDFN GRHHYV QRW.KOIRHWD@W UROH LQ WKH SDFN EXW KL
LQWHUQDO FRQIOLFW $00 ZROYHV WKDWHGB HDRWWD EHC
ZROYHVU7KRIOH LV WRDQBRXWQWURMHKXQWLQJ PHFKDQL
ZROYHV DOVR SOD\V DQ LPSRUWDQWPULRQHVLRX\QKMH @D JR
SUH\ VHDUFK SD8GHUHDRMWBFN LQ LWV PHWKRGYV

$OJRULBMKHPVHQWY WKH SVHXGRFRGH IRU WFklIg XVHG *UH)
LV WKH F13RMV RWKHU PXYDWQ 8%, DUH WKH ORFDO DQG JO
VWDJH PHDVXUHY UHVSHFWLYHO\

Algorithm 3 'LVFUHW@ =EL=2; CAJuilo la L3es L3ua
L=?8 *HQHUDWH!@SIL=20/kRQ
T T T8 6HOHFW%L=M:ROIV
Top=8 T
for E 1 CAJud®
T T T8 /RFDO6G6HDUTIT TSR WH
for F 1 L=2de
if 5DQGRP Q Lxpsi Lzpsi Lzys ECAJuthen
L=728 6HHNLQ.L=72§14
else
L=?2@8 7UDFLQ L=2f14d
end if
end for
T T T8 6HOHFW%L=2MG:ROIV
if )LW CTy'glo¢) LW CTH¥éh
Top=8 T
end if
end for
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return Togeo) LW T'g ¥V

Algorithm 3
DLVEYHWVLRQ RI WKH *UH\ :ROI 2SWLPL]JHU

7KH DOJRULWKP UHTXLUHV D SRSXODWMRRAY SQRPMKWHL]I
DOJRULWKPU WXMHBEVQBLEFDWWH WKH ILUVW WKUHH VROXWL
ILWQHVV YBOKHRORWHMHDOO RWKHU VROXWLRQV 7KH ILU
WR JHQHUDWH DQ LQLWLDO SDFN IURCYHARLFKKAR VIHOHI
HDFK LWHUDWLRQ D ORFDO VHDUBK POEMKQREGWRHDRESOLF
YDOXHVY DUH XSGDWHG 7KHQ IRU HDWIKQ4RRRGH) RUKW KSHD
tUDFLQJILBRGBGBIGLWLRQ WR WKH/KH O/MFRASLR. @ 5 F R BIGHE MOLRA,
EH WKH PD[LPXP QXPEHU RI LWHUDWLR QNN HRVFKDQJH

, GHWDK® ORFDO VHDUFK DQG ¥5GRWHVBO®JREBEDWRFK VOKQ I
VHDUFK IRU WKBQERQGHVRUWY WKHVH WKUHH ZROYHV |
,QVKH ORFDDHVIHFDSUFKYH WKH ILWQHVV PYXONMDMHLRWYL QJ WKU
XVH WZR VHDUFK PRGHV LQ WKH DOJRURWK® VAHDULFHKY SR
VWDJHV :H DSSO\ WKH VHDUFK VMOHRWILWRPFKQWLRQH:
H[SORUHV WKH JOREDO VSDFH LQ WHKHQIL WDVWR XN DHRWF R
RSWLPD ,Q ODWHU VWDJHV LW FRGWHHNLIH/I WRGHK HZHOR
DLP WR SUHVHUYH SRSXODWLRQ GLYHUVKWVYEBIQG DYRLG
DFKLHYX\GLBVF WKWHWVRYHU EHWZHHQ D UDQGRPO\ VHOHFW
FXUUHQW Z@&BIWUBREDQJ PRGH LV XVHG IRU ORFDO VHDU
WKHDQ@ZLWK FHEWgHEGWHOHFWLRQ DQG H[HFXWH D FURYV
ZLWK WKH FXUUHQW VROXWLRQ > @

6 Experimental Results

,Q WKLV VHFWLRQ ZH SUHVHQW RXWHWRFR NSOHWE MALWR QDO K
ZKLFK ZHUH JHQHUDWHG XVLQJ WKH7RHY KRB GHWFU\EH
KRZ ZH GHWHUPLQHG WKH SDUDPHWBOV R IGUWKAX DD JRKIH
PHWKRGV IRU FRPSDULQJ WKH DOJRULWKPYV

6.1 Generating TestCases

7HVW FDVHV ZHUH JHQHUDWHG XVFW@R W KAD BMWIGRW RG H V
VHH WKH UHVXOWV FRPSDUHG WR D NBBRYB R/RWIRDO V
JHQHUDWHG RQO\ DV PDQ\ JDSV WKDWXWLBQQRW E¥DC
LPSRVVLEOH WR GLUHFWO\ FRQWURO WRHVQXPNW WU @RI VI
WKH JHQHUDWLQJ PHWKRG 7KHUHIRUHPHVRIPRIGSDUB PHW
FRQW WRBORWKHUY DUH OHIW ZLWK D KLOKMHWS MIKHHH R
SDUDPHWHU FRQWUROOLQJ WKH PDFKLWQBVSIVHKBYHQFH
SUHIHUHQFH WKH QXPEU0R0 PDF&LWQKN MIRFKLQH VSHH
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WKH LQWHUYDUHWI[LPX® DYaLO®DELO@WSHULRGLFDO XSW
at > 40] DQG WKH PDLQWHQDQ®H WHPBXPWHU RI VHIPHQ
PDFKLQHV DUH HLWKHU RU FKRVHQRWHREEE\ @ E\ WK
0,10 :H VHW WKH QXPEHU RI WDVNV WR §25- F@RVHQ IURP
51 @ DQ6 >@ )RUHDKRHHIDLOO GHQRWH WKHVH E\

)RU HDFK WDVNWRLO, @V :VWW WKHVH SDUDPHWHUV ZH Jt
FDVHV )URP WDBFRIVENW RQGRPO\ VHOHFWHG WHVW FDVI

,Q WRAHMDIODYH WKH IROORZEQJ FGOMHH/HY TRE GEHR WK

7TDEOH
BHQFKPDUN JHGBDYBWVZBHWHVW
| 5 10 20
J| 50 100 200| 50 100 200| 50 100 200

6.2 ParameterTuning of the Algorithms

‘H ILQHXQH DOO SDUDPHWHUV RI WKH WKIRCODABWDKBX UL
VHDUFK 7KH WHWX@DYHWDURUUIDRQERPO\ JHQHUDWHG :H
FRPELQDWLRQ PHQWLRRFIG W& VoM FBVRQZDW WMRQ WHQ WL
GHILQH WKH SDUDPHWHUV DQG RSHUPWRWPEEBVHG RQ L
YDULDQFH SHU IRVBR®WHRHSLOH WKH Y DODQBEEGODUJH
GHFUHDVLQJ VOLJKWO\ SHU LWHUIMWUR @ HR/ WE DWW RXW R
HQVXUHG WKDW WKH DYHUDJH FRQYHUJHVUDMR R\GOH PLQ
7KLV PHWKRG DOORZHG XV WR ILOWH W BRKMQ P RWVKWH R1 W
DAGLRQDO SDUDPHWHUV ZH FRQVLGHWBIEKKBZ PDQ\ WL
RI WKH RSWLPDO YW&KHZ L:QGIQRRQVAMHIP HWHU WR EH WKF
WKH OLPLW PRUH WLPHV DQG LV FORVHU WR WKH RSWLP

6.3 Experiences andRresults

$00 UMQW SHUIRUPHG RQ D *+] ,QWH® ;HRQ 3URFHYV
FDFEHWK  *% 5$0 :H H[DPLQH WKH DYHUDJW SHUIRUPD
IURP UXQV RQ WKH WHVW FDVHV SHGFOUWMQRBG A@\ WK H
FRPSDUH WKH WLIRH DOITRUUWEPIRWW®W UHDFK D VXERSWLF

6.1.1 The Performance of theAlgorithms

‘H VWXG\ WKH SHUIRUPDQFH RI WKH DBVYRYILUVKPVZRIQ W
GLYLGH WKH WHVW FDVHV LQWR WZR JURRKR®V RQH W
DYDLODELOLWD @GR QWWH DRYWNMU WKDW FRQWDLQV SHU
FRQVWUDLQWY 7KHQ ZH UXQ WKHPHY¥IRQGWKBPW LRIH H/DK}
RSWLPXP ,I WKH DOJRULWKP GRHV QOWR®% MOER SVRHVH U

EHVW VROXWLRQKHVUXWYVLHERWPROL]H WKH UHVXOW RI
WKH DEVROXWH HUURU RI HDFK UHVXOWIRY WHKGXHXQ 2
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UHSUHVHQWY WKH UHODWLYH GHYLDAHL RQ OHFXODW HU WKt
PD[LPX¥RQLPRRG PHDQ EBDWKYN IRU HDFK WHVW FODVV 7
JURXSHG LQ LQFUHDVLQJ RUGRDFK\LD@UGRWDWKF YIRAPE!
HIDPSOH WIKH JURXS @ 6% IPHDQ> @ XVLQJ
Wikl )LQDOO\ ZH FDOFXODWHQAURRRPPG PO [WVWPKIR PHDQU
SHUFHQWDJH RI WKH JURXS ,Q WKH ILIXHODVWMWKH FR(
DYHUDJH HUURU ZKLOH WKH WKLQ EQRERXGLRQDAGVKRZV
PD[LPXP RI WKH UHODWLYH HUURU DOO LQ SHUFHQWDJF

JLIXBNKRZV WKH RWH WXENAWY FDVHYV ZLWKRXW SHULRGLF
FROQVWUDWRWWH DCHIRULWKPV REWDLQ WKH RYWLPXP ZLV
FDVHVIZLWK$V WKH QXPEHU RI PDFKLQHV LQFUHDVHV

LQFUHDVHY OLQHDUO\ 7KH DOJRULWHKBR\W R H R/ IDADHG VWAHKW-
FDVHV )RU WKH PDFKLQH UXQV WHKH ®DEXPXPWBHHU L
DYHUDJH HUURUB%G $G WRW GIXPHMHE RI WDVNV LOQOFUHDVHG
RI WKH DOJRULWKPV LQFUHDVHG 7KG@UVHRRDPEG\WANWIND
FORVH WR WKH RSWLPXP ,Q FRQFOXVLW®&HDDY WKBIJGXPE
HUURU GHFUHDVHYV $V WKH QXPEHUFRIHPIYHRLQHY LQFUH

EGA
[ ] DGWO

. mﬂ\ﬂ\m

n=250 n=100 n=200 n=5 n=100 n=200 n=5 n =100 n =200
m=5 m =10 m =20

Relative average error (%)
AN
ST NS o)

O=NUBOI 0O =P

Figure 3
7THVW FDVHV ZLWKRXW SHULRGLFDYHXRDNODD OB HUIUOURNA FRRRPVW K B LRSMWL
WKH PLQLPXP DQG W DRPXHGHEAUR@D VV

‘H FDQ LML XUWKH UHODWLYH DYHUDJH RMDURRGIJURXSHG
DOJRULWKP IRU WHVW FDVHV ZLWK S HUWICRDGN IEDKD IDYYHDUL O IF
HUURU LQFUHDVHY OLQHDUO\ DV D IXKKQHFWOR® IRIWW]RN Q
REWDLQHG WKH PLQLPXP RXW Rl LYXQINYIHRRWDD B G WUHR/WV F
WKH DOJRULWKPV GRHV QRW H[FHHG HYBQHRU SURE(
FDVHV LW LV REVHUYHG WKDW WKH RDQLRXPHHUXAFEHGHF
Rl WDVNV 7KH EHVW SHUIRUPLQE$ DOQORUNWKRFN KRHIJWA HLV
PD[LPXP DYHUDJH GRHV QRW H[FHHG
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Figure 4
7THVW FDVHV ZLWK SHULRGLFDO XQBYDIB DHELWR W Y UFRRFQ WW H DREEMWMMWP XTPH C
PLQLPXPHDQRBU JURXSHG E\ FODVV

‘H FDQ VHRXUMWKH RYHUDOO DYHUDJH HUURU FDOFXOD\
WDNLQJ LQWR DFFRXQW DOO WHVW FDVWVDZDRWRRXW
,Q JH QKD WKH ORZHVW DYHUDJH IDLOXUH UDWH RI D¢
DYHUDJH HUURU RI WKH DOJRULWKPY GRHV QRW H[FHHG

JLIXUHKRZV WKH RYHUDOO DYHUDJH HUURWKHDDGRODWH
WHVW FDVHV ZLWKRXW SHULRGLFDOHDMDUBGDES DU RPH GFRDQ
IRU DOO DOJRULMKAW IRV DPHDORWHVW QG WKH DYHUDJH

SHUFHQWDJH LV EHORZ JXUWKHUPRQUUH XZPHHRDURVHH W
SHUFHQWDJH LV HFKDQVWWRDDWKREKWKPV ILQG WKH RSW
DW OHDVW RQFH LQ DOO WHVW FDVHYV
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7THVW FDVHV ZLWK SHULRGLFDO XQDYD
7THVW FDVHV ZLWKRXW SHULRGLFDO XQ\I\?YD ODELOLW\
FRSVWUDL% \Y YHUDJH HUURU IURP WKI
FRQVWUDLQWY $YHUDJH BAUWR IURP._ WKH RSWLPXP
WKH PLQLPXP DQG W DRXPSXHPGHENU R U
WKH PLO@UPXHPD[LPXPURXSRG E\
DOJRULWKP

DOJRULWKP

6.1.2 The Time Required to Find a Suboptimal Threshold

'H VWXG\ WKH DYHTXWUHH® LWR UHDFK VRPH VXERSWLPL
LOQOWURGXFH IRXU W\SHV RI WKH VXERSWLPDO WKUHVKE
RSWLPDO VROXWLRQ SOXV WKH RSWL PDERVIFIBRXEBNVRQ :H
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RQH WKDW GRHV QRW FRQWDLQ SHULRRBWKBO WXDMODE
FRQWDLQV SHULRGLFDO DYDLODELO/HWN ARGV WLILDPREW YV

UXQWLPH WR VHFRQGYVY EHFDXVH LW RKERIERW UHTXL
WKUHVKROG DQG LQ WKH VHFRQG FDVH IRW WRK VHFR
WHVW FDVH H[WRPGRN W&H UHTXLUHG WLPH ,I WKH DOJR
VXERSWLPDO WKUHVKROG ZH VHW WHOHO MXAWRERIMW\WER PD[L
DYHUDIJH UXQV 7KHQ ZH FDOFXODWHXWKERPNHUDJH R
JURXSLQJ UXOH )RU H[DPSOH ZH FDQ JURX®RE\ WKH QX
WDVINQYG WKH DOJRULWKPV ,Q WKH IIDXHBNIHVWHPSRLQ
UHTXWRHEHD ER SWKIHPYXO WKUHVKROG

JLIXUHMKRZY WKH DYHUDJH WLPH UHTXLUHG WRUUHDFK V
WHVW FDVHV ZLWK SHULR G IR B ONBWMVO D E EMWRXSRIGY W U
QXPEHU RI PDFWW@EOVRULWKPY ,1 ZH LQFUHDVH WKH WK
UHTXLUHG LQFUHDVHY OLQHDUO\ :H RE\RHW KH HWKRW G\ 2
IDVWHU WKDQ *$ $IWHU WKDW '*:2 V@®RID\O G RZIQU H$ L\
FDWHJRULHV

160—

140;

Average time (s)

Qo5 0% 10w % 0%  20%  10% 5% 30%  20%  10% 5%
m=5n=5,10, 20 m=10n=5, 10, 20 m=20n=5,10,20
Figure 7
7THVW FDVHV ZLWKRXW SHULRGLFRDOYHXDRDPNDD OB HIUOJLRVW RRRPVW K B LRBVWW
WKH PLQLPXP DQGWDRPKXHGHENURQ@D V'V

JLIXUMKRZV WKH DYHUDJH WLPH WR UHDFKRDR/MHY VXERS\
ZLWK SHULRGLF DYDLODELOLW\ FRQ&VDWDDERNH 7HKHHZMW H
LQFUHDVH WRB RKXLREHU WKH DYHUDJH UXQWLROOLPHYV L
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Figure 8
7THVW FDVHV ZLWKRXW SHULRGLFDYHXRDNODDOB HUIUOURNA FRRRPVW K B LRSWL
WKH PLQLPXP DQG W DRPXHGHEAURQ@D VV

Summary and Conclusions

7KLV ZIRFENRHG WKH UHODWHG SDUDBIO63 ZRIWAKKLQH SUI
DYDLODELOLW\ DQG SHULRGLFD$ URGR YV VL GEINELFOKLRAD\U ¥ |
JHQHUDWLQJ PHWKRIG WRM SURERWRGZKLFK FDQ JHQHUD
RI WHVWE\FBRBWUROOLQJ WKH SDUDPHWHUV RI WKH P
RSWLPXP ZLWK FHUVWIGLHOMHW L@ ® PEGEWDRQVP WKDW JHQH!
WKH VR@PWLRIQHMING FDQ EH FUHDWHG NHHSLQJ WKH R:
ORZHU DQG XSSHU ERQ@GPBQHPKID WBWHREPRWDKHXULVW
DOJRULWKPV WR DR® YH*VWEH VBIUREOHPULWKP 6LPXODWH
DQG WKH 'LVFUHWH YHUVLRQ RI *UH\ :ROLFASMQMPL]HU
UHSUHVHQWDWL P@ ® IPW WH RGO X\WRLR®SURYH WKH DOJRU
VROYLQJ WKH SUREOHP B6LPXODWHG DQONDWLSDHEDV D
QHLJKERUKRRG PHWKRGV &RPPRQ RSHUDWRUV DQG |
DOJRULWKPYV

TKH SHUIRUPDQFH RZIDW KHH IDRIQRHER\PERNIM ® YHUDJH WLPH
UHTXLUHG WXRE RISQMGL P D QVWW K IFFDWKIRDLGV KR XW SHULRGLFDO
FROQVWUDLQWY WKH DYHUDJH UHODWHYY O WUYIR WH DQRSUW
RI WKH DOJRULWKPV DUH EHORZ DQGZLWK UHVSHF
XQDYDLODELOLWKIFRNAWDDHQMWM RUYV RI WKH DOJRULWK
UHVSHFWLYHO\ 7KH UXQQLQJ VWH{BRQ HRQ WIKDHOD® ER U
GHFUHDVLQJ WKH WKUHVKROG IRU RXQ\IAR POLRXH\Q HAVR Z H
WKLV LQGLFDWRU DOWWHQHIPQQ HHIXBILQUPEOJRULWKP SHUII
DYHUDJH 7KH '*:2 DOJRULWKP LV QW HWLWHHGW VRR IN
VWXFN LQ ORFDO -FRWVXP IDQIG L WOLNPHY ORQJIJHU RQ DYF
+RZHYHU LW JHQH URDSWH\WP B YRIQW OZQHPK FDQ EH EHQHI
YDULRXV FDVHV ZKHUH PXOWLSOH RRIODDWLRGVFDUWLEDBEA
SRLQWY 7KHUHIRUH ZH UHFRPPHQG X\WMOERRBIXWKQV D¢
WLPH LV DYDLODE@SWQBDOHR BXUANEW QRADIMMUWROHTXLUHG
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)XWXUH JRDOV DUH WR LPSURYHLWKHO®RY D@ & HB UK WX
SURFHGXUHV WR UHGXFHK N KRDWHRBEERRKBQEIYOSDEHH WKH 6
PHWKRG 1RQOMERBESIZLWK FRQVWUDLQWY XVLQJ ORFDO PF
GHYHOR® OHXWKDW MDKHGRBOL QH FDVH
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ImpKmeans: An Improved Version of the K-
Means Algorithm, by Determining Optimum
Initial Centroids , based on Multivariate Kernel
Density Estimation and Kd-Tree

$ O knal

'HSDUWPHQW Rl &RPSXWHU (QJLQHHULQJ HD¥KWW\ RI (Q
(QJLMQH.QJ )DFX@WUVXV OHUVLQ 7XUNH\
DOLVHQRO#WDUVXV HGX WU

Abstract K-means is thdestknown clustering algorithpbecause of its usage simplicity,
fast speed and efficiency. Howevesultant clusters armfluenced by the randomly selected
initial centroids. Therefore, many techniques have been implemented tcheotwerttioned
issue. In this paper, a new version of thmdans clustering algorithm named as ImpKmeans
shortly (An Improved Version of -Klears Algorithm by Determining Optimum Initial
Centroids Based on Multivariate Kernel Density Estimation andriel) that uses kernel
density estimatignto find the optimum initial centro&l is proposed. Kernel density
estimation is usedecause it is a mparametric distribution estimation methdtiat can
identifydensity regions. To understand the efficiency of the ImpKmeans, we comparted it wit
some stat®f-the-art algorithms. According to the exgrimental studiesthe proposed
algorithm was better thatmecompared versions ofrtkeans. While ImpKmeans was the most
successful algorithm in 46 tesi660, the secatbest algorithmwasthe best on 34 tests.
Moreover, @perimental results indicated that the ImpKmeangast compared tothe
selected kmeans versions.

Keywords: k-means; clustering; kernel density estimation; centroid initializationtrke

1 Introduction

&OXVWHULQJ DOJRULWKPV D WH DXV WYHSS-DUNLW H G5 D % HUIRDV
WKDW DUH FDEEGR GGLOXVWRPLD BOKXWHBY D1P[E] GLVVLPLOD
&OXVWHULQJ DSSURDFKHV DLP WR WX WK HH VD ¥ LFOCRKL I
DPRQJ WKH GDWD LQ WKH VDPH JURXW® KH) G DDADDY R QVW K HC
GLITHUHQW JUR XS\P ¥ @QXVWMQHILIAG WOJRULWKPV DUH GLYL
ZKLFK DUH SEDWH®LROWERGY KLHUDUFKDRD¥HG PHWKF
PHWKRGEDVHGGPHWKRGEDDG PREKRGY D@GC '%6&$1
237,85 @GWYHD[RIV $11LQLW\ 3R SPIIMDVRIPRIZDWLVH &OXVWHUL
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+'%6&$18] DQG&O67&OXVWHDUBIVRPH H[DPSOHV RI FOXV
DOJRULWKPV 6RPH RI WKH DSSOLFRWLHRRR BQIHWDVRRI FO X
11] PDFKLQH[OQHD@ELRUQIRY B[S IFIVWD PLEIQL7R J

ZHE PLQIBY VWUHDRLPUGLEWF

%DVIPFHB QV FONMaAVWSHURISRVHG E\ 6WXDUW /OR\G LQ DV
SXOPARGH PRGXODWLRQ WR GHILQH OLQHDWA\ VHSDUDE
SDUWLWDRBGQHIOXVWHULQJ DWW KR UG DM BV HMK D@WRL X LIEGX
UDQGRPO\ VHOHFWHG LQLWHDQ VA HBDMHORL ®\D G$ B DAK\RW RK >
LW HQFRXQWHUV SUREOHPV LI WK RKGDRMIILQH B/UR\E QHRRW C
UHODWRGDWR DNUH DV IROORZV

X 7KH ILQDO FOXVWHUV DUH GHSHQGSY¥WRZQ UDQGRP
LQ J)LIXUHWKH UDQGRPO\ VHOHFWHG FHQWURLGV D
IDLOV ZKLOH GHILQLQJ FOXVWHUYV

X K-PHDQV FOXVWHULQJ DV VWX YWKBDUW WWRH BHK DS X QF
VSKHULFD Oa PHRYRHYIHAA RI WKH G DDVMDY BW M DWIHNVY. S K H
DUH DUELW@DB\ LQ UHDO

X K-PHD@WEORW KDQ&GCEB RKXWOLEDWWLWLRQV WKH GD\
ZLWKRXW VHDUFKLQJ IRU RXWOLHUYV

X ,WHQFRXQWHUYVY VRPH SUREOHPVHQWKH VL]HV RI F

X ,] WKH FOXVWHUV DUH QRW O L-®PHDQV\ N/GISPX@\E 8 H \F
VRPH LVVXHV

6LQFH WKPHDIM FNXVWHULQJ DOJRULWKP ZDV SURSRVH(
EHHQ SURSRVHG WR GHDO ZLWK PHQW L&QUEHDVNXHV W
PHDQV KDV EHHRQ RSYUWRISFRPHGWKH SUREOHP RI LGHQWLI)
FDQQRW EH OLQMPERD %V KD QD WHG Q HO QRMBINKRG V' N
FDQ GHIHVEHKKRIFDO FO XV W H-AP\H DR FEP SKOM) QWO N
KLIJBEQG LWV WLPH FRPSOH[LW\ LV KLJK BG WRAH RWKH!L
VHOHFWLQJ RSWLPD®OL@GWDDE HEH YWRRDRREBVHRI N
SURSRUHGHHDQ\Y22] DQBOJRULWKPV ODNBQWMKR]\ &
DXWRPDWLFDOO\ GHWHUPL® H W& HNOKPBENU RE CPOXNVRWH U
FHQWHUV PBMH KRWHRYDWLYHO\ WR DYRLG FRPSOHWH UL
FKRVHQ VWHS E\ VWHS DFFRUGLQJ WR M K HVKHHQRMRWRL G V
7KLV DSSURDBFIKDRDWHEHW W HRHD RRQ HYDWWK EWD S SURD FK
LV QRW HDV\ WR SHUIRUPHDRVYWIQH. BERBRNG & HUVLRQ
PHDQV WR LPSURYAHDIQKSDLBXWY RVHG RSHUDWLRQV L
WKH FRP SO Hi[LMOJRU WK B OAL JRQ RVF B IQU- PHOUQAL RIQR R 1 N
RYHUFRPH WKH LVVXH Rl VHOHFWLRQ RIDIQJLM\W DIOF HQ W
26] ,Q WHKHMLAU D/JOWWKRXJK WKH DFFXUDF\ Rl FOXVWHULQ.
XQVXLWDEOH IRU ELJ GDWDVHWYV EHRADXNHIWKHKDQJRUL
HW[ZDJOSURSRVHG DQ DGYDPWBGVYEDVHBQRRIGHQVLW\ FD
IHHG WKBQW ZLWK WKH EHVW LQLWLDO RHQWKHUWR7KH\
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ILQG WKH EHVW YDOXHV IRUAHDQ@ EQXWWB O LRHQ \§ O RIKA
HITHFWLYHORQ®BWRYHYJ TXDOLW\ WKHLU PHWKRG LQFU
FRPSOHEWQGHUVWRRG IURP H[SOPHRAEG NFOXVWRQYQR
DOJRULWKP ZH RHD-E®WHGHRZOXVWHULQJ DOJRULWKP WKI
GDWDVHW PRUH DFFXUDWHO\ DQG TXLFNO\

7KLV VWXG\ D8 UQRSYRMMH \D S SXARHDVF KP XABKADNK D @QIHOON G H Q V L W\
HVWLPDWLRQ WR ILQG RSWLPKP GOQRMDQHPOHGWQRLEV
HVWLPDWLRQ LV D QRQSDUDPHWULF SXRIEDLBEL GMRVAL@IEQ \
GHQVHU UHJLRQV WR VHOHPMDWKHO @ G H.Q Y\ WU DUH ¥ HRQWU
GHJUHH Rl GHQVLW\ LQ DQ\ GDWD GLVWIKLEXDURQFGKH
KDV DQG&MWYIWHDOJRULWKPY GR QRW KDYH DUH VXPPDU

X 7KH DFFXUPHEDRY WOXVWHULQJ DOJRULWKPV LQFUH
NHUQHO® KBWQIWMVADMWLRQ WR GHWHFW FHQWURLGV RI F

Xx %YHFDXVH WKH GHWHFWHG FHQWURLGRIDRKH DOVR VW
GRHV QRW QHHG DQ LWHUDWLYH SURPKFEFXMHUWR Ul
DUH IRUPHG LQ WKH ILUVW LWHUDWLBQIDMWY PHWK
ZKHQ FRPSDUHG ZLWK H[LVWLQJ PHWKRGYV
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0.0

00 02 04 06 08 10
$¢ Initial centroid(s)
¢ Final centroid(s)

YJLIXUH
J)LQDO FOXVWPHDQM EPFMRBGLQJ WR UDQGRPO\ VHOHFWHG LQLV

7KH UHVW RI WKH SDSHU LV RYHFOUW]R G BYWDRGAIRZ YV ,Q
H[SODLQHG Z¥UPHWARINVEHREOHP LV VWOWHELREHQ LQ
GHWDLOV DERXW WKH SURSRVHG D OJRMLSMKR MHIGIWIUR Y L
VWX GV IOHE GWEH FWLRQ ZKLOH WKH ZRWM AW LRRQ FO X G H
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2 Preliminaries

2.1 BasicK-means

K-PHDQV FOXW & B WHMIQHRID U VS SWLRQBIQW KH EDVLF FOXVWH !
DOJRULWKP RI FOXVWHULQJ WHFKQLTEKFHWLY, WWISWRFHG
VKDSHV RI FOXVWHUV deR \ROWHOLKFDY DWHWKHDB LWHU
RYHU UDQGRPO\ VHOHFWHG LQLWLDWD BHXQW IMABY WR U
H[DPS@B AXVWWQURWHBELWLDO FHQWURLGYV DIIHFW WKH IL
7KH PDLQ REMHFWLYH RI LWHUDWLR QY RN \WKRH PG.IDW B V]HHW/
7KH REMHFWLR-G HROQ@V LV JLYHQ LQ (TXDWLRQ

~ X . 6
= IEIAY g Apiy ToF &.

ZKHWUH WKH QXP E HiyUL R IWFKOHK ¥ W GINIFWDRIYAV\R IDWGKCHV D SRLQW
. ToyF 'a'(.GLV WKH GLVWDQFH T, WRPWKKIH F® DXW W F8IRBERI VG W H U
W KHF O X V WHEUAVABHVW D SRLQW YV W K D WWHKRHQ & WRUEGBIRR IWKH G D

Algorithm 1: Standard k-means
Input: Data points X = x,, 25, 73,..., 2, CR%
k:
Output: A set of k centroids: €' = ¢, ¢y, €5..... ¢, C RY;
Initialize C' + ¢y, ¢2,¢3, ..., er € RY at random
while C' has not converged do
S — 0,V e [k];
foreach »; £ X do
J* < argming||z; — c;|:
Sje & SpU{z}
end
Cj4— ﬁ wzg x,Vj € [k]:

end

NPHDQV LV JLYHQ LQ $OJRULWKP

2.2 Kernel Density Estimation (KDE)

,Q WKH OLWHUDWXUH WZR W\SH\FRP FBRI@M\L XX HHG/ W7 LKR-DAM |
PHWKRGYV DUH SDUDPHWULF D@6 UWIRRHSNDWIDAP PIMW K R G®\8 U |
*DXVVLDQ PHWKRG DVVXPH DOO WKH PRMIMDWG LMW ULE X\
JDWKHUHG DURXQG WXHEKMWDPWIED UG BKHULBMWILFFOMH UDGLX\
QRQSDUDPHWULF PHWKRGV DVVXPH WKHODHDPRQHEHVKRIU H
GDWD 1DPHO\ DFFRUGLQJ WR WKH SPH BPRIBDWURG WKW KF
FXUYQRQSDUDPHWULF PHWKRGV DVVXPH WKHUH PD\ E
7KH SUREDELOLW\ GHQVLW)\ IXQFWLRQ RN KVRHDXQQLYDULE
DQGLYMHFIHV JLYHQYRWLRQ
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-
BT = 5 A?@—C/e

ZKHUH WKHK YD@RH RFLQWHALY DMKH RWIKMH D K®IQBLRQ WR
DVVXPLQJ WKDW WKHUH PD\ EH PRUH WKDQ@ RQH SHDN
GLVWULEXWLRQ HVWLPDWLRQ PEWKRGY EB\BIR® EH XQL
GLPHQVLRQDO YHFWRU RI PXOWL¥-GGUPHYN LFOXNY LIDHD G L
YHFWRUDQ® WKH FRY DU RNXAHG PPMQUWIKRHQM IRUH  WKH
PXOWLWMUKQ}WUHEEXWM@@ EH (TREWLRQ

(T&)= rrgexp(F(e F R -"YTF R

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

$& Initial centroid(s) #8 Initial centroid(s)
Y Final centroid(s) ¥ Final centroid(s)

JLIXUH
7ZRH[DPSRWKH HIIHFW Rl UDQGRPO\ VAHIOHAWHG/ ARQBVMNRQ G B IR NLQ D

$V D QRQSDUD P H¥ULH OP B/ME RIBMMARRQ HVW LPD@Q\H ZKHUH

QHZ LQFRPLQJ GDWD WR ORFDRMH QF FMRR B/IKQ Y \B B LID[ILW W L
LV XVHG LQ PDQ\ DUHDV OLNH PDFKVYWR FNHPD QN B W VK HHDAC
2] $V ZH PHQWLRQHG HDUOLHU DQG D¥DRQ EWKAX{JWVRSOH
GHQVLW\ SHDNV RQ WKH FXUYH DQG WHKHIRZQWH PDQ\ V
VPRRWKLQJ IXQFWLRQV 7BW Q'(YINQ FIDPO FXODMHG DV JLY
(TXDWLRRHUH . LV RQH RI WKH IXQFWLRQV LQ )LIJXUH

A= 2 A s @LA

3 Problem Statement

7KH PRVW LPSRUWWDQWRSEDRYFROINNP FHQWURLG LQLWLDOL]D
LQLWLDO FHQWURLGY DUH VHGHDWH ERW R GRPDO [FQ@ XWWD
WKH DFFXUDF\ PLIKWIEHDQHFDWGYHE LUHAFWOWKRXJK PDC
YHUVLRPNDRIVNKDYH EHHQ SURSRVHG WKH WLPH FRPSOL!
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DUH YHUWKKUXKLY VWLOCHHDAMG HRIY IORHZVNWKDW FDQ GH
EHVW LQLWLDO FHQWURLGY DQG KDYHORZIRVNIHPBE @RESO|
YHUVLRRHBOYW WR RYHUFRPH WKH PHQWLRQHG LVVXHYV

EEm Histogram
—— KDE

0.06

0 10 20 30 40 50 60

YLIXUH
7KH UHODWLRQVKLS EHWZHHQ@ KLVWRJUDPY DQG SHDNV 1
04 gaussian tophat 08 cosine
0.3+ 04 0.6
0.4
0.2 0.2
0.2
0.1
0.0 0.0
-2 0 2 -2 0 2 -2 0 2
exponential epanechnikov linear
0.5 1.00
0.4+ 0.6 0.75
0.3 0.4 0.50
0.2 02 025
0-11 0.0 0.00

-2 0 2 -2 0 2 =2 0 2
YLIXUH
7\SHV RI NHUQHO GHQVLW\ HVWLPDWLRQ FXUYHV

2.0
1.5
0.4 1.0
0.2 0.5
0.0 N
800 025 050 075 1.00
YLIXUH
([DPSOH RI WKH LQLWLDO FHQWUR LW KHQIG) VKB DQF G1LNWHIWRR R HG HW |
GDWDVHW
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4 The Proposed Algorithm

7KLV VHFWLRQ GHVFULEHV WKH GHWRLOWKRIVWKW SGR:
SURSRVH D QHZ PHDQALRFOXRMWHULQJ WR RYHUFRPH WK
FHQWURLGY GHWHUPLQDWLR®@ WH MW GDW R \GHWWRW S BB K
7R ILQG SHDN SRLQWYV ZH XVHG PXR® L¥OH ISXW B RNVHHU R H
ILQGLQJ SHDN SRLQWV LV WR VHOHFWURH®WURUQM G Sk
PHDQV 1DPHO\ WKH SRLQWV ZLWKLRLWLD'Q BH B8 WWRLG
7KHUHIRUH k BIR IMHVOWBW LQLWLDO WHEEQRLGXUHRZHYHU
VHOHKFRHOWY ZLWK WKH KLJKHVW YDOXHN WIONVEH WRR

SRLQWV ZHUH FKRVHQ DV WKH LQLWRO & GXDWHIRL R X O €
EH UHGXMEHMHIRUH LQ ,PS.PHDQV ZH XVH RQH PRUH SL
LJQRUDQFH UDGLXV :KHQ VHDUFKLQJWREHH DIHZ WRDQ WL D
VHDUFK ZH LJQRUH GDWD DURXQG SU® Y IL@IDVBIKEVHOHFW
RI LJQRURRQRF®HW V JLYH PRUH GHWDLOV DQG GHILQH

,PS.PHDQV

4.1 Definitions

Definition 1 (ignorance radiusignorance r):7KH LJQR U D@ H W RJUNRKLGXNYV

LIJIQRUDQFH DUHD DURXQG HDFK VHINARWHW SRQWIEROHS ||
RXU DOJRULWKP WR RYHUFRPH ORFDB GDGIQPTDN XW H LW K IQ\
DSSUMIMARX LQLWLDO FHQWURLGYV ZRXOG RWHTOKHRWHG IL
DSSURDFK PDNHV LW SRVVLEOH WR WOIW HFWQ V@ UWULHDIQ. FEC

Definition 2 (the number of clustersk): 7TKH QXPEHU RI FOXVWHUV LV WK
QXPEHRORNVWHUV W KHR ZNWHUUH@WWKHUYVGRHY QRW QHFHVVD
WKHUH ZLOO DOZD\VEHPIS.RLQDQ@VARXPWE FOXVWHUV PD\
WKDQ WKH VHOHFWHG N YDOXH

Definition 3 (MultiKDE): $V SURFHVMWAMXGO®/DLWDPHQVLRHDI/ LQ ,PS.I|
ZH FDOFXODWH WKH PXOWLYDULDWH NHURMHWDGHQVLW
,Q DGGLIERQ\IW)R .'( WR XQUAH FDIQD WHSGDWW WR PXOWL
GDWDVHWY 7R DGDSW WKH .'"( WRHSYRRNXN©®E XXEGWL XBU QI
FRQVWUXFWHG E\ D SURGXFW NHUQHO RU D UDGLD
PXOWLGLPHQVLRQDO GDWDBG/MHPVWYVLRYYDW KIEQMGEVHVWD  /H
(i5:6 .7 0" "EH D VDPSOH RI PXOWLYDALMDRNV W KIHD GE R K LYD\L
RFX) GHILQUWGRQ:; T ..., T EH DQ LQGHSHQGHQW VDPSOH
fxX) 7KHQ WKH PXOWLYDULDWH NHUQHQ TXHDWIRM\ HVWLPD
ZKHKYHLY D PXOWLYDULDWHY BWH DQFHROV LXNINAIHP BRQUGZ L

BOY = —— Aj ox(D(T F )

40"

Definition 4 (kdtree-based rangesearch)LJXUH WKNYR@AMJHH LV D WUHH GD
W\SH WKDW FDQ SURFHVV PXOWLGLPG QW DRYNWBREDKHD V HV
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LW HYDOXDWHY RQH GLPHQVLRQDU® GHIHAKH B WHKS RB® WDKWA
LV DQ RSHUDWLRQ WKDWVIUH B HW RR VPHGQW BGHGD WGUFO

UDGLXWVIRH UHDVRQ

WR XVH WKLV DS S\HRHROWHKHHQDRXGU DOJ

WKHQJHVHDUFK KDYH ORZ FRPSXWDWLRQDO FRPSOH[LW

KD-Tree Decomposition

KD-Tree Structure

: () (2

YJLIXUH

'"HFRPSRVLWLRVURH VWGOMN NGHW

Algorithm 2: ImpKmeans

Input: Data points X = x,, 75, 73, ..., 7, C R%

k;
I

Qutput: A set of k centroids: C' = ¢y, ca,

cs. ... c0 C R

IntitialCentroids + findInititalCentroids(X, i-?r]:

foreach i € k do

end

S+ 0.V e [k]:

foreach z; € X do

J* + argming||z; — ¢
Sje +— S U {z}

end
¢4~ g7 2 =,V € [k];

z€S,

InitCentroids[i] + argmaz(MultiK DE):

MultiK DE « delete MultiK DE(r, InitCentroids]i])

Algorithm 3: findInitialCentroids

k:
i

Output: A set of £ centroids: C' = ¢y, 2,

foreach i € k do

Input: Data points X = 2y, x5, 73, ..., z, C RY:

s, ... cp C RY:

MultiKDE + —L. 3 K(h~%(z — X,)); sealculate MultiKDE
i=1

nlh{~2

InitCentroids[i], j + argmaz(MultiK DE): sfind peak point

kdtree +— KDTree(X);
ind +— rangesearch(kdtree, r, z;);
X + delete( X, ind):

end

return [nitCentroids

bplace data into kd-tree

pfind the data inside th mee areda

pdelete the data in ignorance data
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4.2 Algorithm

$V ZH H[SODLQHG DERYH W KH PRHDLQ)V FIRWHV W KBXWIL\R GA\D @ |
WKH EHVW LQLW-PH® 6 M QWQBGRGEBWMRIRN QHHG DQ LWHUD
WR UHDFK | L/DBIP@AMMHOMPUDRWHEH .'( PDNHV LW SRV
WR ILQG WKH B QRUDUHDVYDGLXV PDNHV LW SRVVLEO
FHQWURLGY LQ GLIITHUHQW UHJLRQV ZMRSSMDHMON DOJRUL

X ,Q WKH LQLMHDQHOW®HBVLW\ HVWLPDWLRQ ILQGYV
GDWBNSRMQWY WKDW PLQLPL]H WKH FRVW DUH VHOH

x ,Q WKH VHFRQG VWDJH LQLWLDO FHQWUWRIQGY SURS
DUH JLYHO-PAHRD U MLV NQOLWLDO FHQWURLGY DQG Wi
DFFRUGLQJ WR WKHVH FHQWURLGY LQ RQO\ RQH LW

$FFRUGLQJ WR WKH DERYHPHQWLRQHG HTXBWLRQV DQC
WKH S¥REERRI ,PS.PHDQV LV JLYHQ $OJRULWKPV DQG

4.3 Time Complexity

/[HWEH WKH QXPEHUW 8LFHEWERROWRH QXPEHU RI FOXVWHU
GDWDVIHBH WRE QXPEHU RI LWHUDWLRQV QHHGHG WR EH
Rl WKH WLPH FRPSOH[LW\ RI WKH SRIWR-ERMWH G OIRIRLIN KK P
LV JLYHQ LQ 7DEOH -WUHHHD X R DWW EVBHVERH VHDUFK RQ L
WLPH FRPSOH[LW\ RI RXU DOJRULI¥gK)PRIUVF\R RN WX RPN MR

WKHWNUGHH @8G°21RU UHDQJHVHDUFK REH)D W MRKH ,Q DG (
FRPSOH[LW\ RI DVVLJQLQJ WKHRGG W D7 WHRUWHH R biiF W\W & HL Q C

WLPH FRPSOH[LW\ RI dR}gh DP@TR LMWK P 7KL 2 FRPSOH[LW\

FRXOG EH VLP®ST1LHE BXW DOJRULWKP GRHV QRW XVF
DSSURDFK LW LVDN BRIBS\HCH & AMEMIKU WO RULWK PV

7DEOH
7LPH FRPSOH[LW\ FRPSDULVRQ RI DOJRULWKPV

$OJRULWKP &RPSOHI[L
NPHDQV O(nkdi)
NPHGLRGV O(rPkdi)
NPHDQV o(rekedi)
)&0 O(nkdi)
,PS.PHDQV O(nkd)
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5 Experimental Study

5.1 Development Environment

,Q WKLV VWXG\ WR PHDVXUH WKH MWIHIGF LWQRQ RV\ @ W HDW
DQG UHDO GDWDVHWYV LQ WKH $QDFRQGD BQYLURQPHC
ODQJXDJH ZLWK WKH QHHGHG OLEUDDEMW QTR VFSHINGK U H
ZH FRPSDALMXK IMRFRHWIMDW B O JR U PMBPRW OMNRHDNQYV N
PHGRLGY DQGHDQW &00 H[SHULPHQWDO VWXGLHV ZHL
FRPSXMWWK*%5$0 DQQWHGCGURFEQBRULQGRZV RSHUDWL(
VIVWHP LQVWDOOHG

5.2 Experimental Setup

7R BEEKWHKDW HDFK GDWD LV LQ WXKB UWDFHIMIDKH DQG W
GDWD ZHUH RDRMRKHORRH®RUPDOL]DWLRQ 7RBI[ HTXDWLRC
QRUPDOL]DWLRQ LVBJLYHQ LQ (TXDWLRQ

spdalag
\{JT—.,
k_vé&rkgléy

$GGLWLRQDOO\ ZH XVHG $5, $GMXY \BHGKRXGIGV WIS HQ G H3
HYDOXDWH DQG FRPSDUH WKH FOXVWRQ\V @E R X D/OW WK \RH
LQGVFDUH JLYHQ/LQ (TXDWGRQ UBKSHK R\, EHO\

YDOXHV REWDLQHG IURP WKH FR QROXYIMMEFY WD BOH N V
DUH WKH PD[LPXP FRXQW RI GDWD LQ WKH UHODWHG FO

Ao @’Oﬁb BOPADIC Ko

2 BAg@ P> AGROC @ PAGDICK o
2QNFFLLF,@5 T, e R+

#4 =

32°@3
5+ 2 Mobos 206G2.Q2)
ZKHApHLY WKH DYHUDJH GLVWDQFH WRLD QQb@KHGGDWD R
LV WKH DYHUDJH GLVWDQFH WR DWQ WKIQRB\BWD RI WKH |

5.3 Used Datasets

\QWKHMMLEEHDO GDWDVHWY ZHUH XVHG LQ WKH H[SHULI
VXFFHVV Rl RXU DOJRURNWHOR VY LIVIKI RAUKLWY R/RWD WBHLQ FH W |
SXUSRVH RI RXU DSSURDFK LV-RMRDRR/SRE HJ WEXFBIFWXUH D
FRPSOH[LW\ WKHNWOHDPWHGESKHWLFDO LQ JHQHUDO 2«
PHDVXUH WKH HIILFLHQF\ RI RXU DOJRMH LWHOHRW WKMHLP
LPEDODQFHG GDWDVHWY OLNH 2XWOVHUW & 8JG B WDW HR\Q
XVHG LQ WKH H[SHULFHQW.QO7TDW&B\ DUH
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7DEOH
8VHG GDWDVHWYV

Dataset Type # of Features # of data # of class Reference
2XWOLH 6\Q WK 2 [29]
&RUQHU 6\QWK 2 [29]
,ULV 5HDO > @
%UHDVW 5HDO 8 699 2 > @
$JJUHJD 6\Q WK 2 788 7 > @
7TKVURLG 5HDO 215 2 > @
;FODUD 6\Q WK 2 > @
7ZHQW\ 6\QWK 2 > @
G F 6\Q WK 2 > @
G F 6\Q WK 2 1517 > @
G F 6\Q WK 2 625 > @
G F 6\Q WK 2 > @
6\Q WK 2 > @
R15 6\Q WK 2 15 > @
'LDPRQG 6\Q WK 2 9 > @
6LIHV 6\Q WK 2 > @
'6- 6\Q WK 2 5 > @
JRXUW\ 6\Q WK 2 > @
6VHW 6\QWK 2 16 > @
6W 6\Q WK 2 9 > @

5.4 Experimental Procedure and Parameter Setting

,Q WKH H[SHULPHQWDO VWXG\ ZH XVIQ& PPOD YERMKMB G |
SDUDPHWHUV WR UHDFK WKH EHVW UHDNXIRVWLWKEP RDFK |
HDFK GDWDVHW WLPHV ZLWK UDQGRP@W\KFPHBHFWHG S
HDFK LQGHIX®BLEW\ TBKRRICKEJKHVW REWDLQHG YDOXH RI HD
GDWDVHW ZDV WKH EHVW YDOXH |IRUNWHK H VU DMHH W H GV D
HQDEOLQJ XV WR UHDFK WRLWKH @XWH ZH KHD /& HZEIHIVO V R
WKH VSHHG RR @ O HROUHIPMKISY GDWDVHWYV

5.5 Results onBoth Synthetic and Real Datasets

‘H XVHG WKH SURFHGXUH H[SODLQ IS0 WP &6MANLRIRU HDR

DOJRULWKP DQG FOXVWHULQJ UHV@OWEORERWDLQHG UH"

7KH $5, YDOXHVPHIOQPHDNPHEBRLGY )&PHBAGGYV DUH

VKDUEBGDEOH $&®KWORQDENBRWLGHGISFHFRUGLQJ

WR WKH W HWXROBWR RINV/JRWEDWKP LV PRUH VXFFHVVIXO RQ
GDWDVHWYV 2Q WPKID @WHKBIQVIPIHBRLEY @& )&0
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WKH EHVW RQ DQG G D MADS/HHRVWWL. RN BU ,UIG\D WD V B W
DQG '6wereWKH GDW DR XWMRW AWRROWWKH PRVW VXFFHVVIX
WKH $5, YDOXHV WKDW Guéd YTHUARRQ RAKHP W R KWIKWHE HV W
7TKHUHIRUH ZH FDQ VD\ WK Dy RXW DD/AHIINRW EWW R H- B WS Kl IF VEE

5HIJDUGLQJ 3XULW\ RXU DOJRULWKP ZDWWHKWH PRVW VX
ZKLOMHPQPHMQV-PHERLGY DQG )&0 ZHUH WKH EHVW RQ
GDWDVHWYVY RYHU G DRV HW VH [BRPMUB BBWR P OUHV XOWYV
RQ WKH GDW D\DW R W QN AKN ¥ I3 WX W ukre WIDODWXHORVH WR WKH
EHVW 6R LQ 3XULW\ RXU DOJRRR®XEPMWBHWYRWKHWRPSH
DOJRULWKPV ZHOW HRIQ 6NV KDW RODW R B JRRMW K/KFFHVVIXO R
GDWDVHWY RPHODQVXLWKRHMNQPHBSRLGV WeeCW)KRH

PRVW VXFFHVVIXO RQ DQG GCDWPBEHWWH BV IRHDAVE P!
, ULV %UHDVW &DQFHU DQG 7K\URLGIXDX U QD & URHDIMVK P
&DQFHU DQG 7KV\URLG $V IRU ,ULV RXWU\WDO MOLOAXNHWP LV
EROMAHQWOeVYHRDWEHG LRXDHEHOHIRULWKP DSSHDUV WR EH F
ZKHQ FRPSDUHG ZLWK WKH RWKHU DOJRULWKPYV

k-means Clustering => {ARI=0.7638) k-medoids Clustering > {ARi=0.7638} k-means++ Clustering => [ARI=D.7638)  FCM Clustering == {ARI=0.7565}  ImpKmeans Clustering => {ARI=D.7638}

104

2d-3c dataset
- = L]
o &,
L]

0z 04 05 08 L0 00 02 04 05 08 L0

kermeans Clustenng == {AR1=0.8207}

o %ﬁf_ Lz

i % s en ﬁ.r} e

gw- %ﬂc %&_ - °@

: g;w;?@ o

™ s ® ”» 2 o
o0f o S

JLIXUH
&RQW
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as S

40-5 ol

o

g

ODO

3

mm

5

g

gnc

5

fomearss Clustenng == {ARI=0.7927)

k:medoios Clustering « = [AR«0.7719) kmeans++ Clustering == (ARI=0. 7906}

FCM Clustering => {AR|=0.7762}

ImpKrmeans Clustering == {ARI=0.8726}

YJLIXUH
&RQW
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S-setl dataset Twenty dataset Outliers dataset Corners dataset

DS-850 dataset

as

an

ne

as

no

kermeans Clustering == {AR1=1.0090}

kemedoids Clustering = [ARI=1.0000}

i-means++ Clustering => [ARI=1.0000)

FCM Clustering => {AR|=1.0000}

ImpKmeans Clustering => [ARI=1.0000}

kerneans Clustenng == {ARI=0.7030}

»

06 62 04 05 08 104

femedeics Clustering == [ARI«0.8464}

»

Lo

Kemeans++ Clustering == (ARI=D.8463)

3

FCM Clustering = {AR|=0,8463}

»

A

ImpKrmesns Clustern

= {ARI= 10000}

6559
'YITYS
eH¢d

w0z

kermedoies Clustering > [ARI=0.7734}

62899
' TELY
doqd
A2 KX ]

10

maans++

65899
523549
e9edE

Iustering => [ARI=1.0000}

@ bz wA 08

FCM Clustering => {AR|=0.9354}

13Lk]),
582389
eS¢ EW

ImpKmezns Ciustern

2311,
'TErY
esedE

> {ARI= 10000}

vebad

ez

ik k.

veyss

YJLIXUH
&RQW
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kermeans Clustenng == {ARI=0.9983}  kmedoids Clustering == [ARI=0.7862} i-maans++ Clustering => [ARI=0,9983)  FCM Clustaring == (ARI=0.3983}  ImpKmeans Clustering => {ARI=0.9983}

i j ' ¢ '

® | ) L) | . | [}

2d-4c¢ dataset

a0 st i T crtn | anastn fe:sarnl

Kemeans++ Clustering = (ARI=1.0000)  FCM Clustering == (ARI=1.0000}  ImpKmeens Clustering == {ARI=0.9922}

Diamond9 dataset

Sizesl dataset

0o

0.5244}

D31 dataset

YJLIXUH
ILVXORVAWVHULQJ UHVXOWV $5, WDQWHW WRIFDOJEDMWMBKPWRQ WK

7DEOH
$5, HYDOXDWLRQ

Lloyd's
FCM  k-means k-means++ k-medoids ImpKmeans
2XWOLHU 1
&RUQHUYV 1 1 1 1 1
,ULV 0.743
%UHDVW 0.8391 0.8391 0.8391
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$JIJUHJDYV 0.8239
7TK\URLG 0.8434
;FODUD 0.9929 0.9929 0.9929 0.9929 0.9929
7ZHQ W\ 1 1 1

G F 0.9967 0.9967 0.9967 0.9967

G F 0.8377

G F 0.7638 0.7638 0.7638 0.7638

G F 0.9983 0.9983 0.9983 0.9983
! 0.57
R15 0.9928 0.9928 0.9928 0.9928
'LDPRQG 1 1 1 1
6LIHV 0.9578
'6- 0.9042
YRXUW\ 1 1
6VHW 0.9954
6W 0.8398 0.8313 0.8313 0.8313

7DEOH
3XULW\ HYDOXDWLRQ
Lloyd’s
FCM  k-means k-means++ k-medoids ImpKmeans

2XWOLHU 1 1 1 1 1
&RUQHUYV 1 1 1 1 1
,ULVv 0.98
%UHDVW 0.9742 0.9742
$JIJUHJIDV 0.9962 0.9962
7TK\URLG 0.9628 0.9628
;FODUD 0.9997 0.9997
7ZHQ W\ 1 1 1 1

G F 0.9997 0.9997

G F 0.8471

G F 0.9944 0.9944

G F 1 1 1 1 1
' 0.4835 0.4835 0.4835
R15 0.9967 0.9967 0.9967 0.9967
'LDPRQG 1 1 1 1
[[6L]HV 0.986
' 6- 1
YRXUW\ 1 1
6VHW 0.9978
6W 0.9256
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7DEOH
6, HYDOXDWLRQ

Lloyd’s
FCM  k-means k-means++ k-medoids ImpKmeans

2XWOLHU 0.6136 0.6136
&RUQHUYV 0.5699
,ULV 0.6295 0.6295 0.6295 0.6295
%UHDVW 0.5968
$JIJUHJDYV 0.5385
7TK\URLG 0.5852 0.5852
;FODUD 0.6945 0.6945 0.6945 0.6945 0.6945
7ZHQW\ 0.738 0.738 0.738

G F 0.8368 0.8368 0.8368 0.8368

G F 0.6172

G F 0.5562

G F 0.8738 0.8738 0.8738 0.8738

0.4832
R15 0.7528 0.7528 0.7528 0.7528
'LDPRQG | 0.5487 0.5487 0.5487 0.5487
[[6LIHV 0.5934 0.5934 0.5934 0.5934 0.5934
'6- 0.5652
)JRXUW\ 0.6852 0.6852
6 VHW 0.7116 0.7116 0.7116 0.7116
6 W 0.4436 0.4436 0.4436
7TDEOH
2YHUDOO FOXVWHU TXDOLWRWRPSDULVRQV RI WKH DOJR

Algorithms ARI Purity Sl Total
NPHDQV 9 11 9 29
m-PHGRLGV 6 5 6 17
NPHDQV 12 7 15
)&0 8 12 8 28
,PS.PHDQV 16 15 15 46

5.6 Speed Analysis

$V ZH H[SODLQHG LQ 7DEOH RXU DOJRWEWEKPH V H[SHF
FRPSOH[LW\ %HFDXVH RXU DOJRULWKP GA&HRXQRW XVH
DSSURDFK-FREWXWLEB VWDJIH LIVQWZKMW R LNALUDH © WEDHIGHV L \
HVWLPDWLRQ@QEMHHW® FEAWHEPGBHUARPHQWDO VWXGLHV
VXSSRUW BXWHBEDI® 2QJWKH RWKHU KDQ®LNE VRPH G
7ZHQW® ZKLFK WKH QXPEHU RI FOXVWHUV LV KLJK FRI
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FRQVXPHG WLPH LQ WKH ,PS.RHRPWNHW 2ZFROUGCKWDH KDIXK ML

WKH KLJKHU WKH QXPEHU RI FOWMWHBRP BROHH L WL JKHL
,PS.PHDQV

Comparison of time complexity of algorithms Comparison of time complexity of algorithms
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YJLIXUH
7LPH FRPSDULVRQ RI WKH DOHBUGDWKBVHRM/ VRPH RI WKH XV

Conclusion and Future Work
,Q WKLV VWXG\ ZH SURSRVHG D -GHDQYDFPGFHG YH

“ . PS.PHD¥KRUWO\ WR RYHUFRPH WKH LVVXHVGRI LQLWLD!
WKH WLPH FRRBHMW\ RWKAHD @M @B BRIDS/SEHRMRF K W V
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SRZHJIR®VLQJ PXOWLYDULDWH NMWWRQHQ &G MKWHL EMH @ V WU RIH
DPRQWKH GDWDNQ@RPEHBH®BMOUH VHOHFWHG DV LQLWLDO
DFFRUGLQJ T KRDGHQRDWK YV RXU DXOFRUWRMK WRPSDUHG
DOJRUULWKWWHUPYV RI FOXVYRMHHURWQHUT X\MOLAWAM\ WKH VHOHFYV
FHOQOWURLGY DUH DOVR WKH ILQDOSBGBEWYKHH IEQRQW URLC
FOXVWHWRQO\ RQHTKMHDBWURQFK PDNERWKRUHDOJRULW
HITHFWQ@&HDVWHU

$ VLIQLILFDQW H[SHULPHQWDO UHVXOM P\DR R BRXMWODLHE \
DQG 7KV\URL@XGIDWOIRWWKP UHDFKHG DQG ZKL
EHVW DOJRULWKP WHEDFKIOEXVWHUDQG TXDBWWKHUHVSHFW
e[SHULPHQWDO VWXEBXKHVDDORBLWKFSKDW ERWK VXFFHV!
TXDOLW\ DQG ORZ WLPH FRPSOH[LW\

,Q WKH I XVWXIR[ID P &@BRJQ R X Y BVGAGUGHS/IYW Q ¥ HDAUNE L2W WBL U \
VKDSHG FDXOWHUVFRQGXFWHG

Code availability

BS\WKRQ LPSOHPHQWDWLRQ RI WKH SURSRYIHWMEG+RE@XVWHU
KWWSV JLWKXE FRP VHQRODOL ,PS.PHDQYV
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Bolt Preload Variations During Repeated
Tightenings

Talal Alsardia

'"HSDUWPHQW RI 5DLOZD\ 9HKLFDEWDWQG) BAXQRAHRB\VWH |
7UDQVSRUWDWLRQ (QJLQHHULQJ DQGYSHKILMOHR(QJLQHH
7HFKQRORJ\ DQG (FRQRPLFV 0%MNGHNH/RVUNSQJIDU\
e-PDIIDOVDUGLD#HGX EPH KX

Abstract: Bolt preload predictigrthrough torque valugs challenged by friction variations
within the bolted joint. Accurately estimating the initially achieved prel@ad persistent
problem. This study aims to examine the repeatability of the bolt tiggtpnocessunder
constant torque valuesising experimental data. The experiments were conducted on bolts
and nuts with a black finish surface, and the preload and nut factor variations were eckamine
under four lubrication scenarios.

Keywords: Bolt preload variatigrirorquepreload relationshipLubrication; Nut factor

1 Introduction

JLIWXUHV DUH QRKMBRHRVYDARUMRHORPG QWY WRIJHWKHU DQG
IL[WXUHY DUH DYDLODEOH L QU WIKKHV LIQ B/ X WHJ \D @& RSRARLYQL
UHOLDEOH GHYVRIQXJKTX\MWA I OBORQUVWKHVH IL[WXUH
ER O W HV® \MRFRHW - W@ HOOWMOVH OLQN EHWZHH®HSDUWYV %R
ZLGH UDQJH RI DSSOLF BIW QBEDY, Q VEXFE B WDHIGARKERINGHN

LV WUDQVPLWWHG IURP RQF\8DRI@ WKRHDWRWK R U WKHU E R.
LV WR DVVXPH WKH QRUPD®@ IR FAHQRO® R DLIRI W IF\D OLOLHF @
LV D UHVXOW RI WKH EROW WLJKWWRQWQS RURBBI®\.V7KH |
HVWLPDWHG DV D SHUFH QWD YW §6H QaRMEXE R0 WF P B @/\M LR O
H[FHVVLYH EROW SUHORDG FDQ OHDDBOWRHWKREGW DD XV
WR FRQWURO WKH EROW SUHORDG QR WV RQRIUR QW DR
DQG WRUTXZR J' RN URROW WLIJKWHQLQJRDWKWR[LPDW
DSSOLHG WRUTXH 116 QWUD BRIOW UHKO-RDIEPDLQLQJ SDUW L
IULFWLRQ LQ WIBH[9E RIOMH @& OMRVGWMW DWHY WKH HVWLPD
GLVWULEXWLRQ ,W FDQ EH VHHGQHWKDSW HOLFEDVG. RRUP OBV )
DQG LWV YDULDWLRQ LQ DQ\ UHJLRQ VLJQLWKBQWO\
OLWHUDUXPUHDDQE G IGWDKDW D [ULFWLRQ KRMIHWFLHQW L
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WKHDG RU RQ WKBBOGXNFHDWKH SUHORDG WR KDOI ORUJ
> @QYHVWLIDWHG WKH HIITHF@®WRE MRQ R WGI RIL FAKIHRH® FER (
QXwWV 7KH\ UHSRUWHG WKDW UHGHDWR ® WL IKHGKEMWILR

LQ EROW SUHORDG ZKLOH DZKR QOUEDULMW DW\WHB/QH LADH UH
RLO

~— Torque 50%

i

__— Underhead
= Friction

__ 10%
Tension

40%
—————Thread
Friction

YLIXUH
7LIKWHQLQJ WRUITXH GLVWULEXWLRQ

1DVVDU>H@[DOLQHG WKH HIIHFWV Rl WKH WLJKWHQLQJ
WLIJKWHQLQJ RQ WKH Z$HDHOKRDWEWHOD WQBQVRUSXRU DQ
RI JUDGH 7KH\ IRXQG YWKD\WDWHGNVRBIVERWKH ZDVKH
URXJKQHVV DOPRVWKEFRNEWKGOVROWWHQLQJ FEAMWR WKH\ |
FKDQJH LQ WKH IULFWLRQ FRHIILFLEBMWGZBH\HUQW K H O VLV
WLIJKWHQLQJ F\FOH +RZHYHUW RIQHWYK®XEQLFF B RV W QQZIDR/D;
WKH IULFWLRQKAVRON IGAERNGWWVWHBLDW LQFUHDVLQJ WLJIKW
D® LQYHVWLIJDWHG WKH HIIHFW R UGB HSDO/MDAGH GV L 0K3N H C
QXWV EROWV DQG ZDVKHUV 7KH\WRQXWE WIKUHDGFBDRGW,
VXUIDFHV DQG QXW WRS IDFH ,Q DGGLWLIR® WWKH\ REV
IULFWLRQ FRHIILFLHQW ZKLOH W KHQSWH /R D I6\WG-HIFLUGHID 7 K
VXJIJHVWHG D QRQOLQHDU HPSH®QLRNO -WROEMKDGRU W
UHODWLRQVKLS EDVHG RQ WKH QXPEHUDRIX®LBIGWHIQH Q J
IULFWLRQDO EHNBNUIHRUIWK ERIKWY GXULQJ UHSHDWHG
REVHUYDWLRQV DEB EDNG ® RW MKMW RB GLVFXVVHG ODV
$ *UDERQ>HWRDGXFWHG D VI\VWHPDWLF WHDBRIGRJILFDO
IDVWHQHU 7KH\ OLQNHG WHK B VIF MWFRV MR FSROHI VWF L F GBW | RC
WKH WEKHBPEW DIIHFWHG E\ WKH SUHVHQFH RI FRDWLQJ F
% *+OHU DQG .> 7®VHOVWEB QURBTKRIQWURO WLIJKWHQLQJ
LQYHVWLIJDWH D Y-HIRIDAVOHIGFKMBY QMW FIKMR FRQFOXGHG Wt
WLIJKWHQLQJ SURFHVV FDXVHG D@ WQFQG DDULH) N8 GNVIKW W
ODUJHRZRW GRDW L @ KH\DWHPPLIDWOL]HG WKH PDLQ IDFWRUYV
WLIJKWHQLQJ SURFHVV LQ D ILVKERQH GLDJUDP

$FWXDOO\ PDQXIDFWXUHUV HVVDISS\R B UDDWIHI KR/b QLK
WLIJKWHQLQJ LQ LQGXVWULDO DSSODRNMWDIEREPDQIT BH\ [UH"
QHERQWW SDLU DQG ZDVKHU DIWHU GLVDWIRKEO\ IRU
DSSOLFDWLRQV WKH HYHU\GD\ SV B/FVDIHUHY LDVUW KUDHAX WAHKGH
WR SRRU PDLQWHQDQFH FRVW VDYLQJ RU ODFN RI VSD
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ORVW RI WKH SUHYLRXV H[SHULPH@®®BX6W ARQREX FE/RIDGV
ZLWK NQRZQ VWDQGDUGL]HG PDWHSIUDBOWYS H F IWIKFDMAL B
FDVHV ZKHQ FRPPHUFLDO EROWYV ZLWKUKXKQMNWHRZ G XPWDLVQH U
WKH PDLQWHQDQFH RSHUDWLRQ 7KH SUBVHWMHZRUN

LQYHVWLIJDWLRQ Rl WKH7EROBRD W WVHIDRD & EMHKOYURP 1D\
DV WKH FKHDSHVW W\SHV 7KH EROWW @G ER{W E XDW MW K
PDQXIDFWXUHU LFDWRRRMYKHSHEBMFK QXPEHUV DUH XQN

%DVHG RQ WKH OLWHUDWXUH EDFNYURKXWDHD DO BIlYRHW VEA
LOQYHVWLIJDWH WKH EHKDYLRU RI WK HL FEIRHDW SUMHEHRD G
UHSHDWH G UMIQKIVA@UIQR\FOHY PDGH RQ WKH VDPH EROW
WLIJKWHQLQJ WRUTXH GXULQJ WKH HW MGE UWNHK S URH DWW QIR
RI WKH EROW QXW VXUIDFH ILQLVK DK MIIQH (SN E Q F
SUHORDG :H FRQB®AWHEGRHYSEAKXOP WU HDSL ¥ DQJWLERWW C
$ SHUIHFW @ RSOLKEDWLEHD LV WKH Y HH LVAHIHY ZKH B ER O\
WKH ZKHHO EROWY DUH SHULRGLF D GIOR | UHHOIHMVORAHIEO DWRIGU !
FKDQJHV RU EUDNH SDG UHSDLUV FR @WQLIB HUHDE/ RQIOK BRI
EHDUV WHQWLHRWBIQL@J F\FOHV RYHU WR H WNDWS/HRL IV®!
VKDSH WKH ZKHHO EROW RU QXW LHWRRHFKDQJHG GXU

NOMENCLATURE

D %ROW QRPLQDO G 3 3LWFK RI WKH W|
G %ROW SLWFK GLD r, (K AIHAFEWLYHE
& &OHDUDQFH KROK r (I AITHEWLYHY

%HDULQJ VXUIDFF 7TRUTXH WR JHQH

Dr PP T3LWFMHQWLRQ
BHUFHQWDJH FKI
L ﬁ\UFHOOHRD@WWJ'““’(HQ&LQJ YDOXH UHODWLY
WLIJKWHQLQJ
*HRPHWULFDO D¢
'ERD) &ODPSLQJ IRUFH X SDUDPHWHUV RI
. 1XW IDFWRU . 7KUHD®D QBIOIB f
Tio TosxWw ,QSXW WLJKWHQL OHWULF WKUHDG
%HDULQJ VXUIDFF 8QGHU WKH KHD(
0+ YHDG n E
1P FRHIILFLHQW

ORS® PRO\EGHQXP GLV)> + wk7KUHDG IULFWLR

&RPSXWHG DQJO

|
Ot 7kuxpe 7TKUHDG IULFWLRC ! FRQH RQ WKUHD:
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2 Theoretical Background

*HQHUDOO\ LQ PDFKLQH HOHPHQWXWKHRXDWWKE®YVER QM
FRPSRVHGPHPEKWUNHZKHUH WZR DUH OLQNHGGWR IULFWL
WR WKH SUHORDG

GrsaaeT GEUcd0G0a00F20a00x
ORWRVHOQWURGXFHG WKHQIROORZLQJ IRUP

6 F (e @+ minet GNA 2

am@/ 9

7KH VWDQGDUG '",100V&2VKRZV D VLPLODU YDULDQW

_ E>598 pox. , 5 . Y% 3
6= (F-—————=x* & —6C
6 255984 8

$V HDFK PHPEHU FRQWDLQV WKH SUHQRDGORJWHEHIRDR L
FDQ EH ZULWWHQ DV

6= (®:

+HOHV WKH LQSXW WRHTEKRIOW SUHORDWH I DB BWWKW KR Q
JHRPHWULFDO DQG IULFWLR QDK SWRIDPHIRV B UW KR W WIKH M/
LV WKDW LW LVGEPWY LR® DOWZRGHO D[LDO VHFWLRQ F
IDVWHQHUV 7KLV PRGHO XVHV WKH DVFVRESMERQV RI
SUHVVXUH DORQJ WKH HQJ®QBGDWHRW/DED YWUIDEFRWLRQ |
DW HYHU\ VXUIDFH SDLU BWIKW LVLE WLRFX ®QYGWMR RHKDIHV K
DQG RQ WKH WKUHDG GXULQJ URWDWR R QF R AV | L ¥ LNH@RAZ\Q |
GLIIHUHQW GXULQJ HDFK WLJKWH@QYIW DG LXHYV QRO
JURP D SUDFWLFDO SRLQW RI| YDHZE B XR\N & H B IV KRUHNVWHR ¢
WHQVLRQ UHODWLRQY®&HSYH WKH LQSXW M/LUK\®BQIHBI W
WR WKH EROM) SWKIHO ROGFWLRQ RD.WHKHHE RVGKW BROQF AL\
FRQWDLQLQJ DOO IULFWLR@Y SIMMRHWHUF¥RNIILFOOAW V|
7KLV JLYHV WKH IROORZLQJ VLPSOH HTXDWLRQ

= - (& 5

7KH $60( 6WDQGDBU@WBEW HKVL W IDMWHISHULPHQWDOO\ GHW
GLPHQVLRQOHVV FRQVWDQW UHICFDW IR® W RT YWIXW LIRROH |1 L K
VLPSOH IRUP DQG LV HDV\ WR XVH WDNEOW GRQYWDLQ
BQIRUWXQDWHO\ PDQ\ H[SHU VRNMDQWI\W WRJBIDMMDN X RWHIEDW R
EROW GLDPHWHU ZLWK DQ D FORHYSHANOD EZFG(\HY Bl WUWRZWFIRQN L G E
UHVXOWY DUH PRUH DFFXUDWH IRU LQGXVWULDO DSSOL|
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3 Methodology and Experimental Procedure

$00 H[SHULPHQWY ZHUH SHUIRUPHG ® UFRRRPFGZ K UMHRW BH
DLU FRQGLWLRQLQJ NHSW WEW WRQ@SWDDQWXOHYHOEF KXP&
WR KDYH D FRQVLVWHQFH FODPSLQJ IRUFH BBQXDBWV

DITHFWHG E\ WHPSHUDWXUH DQG KXPLGLW\ YDULDWLRQ\

Torque

Nut

‘ |/ Washer 1

Washer 2

YLIXUH
5HSUHVHQWDWLRQ Rl WKH WHVWHG EROWHG OLQN

3.1 PreloadVariation M easurement

,Q WKHVH H[SHULP-MXWWDGHKG IKR®WY ZHUH XVHG 7KH
FODPSHGYWQHWRNEHQ D EROW IRUFH VHQVRU ZDV PRXQ\
ZDVKHUV 7KH WLJKWHQLQJLH®HRHQWWRWYWTRXE ADQXV8SO|
WKURXLQBKOPHFKDQLFDO WRUTXH ZUHQFK %U<GHU 0DQ
D W\SH ,, FODVV $ ZLWK ® UDQJFAKRILQSXW WRUTXH ZDV
FRQVWDQW YDGXHWILQLl RVRQE2,62 VWDQGDUGYV IRU ER
RI JUDGH WKH EUHDNLQJ WIRP TR G \D NBRIE® LLQUG WRR
WKH UHFRPPHQGHG WLJKWHQLQJ WRUTXRIIDMKGV ZLWKI
EUHDNLQWRRHDXWDWH WHQVLRQ LQWRKRHERDWVDRESURIL
OLPLW \LH ORSWAKW UERD WSHRADHAUH WILD RWHQLQJ WKH SUHOR
QRWHG DQG WKHQ WKH QXW ZDV WHGIH®WHGRW GOBH E WV PE
JHUR 7KLV WLJKWHQLQJ F\FOHQZWNHIMB PP VERG W Z)HRQWK C
D VWDWLVWLFDO EDVH WZHQWHN®HZLEKOWXHRQRG W K NKWK
F\FOHV HDFK

7KH HIIHFW RI WKH WLJKWHQLR) F G WHGHIDW DR WD N.A\K
HITHFW RQ W kKH23) XI\RVWH WRDW DOO WKH WLIJBWHQLQJ F\
E\ WKH VDPH RSHUDWRU WKH DX&WHKRDP HXM LSHUW K i QWADF
HQYLURQRMIOWKRZY D VDPSOH RW MIKNUHRGHGERFLODH G

DV D IXQFWLRQ RI WLPH +HUH WKH FRORREG® G BHEBGA QG
JHQHUDWH WKH SUHORDG 7KH FDOFRQGWMHGRRWHUDJH
WLIJKWHQLQJ H[HFXWLRQ
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LLL

;
22 2628 32 3638
7LPH VHF

B3UHORDG N1
©

N

YLJ XU H
%ROW WLUIMOHOIMIQYI F\FOH YV WLPH

JRXU FDVHV RI OXEULFDWLRQ ZHUH VINXGLHEQ WRDPRQ
OXEULFDWLRQ ,@XWK R Il MWXKHNVBRHW/EH WKH VXUIDFHVY DV W
R E W DIUGRHWPKD Q X | DARNLF KHQIDWS MIGY F DIVH WKLV ,QUWHKIFOH
VHFRQG FDVH ZH DSSOHMGHGU RBRWRIUPRDRBGIUD23 06( RQ
WKH EROW WKUHDG DQG XQGHU WWHVERROWHKQH MG VIKWLND E
SRLOHG” FDVH ,Q WKH WKLUG FDVH DOHOUVARWBRFHY ZHU
6) EHIRUH WKH ILUVW WLJKDWHQ L QJWEKKLM KV WK H 3Gt
SRZGONEULFDQW PRO\EGREQXPVGDBSOILHG RQ WKH WKUF
XQGHU WKH EROW KHDG EHIRUH WWHRQURDADMI FEKIVRI@ L Q.
EROWYV DQG QXWV ZHEROWWH®G QBYRANIWOOZHUH XVHG LQ \
LQGLYLGXDO PHDVXUHREIRWH ZHUH H[HFXWHG

YLIXUH
([SHULPHQWDO SURFHVV IORZFKDUW

A138 A



Acta Polytechnidangarica Vol.21 No2, 202

YLIXBUH
7HVWHG EROW @FKHPDWLF

7KH GDWD DFTXLVLWLRQ V\VWHP FR @RIOOWHHGY R U B5H ¥ %PH
D FRPSXWHU DQG DQ +%0 .05 N1 ER®W IRHUFH VHQ
9', 9'( ZLWK DQ DFFXUDF\ FODVV RLQIRUPDWLKRQWH |
DQEHRPHWU LFID OVWEHYWB 3. JIXREGIWUH VXPPDUL]JHG LQ 7DEO
JXUWKHURRBUMNHKRZY WKH H[SHULPHQWDO VHWXS OD\RXW

7DEOH
%ROW VSHFLILFDWLRQV
6XUIDFH ILQL %ODFN ILQLVK
%R O W
*UDGH

1XW 8
6L]B >PP@ 8 | 7TKUHDG OHDE@ QJ
7KUHD GmBL W FK '"LVWDQFH DFhRVYV
OHWULF WKUHDJ 5 'LVWDQFH DFURWV
7LIKWHQLQJ WRUT +HDG WKLFNRHVV
d4mm] 8QWKUHDGH®@MOH Q
d dmm] “DVKHU |IDF HfmniB]HS W
$SVVXPWBQE IURP [25] | :DVKHU IDFH G[mBWP
&RP SXWH @@ O H +HDG MXQFWmRR U
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)LJX6U H
([SHULPHQWDO VHWXS

4 Results and Discussion

7KH UHVXOWYV RI WKH H[SHVARCHQWW DM G UVWRMX DGV LG
WKH EROW SUHDGWIGHYDWEKEWIRQYVDFWRU YDULDWLRQ

4.1 Bolt Preload

, Q WKHAMWWREG® FROOHFWHG H[SHULPHQWDO SMBRHORDG GDW
WKH SUHVHQFH RI OXEULFDWLRQUBXHDY L QNKBIUYHHGKRDAN
7R YDOLGDWD WWBWHYWDRDW VWXG\ ZDVLFBOYIRURHG WR
WKH DFKLHYHG GDWD

7KH WKHRUHWLFDO SUHORDGLY DB XHM RAMPEMNILEERGF X O D W H
7DEOHWKH YDOXHV REWDLQHG IURP HTXDWLRQ DQG HT
DQG N1 UHVISHBPWNVYXREG IULFWLRQ FRHIILFLHQW ZD
IRU ERWK HTFYDM@ROWLJIQLILF D@ WWZIH HHQU WERDAHY B O X H V

2 SUHVHQWY WKH PHDQ RI WKH PHD VXIKGHYRQPORIOEG DFK|
LQ GHVFHQGWQFDRUBHHBREVHUYHG WKDW WKH WKHRUHWLF
WKH RLOHG FDVH +RZHYHU ZKHQ WYXBOXXWI DIHHY OIREZHH &
WKDQ WKH WKHRUHWLFDO SHSMOAG® PREE U & RDQY W URDHAAV |
WKH SUHORDG GXULQJ WKH LQLWLDOXHWWLIKWHQLQJ H[FH!
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7DEOH
OHDQ RI WKH PHDNXUKHG I BUWWRDIAIKWHQLQJ F\FOH

Case Measured Preload| Assumed i and Theoretical
(kN) Hn Preload (kN)
ORS® [25]
$VL\ [25]
2L0 [25]
"U\ 3[25]

$ GHWDLOHG UHSUHVHQWD WH RHY SRHIU WKHHQ & ID\OW G D BMXDNV LRI
UHSHWLWLRQ LV SUHVHQWKI RIQGW B M RRU PVK H ERI SWIDR WY/
E\ WKH FHQWHUV RI WKH ER[HV ZKVYBgWHG B\QWHKIHU KX U
EHWZHHQ WKH HQGV RI WKH ER[HV SKIR GIDGMHD/ ZIQVK DKW
WKH PLGGOH Rl WKKH REMHUWDRILR@W ZKLVNHUV I XUW
WKH GLVSHUVLR@ R IFYKHVGOOWH WKH VDPH YHUWLFDO L
FRPSDULVRQ

L I I L IO L L LI S N B e N L

" Iy
| u Hsdbbbbdbbbbig

3
i

&
T T T T

—— =

F

\\\\‘\\\\ I - I - J\\\‘\\\\‘\\\\‘\\\\‘
5 5
I1XPEHU RI WLIKWHQLGQC

YLJI XU H
3UHORDG ER[ SORW RI WKH EODFN ERQWEX GWN UFOXRBLEE®LRQ FRQG

/HW XV FRQVLGHU WRHIZSUHORDK Y-DQUWMEDWEBRQYKH PHGLDC
RI WKH SUHORDG GHFUHDVHV VOLUBW G\FDHH/QLW KB HQX/PHE
7KH UDQJH RI WKH ORZHU TXDUW LKD@L QQ RUHDW H § ALW DV
WKDW WKH GLVWULEXWLRQ UN DWW ID WIHGHOUWWRMHEAWGD D Q
ORZHU SUHORDG YDOXH DV WKH QXPEAHR I WKL IGWHQLQ
FDVH WKH PHGLDQ RI WKH SUHORDG GNPEHDVRIV DOPF
WLIKWHQLQJ F\FOHV 7KH VKRUW DBRN LR WY WKR R B WPD
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GDWD ZLWK D SODW)NXMEIMLE GLWNYRRBXWDWEG FDVH W
UHVXOW VKRZV D VLJQLILFD QW GEDMWWHEXWIL\RKR DWWK\IPWP |
UHODWHG WR WKH SUHVHQFH Rl WKHIDRIOW LDKHSKRZBE RC
PHGLDQ JUDGXDOO\ GHFUHDVHV DV RX®AQMPEHY RI W
)LQDOO\ LQ WKH RLOHG FDVH WKHLPHGWREA UUDGXDODY
WLIJKWHQLQJ F\FOHV DQG WKHQ VW DE MXLB VWKW DQYLMMA)
SUHORDG

YL JX8U H
+LVWRJUDP Rl EODFN EROW SUHORDG IRU GLIIHUHQW OXEULI

JLIXUWHMKRZV WKH HIIHFW Rl UHSHDWHG WDNXVHHBE.QJ RQ
SUHORDG IRU GLITHUHQW OXEULBEWEBRY ERQGDIGH.RQV 7

7KH SUHORDG Y DO\ BLEQMIHGHODWLYH RUGHU D
RI F\FIOHW H'DXVH G JVWRRQ G WKFHORUGHU RlI SUHORDG
IURP KLIJKHVW $AR \DRE HRLVILIE® © G K G \EKGBUH G
WKHEKEVHTXHQW F\FOHV WAKHWRLD W& LAR® 6LFDLR Q KD G
SUHORDG YDOXHAXKKBR SHKUHOR®HG X DKWL 0L QIK®! WHQ
RUGHU EHFDPHV2LOREG $VQG ILIBDPK UHPDLQHG
XQFKDQJHG XQWLO WKH WZHQWLHWK F\FOH

JRU WML $ R QG LSWLHR@DMOKHY GHFUHDRRA NIDGXDOO\
ZLWK D IHZ IOXFUMDIFWLROQLWQWLQLPXP YDOXH RI

JRU WK:HFRRGLWEBROMBGEHY GHFUHDVH FRQWLQXRXV
IOXFWXDWLRQV XQWLO F\FOGRLPXPKHMAHXHWRUHDFKHYV

JRU WKH 2LOHG FRIGPEOWERY WKREZ D VOLJKW LQFUHD
ILUVW F\FOMKWRFWKNDWQBGEE®IEHOKH UHPDLQLQJ F\FOHYV

YRU WKH GU\ FRQG LMW RVXK KV IOHR ZHWMWD PR QJ WKH W
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UHSHWDL@QWERMQGHFUHDVLQJ UDQJH LV WKH VPDOOHVW

N1

*HQHUDOO\

IXQFWLRQ RI
DURXQG WKH
7KH
DUH VXPPDADIHEB LQ

WKH SUHORDG
WKH QXPEHU

PHDQ YDOXHN DFKDQJH
RI WLIKWHQLQJ F\FOHYV

ILIWK WM BPWBQULURHE RRWMWXKKD$FULFDWL
ILUVW DQG WKH VHFRQG VORSH7&HSMQIKBOQREY WK

= -m- $6 LVe U\ ORS6 2LOH|
T T T T
S e . E—— =
A - ./.,.\./-‘.\. | I [
S e SEREEE P
o B I |\'\l\.:l| ]
0] AR X S [ \!\_._\.____I_
o - ] | 1 Ny
x ¥ --- S - - - - 4= === —
o L | | | -
______ 1__ _ e __ o _a______i4
T B | | | o
o _______l ______ L __ . Ve l o & _ _ _ |_
™ | | | |
BN I I I -
—— oo g g .- "~ ~r-—-——- T--=-=-=-- —
- ?......—.—..‘. I
““““ Il Sttt B i
1 1 1 1

SHSHWLWLRQ

YLJIXUH
(lIIHFW Rl UHSHDWHG WLJKWHQLQJ RQ W KH) W UGHORWDLG DRV RVK H REQD@LAN L
7DEXOH
BUHORDG YDULDWLRQV LQ WKH FDVH RI EODFN EROWYV
Lubrication Range First slope Second slope
(kN)
$VLV WR GHFUHD
"U\ WR 60LIBCWPU] 60LJIJBWBUH
ORS WR 6WURQJ G| 6WURQJ G
2LOHC( WR LQFUHD

7KH FROOHFWHG GDWD LV UIBODVER® WAR ZIL W PORFLA\J
YLVXDOO\ LQV §HF\WHGED FROU D QD Q G U DHYIGARP O X PV IVAD YH B Q.

JURX$H KDMWWHDPH VDPSOH RYHUQ@OO F\FOHV

JRU KDYLQJ

HYLGHQFH DERXW WKH VXSSREVRADRQV[HOG GH 29BHYLRX'
GHVLJQ DV d2VFDV EBHG) IRRWAHGW KN VL Q9% DVVXPSWLRQ T\

DSSOLFDHEU@QRV\PDRARWRIHOQWMKBNVXPSWLRQ RI

VSKHULF|

7TKH WDUWRWFRPWSDUH WKH PHIF@QWDWRVYLIUR®GSBA MRV G LIIH
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W\SHV RI IDFWRU YDULDEOHYVY LQFOXGLQJ

$ %HWANEMBFWRUY ZKLFK KDYH LQGHSHQGHQW FDWH
/XEULFDWLR G VER®D G LORIAR@D HG

% LWKWQEMBFWRUYV ZKLFK KDYH UHODWHG FDWHJRULH\
PHDVXUHYV

&\FOH «

7KH DR PL[HG $129% WHVWHG WK DHH XA DFIO\G\R WDKHHNHHD,
DUH

7KH PHDQV RI SUHORDG IRUFH DRIH AHRTX®IONIIRRQWKH
$VLVGU\ 0®&RQG RLOHG

—$VvLV ~UO\ ~—OR6 2LOHG

7KH PHDQV Rl SUHORDG IRUFH DUH HTXDO RYHU WKt
. _

7KHUH LV QR VLJQLILFDQW HWHHRAWQRW KWH HD X BWHD
FRQGLWLRQV DQG WKH F\FOH

7KHZRZD\ PL[HG $129% WHVWXADW $ MKIRBPHAIWZDUH HQYLL
DQG WKH UHVXOWV/IDEHBHVXPPDUL]JHG LQ

%DVHG RQ WKH $12D& OUBHO/XOMKH @PDLQ HIIHFWV RI WKH
VLIQLILFDQWO\ DIIHFWUBG.08 K HSFHUD@GREG Y IZ&X H KD W
OHDGV XV WR UHMHFW WKH WKUHH QW OOHKKS KRRWKKINWNVDI
IROORZV

7KH PHDQ RI WKH SUHORDG LV GRQ HRHGWWRRQ/LIIH

7KH PHDWKRISUHORDG RYHU WKH F\FOHV LV GLI
OXEULFDWLRQ FRQGLWLRQ

7KHUH LV D VLJQLILFDQW LQWHUDFWLRDWHIRRFW EH
FRQGLWLRQV

7DEOH
SHVXWDWOH IRZDNKPH. [HZR $129$

2Q0\ EHWZHHQ VXEMHFW IDFWRU

6RXUFH RI Y ') 6XP 6/ OHDQ ) YDO 3U 1) - 9
YDOXH

&RQGLWL| 3 27229 < 2 N5
SHVLGXD( 76 8237
YHWZHHQ VXEMHFW IDFWRU RYHU WKH

6RXUFH RI Y ') 6XP 6/ OHDQ ) YDO 3U 1) - 9
YDOXH

&\FOH < 2 A5
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&RQGLWLR(Q 3 < 2 A5

5HVLGXD( 76

,Q ZKDW IROORZV ZH VWXG\UPPBRIY RH HUDE& OWEZRORMRUWH \§|
OXEULFDWLRQ FRQWURO DQG F\FOH FRQWURO

$V OXEULFDWLRQ FRQWURO B H{DBHWMWWWMWMKHW MZR FIDNW.
LOQOWHUDFWLRQV 7KLV WHVIMWWR XVHGY MKRTVRPISBDEW R R QY
ZKHQ RQH RILWKNXPHEHB®R EH FROWUROOHG XQGHU WKH

*4 8aasy F daacanl
ZKHBHagg- WKH PHDQ RI WKH i VA QVMP K W HD@ RIS WK H
FRQWURO JURXS

L OV KUWNVHDUFK $WIKHL® HDWHOXPHG WR EH WKH FRQWURO O
OXEULFDWLROQEF®YEVWQRQWKH RXWFRPHV RI WKH 'XQQH
UHVXOW ZH FDBQIF&QRRIXGH M KL U VW \F\IFORH LWBW SR/Q Z D
VLIJQLILFDQWO\ EHWWHU WK DQ F\WUWH RGU\ ZDQYE WRHV R1O!
GLIIHUHQFH IURREWKRADORIBRQ $1W HW W LOXKE B\LAFDHWL RUDK BIDS
VLIJQLILFDQWO\ EHWWHORWRRBUWKMHWERQWQBLWKHQR VL
GLIIHUHQFH IURP WKH RLOHG O XE UNLKIR V8 WRXE US IFMDIMLL R QD
LV VWLOO VLJQLILFDQW OO0 RBHOX\E b UF\W WD 8 QWK H IGVUK RAGV 1A
GLIIHUHQFH IURP WKH RLOHG O XE\BDFHIW MRH RL@HIGOO XB
VLIJQLILFDQWO\ EHFRPHV WIH EHVW OXEULFDWLRQ FRQG

7DEOH
S5HVXOW RI 'XQQHWWIV WHVW RI WKH OXEULFDW LRYHBERIQ ®HWILHRHON F!
RI WKH F\FOH IDFWRWG

Cycle

Comparison

Difference

p-value

'Uv $VLYV

<2e

ORS- $ VL)

2L O-HB/L Y

H

UV $VLYV

<2e

ORS- $ VL)

#

2L OH/L Y

'UvR-$VLYV

<<2e

ORS- $ VL)

2L OHHG/L Y

‘U $VLY

<2e

ORS- $ VL)

2L O-HB/L Y

"Uv-$VLYV

ORB- $VL)

2L OHB/L Y
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JRU WKH F\FOH FRQWURO WRMH POOHKXNW UDW HRWNKHGHIUHW
IROORZLQJ H[SUHVVLRQ IRU WKH SHRHFHQWDJH FKDQJH F

ViE 229 100% 6
<

+HUEH.20LQGLFDWHY WKH QXPEHU RI WLIKWHQLQJ F\FOH)

ILUVW (WLVKRMRHQYLGHUHG DV D UHIHUHQFH VLQFH W

SUHVFULEH XVLQJ D QHZ EROW DQG ZDWKHRJI BMKMHHU GL
YDULDWLRQV) LNMXBBRRHWRIESV HQ YDWLRQV DUH WKH IROOR?Z

—= s —$V LV—e—"U\ ORg —x—2LO

B3UHORDG SHUFHQWDJH

S5HSHWLWLRQ

YLIXUH
3UHORDG SHUFHQWDJH GHFUHDVH UHODWLYH WR WKH ILU)

,Q WKH FDVHXRU BND W LRUH OBRREBVERDOXD WHY DURXQG ]
WMXKH ILIWK $WL WKAWAH@XYXREIHU RI PAVREMHN O RB®®& HDV HV
ORVWKMF\FOBSSUR[LPDWHOLWM ROHVKH

JRU WKH ORG6 FROQGLWLRQ WKH SUH®®RDG YDOXF
WKURXJKRXW WKH F\FOHV 7KHFSRUWOHORDE® YDOX
DSSUR[LPDWHO\ ORZHU WKDQ WKDW RI WKH LU

7KH SUHVHQFH RI RLO VWDEQRODHE KMDKWH VBKIHH CER-DV/G
SHUIRUPDQFH DPRQJ WRKKHRSWUHOR D& EWDICEAHW LNRKRZ. D
LQFUHDVH WLOO WKH ILIWK H\FOH \E\Y D OKIHI KOHUG WK
IOXFWXDWH DURXQG WKDW SHUFHQWDJH
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BUHORDG SHUFHQWDJH FKDQJH LQ WKGLIXKQFEFMQAWRQ R
OXEULFDWLRQV LV QRW WKBWDWHKH7KHVRAL G HOXIRWIPH
DQWKH RDGQHAW REVHIRG DQG GU\ XBMEO W KWK HQ
WKH GU\ EHFDPH EHWWMXBULRD® LMRIQH $V

4.2 Nut Factor Variation

,Q WKLV VHFWLRQ DQ DQDO\VLV RY SKHWDQMB® LRQHLQ
IDFWRU . ZDV FDORMXOD WRGOX\WWWOIGLYBHDQRHQWDO S
HTXDWLRQ 7KH FDOFXODWLRQ RIUWKIHF K XW. JRWW R UQ:
LQVWDQGH/ XEVHTXHQWO\ WKH PHDQ YDOXH ZDV FRPSXV

JRU WKH ILUVWVKEDWH WAKIHE Q X WO B E WLRAD WA KRHELIFFON K H

FDOFXODWHG QXW IDFWRU YDOXH LV FDORK®DWAG WKIHQ
WKHRUHWLFDO QXW IDFWRU YDOXH LVDED®BRBBWHG X
TKH GLIIHUHQFH EHWZHHQ WKHVH W ZIR) YDUHGLWF WD Q JL Q&
IULFWLRQ FRMKH WIQHMR URWREDBDRARKXONWERIFDWLRQ FR(
7KH WKHRU\ ZDV YDOLG RQO\ IRU WKH RLOHG OXEULFDW

7DEOH
7TKHRUHWLFDO DQG FDOFXODWHG QXW IDFWRU IRU HDFK OXEULFCLC

Lubrication Calculated Nut factor|Theoretical Nut factor
K K

ORG

$VLV

2LOHG
"U\

7KH PHDQ YDOXHV RI WKH QXWLIXEMWRUWH Q XDW HD BW & IUF K
NQRZQ WR LQFOXGH WKH HIIWK® VR ILQOMDX XQ R RZIQH | D FI\G
EHWZHHQ WKH LQSXW WRUTXH DQG WKH RNWIQN SUHO
FRPSDUEBHWBRLRHDFK W\S$UROERKSW GLIIHUHQW OXEUL
FRQGLWLRQV DQG KDYH WKH IROORZLQJ UHPDUNYV

$ KLIJIKHU QXW IDFWRU LQGLFDWHY WLINHYHORVVHYV
VLIQLILFDQW LQ WKH GU\ FDVH

7KH ORZHVW LQLWNDW KHX WL IBEKXHW RS RJHIBRE G HYD O X H
7KLV KDZEHETRGEZ DV DSSOLHG

IXEULFDWLRQ LPSURYHV ERWK WKH WWMWHQLQJ
UHSHDWDELOLW\ 7KH . YD O XL ADYGORLVYHW KDY HV

I1RWH WKDW WKH UHFHLYHG EOD RN IEXRROMEVUXIVIWMQ K D
GXULQJ VWRUDJH

7KH OXEULFDWLR\@ O\H SHKPREUYKWLRQV KDYH DQ LPS
HIITHFW RQ WKH SUHORDG
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1XW IDFWRU .

5HSHWLWLRQ

YLIXUH
&DOFXODWHG QXW IDFWRU DQG LWV YDULDWLRQ GXULQJ UH

,Q WKH ERLS®BMWREIHYSHUVLRQ Rl WKH FDOFXODWHG QXV
IRU@OEULFDWLRQ FRQGLWLRQV WKUR XWRX@ BHKHHWE H Q
WKDW RLOLQJ LV JRRG IRU HI\HLSR Q0N RIXBIDQ XK WD FIVFRAUR C
YDOXHV DUH SUHRMWEW ROQOOMER ZFHEVEY WBON I$VGXH WR W
SURWHFWLRKHRALG H. O P D@RBH GRIW SUKWHH WKH KLJK LQLWLD
SUHORDG FDQ DOVR EH VHHQ

1XW )DFWRU UDQJ

/IXEULFDWLRQ FRQGLW

YLIXUH
1XW IDFWRWKW B B DRRDOW WIHKGELHQML W L R Q V

Conclusiors

7KLV VWXG\ H[DPLQHG WKH YQUL BWQRPEBHVERLIDRWGWR Y|
WLIKWHQLQJ F\FOHV ,QLWLDOO\ WHKN LSIDMORD X QRHBH
GLITHUHQW OXEULFDWLRQ EFVR@GEWDRRWH R HWEXWL QD6 W
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YDULRXV XQNQRZQ IDFWRUV RQ WKH WHXEDW K R QRN S XEAH \
SUHORDG 7KLV |IDW\RRAREB U UHNBE M KB EROVR SUHORDG X
GLIIHUHQW OXEULFDWLRQ FRQGLWLR@WLBRQENV EHXHQW C
FRPSXWHG EDVHG RQ WKH PHDV X UHPIHONY W IREW DMIQHSU R
IRUFH H[KLELWY YDULDWLRQVQGXR\EQH W X EEWXKV DY i RML
GHFUHDVH

TKMWXG\ VYDIOVEOM/MQJILQHHULQJ SUDFWLEHRBWERW UHX
ZDVKHUV DOG WKM/YQLWLDO SUHORDG RI QHZ EROWYV D
PRVW OXEULFDWLRQ FDVHV

7KH LQIOXHQFH RI OXEULFDWLRQ RQKSWNOGRDG DP B XDWL
IHZ GURSRILO OXEULFDQW OHDGLOEG WRGSYM. BPEWHRUHSH |
RI D SRZGHU 00RBEUHAMX®OWHG LQ KLIJIKHU SUHORDG IRUF
GLVWULEXWLRQ XQGHU UHSHDWHK DNVDRKWHYPHQYHGLP L(
EHWZHHQWBHE®ORLOHG FRQGLWLRQV ZKLFK FDQ EH DW\
GXULQJ PDQWIBRBWXYIH@W VXUIDFH UXVW GXULQJ VWRUD
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The Project and Risk Management Challenges
of Start-ups

TamasBence Venczél Laszl6 Berény? and Krisztian Hricz63

L QVWLWXWH R)DPXKHPRWILFNKDQLFDO (QJLQHHULQJ DQ
SQLYHUVLW\ RUVINRIMRW AP I515R VYV NROEQJID U\
beQFH YHQF]HO PLYRRODFEXRX

2 QVWLWXWH R6 OIDHMEHIRPOIWWRI (FRQRPLFV 8QLYHUVLW\
OLVNROAWHPYiIiURVVNROF +XOM\PBOR E HWPH @ NRHXE K X

3, QVWLWXWH RI 0D VWRKHAFEK\Y QEV DD FXOVPHHULQJ DQG ,QIR
8QLYHUVLW\ ®RUVONRINRW AP 3515R V'V NRO¥QJD U\
NULV]WLDQ-RUYRFRGK ®IX

Abstract: Startup companies are essential to maintaining innovation in an economy.
However, the high failure ratiof startups indicates that market, financiaind other risks
require serious attentioms startups mostly evolved at the endthé& 20" Centuryor the
beginning othe 2F Century, the history of project and risk management pracfaethem
has ashorterhistory. Overall, 90% of starups fail, 10% within the first yeaand 70%
within two and five years after foundaticherefore,understandinghe underlying factors
and how proper project and risk management can reduce the likelihood of fadure
worthwhile.This paper reviews the history of starps and the typical causes of failure based
on a literature review. Finding the appropriate way and tdotsrisk management, a new
approach is introducedConsideringstartupsas projectsa much more mature methodology
is available for solving the problem&s a result ofhe diversity resulting from industry and
other specificitiesa twalevel approach is suggested, includingsk-oriented management
framework model and an additional flexilmlset

Keywords: start-up; project managementisk management

1 Introduction

'XH WR WKHVKHVEDWHMW WHFKQLFDO LWP 3KRDHRAH QWY RI
been QXPHURXV LQQRYDWLRQV DFURVV WKH YIIOREH UHJD L
GHYHORSPHORSWRBYDRDMM D UHPDUND E @ 8 GFRYQDVULLREQX W L F
SUR F HAMVIDWRSN K M VL QW MW BIDQW K UHVW LV LQFUHDVLQJ L
[1] 6W-XSWRPSDRDLE \JH QHOBWERDQ®RLG VR F L IECWRISD F W
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XV XDAODONH K L J KBHEK UM WERGY K HU FR P & Bl Q WD BlW

XSAWDQ EH LQY ENitWdZIDMKH B DR/D O W RD YHZHOGS W B DSAURRU VW

RI LQQRYBWOLR®OHVV RI HXVAKIRP S HRXMFRPRDOV RI FUHD
SURDQMED L QW IKQ LIQ JO HYUHDR\RWY EH DFKLHYHG VLPXOWD
GOREDO SROLF\ LHOALWULIMRGLX 6 M. BDQVWKK MH 3B @YV W R
VXSSRUW WKH HQYLURQPHQW RI QHZ FRIMSSDXFHHW KH W K
ULVNV ROIHY VRO HF\PIONBOPMRNQRZOHGJIJHGFW®KH LPSRUW
VWRSIV) WRRQRP\ HVSHFLDOO\ DIWHW K#KHFWRIRDO UHFR
COVID-19 SDQGBIPLF

7KH KL QKPEWUN B SIWRE HLODY W KH W H F K@ RH/REIH. FF IDBDO O \
LQ WKH )LOQWHFK L Q[&]X VAW H\ 8 QLRWHIBH/&W DKALH WX HADW Q X P E H L
RVWRSWHILVWHUHG DW WKHZKIQRK RIV ZD\ DERYH WKH VH
,QGLD [5] 'HVSLWH WKH KNIKBDSWKEHW RXBFHVV UDWH
UHOD@WREHWOXG\ EDVHG RQ WWRSWAMORKLV IRIXQ G
W K R\@ \ REXSWDIMDO PDNH LW WK UROHI R BMRBKHQ \W. UV W
UHDWVRIDLOXUH LVSWRIEPODMMMRRU PDUNHW QHHG D G
SHFRQG LV WXBGWVDFKYRIQ LI WKH\ VXUYLYH WKH ILUVW \t
WKH FRPSDQLHV ZLOO7EHBRPAD$ URRLWDOBDQH FDQW GLIIH
EHWZHHQ ;L\Q BX YRHMWVDLOXUH UDWHHRY LW KIVQZ [AW K L Q
ILQDQEMXUD@FEWHDO HUQREDK IDFWXULQJ UHSUHVHQWV V
1RWDEBRX VR WHEIXRD2QWYSYHFMWFDROLVLWLRQ E\ D ODU
FRUSR & DEH.JFOQ @IKGPIY HVWHG D P R X8R RW PRSHFW D FX O D U C
JURZIVQWRSM FWRUV DUH X HDDABRFKDWHD QVSRUWDWLRQ
ELOOSDRQ QG ILQDQFLDOEY A BERBHY

6DQWLWWHRB DIPSKDVL]H WKDW W W S LFHIOX HRQ FIN G E\

DSSOLHG SURMHFW PDQDJHPHQW DQ GRWIG/ N PQIHD RH P H (
SURMHFW PDQDJHPHQW PHWHKRGWREYROYHG SQUDIOWHO Z
WKH GHYHORSPHQW RI FRPSRQWHBRQYWER®ROWRLH\GYDQ
RUJDQL]DWERDWIKH LPSRUWDQFH RI FRQVFLRXV SURM
+RZHYHU WKHVH SURMHFW PDQDJHPH QW JGHGK RRAV D QC
ODUJH FRPSDQLHV ZLWK D PDWXUH PDQDVHY ZEWWKWW H F
W ISHU D F WULAWR D S S O WRBEVORIUWARLJKW UHTXLUH GLITHUHQV

5LVBNMEVXDOO\ FRQVLGHUHG REVWDFOHV DIRKKHYHBLGH UL
VXFFHXN WR ZRUOGZLGHVHOYREDOL]DPRMWRELOLWLHV HP
RUJDQL]EMMER SR UDIOHD X PEHU RI ULVNV WR KDQGOH LQ
7KH PRVWFWSSHRDEFKVN PDQDJHPHQW XVXDOO\ FRQVLG
DVSHFWWKH PDLQ WDUJHW RI S ULH DADH JFHRWPISG GIUHRM LW D\E
ZKLFRW DI®YHIW PORRSB URMHFW ULVN PDQIDJHVBWWUSULQFL
FRQWIMEKHLU DS SROMWRSMD LW\
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2 History of Start-upsand their Research

$ 6WDQIRUG 8QLYHUVLW\ SURIHVVRGHD Q@BHERMW HSUHQH
DV D *WHPSRUDU\ RUJDQL]DWLRQ W K/FW CCOLPGY/HWERX 8 XQ M X ¥
PRGHOG  7KH GHILQLWLRQ LD WRXPIGIOV DBIGO/RYGE R PW K
HQWHUSOEVBUt WKHUD UMOBYDEBWHQFH EHWRIHKHQ WKHP
LQQRYDWLY BVEDESHIRD FKQQRYDWLY HD OIRP 8B EHAR P H
LQFUHDVLQJO\ SRSXODU VLQFH WHFHK®@R OB RIEFMIBX WIQW H C
HDVLHU DG EDVMFDW O\ HYHU\ LQGXVWU\

7KLV NLQG Rl HQWUHSUH Q BXEXAKLEHNQP BIE & MWW FIDE
WKH UBBDGOLQJ HQYLURQP HQWH 2 DWK FFGR QAWRVDIPMF K WV K H
FUHDW IS O'\BRIHOHYHO RI FRP S HEWM MVDWHEDENY. QMEKIID L ILFD QW
HFRQRPLFREFERXVO\ LQFOHQMWKAMWXPEHU RI DFWRUV ZLV
LQGXVWU\ 'WHIWWBWYNRW LPSO I MRHY T XLRNNQRBZOHGJH

JOREDO VXSSO\ FKDLQ LPSURYHP HQWR\SARAMD 8§ XSGRUW W |

BW-XSWUH RIWHQ OLQNHG ZLWK WEXKHBBWHAV RRI 6W&HFRQ
LQQRYDWLYH WHEXQRORUFRQGXFWRU FRPGRI@ENUVXULQJ
FRQFH QWMKILWIHBMPH $1WH D WKIM 3ERRRQ WWKIHU W H\G
ZLWK WKH G HNHOHREFRHBDWARLVKR QW LGHUHG WKH VHFRQG
RVWRSWYVWBWWKH WHFKQRORJLFDO DESWRYIHRRHRWKHIU R
LQGXVWULHYV WR JHW OHYHUWDQW\VURR AWEBEHVHVW GH
DPRQJ VHYHUDO WHRK QRORIQ BYQBGHTR WHRQEHWU Y H O\

LQ W K HSSWILWH\G

7KHUVW GH | WERHR\G HRUWERF WS X E O L V KRAGFIEVL Q
DQDIWHUZ®WXE L QH V[Y5]: MHWHH VW RSF\RPSIZXQ\GHILQHG

,Q WKH 9D GH>9HBID DOWKB PDQDJHPHQW \MEBAVHZRUN R
IROOFEAHH® O @/'R GLVFRYHU WKH SURMHFWERSNM)DJHPHQV
5HFHQWSOAWDLOHG FODVVLIYAMRSMRSEIRF R®LO HFWHHGN E\
.ULVKIQW[@]A Q

JLONHQ8WHDLLWI HWHG WKH JHQHVESKDRYVY QW HODWHG WR
DQG .RQHFNQ@\ H[®ODLQHG WKR DRSS RF DEKLID PRV W TUHT X
XVHG ULVN PDQDJHPHQW PHWKRWR PY.RNM¥DW K FFLCCSA. W D O
ULVNYWHRISW VLPLODU D SIRURDREXH 5D 1] LG O HWH
LQYHVWLIDWHG WKH LPSRUWOMIFGNRDEBR GRULIDX RXW OHD
DR2] (U]XUXP O[X3]HMQ B O3 [2BNHIO LQYHVWLIJDWHG WKH URO
PRGHOMYRSWH Y HUD O DOXPHDRVRKIH ULVN PDQDJHPHQW SUDF
VWRSGLNH (U]XURSOXDHNAEDD DG +DOP@DIQ WAL O@ D

DQG 6DQWLVSVAEDQHGNDDMVOWHQWLRQ WR WRKWRGVIRIFXOWL
VWRSW

BW-XSWLIIHU RWRPRP SDKIIHMW H WUDGLWLRQDO EXVLQHV\
VW UDMEHEHADWKH LU IXWXUH S UEHG PPV HR BB DNEBQ R @ W
H[SHULHQMH PRREHHKHQ VL G VRSEN\IMR MR QI8P LODEOH
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7KHUHIBNMH SRLQW VDR XX @ ¥ WEBRX VL Q PV LM Q J
NQRZOHGJH WR EXLOG OHVVRQV OHDISOQOB® QIQQURDWEH (
LQLWLDWH D TXNI—‘\MWN—RFEDIIB\D\SWH}GZII}UHV MY RDAIKUR Y H
FRQWLQXRXV FKDQ ENV LDQHY FREARIBEHINLIMB

31] 7HHFHS WWDBWH VXFFHVV RI D‘QLEK!O)IDQGLI—]BWQBQQW
DELOLW\ WR DGDSW WKH H32VLQHVV PRGHO G\QDPLFDOO

$00 WIRKDWWHQLE RWR UK LWR VDK I© X\UMBEGM33] KD Q EH
FRQVLGHUHG ULVNV DQG VRPH RI WKHYIMI ADQDEH LWV RAM
7ULPL D Q G- 04H/DERRIEDI K O L J \D M\RKLD RO B BDRIO X UH LV
WKH ODFN RI D VW UXE®HKWWEDRER AWH\EELQLE R DD O HGDW B H W
WKHRUWKM UQ\ VWDJHV Rl WKH ERREBB QH OHDMUIHE QL VNV
H[SODMWXHLU UW FWRQ\ FDOWKR NQFEHEWLOMWH FOH DLPV
WRDS WKH |UHTXYWREWR \ENAY &HWYWDQG FXUQHQW REVV
H[SORUH IRSWLFRSDHPHROMH N PDQDJHFPHOWM JIDPWIHF WLFNV \
HITHFWLYHO\

3 Risks of Start-ups

7KH OLWR BRWSRIHYW HP D Q D FHURR@W SIHAQLRUADW LR Q
DYDLODEOH UHJDUGLQJ WKH GHILQQMLRYVVRUKQDMALRQL
SURMHFW PBRDOWNBHBW RQ UL \HW P DEDGWHKRHD@WRQ J
ZLWK WKH D SBILBHALIDQHMAQ VWUDWHJILHY DQG SURMH
7KHPRWLYDRMLHRYHOBBYRJIJPDQDJHPHQW ZDV WKDW PDQ\ S
FRPSOHWRNHO BERBLGWQRW SHH[$HRFUIPHBY $ GDWDEDVH IUR
V VKRZHG WKDW 3PDQ\ S WOMKNFRNY [PY-HAN BVKH VO LVSISDH H
-~ EXW WKHUHRYBWXRERYMIKH DY HUBHQ R YHLV
:LOOLIIPAH D GHWDLOR & KEH FBBR KUK D S K\

$FFRUG QD UWBRQEB]OD E R X W - FXCW M/ IMDHES K @I R@QMJ IDLOH G
SURMHFW FDQVWRYWIURXEAKH VW XGKRYX NESRBAR
PDQDJHPHQW VWUDWHJI\ DQG H[HEF XW ILRQLPSBGW WA WI Dy
XQGHUVWPSRUWRDHIFWYG HIIHFWLYH OHBUSHBUD®WRFHG:
UHJD WGRHU KW B K T XLQIIRWPDWLRQ 7KH VWXG\ UHYHDOV
EHWZHHQ WKH VWUDWHJI\ RI XQGHUVWIXQRAM DQG GVWHI V'
EHKRAMHJHFXWLRQ RI SXUVXLQJ WKH SURGXFW PDUNHW
VROXWLRQ RI SUREOHPV OHRBMWHYRFREVFBHOGPKDBEBHY RI V
VWBRSWKRZHG D UHOXFWDQW EHKDYLRU DARBBMHIOHFW FXV

%DVHG RQ HPSLULPP® QRXFRMADDQHNH LU IRUPDWLYH I
- \HDUV ROG DFURVV (8 FRIRPW.PILIO\E D Qs@iH W HFWR UV
LQ WKH ULVN PDQDJHPHQW RI W KADUHPEERPIBH@KHY )LQD
WKMHKSSRUW Rl IRUPDO DQG LQIR UPDHY XQK\WX RURNAY  Z G{EDLON
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PDQDJHDEO W RERSDIQHWN )L UP W Q@ HNO\RZYGHH-IBEHIRVKR U V
PDQXIDFWXULQJ DQG FRPSDQLHV ZLWKD $ROWH URWN DO O
PDQDJHPHQW PRUH FRQVFLRXVO\ 7HFKIRRQRI\YEQG IL
UHODWHG WR LQWHUQDO UL\ HUMMLIBYDRQUDYNE IQHWR
UHODWHG WR LQWHUQDO UIWR ©HWEZRUMNILRQ VESON NHW DI
H[DFWO\ WKRRBESRWLYRKHGE FDWLRQ RIQIR QGG HUM G X FW
LOQWURGXFWLRQ DUH TRASHNINWIR P U WQ DDWHER O/ REFBEAOW O
DUH VWURQJO\ UHODWHG WRWRDUNMWD UULRWYYV PDO/QJ MW
NHWZRUNLQJ DQG WHFKQR®YRRBERRUWWH ® D O BHFFHQ WO R Z
VHFVBRUWKH VDPH WLPH LVRXQGHRNGIBRE QR BR W |
UnUHODWHG WR ULVN>PL@&LIJDWLRQ DFWLYLWLHV

7DEOH

6XPPDU\ RXSUWDNWDWHJIRULHV

Source Risk or reason of failurecategorized
Giardino et al. [33] /IDFN RI 3UREOHEF
Giardino et al. [33] 1HJOHFWHG /HD
Janaji et al. [38] /IDFN RI
Cantamessa et al.> %XVLQHVY PRGHO H J QR
SURGXFW
Cantamessa et al.> BURGXFW H J QRW It
Cantamessa et al.> (QYLURQPHQW H J F R Ps}
Cantamessa et al.> &XVWRPHU XVHU H .
Cantamessa et al.> 2UJDQL]DWLRQ HJ ZURQJ O
Kim et al. [39] &RPPHUFLD
Pisoni et al. > +XPDQ FI
Pisoni et al. > JLQDQFLDO
Pisoni et al. > 6WUDWHJLFGDRQE
Pisoni et al. > 3 UR G X F WUHHDWDYWN. H
Pisoni et al. > &RQWH[WXDO HXHHVQDW €

7TKHUH DUH PXOWLEDW HISRMFRDGEK HF\R PAPRR  WRSWYV R
TDEQPHKH 6+(// PRGHXOUBHYHORSHG E\ &DOWB@RAHVVD HW |

LVUREMMWHZRRISURYLGH D VWD Q®BORUDAQIERMNW KRG WR
RVWREWKH FRQFOXVLRQ ZDV WXKIRWWRESHMVOXKY AWK DHH U H
1R :URQJ %XVLQHVV ORGHO’ 3/DFN RI EQ@LQHVV G}
35XQ RXW RI FDVK”’

$ %UD]LOLDQ VWHKIDUGLQJ ULVN PDQDPMEH QWDONKDY LR
VLPLODULWLHNAN LRD QUK P HQ WV RU FPRIKEBIQDAMW.RQ DQDO\\
7KH PDLQ ZDYGWEIMWH LV QR WIQHVREGWE R LIIHUHQW
ZD\RULVN PDQUKHERBOWRMIRFKLVN PDQDJHPHQW GRHV QRV
WKH RSHUDWLRQ WLPH DE@&VWWRIQWRRLEDYHURSHG W
VW U DIWB BHEKPIMMHWWHU ULVN PDQDJHPHQW SURFHVV
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YLIXUH
6+(// PRGHO EDV@AG RQ

1R W DFEIDQ D ZHKBWUWLFLSDWHG LQ WKH VXYYEY ZHUHL UQ W H
ULVN PDQDJHPH®W SYDE@WREGM ULVN PDQDJHRPHQW PHWK
HIWHQVLYRERQW KKRVD JHV WRSWKLAOHDUO\ DVNV IRU Wk
GHYHORSPHQW RI WD UJPNWAIGR ®\OE. QH. PSLOAKS MGKH VWD
FKDUDFWAHUMHHBWREPYQ BD WIKRHDQ DXWKRU LV WKH ,62 S
JLIXYHKLFK LV D VLP-SVBRP SOHP HDW\ SURFBISSWUH IRU
%HVLERRAWBSWR O O R Z PG WKKRE3 FRO R/H B \0-IX§4¥] R U

6&580[42] 7KHVH PHWKRGRORJLHV RIIHURDIQ VINQFRUSRL
PDQDJMPBQRQJ WKH LYWHU D %S R IQFEDMILLRY R$SSURDFK WR
SURMHFW PDQDJHPHQW HPSRDWEBWNOBROVIMRRHVWDJIHV
LQFOXGLQJ DQ LPSURYH® IFHRDIGIED AKDMWY WIKE DQD O\
FRPSDQLHV WULHG WR EHKDYH DV H FSRKIDRNL H\D VDK W KW L L
LQLWLIMG SKDVH
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YLIXUH
.62 ULVN PDQDJHBHQW SURFHVV

$OVIRQ WWEDSSURDFKQWUR G X-BHEG HEWREPRQ FDOOHG

WKH 7HFKQLFDO 'XH 'LOLXH®BOHJIPIGWHIRBHR® WIA D SURFHYV
WKDW LQYROYHV LGHQWLMNYJZDYEPRBY RQNDWNGIQYJ
LQYHVWPHQWY RULJLQDWH GLEWF R’ QR DDA QD WVLKRHQ SDXFA
VDOH RI FRPSDQLHW QBFWLROW UWHOMWYHG WR PHUJHU I
DEVRUSWLRQ PHFKDQLVPV 'XH GLOLJHQKH PRDWDIMVE OHIR!
RSHUDWLR @M@ WHANXYFLQJ WEKHIML QWP XWKH[SUHVVLRQ
7K HWKR GIRORMRGBHUIRUP D WHFKQLFDO LQVSHFWLRQ
VHUYRBHSURFHVVVWRSIHROMGWHPY 7KH SURFRIVY LV Gl
SKDVHV-RILFRDOO 'RFXPHQWDWELERY WDIHBISHRAUW)ROORZ
7KH DSSOLFDELOLW)\ RI W KB-URS WTKORLGM WHUBHDWR/WHM. BW HG W
SDUWEBPY®RWKH DYDLOO®PH PHWKRGYV

J)LOLS SIWMWPMBRRIIHU D PDWKHPDWLFDO P RRGIMZDAHYHORS|
GHYHORSPHQW IPRWP PIRGIHOL QD DO XQU HAL V WRMIQFDO G D\
FUHDWRQJRMQWKP WR HRUWDXBXUWHK DLWRBOHGLFWLRQ 7k
FRPSXWDWLRQDO WRSUHROE WER. WIHGEXRH SURMMEW IDLOXU
SUHGLFWLRQ RI ULVNV E\ XVRQGLKFPWMMRBHMXRGDXWHYV )
KLVWRULEWOLG MRV DSSOLFDEOH IR HSWLWQWLIQY BRPISD
IUDPHZRUN FRQWLQXRXV GDWD FROQRMRURA YD VXSSR
GDWD PDQDJHPHQW FRRUGLQDWHG E\ DQHMWFXFOWRU R
UHOHYDQW LQIRUPDWLRQ WR D OR FDIOHRAHYBGGRSW H QDVOR
VWBREWKH VWXG\ FRQVLGHUHG FRPSOHWRM KSHLRIMHF WV
GDWD WR LQLWLDWH D OHDUQLQJ VRWUW MR XWRH JSHORVUHDRMWE
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$GGLWLRQDO RWKHU SURMHFIHVOHNIRG BV | FHRUGH/DQM WF |
KLVWRULHV $IWHU WKH FDD FRKRPEWURY R WEKH DODGR WLW
H[SHUW MXGJPHQW UHJDUGLQJ WKEBDSUHBEF W DQUFIH NV
UDWH E\ SERIHE/VLRIFAFXUDF\ FRPSDUHG WR ROG SURMH!
VW XRBXWMDLGHRVVLEOH IXWXUH ULNWH B D BIOD MPKOEGW

GHYHORSPHQW RI DUWLILFLF®XQG® NODQUHG P \WQ\G VEISIS
SUHGLFWLRQ DKR GK OWRKIQIKY DLODEOHKE&EDWRB UPR F [FQ XGDAMD
FDQ RQO\ EH REWDLQHG IURP W K HVWK SESCW W H LOHY K B LRDJ
SURFHGXUH FDQ EH PRUH H#SHFWLYH ZLWK WKLV PHWKR

YLIXUH
5LVN UHFRPPHQGDWLRQ IORZ LQ[43]SURMHFW EDVHG RQ )LO

'DUG > @ DLPHG WR FODULI\ WKH PHD®H BLDRIOY LRRQND G
LW UDWKHU D SURMHFW X QFPQDIHPW\Q /D R D BEKRHHDW 3\E
HYHQWYV  WWHAHRHRVXDOO\ FRQVLGHUHG DQ HYHQW WKD\
WKH SURMHFW KRZHWHWYV DSGHRDWBLQWE HMRXIDGEG SUR
SHUVSHFWLYH LQFOXGLQJ RSSRUWXQ LRX UPDHXDW HPLQIW
PDQDJHPHQW P HWE&R @R ORILIOWVLQJIDWKMKH SR WHSHNFMDLOY
VKRXOG DOVR IRFKNERRRESRABRWHMRWHY +EDHG\G
DSSURDFK VKR XCDG/ BNV LFPIS@ARI¥ANE R WDIVQH M B WD R @ WHRD V
OLNH YDULDEROGLWMHEHGWXNERZOHGJH OHYHWVLRU WKH E
UHFRPPHQGHG WR UHQDPH 3URMHFW 5LWBLOMWIDJIHPH
ODQDJHPHQW WRRFRRWHRWBHG WKH QHZUMNFRPRBIRIGV/KH D
DSSOWIKLY PDQDJHPHQW DSSURDFK HDU®LHU LQ WKH SU

60(VVPDOO DQW&IFHGLXOWHUSULVHYV KDYHWS8YH VLPLOD
LQ VRPH FDVHV WKH\ FDQQRW B ¥NDANEDHGSWHSHD UD W H G

ULPPQDJHPHQW SUDFWLFHV RI 60(V EDVH\GWR QW DX H V V
FRPSDQLHV VKRXOG DSSO\ D SDVVLYIH QG/H MH VIWUHD W\N 1\D
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ULVN PDQDJHPHQW PHWKRG 7KH FKRVHQFRHPBRRE VKRX
VLIH VHFWRD @G| RZIQHUIVEKQS VWUXFWXUH 5LVN PDQDJH
LVVXH IRUDAOEHFMRXNWKH ODFN RI UHVRXWDFME DERXWK LYV D
WZWKLUGWD @PHFKRP SDQLHY KDYH D SDVVLYH ULVN PDQD
$OVR ODUJHU FB PISMHPIVHRIRGIO HP IQWN PIDQDIHPHQW
VWUDWHHXYKRU LQWHUSUHWY WKDW DSSO\LQJ ULVN
FRPSHWLWLYHQHVV DREWRXFFRIWVHIHKWLYH ULVN PDQD.
DZDUHQHVV Rl WKH FRPSDQ\ UHJDUGILWQBYSRWBRLEOH ULV
GHILQH WKH ULV NXQURWIGSQRBBRYWMEOH WR FUHDWH D
DFWLRQ SODQ IRY @VN PLWLIJDWLRQ

W LV HWRHBRIMEWML BH Y HORSPSR®L RLHY ZE&YRKEFD Q
FRQVLGHUHG D ULVN UHEEEW IR @ HUSPHERER LRLG WKH
DSSUHFRIVWERBGQ VRFLDO DQG HARQRPYW DIWBHEWVR FU
SROLFLHV WR VXS YRMEBMIGH VHRAMKQRFAMNUIURQPHQW
WR LQRMUSHDREDELOLW\ RI WKHDD WX DHOWAR WREWMMMWUNKH
TXHVWLRQ RI 3KXJH LQWHUQDO LQHTWHGEWNHK EDVHG
FRXOG EH UHFRQVLGHUHG LQ IXUWKHU VWXGLHYV

4 Project ManagementConsiderations for Risk
Mitigation

6RPH \XBDARPSDQLHV WU\ WR DSSO\ WUDGL#JLRQDO SURNM
EXW WKHIW QRW EH WVXISWIKEO ADIW Y OWMMD LIRW WKH PDQDJH
LPPDWXUH DWOXWWHKUHHYHO RI D F FRX-PIXQ® HHGJ HQS\H U L H (
DSSURMFWKH RQH KDQG ULVNV DUH QRW QH@FHMDALYH D
PDUNHW DQG RSHUDWLRQDO LVXXWD QWKW KHU FRW KB /I
2Q WKH RWDHHWD GHYHORSHG RUJDQL]DWLRQ LV DO\
&RQVLGHULSRNVVSURUM FWV FDQ RSHQ QHZ RSSRUWXQLWL
VXSSRUWV ULVN PLWLIJDWLRQ DPRQJ RWKHU SXUSRVHYV

ODQWALO®HUIRUPHG TXDORWRWY LYIH | H IO ¥ B/OHRH Q W
SURMHFW PDQDJHPHQW PHWKRGRORJLNVULBE®RUGLQJ W
RI VAXBUWODVW PRUH WKDQ ILYH WRDWRFZKH VWXG\
FRPSDQLHV XVHG $JLOH PHWKRG\S JUNH ORQEDQ X VHIBQ
WUDGLWLR QDD % VKRG 177 DQG RQO\ SODQQHG WR
DQ\ SURMHFW P DQD JHRH QY WHP ROWRRXRNBIRORE §W X V H G
OLFURVRIW RULMRRSOUMGKFHVHG RQOLQHX SIRGWM EQ/NV
SURMHFM PHIQW DQG FRPANXO@MI RMMULAYHOOR 7KH DXWK
DVVXMWHI®GLWLRQDO 30 PHWKRGYV D U N SRIDQG MUK MARH LP S C
FRPSDQLHYVY QDWXUDOO\ WHQG@WRZDUGYV DJLOH PHWKRG
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2QH RI WKH 9 GUB\DW LDQUWXISOKR MW B W WP D Q BYOM GHIORN L V

+H VKRZV WKH 3SULQFLSDO UHVXOWWFWREWDLQH
PDQDJHPHQW DSSURDFK WR VWUDWHJILFHG@WDRRLQJ D«
LQQRYDMWRSM/ UPMH\ DFWLYL@EZKM DSSURDFK LPSOHPH
HQWUHSUHQHXUVKLS DV D V\\$WR 2 BIURGRY.QWLRQHDNQ C
RQH RI WKH VI\VWHPDWLF SULQFYB WP SDX@HQYHUWIOH ELLU
DFW L WIKVRDEING SHU IR DRMGF HQHQVIL URQR®E QAL WK OLPLWHG
UHVRXWFARQFWXBWGZLWKRXW D FHQWUDWNMWIBP\WFRKHVL
DSSURDFK WKXSHRSMHWHNVLRQ UM Q TXLFNO\ EHFRPH D K
XQUHODWH@KAEXG\ VWRKOME WKH O DORN IRIFIV UHIQ EX D OQH V \
DQG SURMHFW P D QDUEPEPBLSIRIPDVEE RQ IHHOLQJV DC
LQWXLWLRQ UDWKHU QHBER X\ S D WG MNEFRBEIBW @ R Q W K
FRRQVLGHWWREIRPSDP\SURMHFW VLQFH WEGHNWQRRQRBW DSS
SUHFHGHQFH UHODWLR QW K GR X DISLRAD W LIPIHO S0 INRQIHYI |
3URMHFW PDQDJHPHQW WRROV VXSSOM WHKOIMHEBGWRLUQLYV
NQRZOHGJH DERXW WKHP LV HWHQVLYBJ ERRFEXGMQI FL
RU VWDQKGDAHGFNDQ PRGHUDWH WKH ULVAKRWHPIQ/VLQJ H[S
SURSRVHG D EDVLF SURMHFW PDQDJHPMRSEW SSURDFK
V X P P DU L)HIGAUL B

YLJX4U H
3URMHFW PDQDJHPHQW DSSURDFK-WRLBPQEDQEEMWKAH LQQRYDWLYH

OLGOHU DQG[BLOEMVHREWVRRWHWKH LPSRUWDQFH RI OHD!
WKH SURGXFW GHYHOWRBSW WURURB HVIVILEXL QURFE EZ D V
DFULWDFIV®RU LQ WKL FREMBWWKVHRARKWKHRUHWLFEDO DVS|
PDQDJHPHQW RUJDQDI@G HRWIUH S BQFFIYKOQ X G H G

W KHIWORUDWLR QD INGHE DIHVID K} QWKSHBAH WRWD BXWP X ODWLYH OHD
PHWKRG VHHPV PR RWRKHBYVIQPBOG KRZ FRPSDQLHYV
KD Q GIOHWIXUMR Y BW NBMQUDWHJILF WOHYHOE LO LW\ R D
VXFFHVVIXOO\ GHSOR\ |HDWXWH FIDGOE YCOWMRRZMWKAIDW D F |
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PDQXIDFWXUHUV WRVEH PRPSIHWLWKMHi¥BQHQDBVWLJID
FDU PDQXIDFWXUHUV DQG  MKRMX OBIOHPQYRW D WQ B QWVRZ\DI
WKWWUXFWXUH RI DXWRQRPRXV *DGYDQFHG HQJLQHH
UHVSRQVLEOH IRU H[SORULQJ LQQRYDWL YW LFSIDMX U H V
SURGXFWV" 7 KEKW KRMRPRRWLYH FRPSDQLHV VHSDUDWH
GHYHORSPHQW SURFHVV IURP WKH LQQROBWLRQ GHY
*$GYDQFHG (QJLQHHULQJ GHSDUWWH®@WN LTKHR WDIWKLARC
LPSOHPHQWDWLRQ SURFHVV KDV O H LDUHF W ROPVS DG MV R
WKH FDUPDWKHU M B8HIKW EH D PDMRU GULBHU IRU G\QDI

7KH LQFUHD V ISPMERWWKVOWDILR@ ELOLW\ DOVRHRWMWUV OHV)
LQ WKLV IKEHIXGVND FHWXDWLRQV DQG-KRIXLWNGXSHFLDO
23] DQDHG FOHDQ WHFKQRORJ\ SURMHFWV LQ WKH 86 WF
GHVLJQ DIIHFWV $$V RMHFGV HIRONTRBYRIGIODWLRQ KDV EH
FRQILUPHG EHWZHHQ GHSOR\PHQW IHDVLELOLW\ DQG SU

<XG[RIBURSRVHGLPHRXURQDO WKLQWL GHPMBEAE® GROR J\
SURMHFWY 7KH PWMKWRG JFRQRIDGEY HO'BEPMBW MIQG
PLOHVWRQHV 7KH VWKL GRRMKHHIQRS\S SURYEGBILW\ Rl WKH
PHWKRG EDVHG RQ HPSLULFDO GDWD

I*VWDIHKDRWLF" WKLOQNLQIWHEGBGRPBQZNVVRQP@ BIODQH
LQWHUGLVFLSOLQDU\N OLQNYV

200/ WD JKH WKLQNLQBLPHYKHRQLP H
3VG/WDJRLQNLWHHQWLFDO GLUHFWLRQ

1% SKD\DHHYHOR S L QIRW & H. & B/IDRIMEKBW

206 KDVHKH % XVSQBIY\R| W E&H RMHFWNV X S
3VSKDVMH VHRWHKH ILQDQFLDO UHVRXUFH
4"SKDVRH LPSOHPHQWDWLRQ Rl WKH SURMHFW
SWSKDVHH DVVHVVPHQW RR NVHKRHV VA DLLFW X 8 F \

7KH PRGGUMRBRVHY WR VLPSOLI\ WKIH GEHIVREW WEHRFHG X!
LQIRUPDWLRQDO RYHUORDG FDQ DFR{FWH PAMREBWBULDO
HIILFLHQF\ RI WKH FRPSDQ\ 3KDVHV FAEXWKWBSNMWKRG KL
VLPSOH OH YtHG WHRL P QKHHX I/ KURIFRPPHQ G V VIWEY A X W X U H
WKH LPSOHPHQWDWLRQsRQ GV K HI KSR IS Y&2]0! 16 V R HRKKHREG!

Conclusiors

6 W-DXISBNU H BV ORK H Q IHW FRQ R B RZWVKKU R X J K WX REMMQDDLRLLFQYJ
RQHZ SURGXFWYV DQG QRYHO VROXWLRWSV TLKHDKAD®ADLC
WR DGGUHVV WDKHHWHEG VKWWRY¥KH IDLOXUH UDWLR KD
WLPEBGLFDWHY D OD RNVRHHI LHRF/RIMEE) BAREGDONPLHRQAD O O\

QHZ DSSURDFK LV QHHG/HGE WD @EXQGOXH MVEWBRVWFW DOO|
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PD\ EH DQ L GL WWDEOD WWERBW D SURMHFW EXW SURMHFW\
LQ WKHLU OLIH F\FOH SURMHFFWDPBQDBWRHDW A RRIQW IPR
RUJDQL]DWLRQDO VXSSRUW LQ WKH ILHOG RI ULVN PDQL

SWIXSWUH QRW PRWRHSGH UDLGI®FHG RWKDWWLFDW RV H
FRPSOH[ PDQDJHPARYW UW\GWSBPRMHFW BRPWUANWARD QD JHP
XVH WUDGLWLRQDO PRIEHIVS BEBFKBHLOB IRFIXRRYKH NQRZ(
OHYHO DQG WKH LQGXVW U LD X'S H BMRANDRUK B WWQ/R KH K L
FRPPBQDFMWLMPHDLODEOH DQ®6G URKMHFDRE V\IUXKGUEM G
DSSUHFLDWHG LQ ILQGIZ&H XD ORIDLRRAMON D@ W
HPSKDYRINDOLJQPHR WURKWEMIS'D OB PDUNHWIKGHPDQG
LQFRPSMURPRUFRY H WKURXJK T X IOFDNF NWRH W/IWAULRFQV & Q B GVEH
PDQDJHPHQW SURFHVVHYV

$ VLPLODU FKDUDFWHUQ® WL B RR MH FWELW/RME PERGL H G
RUJDQL]DRMEBLRHPHQWLQJ FRQVFLRXV ULVN PDQDJHPHQW
EXVLQHVV PDQDJHPHQWDV\\SWHR LRI DWGKHL\SFURMHFW PD
SUDFWLFHV 7KH PPWM IWHODXWE® WRVNWYDQFLDO PDUNH
OHDUQLQJ LPSBHPHQRUEHWH R HPV VKRXOG EH KDQGOHG
SURMHFW SKDVH SURB8QHQDUDFWO Y RWIGE E\DVOD 6 B0 URL\H
LQLWLDWH GHEZQ MDAHWREBWWEDNY) UHGXFH ULVNYV

)XUWKHU UHVHIDSGR UH. RPQ GWR/WULDO-BSWM HUQEQ FHWND PR Q
FRPPRQ FKDUDFWHKHLWMMAM QQ LAOH)H@LMWIMRQPHQW GHYF
D W2RYHO PHWKRG LV UHFRPPHQREWG.VINOFDR0B1BB HQ WU L
IUDPHZRUN PRGHO DQ®\DDOKEEOHPWMRROVHW
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Abstract: This paper presents the semantic framework for the description and automatic
composition of the data analytical processes. The framework specifies hissatibe

goals, input data, outputs and various data operators for datappreessing and
modelling that can be applied to achieve the goals. The main contribution of s ipa

the formal language fothe specification of the preconditions, postcoratis inputs and
outputs of the data operators. The formal description of the operators with thallogic
expressions allows automatic composition of operators into the complex workflows
achieving the specified goals of the data analysis. The evaluatiotheofemantic
framework was performed on the two realrld use cases from the medical domaihere

the automatically generated workflow was compared with the implementation manually
programmed by the data scientist.

Keywords: datascience data mining semantic technologiesontology

1 Introduction

Analysis of data and application of machine learning and artificial intellegenc
methods become very important approach successfully applied to the research or
business problems in the various domains. Howetrer,application of thes
methods is not always straightforward and requires extensive knowledge exchange
between data scientists and domain experts. Additionally, the implementation of
these applications is rather complex, with many constraints coming tfilem
definition of thegoal, properties ofnput data and constraints of the algorithms
applied to generate the results. The result is that implementation of the data
analytical approach can be time and resoceamressuming. In this paper, we
propose the seamic framework for audmatization of the datanalytical
processes based on the application of ontologies and logical inference.
The proposed framework allows to automatically compose -atabytical
workflow based on the semantic description of the goals
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The paper is organized as follows. Thestfichapter describes the current stte
the-art and our motivation. In the followinghapter 3, we introduce our semantic
model for dateanalytical processes, followed by the main contribution of this
paper: smartic description of he data analytical processes for the automatic
composition of workflows and additional types of data operators covering various
data and model visualization techniques. L&tapter 4 then presents the
evaluation of the proposed appth on the real applation cases fromhe
medical domain.

2 Semantic Description of Data Analytical Processes

A few semantics have been proposed to describeattatigtical process models
formalized as ontologies {2]. One of the main proposals is the QDM
ontology [3], which consists of 3 modules. The first module deaik the
specification of input and output data and is based on the ISO standard for
describing data types (atomic and composite). The main module characterizes the
concepts that describe the data, the data analysis tasks (such as classification,
clusterirg, etc.), the data mining algorithmsydathe analysis outputs in the form

of general data mining models. The third module uses concepts from the first two
modules to formalize the differt phases of the overall process according to the
CRISRDM methodolay [4].

The other proposed ontologies extend the definition of some concepts introduced
in OntoDM. DMOP ontology [5] deals mainly with the detailed description of the
data mining algoritms including their internal principle, e.g., a description of the
numerical optimization method used, theoe function, or the regularization of
learning. DMOP covers 3 phases of CRIBM. DMWEF ontology [6] defines data
operators, which are applicabitedata preprocessing, modelling, and evaluations.
Operators areabcribed similarly to services by definitiofitheir inputs, outputs,
assumptions, and effects. These input and output conditions are defined as logical
expressions in the SWRL languagefasas possible use of automatic derivation

in the composition ofvorkflows at data analysis.

One of the most general proposals that extend OntoDM is ontology Exposé [7],
which extends the CRISPM phase of the data analysis process to the level of
experimets to ensure.e.g., reusability of procedures in data analysis and
reproducibility of results. In addition to conceptualization, it also provides a
language for describing experiments based on XML [8], which allows you to
publish and share a descriptiohexperiments on the web in a machieadable
format.

Panov et al. describe OntoDT, ontology to represent knowledge about data types.
This ontology defines basic entities such as datatypes and their properties,
specifications, characterizing operatioasy datatype taxonomy [9].
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In [10] Tianxing et al. presemta metamining ontology which is used for building

a domainroriented ontology. The main goal of creating INPUT ontology is to
understand data and business goals better and use it as an infadeiriteruser
queries

The conceptualization of thesensantic models is based on the description
interfacesf existing software tools used for data analysis, such as R environment
or scikit-learn library. Other relevant technologies can also includadsrfor
exchanging dataralytical models when deployinthem, such as XML stanahr
PMML, PFA format based on JSON notation or currently the most supported
ONNX format focused mainly on the exchange of models of deep learning.

Data Science Ontology (DSQ3 a data science knowledge base focusing on
computerprogramming. DSO is a way of organizing and classifying the concepts
and entities within the field of data science. It helps define the relationships
between different aspects of data science woxk @ovides a framework for
understanding and communicating about the field. One important aspectaof dat
science ontology is the classification of data types and sources. This includes
things like structured data, unstructured data, and-seodtured dat, as well as

data sources such as databases, AR text files. Another important aspect is
the classificabn of data analysis and modelling techniques. This can include
things like statistical methods, machine learning algorithms [11], data
visualization techniques, and naturaniguage processing. Tleencepts for this
ontology are gleaned from statistics, machine learning [29], and software
engineering for data science. In addition to concepts, ontology also provides
semantic annotations for dataiegce. The annotations map the types and
functions ofthe libraries to the universal concepts of ontology [D#ta science
ontology also includes the different roles and respditgisiwithin a data science
team. This can include roles such as datanemg data analyst, data scientist, and
machine learing engineer, as well as the specific tasks and responsibilities
associated with each role. Data science ontology can also include the models,
frameworks and methodologies that are used in the fiekes&dan include things

like CRISRDM for data mining, SEMMA for data mining and statistics, and the
OSEMN frameavork for data science.

Data visualization and models should not be forgotten in the preprocessing and
modelling framework; there is a VISO ontglo[13] for describing such cmepts,

which formally models concepts and facts specific to visualizations. ziatian
ontology is an important area of study, as it provides a structured and cdnsisten
way of understanding and discussing the field ofadsisualization. By
understanding the different types of visualizations, design elements, and ways of
represerihg data, we can create more effective and engaging visualizat@ns th
can help to commuoate complex data in a more understandable way.
The adantages of this ontology, also achieved thanks to -estthblished
semantics standards such as RDFs [14] and OWI-1§]4 are technical
interoperability, support for a common understanding betweendistiplinary
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parties in the visualization processdahe ability to derive new knowledge from
existing facts. Viso is characterized by being composed of 7 nsodataphic-
formalizes concepts related to graphical relations andeseptations; Data
defines data variables and structures; Faftsmalizesconstraints, rankings and
defaults; Activity- deals with the human aspect within the visualization; System
this module covers HW and SW; Usatharacterizes user extensions and Domain
- describs the domain specifications.

3 SemanticF U D P HZ R W\AMoifatization of Data-
Analytical Processs

In our previous work [1-18], we have defined the semantic framework for the
description of the data analytical processes, which is diviedthe following
modules:

x Domain Concepts concepts for the descriptiaof entities and known
relationships in the domain under investigation used for data analysis
methods.

x Data Items and Performance Indicateisoncepts for the description of
key performance indicators formalising business and research
requirements and gtsaof data analysis and concepts to ddszinput
and output data attributes and data sets.

x Algorithms and Data Mining Modelsconcepts for describing methods
and data mining algighms and their settings, @nconcepts for
describing data mining models&in outputs of data analysis).

The first module is mainly designed from the point of view of a domain expert,
using domain concepts to formalise the description of a given domain. The second
module contains concepts that are shared between the domaihasxpthe data
analyst and is used torfoally describe the goals of the analysis and the data.
The last module was mainly proposed for the semantic documentation of the
existing déa-analytical processes talaeve interoperability and reproducibility of

the processes. The main cohtriion of this paper is in the extension of the
framework, with the concepts which will allow the automatic composition of the
workflows and automation of the dedaalytical proesses. The following
subchapters will descriltee proposed modules in detail.

3.1 Domain Concepts

Concepts for domain formalisation are specified using the SKOS metamodel [19],
which allows the specification of title, narratidescripton and definition of
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concepts localised in several natural lamgps Concepts can be arranged
hierarchically in the form of a thesaurus/taxonomy by the relations
skos#broader/skos#narrower. It is also possible to define polyhierarchical
schemes. In addition to the hierarchical arrangement, terms can also be linked
assaiatively by the relation skos#related.

A defined ommon dictionary of domain terms can also be used as a classification
scheme for organising different types of documents that gritedat analysis as
domain documentation, created by data analyst®t¢ontent the analysis process
itself, the data and the results achieved. The document types themseN®s can
specified as a classification taxonomy in SKOS.

In addition to the narrative description, in some domains, it is also appropriate to
explain existig concepts using various diagrams, schemes ang otpes of
graphical notationse(g.,using BPMN diagrams for modelling business processes

or process diagrams for visualising production processes in the field of Industry
4.0, etc.). In this case, thedividual graphical element®.@.,an activity block in

a BPMN diagram) are described as separate SKOS concepts that are linked to a
given element to allow kdirectional navigation between the graphical notation
and a set of semantic concepts. Howeve ptoposed formalism does not define

how these liks are represented either in a semantic representation or inserted
directly into the graphical notation format.

3.2 Data Elements andPerformance Indicators

Figure 1 illustrates the ba concepts that repragethe input and output data.
Data elements are specified on two levels: logical and physical. Logical data
elements are utilized to describe every input data attribute that the domain expert
recognizes as relevant for resolvinge tigiven task of data amwals or for
describing all output data produced during the analysis process, including
prediction of the datanalytical models or values of domain and technical
performance indicats.

The logical reprgentation defines the metadata for each data attyilwhich
includes its name and definition in natural language, logical data type (for
example, whether it is nominal, ordinal, numeric data, scalar, vector quantity,
spatiallyarranged data, time series, etc.), the commonly usgdigalh unit of
measuremdnand the role of the data element in the data analysis process (such as
whether it is input, output, or inpautput data).

Logical data attributes can be connected by interdeperste which are
represented by the Dependenchass. The Dependency clatgines a relationship
between one dependent data element and one or more independent elements.
The dependency can be described in text or specified mathematically using a
known physical or economic model. Dependencies can be further specified by
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basic tpe, for example, expressing whether the value of a dependent element is
derived from an independent element through transformation or is an aggregation
of multiple independent elements, etc.

Figure 1
Data elements and performancdigators

The physicallocation of the data during analysis is represented by the physical
data elements, and one logical attribute can have multiple physical realizations
Physical data elements are assigned physical data formats and typesydibal p
type is based on the @sstindard for describing data formats in software systems
and can be atomic (real/integer, Boolean value, string) or composited(rgitr

data fields, list, or unordered set). The specif@ation of the data is defineding

IRI, which represents a ugue identifier in a software environment for data
analysis or a URL for placement on the web. Multiple physical data elements can
be combined into a single data element set referenced through IRI.

The results of the data algsis are quantitatively desbed by the measurable
performance indicators, which are defined as the special type of data elements.
Similarly, to the description of input data, the performance indicators are divided
into two subclasses: domain indicators and technicataeolis. Domai indicators

are commonly introduced by the domain expert for the evaluation oktudts

from the business perspective. They include indicators which specify, for
example, financial costs/savings, energy or resource cqsumenvironmental
impact, etc. fie technical indicators include statistics expressing the performance
of the datamining model, such as accuracy, specificity, sensiti@ty., estimated

on the test or validation data set or using the evafidation. In addition to
peformance metcs, technical indicators also cover the various metrics
expressing the complexity or interpretability of dateing models (e.g., the
number of numerical parameters, the number of classifications or association
rules, the omber of clusters, etc.). Tedhbal indicators are formally mapped by

the data analyst to domain indicators by specifying the dependencies represented
by the Dependency class, which allows to retrospectively determine how the
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technical quality of dataining models quangtively affecs the required quality
of business goals.

Figure 2
Example of tle physicaland logical data elements

Figure 2 presents an example which demonstrates the relations between logical
and physical data elements. The physical dataset is represented WwitDB@
instance, which points to the data stored in the coseparated value file on the
disk. The file casists of multiple columns, which are represented as instances of
the Physical Data Element class. The example column is represented with the
SYMMETRY_MEAN instance, which corresponds to the tajidata element
represented by the SymmetryAvrg instancenother example of the logical
element is Symmetry instance from which the SymmetryAvrg element is derived
by arithmetic averaging. The dependency betweentwioelogical elements is
formally represented by the Average instance of type Dependency. lcatkis

the Average instance can specify directly by a structured formula for the
computation of the arithmetic average over the source element.

3.3 Algorit hms and Data-Analytical M odels

The use of the algorithm in the analysis is determined by the definititie data
mining task as specified lilie data analyst (Figure 3). The task is defined by a set
of constraints (Constraint class) that use logicalesgbns to outline the desired
properties of the resulting data mining model. These constraintyr d¢hee
characteristics of the input datai¢h as data type attributes and the presence of
missing or extreme values), the type of desired mosigh(as dhssifcation,
regression, clustering, association rules, anomaly detection, etc.), and lihe qua
and interpretability of the model by limitop technical performance indicators.

-173-



P.Bednéet al. Semanti€omposition BataAndyticaProcesses

These constraints are further divided into hard constraints, which mustijbe fu
met in the solution of the task, and soft constraints, which shouldkea tinto
consideration in the solution but may not necessariljméeunconditionally.

Figure 3
Data mining tasksalgorithms and nodels

The main concept which covers all ogigonsover the data is the Operator class.
The machine learning algorithms are represented with the Algorithm concept,
which is the special type of the operator with the data input and output in the form
of the data mining model. The Model itself is Bperate, which can be applied

to the input data for scoring. The output of the Model operator are data elements
with predicted values and with the optional additiomaktadata such as
confidence scores, identifiers ofthe classification rules, or weightsf the
contributing input values. In addition to the output model, an algorithm can have a
set of (hyper) parameters that need to be set before it can be executed. Each
parameter has a definedtaldype and a predetermined value. A special type of
algorithm is the MetalLearningSchema class [20], which internally optimises
parameter settings for a given training set and basic learning algoriteelects

the best algoritm from a group of algorithms for a given trainuega.

Figure 4 presents an example tbe fomalisation of the predictive machine
learning algorithm and model. The RandomForest algorithm is the instance of the
Algorithm concept, which is constrained for the classification .task
The classification task specifies the constraint for the oypedided value (it

must be of ordinal or nominal type). The algorithm is the data operator, which can
be applied to input data represented as the physical dataseharh outputs the
datamining model represented as the RFModel instance. An algorithm can have
multiple parameters (settings which must be specified by the data scientist or
automatically optimised), which are represented as the instances of type
AlgorithmParameter. The figurehows a parameter for the number of trees
included in the randonforest model. Parameters can be semtomatically
optimised using the metfaarning schema. In the presented example, the number
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of trees parameter is optimised by GridSearch +algarithm, which iteratively
learnsand evaluates model using the givenosthym (e.g., RandomForest) and
selects the optimal value of the selected parameter.

Figure 4
Example of the algorithmand dataanalytical models

3.4 ProcessModel for Data Analytical W RUNISOR Z

The proposed process model can be used to automaticallyatgenarkfows for

data analysis tasks aradso to formally describe existing data analysis scripts,
ensuring their replicability and reusability. It is designed similarly to a process
model for choreography and orchestration of web services, with the state
represeted by instances assigned to #imred variables. The process consists of
nodes (Figure 5) that represent individual operations (Operator class) for data
preprocessing, modelling, arebaluation, or control blocks such as branches,
cycles, parallel execwin, and synchronization (Conthdbde class). The nodes

are connected in a workflow by edges represented by the GuardedTransition class,
which represents conditional transitions between nodes. Operators alibetescr
functionally, with inputs, oyguts, assmptions, and effects defined &wgical
expressions. The flow of the process is determined by backward chaining of the
effects and assumptions, taking the desired target effects fhemtask
specification of the data mining. Some restrictionsy ne imposed by the
algorithms used in thevorkflow, such as the ability to only work with certain
types of attributes or to handle missing values.
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An important part of our semantic framework is the formalism used for the
description of the logical expressions in the specification of the opgliafuts,
outputs, preconditions and postconditions. The formalism is divided into variants
with gradually increased expressiveness, which allows foosihg atradeoff
between complexity and expressiveness amplfy the implementation of the
automatic planning. The full specification was based on the Web Service
Modelling Language (WSML) formalism [21], which combines constructs from
descriptive logic and logic programming. WSML expressions consist of logical
variables functional symbols, logical opators (and, or, classical negation and
negation as a failure) and quantifiers (existential and universal). Ounturr
proposal substantially reducedetbxpressiveness of the WSML expressions in
order to even fuher simplify formalism and implementation of the automatic
method for the process composition.

Figure 5
Process model for data analytigadrkflows

The current specification corresponds to the MUSlight variant with the
following constaints

x All logical varialles in theexpressiosareuniversallyquantified.

x If ., and are tems (identifiers data valesor variable gmbols) .
subConceppOf , . memberOf and .[ hasValue ] are atomic
formulaswhere sub-concept of predicatespecifies thathe ype . is the
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subtype of the , member ofredicateconstrainshe tpe of the term.
ard has valuepredicatedefines that the term has value for the

property .
x Atomic formulas can be further gthined with the logical operatorand,
or and negaon as a failve (denoted asot).

Examples

The following example describes inputs, outputgreconditions and
postconditionsfor the operatgrwhich repacesmissing values of all nuerical
attributesn theinput dataset.

Inputs
?xmemberOf PhysicalDataset
Preconditions
?x[hasDataElememtasValue?y] and ?y membe Of Numericalttribute
Outputs:
?xmemberOf PhyscalDataset
Postconditions:
not hasMissingValug®y)

The operator defines thénysical dataset as an input with the precondition that all
data elements (columns in the input physical dataset) haumarital type (note

that all variables are implicitly universally quantified). The output of theaipe

is the same dataset with thestcondition that all attributes are without missing
values (tested with the hasMissingValues predicate). All variabl#sn the
definition are shared between the inputs/precondition and outputs/postconditions,
so for example, it is not necessary to bind variable ?y in the postconditions since it
was already constrained in the preconditions.

The following example defineshe gerator for thdogistic regressionmachine
learning algorithm

Inputs
?xmemberOf PhysicalDataset
Preconditions
?x[hasDataElememitasValue ?y] and
?y memberOf NumericaAttributeand
not hasMissingValues(Jy
Outputs:
?zmemberOf LogisticRegressionModel
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Theinput to the opetor is the physical dataset ihunerical attributeswithout
the missing valuesand the outpuis the logistic regressiomrmachine learning
modelrepresented witthe type LogisticRegressionModélvhich is sulsequently
subconcept of ClasdifationModel etc).

Finally, the pocess of creating an executable workflow in a specific software
environment involves anchoring the operators with the Groundilags.c
Grounding is a custormaible text template that generates codettie operata's
functon in the environment when filled with variables. Operators can have
multiple anchors, each designed for a different programming language (e.g. R or
Python) or vesion of the software librarysed. The task specificatiomcalso
include mnstraints on thanchoring.ensuring that only opators compatible with

the given environment are used in the workflow.

3.5 Visualization Concepts

These concepts describe visualization in data mining processes. The key concepts
are Algorithm,which is a type of operator that depends on in@rtables, and
VisualizationMethod, which is an operator that takes data or a model as an input
and outputs a visualization in the form of a graph.

Figure 6 illustrates the concepts of data visualizathsran example, we have
selected the visualizationf the PDP method for explaining machine learning
models. In the beginning, it is important to define the typeisualization that is
required. In principle, any visualization requires data as inputeEitte data can

be visualized as part of the dataderstanding or preprocessing phase, or the
output of the visualization can be in the form of graphical representations of the
models used for data mining. The concept of Algorithm is treated as a class
operator, which is represented as a generaraponthat transforms an input of a
specific type into the desired output. The output of algorithms is then esfmés

by the Model class. This concept is used together with data as input for the PDP
(Partial Dependence Plot) [22], a graphical tool that helps understand the
relationship between the input and the predicted variable. The outputs of the PDP
operator are used to compute PDPStats, defined as Technicallndicator, which is
technical indicator spéeed based on domain indicators. The values obthin
from PDPStats are inputs to the PDPVisualMethod. The final desired output is a
PDP graph, which is a subclas$ the VisualizationMethod operator and is
specified in this case as a Graph.
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Figure 6
Example of he visualization concepts

4 Experiments

The proposed semantic model is intended for the formal descriptitme afata
analytical processes, ensuring their reproducibility and interoperability and for the
automation of the analytical processes. valuate the proposed approach, we
have appliedhe semantic model to two reabrld case studies from the medical
domain [23]. In the evaluation, we have at first manually annotated all scripts used
for the preprocessing, modelling and evalioen of the machine learning models
with the concepts frorthe proposed semantic model; and, second, compared code
manually created by the data scientists with the code automatically genevated fr
the knowledge graph.

For the comparison of the code, we have defmeidly metrics based on the code
coverage [24], namely the number of lines of the code (including control
statements for branching and cycling), the number of exact operator matches and
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the number of operators with the partially matched parameéfée hae defined

the semantic constraints for the firddta mining model to exactly match the
results of the expert’'s code without the additional automatic optimization using
the metadearning schema. In addition to evaluating the coverage of the code, the
accuracyof the learned models was also tested, and there were no significant
differences in the quality of the learned models between the generated and the
original code.

5 Evaluation

The first task was a binary classification for the diagnosis ofsbreancer.

The features are computed from a digitized image of a fine needle aspirate (FNA)
of a breast mass. They describe characteristics of the cell nuclei present in the
image, such agadius, texture, perimeter, area, etc. All features werevedaéd
numericé attributes without the missing values. Some attributes were derived
from the source attribute but aggregation functions (e.g., overall average
symmetry computed from the syreiry of each annotated cell, etc.). Together the
dataset [25] contain82 attributes. The code manually created by the data
scientists [26] was in the R language and coveregeessing, modelling, and
evaluation for the six data mining algorithms for ttiassification ranging from
decision trees, random forestnkarest neighbaos, naive Bayes classifier (with

the normal distribution of the attribute probabilities) and support vector machines
with the linear and polynomial kernels. The models werduated using the
standard metric for the overall accuracy and preciséoall br the positive class.

For the evaluation, we have defined the semantic constraints for the final data
mining model to exactly match the results of the expert's code without the

additional automatic optimization using the migarning schema.

The comparign of the code coverage between the experts’ code and automatically
generated code is summarized in Table 1.

Metric Expert Generated | Coverage
code code %
Number of code lines 328 - -
Number of code linewith operators 126
Number ofalgorithms 6 6 100
Number of visalization methods 6 4 67
Number of evaluation strics 1 1 1
Number of variables 98 80 82
Number of operator arguments 26 21 81
Number of functions 2 - -
Number of banchings 8
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The scripts for this case were developed as the Sluplcaton, where a large

part of the code is related to the programming of the user interface, which is not
relevant to the data analytical task. From the remaining code, 126 lines dbata
operations over data and models. The automaticalheigted ade covers all 6
evaluated algorithms (decision tree, random forest, Naive Bayesarkst
neighbour, neural network and SVM). Some parameters (i.e. number of decision
trees in the random forest atite number of neighbours for KNN) were optimised

in the origind code with the simple cycle. This part of the optimisation was
replaced in the semantic model with the equivalent -gg@mich operator.
The models were evaluated with the same set of technical KPIs for binary
classification (accuracy andontingeng table [27]. The coverage of the
visualisation operators was 67%, where two visualisation methods were not
covered by our current model. Noovered visualisation methods show
dependency betweenetselected technical KPI (e.g. precision) and one of the
algorithm parameters (e.g. number of trees in the random forest algorithm).
The coverage of variables also includes all variable aliases in the initial code (i.e.
when the same data value is assigned to the two variables with different.names)
Overall, the samanic model has a much lover and consistent set of unique
variables. All branchings in the original code were covered since they were related
to the selection of the model. Additionally, the gimal code contains the
definition of two helper functionsBoth were used as data preprocessing
operators, and both were replacedtlire generated code with the equivalent
functions from the standard R packages.

The second use case was also from the medical domain for the diagnosis of Acute
lymphoblasic leukaenm (ALL). The dataset [28] was preprocessed from the set
of images with a convolutional neural network, and the extracted features were
reduced with the ANOVA method and with the importance of waigtbased on

the random forest tree algorithm. The fisatof features includes 584 numerical
attributes without the missing valueShe code manually created by the data
scientists was implemented in Python and covers preprocessing, modelling and
evaluations.

Metric Expert Generated | Coverage
code code %

Number of code lines 211 - -

Number of code line with operators 88

Numberof algorithms 4 4 100

Number of visualization methods 4(2) 4 100

Number of evaluation strics 5 5 100

Number of variables 75

Number of @erator arguments 20

Number of functions 5 - -

Number of branchings 3
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In this case, the generated code covers all classification algorithmsr(rémest,
support vector machine, naive Bayes asntklrest neighbours). Code also covers
all five technical key performance im@itors (acuracy, precision, recall, F1 score
and confusion matrix). The visualisation methods cover mainly theligation

of the confusion matrix with the heatmap. Additionally, scripts contain two
visualisations of input image data before and after cropping, these
visualisations serve just for @hvisual checking for data scientists and are not
relevant to the automatically generated code. An interesting cdsh whs not
covered by our current semantic framework is the usage of machine learning
models forfeature extraction. The framework just specifies that each predictive
machine learning model can be used as a data operator for scoring (i.e.
computation of the output prediction data element from the input data). However,
in the presented use case, theerimal state of the model (convolutiondéep
learning neural network) is used to extract input data features. Annotated
extension, which was not covered in our current framework, is the case where the
output of the predictive machine learningdrbis usd for the feature importance
weighting fa feature selection. The latter case was a straightforward extension,
but the former case requires better specification of the internal structure of th
models (especially for deep learning models), which will ke dgtal of future

work.

Conclusions

In this paper, we have presented the application of semantic technologies for
automatization of the datmnalytical processes. We have demonstrated that it is
possible to semantically describe the goals of tht dniningtasks and data
analysis and automatically orchede the data mining workflows to find a
solution to the goals. Additionally, the proposed semantic description can be used
to formally document existing data analytical scripts for their reproducibility.
In our experiments, we have demiated good covege of the proposed
semantic framework on the various reake scenarios of data analysis in the
medical domain. During the experiments, we have also identified some corner
cases which were natitially covered in the framework, namely, visualization of
dependencies between technical KPIs (performance metrics) and algorithm’s
parameters, usage of the internal state of the predictive models as the feature
extraction method and usage of the output of thegligive models for feature
selecion.

Our experiments also showed that besides the overall quality ointdarfodel

(i.e., optimal business KPIs), an important part of the data scientstlsigalso

data understanding and pastalysis of esults forexplainability of the model.
This is also the motivation for our future research, where we are planning to
extend our semantic model to cover also constraints for better data undegstandi
and explainability of the machine learning algorithms.
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Similarity Measure Supported Fuzzy Failure
Mode and Effect Analysis

Edit Laufer

%iQNL 'RQiW )DFXOW\ RI OHFKDQLFDO DQGWADIHW\ (QJLQ
%pFVL - % %XGDSHVWOBX QW W\GLREAEIIN BOQ L

Abstract:Nowadaydn thevariousengineering field quality requirements are continuously
increasing.There isalso a need to develofiexible and highly adaptive systerts meet
current requirementsAt the same time, it is also essential to predict possible system failures
and to address tharising problems appropriately. A widely used approach for predicting
and preventing system failures is the Failure Mode and Effect AngdR&IEA), which
accompanieshe entire development process asdble to adapt to changes in the system.
The conventional method can be improved if fuzzy logic is incorporated inteatlnatén.

In this way the often arising subjectivity and uncertainty can be handled toeensore
reliable resultIn this papertheauthorproposaa FuzzyFMEA (FFMEA)based approach
supported by similarity measurefor the system leveln the evaluation fuzzy arithmetic
operations are applied tdeterminethe Probability of Failuredr the different failure codes.

In addition to the singlexpert FFMEA system, the evaluation method that takes into
account the opinions of rtiple experts is also presented.

Keywords: risk assessment; expert system; Fuzzy Failure Mode and Effect Analysis;
similarity measures

1 Introduction

$V D FRQVHTXHQFH RI WKH UDSLG GHYHORSPHQW RI
RSSRUWXQLWLHV LQDUHIS MQALENWURWYIWMKHNV®PH WLPH V
UHTXLUBBHOOWR LQFPRQWILQXRZLOMDLODENOLW) PXVW
ZHORHVHLWIBOWD IPWH[LEOH K L\WOWHEG IV'SAOLY HEH RSHUDW
ZLWK KLJK UG RUBEHQWWUH UHOLDEOH RSHUDWLRQ LW L
FKRRVH WO YIDIKMXWEKRE EXW FRQWHHD RS XUDIEVLLERQU H

TXLFN LGHQWLILFDWLRQ DQG PDQDJHPHQ@W RDWR\ IDL
LQGLVSHQ REXMHHRI WKH PRYXWH® PTHHIQRAGOA LV WKH )DL O X
DQG (I1@PW\Y¥LV )0($ ZKLFK LV VXLWDEOH IRU SUHGLFW
HUURIUWD BGOLQ WKH SOBFQQLEH BROWHQRBAG WKURXJKRXW
RI WKH SURGXPW R WHKH DFRHDO\VLY DOO SRVVLEOH HY
IDLOXUH LQ WKH VA\VWHP GXULQJQMNKH SVKRHF MAMD B UW LFRID
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FULVS )0($ PHWKRG WKH OHYHO RI RHWINFPBO QY BE& XWHS/HF
EHWZHWOQ +RZHYHU WKHVH YDOXHYV DUH GLIINFXOW WR T
QDWXUH DUH IX0O0 RI XQFHKUWW BLUREOB®@ G-V REBMHBW G YIHW!
WKH 1X]]\ DSSURDFK DWHWDRGHVDQL & DXL/OWH-PVKH V XE|
LOQDFFXUDF\ DQG XQFHUWDLQVB WKDW DULVH GXULQJ HY

'XH WR WKH DIRUHPHQWLRQHG DG Y D QWDIIHREX\NO BWR KH UV
WKH PRGHO FDQ EH VLJQUKLF DX\MO)\O LI $)U H QWG D G

RI QXPHULFDO ULVN YDOXHV 1X]]Q WHGWHY OLWWHH X B WG LI WP
SDSHUV DUH DYDLODEGH DWO® WHGE WRHWKUHBLFWLQJ DQ
PHWKRG 1 &KDQDPRBAYHDR$HGDH QP )0($ PRGHO VXL
SULRULWL]LQJ DQG HYDOXDWLQJ SRVWILW®&H HPLHOUXIBHO\F \L
GHSDUWRHGMRR'KH DSSURSULDWH DFWLRQ DQG LQFUH
KRVSMWDOVYQ 4 OHQJ DQG : )HQJ SURSRVHG DQ $+3 $C
3URFHVV VX6 SRRNWAVERED QDO\V]H WKH FDXVHV RI IDLOXUF
VIVWHO® WKH V\VWHP WKH ZHLJKW RI WKH QLWKHQGLFD
$+3 PHVBKERG WKH SDSKU -RI/LX DQDB Q<R MDEDYRD )

)0($ PRGHO LV LQWURGXFHG LQ ZKLFKIWWHD QBWX{DI EDV
7236, §HFKQLTXH IRU 2UGHU Rl 3UHIHUHQFH E® 6LPLODU|
(7]

7KH DERYH V\VWHIPNFRMDLY HBUNI WKH HYDOXDWLRQ RI SR\
EH FRPSLOHG EDVHG RQ WKH XQLILHG RBEZENYRQ RI D VL
WKHUH PD\ EH GLVDJUHHPHQW ZLWKLQDWKH\IWRKSW D QG
PRUH UHOW DE DRNUWVOKIRWIRSLQLRQV RI VHYHUDO JURXSV F
PDDOBRIIHAQGOLQJ GLIIHUHQW RSLQLRG@KBURSGIHO\ LV
VLIFRQVHQVX\DKDVIBMBOPWMKH OLWHUDWXUH VHYHUDO Gl
DUH SUHWRIQWIBE®HVYV WKLV SUREOHP VXFK DV 2UGHUH
DJJUHJDWH H[SHUW SUHIHEBQHRBV D®ERUERRRVVWWQFI
SUHIHUHQ F H U IR O DW\ PRHQDDUXLUNHA VP

6LPLODULW\ PHDVXUHV DUH ZLBEBWOHNGWW®D G DWW NJBRXN
SURSHUWNVHVSSURDFK KDV IDYRXUDEOH FRPSXWDWLRQD
EH FDOFXODWHG E\ FRPSDULQJILRP2ZPOH IHDWXUHV RI1 1X]

,Q WKLWSBISWMKRU PDNHV D JHQHU IVQP LOB WLIEVD\H PSHDR/XRIA
EDVHG )X]]\ )DLOXUH ORGH D®I $(! IHEGHOQWR\VEWFBE)\ Wk
SUREDELOLW\ RI WK BRIIRWXDWLID R QI DALIOI B MW\R HPKGIH Y H O
IX]]\ DSSURDFK )0($ FRPSRQHQWY DUH UHSUHVHQWHG
DGYDQWIVL@LRIIX LV WLFGCWHKIIPWDQDJIJHDELOLW\ RI XQFHU
VIVWHP &RQVHTXHQFH RI )DLOXUH &RH QWL DO VR LORX@HL
FRGHVY WR GHWHUPLQH WKH RYHUD O 08 R \VADVOH P RWHKY KFOW
WKH FBIQHWHKH RSLQLRQ RI D VLQJOH XQLILHG JURXS RI H
WKH SRWHQWLDOO\ GLIIHUHQW RSLQLRWD NRIQVHYWED O
DF FRXIQMV F X U UHMMKBHREHHW H U P L Q H GD X\ MQEFSHIYIIDAW R U V
WKHQ WKH FRPXOW H® WR WKH UHIHUHQFH IX]]\ VHWV X\
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WR GHWHUPLQH W)KKH WKH DRRKRVPH I PHODYBEOWHG PHWKRG
ZY LQWURGXFHG WR VSHFLI\ WKH PDIJQLWXSHUR/I WKH F
FDVH WR GHILQH ZKAIHIKIKWQERHWRVHG LQ WKH DJJUHJDW
JURXSVY RSLQLRQ

7KH SDSHU LV RUJDQL]HG DV IROORYWHQDBWR® LRR | XK
VHW WKHRU\ 1X]]\ RSHUDWLRQV )X]]1V)DQGXWLH DG G HLMQ (
PHDVXUHV DUH GHILQHG 6HFWLRQ \ SXSSRQWNGWKH S
)O($LQ WZR VXEVHFWLRQV 6W\BWH F IV VHRHZ)R (BQLAMY UR G X F H
SUHSDUHG EDVHG RQ/LMOKHSRIBIMIX KR QZRLM®H 6XEVHFWLRC
FRQVLGHUV WKH FDVH ZKHQ WHKHRRXSL QY RI)Y BRI CPXEOWH. SDF
PD\ GLIQUGHF\WLRHEMG LV SURSRVHG WR GHILQH WKH P]
FRQVHQVXV EHWZHHQ WKH GLIITHUHQW HDSEHMW\KMWRSLQLI
IDFWRU LV GHILQHG WR FDOFXODWH AKISQADKIHFUHJDWH C
&R QF O YA HRMQMNRIQVWRWY DUH VXPPDUL]JHG

2 Applied Methods

2.1 Preliminaries

7KLV VHFWLRQ R XWYRIQHRQ WH SIWG/H HIVQ/LH/DWRMD @ Il RUK M KH S
PHWKRGYV

Generalized fuzzy set ) X]]JLQHVV FDQ EH UHSUHVHQWHG E\ D [X]
GHYRWHG WR VSHFLI\ WKH H[WHQW W RPERIEFK WKLHS HO H F
GHJUMKH IX]]\#H\BHW@D) LV GHWHUPLQHG E\ D FRQWLQXR
PHPEHUVKLS IXQFWLRQ IURP 5 WIRDWIKIR EGR® HGH P B MUHUK
IXQFWLRQ LV UHSUHVHQWHG E\

- [ |'L)
KL | Dd
0*& e [
° K Ldl
A[P® AG [ 1
‘k—= N H
Z'& s Y [
- RWKHU:

ZKHYUM ,» M @QEBLY WKH PD[LPXP YD®WHIRI@GVKH VHW

Normality of a fuzzy set 7KH QRUPDOLW\ RLWYIKWH FOJQ\OYHBVAWWHUPLQ
E\ LWV KLIKHV® FROWIHRDVPBHY BHEHWWUHHXVHG +RZHYHU
LQ WKH FDVH RXJJHQ@HWD/OQR¥G U YDOXBI<LY QQOVR DOORZ
(13@
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Defuzzification '"HIX]]JLILFDWLRQ LV D SURFHVV ZKHQ D IX]]\ VH
VKRXOG EH UH SAXH WIDEWISGYBWPRVW FRPPRQO\ XVHG PH
LV WKH &HQWUH RI *UDYLW\ &R* ZKLGK \ACDS D VWHWQ L
SURSHUO\ +RZHYHU WKH JUHDWHVW GLWDEBKDQWDJH
FRPSXWDWLRQDODRUKIT@GOHP WEWY GUDZEMWNHWWRH 6LPS
*UDYLW\ 6&R* PH\WKRIGLVIVKWEGEY LY RI WKLY DSSURDFK L
FXURIHWKH WUDSHYWRERMAKIXFK FBXEBVED@FUDSH]RLGDO

VHWY>?2@D) DFFRUGLQJ WR

F s
\ " G d
6&R*
[6ers

K

Fuzzy arithmetic operations ,Q RUGHU WR EH DEOH WR SHUIRUP
JHQHUDOL]JHG IX]]\ QXPEHHWIYW DRIQW K/IKHRW DS EH GHILQHG
&KHQTY RSHUDWRUV DUH XVHG IRU WKH DERYH

@dks > % @D 0 #ks > % @D oAV IRQAWEIRZV
$GGLWHsR @) = @ = >+ > 2+ % @+ @QIEXD,D 0A
6XEPMWIDRG #) = @F @>»F 3 2F 3 @F 3 IEXD, D 0A
OXOWLS @¥YFDAY ER@= =5 3% > 2% % @x @IEXD,D 0A

"LYLVUR Q#y = '%

ol o

2, IEXD,D 0G

2.2 Fuzzy Failure Mode and Effect Analysis

J)DLOXUH ORGH DQG (IIHFW $QDO\VLV H)ORY &V HXEL HWIHEFW
DQG SUHYHQWLQJ VI\VWHP IDLOXUHYV W EWDRUERBPRQO\
VIVWHPV PR\DHKRWHD WQSUR-GXEMW VPDBWURGXFWY DQG FRQW
HOHFWURQLF DQG PHFKDQLFDO HTXLISPKIQWHDAHHG RQ \
RI WKHRBHWKWR TXDOLWHKIHHQGGRPLROYQIGWQPMW XUDO HYHQW'
LQ WKH VA\VWHP G XZKIGRIOW KHD R VRAGBA/DDHO XUH PRGH LV
FKDUDFWHULIHG E\ WKUHH PHWIWbFV 3&REVETOHYKFHRRI
J)DLORAFH DQG 'HWHFWD E LBDE WAKRIV HD WEXIUBHY HD RSW R V

UHIHUUHG WR LQ WKH OLGHURWKXWHU B @daH YSkEUEL MW\ KHU
'"HWHFWDEDOAHWKHKAUHVS )0($WPHWKREBQ D QXPHULFDO V
UbDQJLQJ IURP WR ZKHUH LV WKHWRZANVM. Q1 VNQ IV
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DFFRXQW WKHVH WKUHH FKDUDFWHURRN KBW WRIBWKHU
FDOFXODWHG XVLQJ WR EH DEOHRWR UDQN WKH SDU\

531 &R) 3R);
ZKHEH,JnLVY WKH QXPEHU RI WKH GLIITHUHQW IDLOXUH F

7KHVH NLQGV RI WDVNV DUH X0 O 7RIHKIQ\F B 8 SWDR KL HV L
LV D JRRG VROXWLRQ IRU WKLV SURE @ NP FEHPODWAH LV
LPSUHFLVLRQ DQG XQFHUWDLQWKHQ WEHDEYDOWD WL R
FDQ EH VLJQLILFDQWO\ LQFUHDVHGE@F PGF R@WBFHU WR IX]]L
VKRXOG EH UHSUH]JHQWHG E\ IX]]\ VHWV KQWEB¥HDG RI| FU|
D SDUWLWLRQ RI WEHMVKLV>@WERBPWMD®DO LV XVHG SURS
GXH WR ODWH YX D O/FHDO\D W HISRY Fo¥ HD@PBE Y DO XHV DUH
LOOXVWUDM/HG LQ )LJ

T T T T T T
CoffPoF/DOFL CoffPoF/DoF2 CoffPoFIDOF3

Degree of membership

CoF/PoF/DoF

JLIXUH
&R) RIDQG 'IK)]\ VHVQUXLVWLF WHRYMRY | RURRR ER) 3
/IRZ ,PSUREDEOH (DVLO\'HWHBW®GEDRFD&RRA®BIORREGR) 'R)
+LJRUREBPOBO\'HWHFWDEOH UHVSHFWLYHO\

,Q WKH )X]]\-)®($ WRPNYDOXH LV GHWHUPLQHG E\ D IX]]\
VIVWHP ZKHUH WKH HYDOXDAVLRKLV WHREERQLD UXOH
W\SH LQIHUHQFH LV XVHG V LDARWRAEMHI® KW 8 X W VG R/MHDHL L J

7KHQ8XW R)OWKFDQ EH D FULVS YDOXH RURDHNMHD 1X]]\ Q
IX]]\ \VHWMBUHVHQWHG H[SHUW NQRZOHGJH LV PRUH LQIRU
VWX®KH]\ QXPEHU W\SH RSLQLRQV DUH FRQVLGHUHG 6L
LQ LWV IX]]\ YHUVLRQ HDFK IDLOXUHDERXH RBIWWRGEH H
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T T T T T T T
Unnecessar ry Suggested Needtul VeryNeedful

Degree of membership

YJLIXUH
531 I1X]]\ VHWV UHSUHVHQWLQJ WKH QHFHVVLW\ Rl DFWL

2.3 Similarity Measures

6LPLODULW\ PHDVXUHV DUH XVHG WR FROBWULI JXYKH H)
GHJUHH RI W& HUH#QBYUQW\ZKH# DUH 1X]]\ VHWV,IRU QXPEHU
WKH VLPLODULW\ YDOXH LV  WKH LW\ WIHOKH DAUKHH W KJ i IV
WKH GLIIHUHQFH HHPW@BH QWY KN GHWAH UPLQHG EDVHG RQ
RI 1X]]\ VHWYV WKHUH DUH PDQ\ VBK L NWWKXWB\]D'S & BIRWD F K H
SDUDPHWHGW IXQ|G | WHEBIMMHIGX HRU WKH FRPSDULVRQ FDO
6&R YDOXH KRIXJHDFHW BLPLODULW\ FDOFXODWLRQ FDQ |
XVLQJ

os s eDIlDIIEIIEBE
©

ZKHUH

6<£R'* ‘ e&Age*[ eAtg}:

PLQedn:  ohg
PD[ dere

0

E&AQ*

cLV D FRQVWDQW WR VSHFLI\ WKH GUUMKM IGRQ HRAWLKRH G
QRW UHOHXD @W,aRWKMQ  Tyaa < Tivaa WKMCQRL
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3 Fuzzy Failure Mode and Effect Analysis using
Simiarity Measures

,Q W-KBI($ PHWWRSBRWHQWLDO IDLOXUHV RI WKH V\VWHP F
WKUHH PDLQ FRPSRQH QNMNR I V)ORRoB VAW K H& RQR/EIT K H Q F H
Rl )DLGXAHDQG WKH 'HWHFWDELQQWIKH )PJJORSBURDFK W
FRPSRQHQWYV DUH FKDUDFWHUL]JHG E\ IXJAVNHRWV WDNL
OLQJIXLV\Y QB WHKWPR'D QD JH D E L QQ W\ KRLIV X\QW K G W DLKQHV ILRHFVX \
WRF YDOXH 7KH PWEEWRDPLOW LWV RYHUDOO YDOXH W
DOO IDLOGHWHRBHIHG E\QWKKIL WISBISMAYOXUH FRGHV DU}
VSHFLDVHWKLY LV D JHQHUDO VXJJHVWLRQ MMKXDW FDQ E
VSHFLILF \DgW@HBVYOXUH FRGHYV

3.1 SingleExpert Case

,Q W-KBI($ SURFHVV WKH IX]]\ UHIHUHQFH VERWKVKRZQ L
GXULQJ WKH H[SHUW FODVVLILFDWGRW KRIVRQHEH® OO X D O
RXWISSKWRPSDUHG ZLWK WKHP

/HW WKH 1DL KK H. FREKNMUNMWKH QXPEHU Rl WKH SRWHQW
DQG MARWKFKDUDFWHUL]HG BX{DAXNG KR UKH R2RQ 6 DQJ

RI WKH VIVWHP LV GHWHUPLQHG E\ WKXVIDQP\ IZHLIKWHG
DULWKPHWLF RS HUWDMIORORZ VV HH

n
: &R).. 31
3%) '1n—
| &R)
il
% DVH® KR F D @#FXSMUDHPE WIHRKY UHSUHVHQW DMRRUPDO
SUREDELOLW\ RI DIQQHWKRYV\RMWAXRJBDQJEH GHWHUPLQHG
PHDV XAKHHV R YHUDOIKYH DQG UHIHKHIOWMI VKRXOG EH
FRPSDBE\HG %DVHG RQ WKH KLJKHVW VLPLODULW\
GHWHUPLQHG ZKLFK RI WKHPAFHNHBBR V¥ HWMWHWWR WKH RYHU

/I HW @/XPHEHU RI WKH IDLORW HZKARFEHWKEHH[SHUW RSLQLR(
DFFRUGLQJ WR 7DEOH

8VLQJ WKH RMAMIOOXAH LV DV IROORZYV
3R) DV LOOXVWUDWHG LQ )LJ
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7DEOH
(ISHUWYTV RSLQLRQ IRU WKH GLIIHUHQW IDLOXUH FRGH

)J)DLOKRJ| &R) CoF{as bscsds) | 3R) PoF{as bs c5 dg
)DLOXU IRZ ,PSUREH
)DLOXU OHGLX 3URED
)DLOXU +LJK 3URED
)DLOXU +LJK ,PSUREH
)DLOXU OHGLX 2FFDVL

T T T T T
CoFIPoF/DOF1 CoFlPoFIDoF2 CoFIPoF/DOF3
PoFo

Degree of membership

CoFIPoF/DoOF

YJLIXUH
&RPSDULVRQ RI WKH RYHUDOO &8R) ¥R)W RYR WR)H3BHN I'RYHQFH VHWYV
&R) 3R)3IRHSUHVHQW WKZHK UG HHYR)®RFHVVW W RYHUDOO 3R) VHW

$IWHBORYKIDOXH LV DYDLODEOH WRQW KD W MW R URFRPFSHD UH] A \
VHH )LWR REWDLQ WKH ILQDO UH VMO WQ FEHPHBR W MNAGY D O
LQ 7DEOH 7KH KLJKHVW YDOXH GHWHHUPHQHWEZKQAK O
WRPAKYD OXH R1 WKH RWHADDQO BHV VAWM IPWKDW WKH KLJKHV
DQG WKH DVVRF LPoW HIG S X H WKKEFW DIQWD J YXOcoasibhd WH U P
7KLV UHVXOW PWBQYHWQ@KOWRQ PD\ EH QHFMAMY RU\DWR DYFR
SRWHQWLDO IDLOXUH

7TDEOH
6LPLODULW\N YDOXHV RI WKH RYHUDOO 3R) DQG UHIHUHQ]
3R) S(PoF,PoFy

3R) ,PSURE
3R) 2FFDVL
3R:) 3UREDE
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3.2 Aggregated Kperts’ Opinion-basedEvaluation

IQ RUGHU WR FRPSLOHRD® NKRROGYHR)DSEGHRQV RI VHYH
H[SHYRZHYHU WKHRB\ BIULHWR QMHTIBIWUERQUH WR EH KDQ
DSSURSULDWHO\ W, IQHWKKR/UVSIBER'ESROHY WKH PXOWLH[SHL
VLPLODULW\ PHDVXUM\R \DXSESRWWHE KE(BPERYH SUREOHP

7KLV PHWKRG LV DQ H[WHQVLRQ RI W R DAW P RQDSIRA HPH/L
VHH Q WKH DERYH GHVFULEHG FDVH RQE@OWRQH H[SH!L
WKHUHIRUH QRUPDO IX]]\ VHWV FDQQEW KV F & ON LHHFE SVHLY'
YHUVLRQ WKH RSLQLRQV RI VHYHUDIOB[EHUMD/N H® LLFKWI
DFFRXQW )RUMKKMH RSRYRAQV KDYH WR EH ZHLJKWHG E
FRQILGHQFH RI WKH H[SHUWV XVLQJ VXEH{IRUEDILIN]]\ VF
IX]]\ VHW LV XVHG WR UHSUHVHQW WK HH [GHHJUM H) RU VAR Q| |
WKH SUREOHP LV UHGXFHG E\ DYHUDJLQXWKHARGHIBUHQ
GHWHUPLQ IPQR Y\D KKX g bl U D J H

| 3R
3RD)(JM—P

P P P
| [ |
LIM D LMI LE | LM

M M M M
oy 3R P P P

3RY; L % DEJL oY o

ZKHBHWL, I] mLVY WKH QXPEHU RI BVRH]H[SW WK W BB PEH U

RI WKH GLIIHUHOQWyiRYa@« LMD BRGWNKH JHQHUDOL]HG IX]]
SDUDPHWHUV IRU DIQ GO LEBKEREG bhey Dey @ey Dise,
UHSUHVHQW WKH DYHUDJH IX]]\ VHW SDUDPHWHUV IRU II

JROORWK®JIDJIJUMKBVWIUREHVY LV WKH VDPH DV LQ WKH R
FDVH EXW LQVWHDG RI WKH RSLQLREXBGDWHKGE DYQIUDHHH
PoF YD kXKkifegoLV XVKBHQW VWHS LPoMVKBHORHHRID®EX ODWLRQ
WKHQ WKH REWDLQHG JHRHKYLHOERPGDNUHE QWRP BAHKUH
UHIHUHQFH IX]]\ VHWV VSHFLILHG LKQG)IEJ VLEREBDUWIXR
PHDVXUH XVLQJ DQG WKH DJHIHVYW Q¥MHO XHW
REWDLQHG UHSUHVHQWY WKH VI\VWHP UHVXOW
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n

| &R).. 3R,

il

n

| &R)

il

/HW @/KME H U
JURXSV EH
RI &RQILGHQFH

RlI WKH

ZKHEH, J nLV WKH QXPEHU RI WKH IDLOXUH FRGHYV

IDLOXUH FRGHVGEHIHUBQ®W WEKSH QW
7KH RSLQLRQ RI WKH JURX\SKW DHBUSWHHVHQ'
'R& RI WKH JURXSV DUKIMNHSHIMHWHQWHG

7TDEOH
([SHUW JURXSVYT RSLQLRQ IRMWVWKH GLIIHUHQW IDLOXUH
J)DLOKRJ] *URXS *URXS *URXS
'‘R& 'R& '‘R&
)DLOXU ,PSUREDLDL 2FFDVLR ,PSURED
)DLO XU SUREDE 2FFDVLR 2FFDVLR
)DLOXU SUREDE 2FFDVLR 2FFDVLR
)DLO XU ,PSURED ,PSURED 2FFDVLR
)DLOXU 2FFDVLR UREDE SUREDE

JLUBWHWPRORIHDO XH VKR X O GERWDINDQBXICDMWRHBFFRXQW WKH
DOO H[SHUW JURXSV XVAKHIVH DYHUDJH YDOXHV DUH VX
7TDEOH

7DEOH
$YHUDJH 3R) DQG &R) YDOXHV IRU HDFK IDLOXUH FRGH

&R)

) D L ORXRY(]
)DLOXU
YDLOXU
)DLOXU
YDLOXU
)DLOXU

$IWHU WKH DYHUDJH Y WGEXHNYRPXUH DY@ IEHDEDEBFXODWHG
RYHUDOO VA\VWHP LQ WKH VDPH ZD\WXWH LRYWHKBOW QRY W Ht
LV DV IROORZYV

3 Roks

TKHQOB@®HS RI WKH SURFHVV LV WR FRPSDUHQWHKH RYHU
IX]]\ VHWV VHH)GHJUHBIURILMVYPRIOH SUHVHQWHG LQ 7DEC(

PoF_te
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7DEOH
6LPLODULW\ YDOXHV RI WKH RYHUDOO 3R) DQG UHIHUHQ!

3R) S(PoF,PoFy)
3R) ,PSURE
3R) 2FFDVL
3R)3UREDH

7KH KLIJIKHVW YDOXH GHWHUPLQHV ZKLFWR MXIKBRWLF Y
YDOXH RI WKH RWHED® & W/ \WHWHHP WKDW WKH KLJKHVW YD
DVVRFLDW H GoFX UM S b MANSRGHACQLIXL \Odthgional HAKR.V UHVXOW
PHDQV WKDW LQWHUYHQWLRQ REFEWHQHRHAHKN DUSRWH Q'
IDLOXUH

4 ConsensusbasedSimilarity Supported FMEA
Model

,Q WKLV VAHERSIRIL VR Q RWRVGORFGKIRW H PDL Q@ WRUSRVH
UHSUHVHQW WKH PDJQLWXGH RI WKH MRQVROVYVRBHW Z
7KHEDVHG RQ WKH REWDLQHG YDOXH D ZWKIKW IDFWF
DJJUHJDWHG H[FDUWEM \F RGERQORQY HG

,Q WKLVWKMHKGRPSDULVRQ LV SHUIR P&H®D @/OH EQNV HGWR
RQ WKH H[SHUWVY RSLQLRQ UHSUHVHQWEGREAPIX]D]\ VHW
IX]]\ VM®? @D) DUH DSSOLHG ZKHUH (WKBIHISHHMAD RV WK |
WKH GHJUHH RI FRQILGHQFH DVVRFLDWHG ZLWK HDFK H]

7R GHWHUPLQH WKH GHMRKSE& U IRRUPV WEWXM OFOREZLQJ Sl
IRU HDFK IDLOXUH FRGH

)X1]\ VW% 2 @D) FUHDWLRQ EDVHG RQ WKH H[SHUWVT
6&R(T,aaUyay YDOXH LV FDOFXODWHG IRU HDFK IX]]\ \
6LPLODULW\ FDOFXODWLRQ WR FRPSDUH WKH VHWYV

TKHHUXOW RI WKLV SURFHVV LV WKH PDIJQLWHGHQRN WKH
HISHUWYV 7KH JUHDWHU WKH REWDLQWNGPDDIPXHV WKH K
YDOXH LV ZKLFK PHDQV WKDW WKH RBQ IWKHHQSHHALSIHRU V
HUURU %RWGHG RQ WKH PDJQLWXGH RI WKH FRQVHQVXYV
VSHFLILHG WR XVH ZKHQ WKH H[SHUWVLWE L@GHRQWL BB ®
RU QHDUO\ LGHQWLFDO SDUDPHWHUVHRNQHE B XPESHUHVHQ
RI WKHVH NLYGIWRGWARV¥DOFXO RSOR IVWKKIL ¥ HM_LIG WO HD ¥ W/\R
7KLV ZHLIJKW IDFWRU HQVXUHV WKH ZQUWHDOG RIQWKRD
KHLIJKW RD WHHIXMW D FW RUKLW KB MEPHFWYDIHKH FDQ EH
FDOFXODWHG DV IROORZV
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Zb  ZE  ZE,
3Rz):)\,(J M IoM M .

M M M

339\” Q)YJ izlgwi ZEYiJ

ZKHUH I1X]]\ VHWY DUH UHSUHVH@WHBQAEKF WKHLU EDVLF S
LV WKH QXPEHU RI WKH;GY I WHKH @WLIXNK MHBERU R1 [X]]\
[1,JnLV WKH QXPEHU RI WKH GkiJ3N@ ®W H DLIOK DR BRO G V
IX]]\ VHW SDUDPHWHUV iIRWDQI®LOXJ% VEREBH

=664 06y 2068 @ocgUHSUHVHQW WKH DYHUDJH IX]]\ VHW SDI
FRGH

/I HW @XKMEHU RI WKH IDLOXUH FRGHVGREHIHUBQW®W WEKSH QW
JURXSV EH 7KH RSLQLRQ RI WKH JURXSVIXJJH SUHVHQ
VHWY DUH WYXHGVDODRUMWMULWN GHIJUHH LV FDORUODWHG IR
HDFK IDLOXUH FRGH/ MHEDOXHVHWDHSUHVHQW WKH PDJQLW
%DVHG RQ WKHVH UHVXOWYV IX]]\ VIHA/ DY ADVUKORBWE WY FRC
EH UHSUHVHQWHG E\ D VLQJOH VHW 2AKRVH ZHLJKW LV (

7DEOH
6LPLODULW\ YDOXHV IRU HDFK IDLOXUH FRGH

Y)DLOXUH F| 6 *URXS *U 6 *URXS *U 6 *URXS *U
)DLOXUH
YDLOXUH
)DLOXUH
YDLOXUH
)DLOXUH

%DVHG RQ 7DEOH LW FDQ EHGHQMWLERIOF KV LP]]0 D HWW \ DU
7KHVH VHWV DUH UHSUHVHQWHG EV [5RXEXQDE VHW
7KHHVXOWLQJ VHWV DUH WKHQ D¥GIOPOVWGEDWHGQILQ 7DEC
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7DEOH
HLJKWHG DYHUDJH RI 3R) DQG &R) YDOXHV IRU HDFK IDLO)>

) DL OBRI POF &R)
)DLOXU
)DLOXU
)DLOXU
)DLOXU
)DLOXU

$IWHU WKH DYHUDJH YDOXHYV DUH DYDLODBMXH WKH 3R
RYHUDOOQWMNWHWDPH ZD\ DV LQ QWKHREVRGORMX B VEIHRWH U W
FDVH 7KH RYHUDOO 3R) VHW LV DV IROORZV

3 Rz)a\éJ

TKHQOBO®HS RI WKH SURFHVV LV WR FRPSDWIKRRAWKH RYHU
IX]]\ VHWV VHH JIWHH RDWHYELKBIVY DUH SUHVHQWHG LQ 7D

7TDEOH
6LPLODULW\N YDOXHV RI WKH RYHUDOO 3R) DQG UHIHUHQ]|
3R) S(PoF,PoFy

3R) ,PSURE
3R) 2FFDVL
3R) 3UREDE

7KH KLJKHVW YDOXH GHWHUPLQHV ZKLFW R MXIKIB\RWLF Y
YDOXH RI WKH RWHED® &/ \WWHP WKDW WKH KLIKHVW YD
DVVRFLDWH GofX UM & b MANRGHAQLIQXL \Odthsional HAKR.V UHV X OW
PHDQV WKDW LQWHUYHQWLRQ P D\HEFHQRIFEVYPWHQWRL D
IDLOXUH

&RPSDULQJ WKH U+H&DX\HGV DRY GAEKBIDHREE. QG YM IR O BHE O H

LW LV FOHDU WKDW WKH KLIJKHVW W.IRPWODUQWRMNXQ E
FDVHWRZHYRW WKH RWKHU WZR UHIHUHQFH WQHWKHWKH V
FRQVHEDAMRHG MRKGHOHVXOW LV3VEKILWHKG WIRRDB/NMKDRY LW
WKH RFFXW®RI D SRWHQWLDO IDLOXUH LQ WKH V\VWHP PRL

7TDEOH
&RPSDULVRQ-RD WKG DR& FROH/E @ RGWH O V
3R) S(PoF,PoFg) | S(PoF,PoFg)

3R) ,PSURE
3R) 2FFDVL
3R) 3UREDE
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Conclusions

,Q HQJLQHHULIQW QFWWRO®\ QHFHVVDU\ WR DSSO\ WKH
DSSURSULDW H GWRKRG L EXRXV O\ DY RILYG! PEINOXQZD Q WH G
ORGH DQG$QDHORWLY LV RQH Rl WKH PRVMVKRWPDEQ@G\ XVH
IRWKHKLFN LGHQWLILFDWLRQ DQG PDQDJHRMHPW RI SRW
7KHIWHQVLRQ RI WKLV PHWKRGSZEWKHMIJJW ORRIVELEOH \
KDQGOH XQFHUWDLQWLHY VXEMHFWLYLW\ DQG LPSUHFL

,Q WKLV SDSHU D VEPNVMHBUIBW P RPGIHDW XUV IRWRSRVHG
GHWHUPLQLQJ WKH RYHUDOO 3UREPIEQDUIW \RPHDNVEXHN I
YHU\ SRSXODU LQ ULVN DVVHVVPHQWDDPBREODEDWLRQ\
FRPSXWDWHBQDBWHKERGLN IHUHQW SRWHFWQNOGBUBBUHYV
FKDUDFWHUL]HG E\ WKHLDUJBR) DKGH &R) DNOIXMAMNNKLRRHQY LX¥] ]\
RSHUZWBWWG WR GHWHUPLQH WKH RWKHI D& X\DO\WW HM WH
LQWHUSUHWHG EDVHG RQ WKH FRP STKUIDWRPE RHWKRWGKH U
WDNHV LQWR DFFRXQW D VLQJOH H[SHUMMWRSXKQUWRQ +
RI WKH V\VWHP RWRUH RBHQLREWYHRI VHYHUDO H[SHUWV F
IFFRXQWVKLV FDVHFKDIOH QI BEWNVWKDW WKH RSLQLRQ R
FDQ RIWHQ EHJBAVI K UIDGNUREIBR SR VAHX OWLH[SHUW YHVLR(
WKH VLPLODULMY$VWBSRGEGUHGV Y W K HQDE RYBEHDKBRE OH P
PRGWRHJUHH RUBSRF®U HDFK H[SHVAR QVRGERIHZD LV
UHSUH YV FORMAHMMIEWKK H JHQ H U D O X]B\@ KIKJ]R R/BINV W KH PDJQL
RI WKH FRQVHQVXV EHWZHHQ WKH GLXIGIDWB® XNsaUw
VLPLODULW)\ PHIDWHMHR Q7WHKE REAWDURWGE NAHVKOEDV GHI
ZKEK ZDV XVHG LQ WKH RYHUDOO 3R) YDOXH FDOFXODWL

7KH PHWKRGV ZHUH LOOX\P\8 OB W H® G \ WOKXHP KHB VFXOIDOW M [ R |
DQG FROBIMHXPHWKRGY ZKHHF RREBDUWHREQ UHVXOWHG L
OLQJXLVWLF WHUP DV WK HRV\ WK Hi P RIWHHHNUGHVE E R RZHHIW M U W |
VLPLODVIMAYHED VHG
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Mathematical Modeling of a Hydraulic Lifting
System for the Autodock Docking Leveler

BogdanDorel & L R U R Wasile George Cioat?, Imre Kiss®

SROLWHKQLFD 8QLYREWRWDOLPEKRROD 5HYROX LHL 6W!
+XQHGRDUD ERREGD@LBLRURDJID#VWXGHQW XSW UR

Politehnica8 QLY HUWVRMWIARDUD 'HSDUWPHQW RI (QJLQHHULQJ
5HYROX LHL 6WXGRH®RDUD YDRRDGLBOLRDWD#ILK XSW UR

SROLWHKQLFDLEQURBUBLWSDUWPHQW RI (QJLQHHULQJ
5HYROX LHL 6WXG®GH®RDUD LPRPMDNULDV#ILK XSW UR

Abstract: This paper focuses on aspects regarding the design of a universal liftirgnsyst
(actuation) of the platform of a product such as hydraulically operated dockielgisywith
example on the Autodock leveler, which can be found as a component of the externgl docki
stations of logistics warehouses. Aspects regarding the configuration of tiiagbrare
treated as well as functional aspects reflected through a mathematical modelsiti e

the interdependence between the parameters that describe the movement ohtmscalec
system. It also describes the situation of the stresses that occur in tleisn systing
operation and how they vary depending on certain key parameters. Summarizing, an image
is created on a design method that imposes a set of conditions and univesakdite for

the design of the leveler lifting system for any special configuration found nedqbeed
configuration limits. The aim of the paper is to form a clear picture of the interdependence
of the parameters that shapettiesigned lifting system.

Keywords: docking; model; hydraulic; system; design; leveler

1 Introduction

'RFEFNLQJ OHYHOHUV DUH VSHFLDO GMNYHNVHXLMWXVWRI® ®HE
RI PDNLQJ WKH FRQQHFWLRQ EHWZHHQ WKH HQWUDQF
GRFNLQJ VWDWLRQ DQG WKH ¥YH®&LFPOER M:GERW LUDIPEKH Z|
SURYLGH PD[LPXP ORDGLQJ VSHHG DQG HIGILHQF\ E\ [
EHWZHHQ WKH ORDGLQJ DUHD DQG WKRIVHXWBO®QG DU
H[LW JRRGV VKLSPHQW 7KH KLQJHG ORDGLQJ UDPS FRQ

* WKH PDLQ ¥XKDWKRIWPFOXGHY D UDPS KLDQBG DORQJ L\
* WKH RL@JHG DW WKH IURQW RI WKH UDPS > @ > @ > (
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7TKDQNV WR WKLWOHWYISOHHE XWWVIHHORO LW LV SRVVLEOH W
KLQJHG UDPSV ZLWK D VIMQ DO EXRWIUMMRQL FM RPIDFKHQ HU\ W
WKHVH GRFNLQJ OHYHOHUV ZKLFK FDQ EH IRXQG LQ YD

7KH K\GUDXOLF RLO SXPS YDOYHV SLVWRQ® DQG WK
SODWIRUP DQG/OHSBERBHAUHMHDOV ZLWK WKH GHVLJQ RI V
DQ $XWRGRFN K\GUDXOLF OHYHOHWLGH DNV®&H YZDAJHWK R
EXLOGLQJ ZKLFK VX6 FRRWWYURE HWWEK HP 8 DKW ORDGKRXVH

RQ ZKLFK LV LQVWDOOHG D VHDOLQJ GHYLFH FDOOHG

YJLIXUH
‘RFNLQJ VWDWLRQ ORFDW H® RXW HTGH. S\SKHE ZRIVK WK MR ZRBNKOH Y

7KLV LV D WDEKH FIUBRE®GIIP RI GHVLIQLQJ D GRFNLQJ SOC
LV QHFHVVDU\ GXH WR WKH FKDUDMBPWHHURHW KEUR GXRW X
VWDQGDUG FRQILIXUDWLRQV IRU QHZOWKXVOGWFEDOHKR
FRQILIXUDWLRQHWRHUH LADVUIHKRERYPY HVSHFLDOO\ LQ (XL
KDYH QRW EHHQ FRPPXQL]HG ZLWK WKH QHZ UHJXODWLF

$W SUHRWKHODWG D VHW RI OLQHDU K\GUDXOLF RRWRUV DV
OHYHEMHMRW RQO\ 'XH WR WKH ZLGH UDQJH RI FRQILJ
GLPHQVLRQV WKLV SODWIRUP OLIWLWMHDWNW BPQIHBARR
WKH LPSOHPHQWDWLRQ RI UXOHV D Q&RNQNRURLQN QR VDIQJS V
FKRRVLQJ WEHQFHPWUKWWMUDXOLF PRWRUV IRXQG LQ WKLV
GHILQH D VHULHV Rl SDUDPHWHUV DXQG FROQO\GDLOV VRQX \Q HF
LQ WHIBRHWIRIQLQJ WKLV OLIWLQJ VIVWHP IRU GRFNLQJ C
FDVH Rl $XWRGRFN W\SH OHYHOHU > @ > @ > @

7KHVH DXWRPDWLF ORDGLQJ GRFN OHYHOMRWWDQG PDQ
W\SHV DQG VL]HV Rl YHKLFOHV WR NHNS®RRMKB®SHUDWLR
+\GUDXOLF \DHOHWRRSLEHYHOOHUY KDYH D PRYDEOH W
SURYLGHV D ODUJHU FRQWDFW DUHD EKDWZNMH @ R MKKEF® H
WKH\ FDQ EH SUHFLVHO\ SRVLWLRQHG RDWNLIRK) DHXA FOH
LPSURYH[® VDUHWMQWLYH PDLQWHQDQFH LV HDV\ DQG ID\
$00 K\GUDXOLFLY IGRHEKWFABYHOOHUWY DUH HDV\ WR RSHUL
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2 Leveler Description

7TKH $XWRGRFN GRFNLQJ OHYHOHU LV FRMHSRVHGGRI OD|
HYHU\ZKHUH LQ WKH FRQVWUXFWLRQ RIVK\GLPEK®@\LFD OO\
I UDPH SODWIRUP DQG OLS )LJXUH KKREGRFWK@JIPDLQ
$XWRGRFN W\SH OHYHOHU WKH\ FDQ EH QRXQIGHY VHYH!L
GHSHQGLQJ RQ WKH FRQILIXUDWLRQ RI WKOHWDRIGWYWOHU

DQG RWKHU WHFKQLFDO IDFWRUV GHULYHG IURP WKH GHI

YJLIXUH
$XWRGRFN GRFNLQJ OHYHOHU FRPSRQHQWYV

$FFRUGERIXWR WKH IROORZLQJ FRQVWUXFWLYH FRPS
OHYHOHU FDQ EH GHVFULEHG

7KH TUDPFHSUHVHQWY WKH VXSSRUW VWUXFWXUH ERWE
WKH OHYHOHU DQG IRU WKH ORDGKIRXV KMKDUWDRM LYRVV
VXSSRUWHG DW WKH IURQW E\ WZR VX®FREIMKOBGY DQC
WKH I UDPH OXHGEKODWVLA@HMWDOODWLRQ E\ D PHWDO VX
IRXQGDWLRQ RI WKH EXLOGLQJ RXWVLGH ZKLFK WKH C

7KH SOBWVRRMIPGH RI VWULSHG VKHHW SODWH UHLQIRU!
VKHHW PHWDO DUUDQJHG ORQJLWROWQOROP\LE HDOR £ H\
WUDQVLWHG E\ ORJLVWLFV HTXLSPHG®WHDP WQWK/HDWQBE H
DFFHVVRULHYV WKMWH BRPAERQIGVLRQ RI WKH OHYHOHU
I[IUDPH E\ KLQJHVY ORFDWHG RQ WKH EDFRHG WKHD QG D\
OLS DQG WZR VLGH JXDUGV WR FRYHUWWHKH UD/ISDHH EH)\
WKDW DSSHDUHG GXULQJ WKH RSHUDWLRQ RI WKH OH"

7KH OKBY D GRXEOH UROH PDNHV WKH WWDQVLWLRQ
DQG WKH ORJLVWLFV YHKLFOH YLVLWLQJLWKH GRFEN
VXSSRUWLQJ WKH SODWIRUP GXULQJ WKMWKHVWLQJ ¢
SODWIRUP LV VXSSRUWHG LQ WKH UHDMAKHQJIJWKHWQG C
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FDVH RI WKH DUWLFXODWHG OLS SHUIBOBWQRUP URWL
KLQJHVY RU WHOHVFRSLF LQ ZKLFK FRYHPEHW VS HIUWKUP
VXSSRUW RQ WKH VXSSRUW OHJV

7KH K\GUDXPREVREBMW\I\GUDXOLF SXPS PRWRU DQG RLC
UROH RI VXSSO\LQJ DQG WDNLQJ RLO IURP WKH K\GUD

+\GUDXOLF OlHWUBJORRWRUVK\GUDXOLF PRWRUV ZLWK
DUH PRXQWHG LQ WKH VXSSRUWV RQ WRMLIQDMKIDQG
UROH RI UDLVLQJ DQG ORZHULQJ WRE SIKBIWHRDBPHNR
IRXQG RQH RQ WKH ULJKWM GH & KRM) HURBHNKH OHIW LQ

+\GUDXOLF OLSLGUD WH PROHROLQHDU K\GUDXOLF PRWR
LQ WKH FDVH RI WKH DUWLFXODWHGKEGEDFPHBHHU BIQG ZL
WHOHVFRSLF OLS KDV WKH UROH HFEIUH RN HQIGH @H KR H OH-
LOQWR RSHUDWLRQ RU RI UHVWLQJ SRVLWLRQ

7KH GRFNLQJ OHYHOHUYV DUH JHQHUDOO\ IBPXQGG SURYLC
LQ WKH FDVH RI WKH $XWRGRFNFROHXHBKHH OWXHO BWUH WH
FRQVLGHUHGXYOWH UHYWZKHQ WKH SODWIRUP LV IRXQG LQ
WKH DUWLFXODWHG OLS UHVWLQJ RXY N KHRWOX\S SRBWND 8 U
WKH IUDPH 'XULQJ WKH UHVWLQJ SR LEW LVRKHWOKRH IOHAY IHK
HTXLSPHQW\GQBXWKRH VIVWHPY DUH LQ D GHSUHVVXUL]H!

JLIXUH
$XWRGRFN OHYHOHU RSHUDWLQJ SRVLWLRQV

7KH RSHUDWLQJ SRVLWLRQ RI WK QN YIHD WK H VH PRIQY G €
SRVLWLRQ DQG VXSSRUWHG RQ WKH SODWWRLWRR RI WKH
7ZR RSHUDWLQJ SRVLWLRQV DUH FRQVLGAHWHQGWIQHWKH X
YHKLFOH OHYHO LV KLJKHU WKDQ WKDWUH W I&H OdHYQI O H
WKH YHKLFOH OHYHO LV ORZHU WK DVWL @XBROHW.RIQU W K
K\GUDXOLF V\VWHPV DUH DOVR GHSUFRYWUWQXBXVZKL
DGDSWDWKR@EBDWIRUP DFFRUGLQJ WR WRBWIRWHO YDUL
GXH WR LWV VXVSHQVLRQV
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7KH K\GUDXOLF VA\VWHPY DUH SUHVVXUDMGIURPNVWHKHNUD
UHVWLQJ SRVLWLRQ WR WKH RSHUDWLQWRBRWHMWLRQ DC(
SUHVVXUL]H WKH K\GUDXOLF V\VWER GWHRWR ®&)XH{ WR F\ &
GLVDSSHDUDQFH RI WKH SRVVLELOLW\ RRIXHXWRKRRWKWH QJ V
DFFLGHQWDO DGYDQFHPHQW R4SWHKHN WHKL]POH. R Q WWKHH RL
LV SURYLGHG ZLWK D VDIHW\ YDOYH WXDWG VY WHRFS W WH H

WZRHODWQK\GUDXOLF PRWRUV LQWHQGHG WR GULYH WKH

7KH RSHUDWLQJ VHTXHQFHV RI WKHMNOR Y HXOHU WDA D UQ/L @
SODWIRUP WR WKH XSSHU PD[LPXP SRLQRW R@EGEUDWLQ.
ORZHULQJ WKH SODWIRUP XQWLO WKHRMIPS ARWHKWY LQW
YHKLFBEH GRAMNLQ) VWDWLRQ 7KH UHWUDWFRH&RQNVR WK
UHYHUVH RUGHU

3 Defining the Lifting System

7DNLQJ LQWR DFFRXQW WKH FRQILJXUDWLRHOSDUDPHWH
WKH DLBHWHWMRLQH WKH WHFKQLFDO FKDUDAWHULVWLFV
PRWRUV ZLWK VLPSOH DFWLRQ LQWHQGHG IRU OLIWLQJ "

7KH ILUVW WHFKQLFDO VSHFLILFDWIYRH@ RBRE@GIHVWUWHG LV
PDJQLWXGH LV JLYHQ E\ IRUPXOD

rfcjm_b_n_agmdfcjctcjc
F= jm_#8_ _GQTT J J bq@?b

Z K H K H-safetyfactor, considered 1.5;
k , Fdynamic load coefficient,considered 1.4
7KH FRHIKLBIQHgDPWW LQ DFFRUGDQFH ZLWK VWDQGDUG (1

,W LV DOVR QHFHVVDU\ WR GHWHWKRGQ B XOKIF 8 RMHRQUVYRE
DV WKH PLQURXPNM) HYKMKPD[LPKP, [@HQODWE WKH VWURNH
RI WKHSHMWR®HQ LQ IRUPXOD

St=1L k_v FLkg|

$Q LPSRUWDQW IHDWXUH RI WKH K\GWBIXOKIFFRRWRU LV I
UHTXLUHG E\ WKH GHVLJQ LQSXW GDWDLYWRVEH YPOXOHQG
R PP $QRWKHU IHDWXUH WR FRQVLGKHWF K VFDWKEHR SHH

DGMXVWHG IURP WKH K\GUDXOLF XQLW E\ YDU\LQJ WKH
®H
Vn:Qn®8_

ZKHQH/ min] LV WKH SXPS IORZ IURP WKH K\GUDXOLF XQLW
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7KH PDLQ SDUDPHWHUYVY XVHG LQ WKH ARQUHYXHOWHRQ R
LGDEOH ZKHUH DUH VKRZQ WKH LQWHUYDOV EHWZHHQ

7DEOH

$XWRGRFN GRFNLQJ OHYHOHU FRQILIJXUDWLRQ SDUDPH\

'"HVFULSWLRQ 3DUDP| 80 5DQJH
notation OLQL| OD[LH
/IRDG FDSDFLW\ R| - N1
1RPLQDO OHQJWH 1/ PP
1RPLQDO ZLGWK | 1:%' PP
1RPLQDO KHLJKW, DH PP
JUDRHKLFNQHVYV LH PP
/LS ZLGWK 1: PP
7KH OHQJWK RI1 W LL PP
OD[LPXP RSHQLQJ /V PP
OLQLPXP RSHQLQ] Li PP
YLIXUH

&RQVWUXFWLYH SDUDPHWHQOW® Il RUK W IOH. ISR ®R & WUEMR BNHLVQ.J

JLIXUH VKRZV WKH SDUDPHWHUV WK\ WH LIQI®XBIXQF HF W |
UDPS LW FDQ EH VHHQ WKDW WKH KFXODDWHGE ¥RSFRUW
IRUPLQJ WKH DQJGHBKRIFKQROERQWILRIQUH G

GHJUHHYV DC
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OHYHOHU LV VWDWLRQDU\ LQ WKDQYGEOGNWFWKEHHRWHKHH U
SRVLWLRQ RI WKH IL[LQJ DUWLFXODWH &/ KN KXIRUW W XIDW
IRUPV WKH UHDU MRLQW RI W R B GDHNYH O@ O XMHKMF 8§ G UD\P W

OHQJWK RI WKH K\GUDXOLF PRWRU GXULQJ WKH UHVW S
L,=L,=LH FaFb

&RQVLGHULQJ WKH SRVLWLRQ RI WKH FHRQWHKY RI JUDY
PRGHO RI WKH SODWIRUP DQG OLS DVRNHPERUBE |URP WK
WKH FHQWHU RI WKH UHDU KLQJH WR LWKHWEHS | L\WKG |
GLPHOQWMIIRIPFDQ EH FRQVLGHUHG

Ls=0,55 ®IL
L6: L 5 FLV

W LV DOVR SRVVLEOH WR FDOFXODWHQWWKHOBIQIWKQ/JF
SRVLWLRQ VWDWH RI WKH OHYHOHU WKLV EHLQJ JLYHQ

Po _ Py

qgl am’q

'KHQ FKRRVLQJ WKH W\SH RI K\GUDXOLFFRRVGRW LRQLV Q
LQ RUGHU WR KDYH D VXIILFLHQWQVO@ RRMNBILRU WVKKHH S|
SODWIRUP RI WKH GRFNLQJ OHYHOHU EHORZ WKH OHYHC

L>0,35 ®, |

$W WKH VDPH WLPH D PP UHVHWYH HRG W& HVEKIHY WIRXL R/ X\
RSHUDWLQJ SRVLWLRQ RI WKH OHYHOKMNW AMKKNM FORXQGEGLW
VXSSO\ RI WKH K\GUDXOLF PRWRU LV PDGHODOLWKRXW \
FKDPEHKUI@XKWG WKH VXSSO\ EHLQJ PDGH E\ DQ RULILFH 2
WKDQ WKH DFWLYH VXUIDFH RI WKH BLVOREFQLQQ WKHYV
K\GUDXOLF PRWRU PD\ RFFXU GXH WROLWVHH DHIGLWHN G\
WR OLIWIWKRA SOD

7KHVH GLPHQVLRQDO SDUDPHWHUV EHLIMW @&HKWHURWQRG
VIVWHP RI WKH SODWIRUP DUH FRPSO&RMWHD\RG N ILHYH IGQI U
WKH UHVWLQJ SRVLWLRQ@RI WKH GRFNLQJ OHYHOHU

4 Mathematical Modeling of the Lifting System

7KH GHWHUPLQDWLRQ RILWXAF RD GEIFQIPURRS HZKQBK WKH

OLQHDU K\GUDXOLF PRWRU FDQ RIIHUWIRH #XKNHR GRHANUH
OHYHOHU LV PDGH E\ HODERUDWLQJ D PDWWHRRQWLFDC
EHWZHHQ DOO WKH SDUDPHWHUV WSKIDW MRDUR GXULQJ WK
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YJLIXUH
7KH SDUDPHWHUV RI WKH SODW RRIHUO IMMQAR S RV W HR QL @ | WKKHH XCB1S ¥

7KH PDLQ SDUDPHWHUV WKDW GHVFULEG@WVEUW S\OWHK R
LQFOLQDWLRQ DQJOH RIWKHH LKQ BOQIDXMWE RRRWRUOH RI W
DQG WKH HOHYDWLRQ WKDW GHVFUWE{Y WKH YHUWLFDO

J)LIXUH VKRZV WKH GLDJUDP GHVFULEW®H WRKWH QHF
WUDYHOHG E\ WKH SODWIRUP DQG WKHGH[IWHQMLRQ RI W

YJLIXUH
7KH VEKHPH RI WKH SDUDPHWHUV LQY K@ YD MQ RUIPHPRIYWRH© BYW L F [

SRLQWV $ % DQG & DUH MRLQWYV WKIRN @V RZ DIDIKCH &U R
EHLQJ IL[HG DQG PRELOH SRLQW $ DOVR WKHDEFEEQVWU X
71/ DUH FRQVLGHUHG WKH SDUDPHWI?SVFR QWD KO DWLHGE |
DQG DUH QRW FRQVLGHUHG YDULDEOHYV LQ WKLV DQDO\!
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7KH RUGHU RI WKH VFKHPH IRU WKH P DWKHW B W LKWDODVG HV
IROORZV

BC= ¥L8+H®©

G>P 2L
X= cos?5 @2F7

6®®P
B= 90 F X
@ 180 F = F X
T=90 F =
BA= ¥ S+ab
E= sin?5 @2 A

FE

J=180 F @ FE

7KH SDUDPHWHU $& UHSUHVHQWY WKbM @HQRRWRRJ MRKIH |
D FHUWDLQ YDOXH RKWKH SGDWDR BIENEG PLQ IDHON IRUB/H
GHWHUPLQHG

AC= BA+ BCF ¥2 A ®C ®os J
L,= AC®nT
L,= AC ®in =

SFE?
D= cos?5 @ E2-A

6RM_
P= B+ J F90

.QRZLQJ WKH SWKDWHMKDUDFWHUL]HY WKH LQFOLQDWLT
GHWHUPLQH WKH PD[LPXPLRSHQLQJ RI WKH OHYHOHU

>= P+ D
Lq= TNL @®in >

.QRZLQJ DOO WKHVH UHODWLRQVKLSV V\WWHR) FEIHWKRD V
SODWIRUP KDV D SDWK WKDW LV FOSRUQW GRHILYQHG U]
FRYHULQJ WKH FRQILJXUDWLRQ UDQJH RI @& KH @XWRGRF

,Q FDVH RI ORZHULQJ WKH SODWIRU®REAHHIR 2 WKW RPRYM R
=>30™ 7KLV OLPLWDWLRQ LV GXH WR WKH DRFRQGDQFH R
YHUWLFDO FRPSRQHQW RI WKH XVHIXO | RBFH GHDIHHWOR S H
WR OLIW WKH SODWIRUP ZKLFK OHDGV WRRPRVKH LPSR'
7KH VHFRQG ULVN WKDW PD\ RFFXU WKW KRW FW K P XFKU L]
JUHDWHU WKDQ WKDW UHTXLUHG WR OKXIOWL W RR WRWW | R
KDV D GHVWUXFWLYH FKDUDFWHU E\ARPERFLIGWAMRH V V
HYHQ LQ WKH VXSSRUW MRLQWY Rl K\GUDXOLF PRWRUYV
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5 The Balance of the Forces Developed within the
System

5HIDUGLQJ WKH GHPDQG GHYHORSHG ZLWKRQPWKH OLIW
WKH VLWXDWLRQ LV UHSUWHXHRBWHTKHWFKHP® WREFDBH O F WQ C
WKH OLIWLQJ RI WKH SODWIRUP LV MWHKIHGDRQ WIKWMILRQR
OLQHDU K\GUDXOLF PRWRUV DFWLQJ ®Q HDFK RQH VHSI

YLIXUH
'LVWULEXWLRQ RI IRUFHV ZLWKLAGWHFH GHVLIQHG OHYHOHL

7KH UHDFWLRQ IRUFHV SUHVHQW LQ WKHVMWRIPQWYV ZL
UHSUHVHQWHG E\ SRLQWV % DQG & DR KZXKLBKIBWHIG L
FRPSRQHQWYV LQ WK N; DHMMLHFDOHH EWUMAWLF@RP SRQH QW \

KRULJRQWIHQ B HFWLRQ

7KH FRP&SRDAWWQJ DORQJ WKH SODWIRUP LV FRPSHQVD\
B ZKLFK GHYHORSYV LQ WKH ILI[HG MRLQW %

,Q WKH FDVH RIGVRHWRHP SROQHQ®R/I IRUFH * DFWLQJ RQ WK
PRWRUV WKLV LV FDQFHGBHGXEL QXK M KH{ IV WDIVRICR QROWR HY W
OHYHOHU LQ VWDWLREOPU)\, IS RAKHN ERQ WIKRHP SHUIRUPV |
PRYHPHQW WKHGp¥WHKH \F ROIGLIVQR QG XULQJ WKH GHVFHQW
WKH UG¥ANWBNHY SODFH > @

R12A



Acta Polytechnidangarica Vol.21, No2, 24

7KH PDWKHPDWLFDO GHWHUPLQDWLRQ RHWKKN YWUHV\
VXFFHVVLYH GHWHUPLQDWLRQV VWDUWLQKHZLWK WKI
GHFRPSRVLWLRQ RI WKH PDLQ IRUFHVY RQ FRPSRQHQWYV

2=90 F =
R=90 F >
.QRZLQJ WKHVH DQJOHY FDQ GHWHUPLQH WIKMI FRRPSRQH

D VLQJOH K\GELIDHBEFFRMRWRBWRQ WKH SODWIRUP RQ D VLG
MRLQW ORFDWHG LQ WKH EDFN RI D WKH OHYHOHU

Kegl=2 )
Gp= ®9(6

_ Kegl=#3
Gr= 2

JRU WKH VWHDG\ VWDWH RI WKH SKCOWHR VR LOWLY ERRFRI
IL[IHG E\ UHVSHFWLQJ WKH IROORZLQJ FRQGLWLRQ

Fp=Gp

7KH UHODWLRQV E\ ZKLFK WKH PDJQLWXGBHWRRQ@KH YF
FRPSRQHQW IRUFHVY UHODWHG WR WHKH IL[HG MRLQW & F
Vg=F p ®in =

Hg=F p ®in 2

,Q WKH FDVH RI WKH IL[HG MRLQW % HW K W LURH)O DRAULFRHQN
GHYHORSHG LQ LW DUH WKH IROORZLQJ

Br=Gy

V=B 1 ®in >

H:=B ®in(90 F >}

$FFRUGLQJ WR WKHVH UHODWLRQV LWHKHMSWBOODWH RO T
OLIWLQJ WKH SODWIRUP FDQ EH GHWHUPLQHG DFFRUGLC

sz%; Fp>Gp
7KHVH UHODWLRQVY SUHVHQWHG LQ WKKIHEDWDRK® HWKI IR

VLILQJ FDOFXODWLRQV RI WKH GLITHUEBQW B R Q VRMKHW L
FRQVWUXFWLYH FRPSRQHQWYV > @

7KH JUDYLWDWLRQDO IRUFH * DFWLQWER WKHQOPODRVR U

'KHQ WKH OHYHOHU LV QRW VXEMHFWRWR G [W\MKIBDO
VLWXDWLRQ RI PDQHXYHULQJ WKH OHYHORVLWR QM. QJ
,Q WKLWRKBVZAHLIKW IRUFH * LV VSHFLILF WKRHWKH ZHLJ
RWKHU FRPSRQHQWY WKDW DUH VXSSRUWHG E\ LW
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'KHQ WKH OHYHOHU IDOO VDIHW\ VEWYWHKM IPDBRWQND W H
,Q WKLWEKBMRUFH * LV FRQVLGHUDEO\ KLDKOMRWKDQ L(
D G\QDPLF VWUHVV FKDUDFWHU ZKHWH W& KWKOWXHOHU
OLIWLQJ VA\VWHP PXVW ZLWKVWDQG WKH VWUHVYV ) LQ '

7KH GLPHQVLRQLQJ RI WKH OHYHOHWWYW @& UVR Y PWKSL TRV
VFHQDULR DQG WKH OLIWLQJ FDSDEHWALRH®YKIHR RHJ D
DFFRUGLQJ WR VFHQDULR WDNLQJ L@GWRLIMFRRXSGW D VLC
QRW WR HQFRXQWHU SUREOHPV LQ RSHUDWLRQ

Conclusions

7KH HIILFLHQW IORZ RI SURGXFWV L@ DVEREGBNXYWORI IDFLC
FRPSHWLWLYH ZRUOG 6SHFLDO DWWHQWDRGHNXY® EH J
IRU WKLY WR KDSSHQ $ QXPEHU RI IDBWRDW LRXIN G/REH FF
KHLJKWYV DQG GRRU VL]HV DQG ZKHQ VHOHFWLQJ WKH
+\GXOLF-QZSQGRFN OHYHOOHUYV DUH GHVLJQHG WR HQ
ORDGLQJ DQG XQORDGLQJ ZKLOH UHGXFLQJ GRZQWLPH
H[FHSWLRQDOO\ KLJK VDIHW\ IRU WKH WUBWWUHU RI JF
GDPDJH WR HRRNSPHEMOGUW WKH JDS DQG KHLJKW GLIIH
WKH GRFN DQG WKH WUDLOHU 7KH\ DOVW RRRSHDVDWF
WUDLOHU EHG TRHINLQVHOIKID®NBIRZHUHG UDLVH DQG OLS
ZLWK K\GUDXOLF F\OLQGHUV DQG KV GOGDBXXQEFS®HA S HDAHU |
DUH FRQVLGHUHG WKH VDIHVW ORDGLQJ GRFN FKRLFH

7KH SURFHVV RI GHVLJQLQJ WKH $XWRGRFUWWFRIFNRRQJ O
NQRZLQJ WKH GHVWLQDWLRQ RI WKH SWREXFRUDM G GHI
JRRG IXQFWLRQLQJ RI WKH V\WVWHP WKH IROORZLQJ
HVWDEOLVKHG DQG LPSRVHG

e 7TKH SODWIRUP RI WKH OHYHOHU PXVW EHWHKULYHQ E\
VLPSOH DFWLRQ LQ WKHDSOWWIRUP FHQWHU RI

e 7TKH DQJOH RI LQFOLQDWLRQ . RI WKH KRGUWMKK®LF PR\
UHVWLQJ SRVLWLRQ PXVW EH ZRUWK GHJUHHYV

* JRU WKH VXVWDLQDELOLW\ RI WK HQ®IFINMNRIUY \W W HKD DI
D UHVHUYH RI WKH SLVWRQ VWURNHWIRSHR DRUH WWKKH K
SODWIRUP

$ PDWKHPDWLFDO PRGHO ZDV GHYHORSHBL,WR GHWHU
GLPHQVLRO® DQGOWKH D IXQFWLRQ RI WKH . DQJOH 7KH
DSSHDUHG LQ WKH OLIWLQJ V\VWHP RIRWKMKHYBIW VRKIH
VL]LQJ FDOFXODWLRQV RI WKH GLIIHWRHPQWKFR® BRMQLHIW \
VI\VWHP ZLOO EH FDUULHG RXW

7TRGVM\VZRUNSODFH ZLOO QRW WROHUDWHW GWIXUBHRUN S
WKDW WKH ORDGQGRW NGRWWWM BDIUHBLHQW EXW DOVR VDIH
VDIHW\ HTXLSPHQW LV MXVW WKH |ILXWWDQWHPRWR2D U C
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DFFLGHGWNN OHYHOHU LV D IL[HG EULGJH BIHHMQWQHG WR
IORZ Rl JRRGV LQWR DQG RXW RI D EXLOMIOQUYHQHRUGHU
PXVW EH DEOH WR VXSSRUW H[WUHPHO\ RHIWYAXBRDGV L
KHLIKWV OEFGNQXWY DOWKRXJK LQLWLDOO\ PRUH FRYV
PDLQWHQDQFH WKDQ PHFKDQ LADDUPQEMYH IR YE R4 HDU P O
KLJK XVDJH DQG VHYHUH FRQGLWLRQ DSSBERNDWLRQV
OHYH®HWMIHWYHDVLQJ HIILFLHQF\ DQG VDIHW\ LW DOVR
E\ UHVWULFWLQJ WKHUPDO ORVVHV WKURMIHK RGEQ GRR
ZRUNLQJ FRQGLWLRQV

7KH LQQRYDWLYH DQG XQLTXH GRFNLQJ FRQMW\RO V\VW
FRPSOHWH FRQWURO RI WKH GRFN OH YAHRODMUR G KON W K |
‘LWK YHU\-H[BZ O®BIQDWRU\ EXWWRQV RQ WKH FRQWURO X
RSHURWHDOO RSHUDWRUV 6HSDUDWH VWHHWIQJ FRQV
VIVWHPV DUH QR 7XKRIQUAIQRYMDMANE DQG XQLTXH GRFNLQ
RIIHUV FRPSOHWH FRQWURO RI WKH WRBR XJKYD ¥QELO I
FRQWURO XQLW

/LIWLQJ VI\VWHP IRU VDKH GRIFNUQH® MYRHBIDEOH D VDIH
ORDGLQJ DQG XQORDGLQJ ZKLOH UHWXFNRHB ® D@\ DR
VROXWLRQ LQ JHQHUDO LQGXVWU\ DSSOLRBWIDRQV ,W
EHWZHHQ WKH UDPS DQG WKH YHKLFQHM BHGH WK HRWH V X ¢
WKH WUDQVIHU RI JRRGV SUHYHQWLQOOLQD\UEAHX ULHV R
LV HDV\ DQG IDVW WR VHFXUH IXQFWLRQDOLW\
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Optimization M ethodology ofThermoelectric
Peltier-Modules, for Structural Design and
Material Selection, usingMCDM and FEM
Modelling

Judit Albert and Agnes Takacs

,QVWLWXWH RI ODFKLQH DQG 3URGXFW 'HVLJQ 8QLYHUYV
OLVNRODAWHPY{lB3BWLY¥NROF +XQJDU\
MXGLW DO E HUPALMKROE HQW DXIEPMVVWR A B A\ X Q L

Abstract:Monitoring the temperature of medigadoductsis essentiglto ensure their safety
and stability. The thermoelectric Peltierodules can be used for either cooling or heating
in this application. In this wotkdifferent geometes are applied and the resulting
performance ofhe Bi2Te3-based module, characterize@ finite element simulations and
materials is analyzedwhere the primary objective was to reduce shear and torque stresses,
which alsodepends operating conditions. In the first ph&3eite ElementAnalysis(FEM)
analysisof the thermemechanical testnit for the Peltiermodulesis conducted. In the
second phaséhe best design concept selection phaseg multicriteria decision theory

is introduced, where the ranking of the criteria is weighted by the chaistaterassigned

to the selected values. The objedbighoose the best design con¢cém the alternatives
generated duringhe first phase.

Keywords: MCDM methods; VIKOR algorithm; FEM

1 Introduction

1RZDGD\V WKH LVVXH RI WKHUPRHOMWW GIXH RADRNV MAKLHD (
LQFUHDVH RI JOREDO HQHUJ\ SULFHV B¥XMG RO RI W
WKHUPRHOHFWULF GHYLFHV LV WKH ORZ WHKHULWHRLHQF\
SHUIRUPDQFH LV XVXDOO\ GHWHUPLQHBRBW W K\M XPIMVH L
PDWHULDOV > @HOMFWRMIFDPOWKIHUIRUPDQFH LW LV DOVEF
WKH OLIH DQG LPSURYH WKH UHOLNELY IDVE LRI SWKRREORB .
LQ HOHFWURQLF VI\VWHPYV 7KHUPDE ?WUMH\WHDW RPQG IRHI
WKH OLPLWHG OLIBWYPHHRIH@HRBWBRQLIRFFWKHU WKLQJV (
LQ WKH FRHIILFLHQWY RI WKHUPDO HI[BOQVERQ RH (WRH
FDXVH RI IDLOXUH > @ 5HJDUGLQJ WKHUPRHKOMHFEMWUWDICF | L
PRGXOHRRGXOGH® WKH OLWHUDWXUH ZLGHOWDNRQVLGHUYV
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WKH JHQ H WROGHMUHHP\L Q WWHRAHLDMDR CHOUOHF X ODWH VXFK VW
>® @ 2WKHUV KLIJKOLJKWHG WKH EHQ ®RHFX DQIGFBRHD U
IDLOXUH > @ 7KH UHVXOWV RI WKHI[SH B WID®RIFW EPQ® \EKR :
LPSURYHG E\ UHGXFLQJ WKH PD[LPXP WHKHILLRD @/ /W U H V
PHFKDQLFID®DLWHRLMOHFWURQLF GHYLFHV ILQLWH HOHP
XVHG WR VDYH DQDO\VLV WLPH /RRNGQB\D\BLYENYVRGY
WKH HIIHFWV RI FKDQJLQJ SDUDPHWHURURQ QFFHHFKDQLF
,Q *DR V UHVHDUFK > @ KH L QGLWW/ILILDEX MG RADK HP MAKKHDUQ
SURSHUWLHV DQG WKHUPRHARGRWUQB B/UKRIS H.QW WHHV HROI HIE
PHWKRG +H IRXQG WKDW WKH SHPRG)fDH PH D Q& W | RLFA
LQIOXHQFHG E\ PDWHULDO SURSHUW L HMV DBGIFHHE HB§ GFRH |
WKHUPDO FRQGXFWLYLW\ EXW LW ISWRSONBRWALHW HRU PIL(Q H
PR@X®RZHYHU IHZ RI WKHVH SURYLGHG PXSWD PMKHFD O
YDOXHV R PHFE DMK HDPDO VWUHVV RQ WKH HQWLUH VW
WKH HYDOXDWLRRGROMKMZERQVWUXFWLRQV LQ WKH LQ
7KHUHIRUH WKH DLP RI WKLV ZRUN 7{RR@REOLQFUHDVH
H[SORULQJ WKH-SRWIHOM QDOHVWBWVVRI WKH JHRPHWU\ G
GHVLJQ VWPRBEX ZQYHVWLIJDWLQJ WKH RYHUDOO VWUF
8VLQJ WKH YDOXHV GHRF WHKHARIG XMW HEHPK.DHLR G XULQJ V
VLPXODWLRQ RI WKH ILQLW-HKHOMIRHBLWH PR WRIR & K H(0G H \
FRQFRHZOWVUDQNHG ZLEBKVBG MOPDNWHHWDODOXH 9,.25 DOJRU

YJLIXUH
BWUXFWXURRREXOKH[ 7( PP OHIW VLGH DQG ' PRGHO ULJKW VLGH
VWUXFWXUH RP RGXOW HS WOIMELHU - &R R\CH B2GUFFAE & %L FN 06

2 Research Methodology

7KH UHVHDUFK GLVFXVVHV WKH H[WHG@BMRQ ER | WADKNH. ®lY D (
LOQWR DFFRXQW ZHLJKWHG SHUIRUPDQFHEUWRDOXHY LQ
GHYHORSPHQW SURFHVV ,Q FDVH R$ FRWQ D@QUWFOWMRYJ UHTX
WKH VHOHFWLRQ RI PDWHULDOV WKH VHOHFWLRQ RI V
SURGXFWLRQ SURFHVVHV DQG WKH OMWBJH\FOIHYFH OUH
FRPSURPLVH VROXWLRQV FDQ EH IRXQG EDVA®G RQ WKH
'XULQJ WKH FRQFHSWXDO GHVIEPR @EX{ OWKHH EHAWWA GRIS/ALH Q
FRQFHSW LV VHOHFWHG E\ XVLQJ 9,VRIPSUWRUV@KRPVND
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SHVHQ@MRS5 > @ ZKLFK-EVLWHRXORBEHFRLYLREQ' O
PHWKRG ,Q RUGHU WR FRPSDUH WKH GHAWQ LORIGFHSW
GXULQJ WKH ILQLWH HOHPHQW DQDGMVYJQ(F R FKHIS SH/U
ZDV SUHGLFWHG DQG HVWLPDWHG XVLQHARMEIMMIGR'0O PHW
WDUJHW YDOXH 9,.25 PHWKRG LQ RUGMKHWR & EW.IELXD O k
VXEKDUDFWHULVWLFV 7KH SHUIRUPDQFPDHKPX®FWHULV)
YRQ OLVHV VWUHVV WWHRRD [ MPKXP VERIWROUPP B HIRUPDWLRQ
KHLJKW YROXPH VXUIDFH D Q& HPFZR/®X QL QMDIOHD \S HDIOHH W \
FROOHFWHG GDWD ZHUH FRPSDUHG XV IV M RE.25 PH
FULWHULD DQG WHRK G HVH W@ LFER/QIRY ISHVBVFHK APULES G LQ W
IROORZHLOW LR Q

3 Modelling of Thermoelectric Modules

,Q WKH HDUO\ VWDJHVPRIGEBVILYY WHPKQLFR®Y FDQ EH
DSSOLHG WR SURYLGH LPSRUWDQW LQIRUPDWLRQ DER
FRQVWUXFWLRQ GHVLJQV 0DQ\ OLW BV IDNXHUGNUODH VIWHKIH
WR GHWHUPLQH WRR@RUEBXOH RWEBHUYV KLIKOLJKW WKH
VKHDU VWUHVVHY UHVSRQVLEOH®IR,W®Q PHKEI\D @ DVHO WKLY,
EHJLQV ZLWK WKH PRERGODIL\PH RIKWKHH DS RlI WKH 6ROLG:
GLPHQVLRQDO ' FRPSXWHU GHVLJQMHRH®HP U \B /R GWK-
RI WKH SURJUDP ZH PRGHO QHZ GHVLJQV YLMAM WKH RS
WKH REWDLQHG UHVXOWV ,Q DGGLWERQIMWRISGLWRDWIL
VROGHUHG MRLQWY DQG SHOOHWYV D UHJIRR PSRIDHMDLVFV R |

GHIRUPDW L-ROQ @HIIBU GRIHF WV

3.1 Thermoelectric Modules

7KH PRGHOOHG WKHUPRHOHFWULF P&RFGRX® 42KCHMDWLHU |
4& - - 06 FRQWDLQV SHOOHWYVY RI VL]H [ I PP
ELVPXWK WH®O XAWLGHG ®IQ WKH SUHOLPLQDU\ WHVWYV RI
VWUHVYVY FRQWRXUV RI WKLV PRGXOIBHYHD BEHIO® H\W HBIR P
WKH HIIHFW Rl LQFUHDVRR@XSHHKAHO HWNVIKWVRLQMHVWLJID
GHWHUPLQH WKHLUEWKDXBRGBHHUF MIKLFDOH RSHUDWLQJ F
, QLWDDQOOWHGBXOWY VKRZHG WKDW WKH JHRPHWU\ RI W
FKDQJH LQ WKHLU ORDG FDQ KDYH DHVILVQUHVFBQWKHDE
VWUHVYVY DQG WRWDO GLVSCREROPHCHNVGLVMWILQ@EPHLHWEH
DGMDFHQW SDLUV RI URZV DQG FROXPQV EHWEPHHQ WK
J)LIXUH VKRZV WKH VWUXFRR@ENDQG&G FREGOHO RMKWEW W(K
GLPHQVLRQV RIRPMKKHHAR&ERBROMW YV PRGHOV RI ERWK WKH F
DQRG QHZ GHVLJIJQV ZHUH FUHDWHG WRV&HWHUPQ Q HVVRW/UDH
GLVSODFHPHQWQBOUMGRBOWEKR XVKDW FKDQJRQ@J WKH ORI
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VHPLFRQGXFWRU“BWHKEBORRNVRX YQBQLILFDQW HIIHFW RQ W
VWUHVYV VKHDU VWUHVV DQG WRWD O DFIHMEW CoFPH-RIVQRM - 7
URZV DQG FROXPQV EHWZHHQ WKH SHOOWKNREZWRI WKH PR
PRGHO RAPWKX O

YJLIXUH

7KH VWUXFWXUDO -RP@IEXIEQWK FR{WMHKHA(FHUDPLF FRYHU SODWH OHIW

WKHPRGXO®MG WKHLU HQODUJHG GHWDLO ULOEWUVODWRHU &X%IHOHPHQ
VHPLFRQGXFWRU SHOOHW

3.2 Material Properties

7TKH PRGHOPRHEEFRQWDLQ WRS DQG ERWWRP FHUDPLF FF
VROGHU FRQQHFWRUV DD EHUYUBRXWK WOHOWADULIDEHS YRS H
FRPSRQHQWY DW URRP WHPSHUDWXUH DUH OLVWHG LQ

3.3 Boundary Gonditions and Parameters used in the
Numerical Simulation

IXPHULFDO VLPXODWLRQ ZDV SHUIRUPHRQWYXVRRQJ WKH
6ROLG:RUNV )RU WKH QXPHULFDO VLMKHDMER® RI WKH
ZDV SODFHG EHWZHHQ WZR ULJLG VXUVLDRHW WRGIHWUIR
RSHUDWLQJ FRQGLWLRQV WKH OR DGXIHQWRKW FRHSCHIJHDWWX |
FKDQJHV ZKLFK KLQGHUV WKHPRKEXG®GPXV HGSBDQVKR Q RJ L\
VXUIDFHV XQGHU WKH HIIHFW RI SUHVYRREBX0OQ DWKH FD
FRPSUHVVLYH ORDGBSOLHB3DVZDWRDG > @ VSHFLILHC
RI WIOHKPLRYXBH FHUDPLF FDUULHU RQ WKH ZDOP VLGH
PRGHOOLQJPRIGW&MNH WR WKH VOLGLQJ FRQRWIDGHV EHWZH |
FHUDPLF DQG WKH LOWHUORFNLQJ VXUIDFIWLFYWH FF& D UD
FRHIILFLHQW RI JRU WKH QXPHUGEDBUWHQPKD RWLRQV
ZDV SUHVFULEHG RQ WKMH GIHWXWLQDPHNYOXIPW®&KMPPR G XOH

VXUIDFH RQ WKH FROG VLGH DW f& DQG@XFHSO\LQJ f
LOOXVWUDWHY WKH ILW LQWR W BK) P OWBN\GK\E® WXFVRXIUW K HH
TCPRE@IWOR LOOXVWUDW HEMHKDO WRA CLHFKODOIAHBQ WYV G X UL
DSSOLFDWLRQ RI WKH SUHVFULEHG FODPSLQJ IRUFH
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7DEOH
'LPHQVLRQV RI WKH HOHPHQRWBEX ®RI WKH PRGHOOHG

Elements Size (mm)
&HUDPLF (OHFWU2;H [

&RSSHU (OHFWULF [ 1
6ROGHU OD\HU 6Q3 [ T
SHOOHAMAV %L [ 1

7DEOH
ODWHULDO SURSHUWLHV Rl WKMHREEBPHQWY RI WKH PRGHOC(

Material property Ceramic Copper Solder
(Electric (Electric conductor), | layer,
insulator), Al203 Cu SnPb

&RHIILFLHQW -
H[SDQVLRQ &7 (

_ f& i .il
'"HQVLW\ 31 NJ
<RXQJ V 115
PRGXBE X8D
3RLVVRQ V UD

7DEOH
BURSHUWLHV RI LVRWURSLY¥LPX\CPDWMBRQYWHWOOXULGH XVHG IR
Material property p-type n-type
&RHIILFLHQW RI WKHUPDO

_ f& i _il
'"HQVLW\ 31 NJ P
<RXQJ V PRGXD XV
3RLVVRQ V UDWLR

3.4 Results

3.4.1 Stresses andisplacements

6LPXODWLRQ UHVXOWY SUHVHQWHG LQ 7TDEROHWKHMVKH PLC

YRQ OLVHV VWUHVYV DUH JLYHQ IRU DQWHP FRPBSWHVWLGE HI
ORDG RI N3D

%DVHG RQ WKH UHVXOWY RI VLPXODXWPLRYWHVW ED@QEW
DOZD\V IRXQG LQ WKH VDPH SHOOHWRH D HRHHOM WE XDAW DV
SRLQW RI FRQWDFW ZLWK WKH ZHOGL@&J BEW®WXRLE@ID VWR/HL
WHPSHUDWXURDLQWXR PBEEKWEIH-DO VWUHVYVY OHYHO DOV
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&ROG VLGH

YJLIXUH
7KH DVVHPEOHG VXEVWUXFWXUH

7DEOH
7KH YRQ OLVHV VWUHVV LQ MWRIEE® OOKHW VD UBDRILD MOJHPXP SHUPLVVL
1 DQG WKH WHPSHUDWXUH GLIITHUHQFBHRI f& EHWZHHQ WKl

Pelletsheight | von Mises stress (MPa)
L (mm) Min. Max.

7KH GXFWLOH EUD]LQJ DOOR\ XQGHWKMHYVWIMXFPWL OH YG&IH
H[FHHGV WKH \LHOG VWUHQJWK 7KLVGWHIRQU AIWWK® U |
SHOOHWV6@HPOORBY ZHUH XVHG LQVWHDG R6QVKH PRUH F
6E EUD]LQJ DOOR\ WKH \LHOG VWUHQJIJWKVZRXIHECEH OR
LQ WKH SHOOHWYVY ZRXO0@ |XWWWKKIH FERHFQHIWDW HRI WKH FRS
FORVH WR WKH FHUDPLF VXUIDFH WKHWDYHODWH H RWLGIW
JUDGLHQWVWXHHWHHOBRSHIDYY GXH WR WKH GLITHUHQFH EHV
WKHUPDO H[SDQVLRQ RI WKH FRSSHHIQD QEBEQWXHFBEHO ®HW
IURP WKH KLJK VWUHVY DUHD DOOFW R H SA[)\JWHRO M/KHHQBEAD V

YJLIXUH
7KH YRQ OLVHV VWUHVV 03D OHIW VIIGM VDGB ®LSQ DR HRH QK H PILHF
/ PP LQ FDVH RI D WHPSHUDW X UHHGHK.RM WHEF FRRO-G 7{& EHWEHHQ W
PR@XO
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3.4.2 Summary of Results

7KLV VWXG\ H[DPLQHYV WKH IHDVLELOLWLWY-RPSYRYLQJ
PRGXOH )RU WKLV SXUSRVH )($ ZDV ERPQ UHVX BWW DZK
VLIQLILFDQW LQFUHDVH LQ WKH FDVHLR BDQY JEHH WHP S
UHFRPPHQGHG WKDW WKH WKHUPRHGOGBFSUWIF WRAXQAH E
UHGXFLQJ WKH QWU WKKN BDOHFPHQWY RI WKH JHQHUDO
DOORZV HIWHQGLQJPREN MWK WKWKWVH(RI WKH GDPSLQJ
WKH PRGHOV D VRIQRILVWQWWHZXBYE WRWDO GHIRUPL
DW WKH FRUQHUV RI WKH FRSSHU HOHRHIRVWHWEF OYRWH WR
OLVHV VWUHVVHV VKHDUPRWBIW¥RWD Y BGERGRVUPDWILRG 7(Q D
WKH PD[LPXP VWUHVVHV RFFXUUHG DURXQIDWKWMKHGJIH |
FHUDPLF SODWH 7KH KLJKHU VWUHVV BBIXWEOEF PWURXQG
VWUHVY FROFHQWUDWLRQV 7KH PHERIMGIWIDROQ YW ULHOWM/DE
RI WKH PRGXOH YDULHV XQ XIRW PO WHORIKWDHG ZR @/ KV WH HJ H
YDULDEOH SHOOHW KHLJKW LQ WKH GHWOLDQ G RMKAHWW W C
GHIOHFWLRQ FDQ EH UHGXFHG E\ FKDQJLQIWWKH JHRPH)
PHFKDQLFDO SOHUHRWAPHORHWKH WKHUPRHOHFWULF PRGX

4 Ranking of DesignConcepts withlnterval-based
Target Value VIKOR Method

4.1 The Interval-basedTarget Value VIKOR Method

7TKH LOWBYNGONDUJHW YDOXH 9,.25 PHWKRG LV D SRVYV
DWWULEXWH GHFLVLRQ SUREOHPV 0$'0 TRKHS SO\ WKF
QXPEHU Rh BOGWMKHDOXPEHU RI PDWHUMDOV WKDW FDQ I

%H LWTP GVRVKH L QW HWEDLON HRULY BVIRW MUKLHD Om

] n

7R PDNH D GHFLVLRQ ZH QHHG D W DHUHMO YZROOCHS | B B RZK
OLNH IRU XV VR OHW V PDUN WKHWABUJHW,L,YDOXHV IRL

IXUWKHUPRUH ZH DOVR QHHG D ZHLJBERMNK WRIVWRE WHBHDIRIL
YDOXH IRU HDFK FKDUDFWHULVWLF DARDOWWW. \P\W UM WKF

Wi w, ZKHUH
SYRO,j  « Q BRG=1

, /I D FULWHULRQ LWRWR)EPLUPHBLRDULIMEBNMNW WKH PD[LPXP

RU PLQLPXP RI WKH GDWD IRU WKDWHMUYWE XHR Q. WIHEKQWKH
9,.25 DOJRULWKP ZH GHWHUPLQ&é BRW HDFKmPDWHULDO
LQWHUYDO ZKLFK FROOHFWLYHO\ LQGWVFIDMRWHKRZ WDW JN
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YDOXH WKHQ D UDQNLQJ FDQ EH HVWDEGILWKHEG E\ FRP
QRURDKH GDWD )RU WKLMOORZMIUQWURGXFH WKH

TaVa min[TyE1, ..., |_
Ta%¢ max[HyE1L, .., |_

QRWDWLRQV ZKHUKHVH LQGLFDWH WKH PLQLPXP DQG P
DYDLODEOH IRU HDFK FULWHULRQ DPRQY W&G LMILRBUWRC
WDUOJHMWR GHWHUPLQH WKH UD QIR BP MIKHHG BIWIDD BVQ 8 QX V
IURP WKH WDUJHW YDOXH /HW V LQWURGXFH QH[W

+HF 6
max[ T 2°¢ 6_ Fnin [[3V% 6_
+IF 6+
max[ T 29¢ 6_Fnin[T7¥Y% 6_
ZKHIUH m j n QRUPD®OXDQWLWLHY WKH WZR TXDQWL
WKDW WKH WDUJHW YDOXH IRU HDFKRBUXS\SGHIL RQ G Y RARA
Rl WKH LQWHUYDO VR WKDW FKBDORWHUQ\RW. HYFPIRYLQ

GLVWRUW WKH UHVXOWVY QXKH HRIGVORYQ QUKIHWGERDAD O F X C
PDWHULDO

&y P[0, §

8y P[0, &

a
5 is ymin[gy §¢
Y@5
a

8 1S ymax[&y §v

Y@5
46 max[min[%&g, %v_ =1, ..., J_
4{J max[max[%&y %\L 1, ..., J_
5 F 55 F3%

Y F5 5 F B
5= 1=K5: E1, ..., I}
5=min{5} E1, .., I}

LQWHUYDO DQG

ah F ?aal, F 74
4> F 744 F 7
4 =max{4al 1, ., 1}
47= min{4f 1, .., 1}
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LW H[SUHVVHV LQGLYLGXDO UHJUHW FRKHHGWZRWRWRZYD
LPSRUWDQW ZH FRQVLGHU WKH:>*QGL& LKEBEOZHQGKMD R R
PDMRULW\ RI FULWHNHLODUHXKWHUHD FRPSURPLVH VROXWLR

A ? A ? J ? [} ?
pai . S F 5 4 F 4 8 F5 a4, F 4
[3630= Rt U PR 56 e Fet (M F RFE—57C!

LQGLFDWHYVY KRZ IDU WKH PDWHULD@ UP/XPURP W\WKKHV WV D U
LOQWHUYDOV LV FKRVHQ WR UDQN WKWYPODWH ZHDHOYW HKH
WKH ODVW IUHH SDUDPHWHU LQ WKRISWQ PRV PWEKHY HXOK R | SV
GHFLFDRQU 7KH RSWLPLVWLF GHFLVLRQ MIONWHY LV FKDL
ZKLOH WKH UDWLRQDO GHFLVLRQ PONMD AQ/HARDWUD FWHU
WKH UDQJIMHORI WKHVH VWUDWHJLHYV FDRQFER UFRIRBIURRLVH
WKH VXJRHOWWRQDWXUH > @

4.2 Ranking of DesignConcepts

'LWK WKH 9,.25 VHOHFWLRQ PHWKRGHIZRKADNWRINERGLI\ DQ
WKH GHVLJQ FRQFHSWV ZKLFK GHVWHKHEHLVY WE HF LY LD/OEKUBH L
RI WKH JLYHQ FRQFHSW PRYHV 7KLV FDXBLWQWXG\ FRQ
ODQJXDJH WHUPV DQG WDUJHWREQMVWRDOH+ADHOHBH XMy
WR EHWWHU XQGHUVWDQG DQG GLV\FD\FREHH UXD W/IKW\
OLQJXLVWLF H[SUHVVLRQV LQWR DSSURSULDWH QXPEHU

7TDEOWHKRZYVY WKH ZHLJKWLQJ RI WKH FULWHHYWRWDDEBWHUPL
YDOXHYVY WDUJHW FULWHULD IRU HDFK FULWHULRQ

QULWHULBQOHW VXUIDFH PP

QULWHULRIQJKW RI SHOOHWV J
QULWHULRQSODFHPHQW RI SHOOHWV PP
QULWHULRQOHW YROXPH PP

QULWHUIYR® OVWHM VV DULVLQJ LQ SHOOHWV 03D
QULWHULRQOHW KHLJKW PP

QULWHULR@DO GHIRUPDWLRQ $HHMHWHWBDULVLQJ LQ WKH

JRWKLV FDVH IRU DOO HYDOXDWHGEHMWHULRRH WRBOOR
WR VHOHFW WKH PRVW VXLWDEOH FRBWHSS [E\DH®M (RQY
DPRQJ WKH FRQFHSWV ZKLFK RQH LV WHAHERVW DSS!
H[DPLQHBEOHDEOH SUHVHQWY WKH YDOXHV RI WKH |
HYDOXDWLRQ DQG REWDLQHG GXULWHQWN WIKRHX @ BI\G DF
LPSRUWDQFH Rl WKH FULWHUL S WDHGH YWN WRHJIBDWQXDQ X
RQ WKH FULWHULD 5HVX\O/RZ SAUK-DAH QWKHGF RQ FHDEWD H U H |
PP KLJK SHOOHWY UHFHLYHG WKH KLJKHWWHUODAHNG QJ DC
ZLWK PP DQG PP KLJK SHOOHWLY HVHKKBINV W B H\VQH WV E
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FRQFHSWY ZHUH FORVH WR WKH LGHDO :HRIGRXWIGRQ EDVHE
WKDW IR MWK R WERMHVN GHVLJIQ FREEGIS WWIKIF W KRGV R
WKH SHOOHWYV ZHUH FORVHU WR WKHDRB®LPQG WEBWLR
FRQWDFW UHVLVWDQFH GHFUHDVHG

7DEOH
&ULWHULD-SRIOXW YRDOH IRUPDW

Quality value of the material selection factor
([FHSWLRQDOO\ ORZ
([ WUHPHO\ ORZ
9HU\ ORZ
IRZ
%HORZ DYHUDJH
$YHUDJH
$ERYH DYHUDJH
+LJK
9HU\ KLJK
([ WUHPHO\ KLJK
([FHSWLRRQIXO O\

2YHUDOO LQ WKH LQLWLDO VWDJH RW MRKH HYRBRO/MNDWKLFRA
VXSSRUWHG EEDNKHGLYWHUNWOYDOXH 9,.25 PHWKRG RI V
FKDQJLQJ WKH FRQVWUXFWLRQ JHR OHWWV\ L@ WWKH \GHB V|
FRQFHSWV-RRGKIOH 7ODFFHOHUDWHY DQG VXSSRUWYV WKH
FRQVWUXFWLRQV

7DEOH
&RPSDULVRQ DQG TXDQWLWDWLYH YDOXH RI WKH LQYHVWL

Relative

Criteria Total .
importance, wj

3HOOHW VXUIDFH PH
3HOOHW ZHLJKW J
3HOOHW GLVSODFHP
SHO/RIDWPHE PP

YRQ OLVHV VWUHVV 15
BHOOHW KHLJKW / B
7TRWDO GHIRUPDWLR
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7DEOH
7KH YDOXHV RI WKH FULWHIMUQG REWG LRHGNVEXUH QD OXIDIW KVRBXOD W
Pellet Total I\/\I/ics)gs von
Pellet o Pellet Pellet | Deformatio stress Mises Pellet | Pellet
Heigh surta weigh n . stressin Displ. | Displ.
ce volume in .
L ) 3 t Energy pellets Max. Min.
(mm (mm3) . pellets .
(mm) (9) in pellets Min. (mm) | (mm)
) Max M (MPa)
) (MPa)
¢
¢
1 ¢
¢ 1 1
¢
¢
¢ 5
¢
¢ 3
¢
7DEOH
'"HWHUPLQLQJ WKH UHODWLYH LPSRUWDQFH RI FULWHU
5von
3 Pellet Mises 7 Total
1 Pellet | 2 Pellet | displace | 4 Pellet | stressin | 6 Pellet | deformation
surface weight ment volume pellets height L energy in
Criteria (mm?) () (mm) (mm?3) (MPa) (mm) pellets
5HODW
LPSRUWDQFH
RI FULWHULD |Z
7DUJH
YDOXH
0D[
[°PD[
oLQ
['PLQ
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Conclusions

3UHYLRXV SXE@LBDWRROWRQFHQWUDWHG RQ 9,.25 GHF
7KLV VWXG\ DGGV D V\VWHPDWLF D QKK \WERHMR WKH IR
EDVLQJ WKH GHFLVLRQ PREHVWZR GWHARSBHEISQUIRFHWKR G \
JLUVW D EULHI RYHUYLHZ RI WK IR RIGXM V DOV FRQFIHISOVS/U
ZD@HVFULEHG

7DEOH
5DQNLQJ RI GHVLJQ FRQFHSWYV

Welghtln Optimis

for the 0.5 m 0.5

level
strategy
v

Pellet Ran
Height St SY Ri- RV Qt QY K
L (mm)

1
1 1

1 1
1 1
1 1 1

7KLV LV IROORZHG E\ 6HFWLRQ ZKL A XGHYF R L BAHKWH W K
VWHSV RI WKH DGHTXDF®HAWIHR/ P HRNWHYIREBARY NV K H

UHVHDUFK VVDISSVADHEE VLBV 7KH DXWBRHE WWOHIAQHMW) W
YDOXH 9,.25 D@ERD\OWKH FDVH VWXG\ UHVXOWKDWKH VW X(
LQGLYLGXDO B\WWHN[VBDUWPRHWYWYN EHQHILFLDO LQ WKH HYDO X
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7TKHUPDO 6WUHVVHV 6SULQJHU 'RUGUHFKW C

- B
> @( 6XKLU 7KHUPDO 6WUHVYV )DLOXUHMWWQYLHRWOWHFWURC(
ORGHOOLQJ 3UHYHQWLRQ -RXUQDGRI-7TKHUPDO 6WL

> @=RXL $0 %HQWRXED 6 * 6WRKKRXRV- 0 $ SHYLHZ F
7TKHUPRHOHFWULF *HQHUDWRUYV 3URJUHSWSY DQG $SS

5@ $6 $OHUEDWL<MOEBVGE6BKLQ 7KHUPRG\QDPLFV DQG
VWUHVYVY DQDO\WLYV RI WKHUPRHOHFMWQU IORRREZWMUNIHQF
RQ GHYLFH SHUIRUPDQFH $SSOLHG 7KHUPDO (QJLQHF

SS -
> @8 (UWXUXQ . ORVVL $ IHDVLELOLW)\ XQDHVWLJIDWI
LQWHJULW\ RI WKHUPRHOHFWULF PRGK®HYJYLWK YD
RI WKH $60( &RQIHUHQFH RQ 6PDUW DRWHULDOV

, QWHOOLJHQW 6\VWHMRBS 6HSWHPEHU

> @. 1 6XEUDPDQUWHH 6RDGHUY ODWHULDOV 5HOLDELO
-RKQ :LOH\ 6RQV 1HZ <RUN 1< 86% VW HGLWLRQ

@*DR-F 'X4& =KDQJ ; -LDQ ; 7TKHUPDO VWUHVYV DQDO\\
VWUXFWXUH SDUDPHWHRE VAKDGE FWKH IRQP RRHWD HDOF WU L F F
-RXUQDO RI (OHFVWEBRQLEK ODWHIELDOV

@3UDVDG % &RQFXUUHQW(QJLQHHULQJ\R)SOQ:G’\DPHQW\
DQG 3URFHVV 2UJDQL]DWLRQ GRL -

@ $OEHUW E 7DNiFV 7KH 9,.25 $W1RQLAKPSRQY WD W |
"(6,*1 2) 0$&+,1(6 $1' 6758&785(6 SSI13

@ $OEHUW E 7DNiFV $SSOLFDWLRRQKPVISH PW W RU MDKO-
VHOHFWLRQ GHFLVLRQ¥S-*e3

@ 2SULFRYLF OXOWLFULWHULD 2SWLPL3BRWLRQ RI &L
7TKHVLY )DFXOW\ RI &LYLO (QJLQHHULQJ %HOJUDGH

> @KWWS YLMPRBAWH QY XSORDBN HGI 3J

> @+ &/,1 6 785(11( ' 9$6,/(9%.,&$6BAXPHULFDO
6LPXODWLRQ RI WKH 7KHUPRPHFKDQLFDO %HKDYL
7HOOXULGH $OOR\ ORGXOH -'2, - Y

> @ -DKDQ . / (GZDUGV 0 -%RRRMDPWEDMDEGHFLVLRC
PDNLQJ IRU PDWHULDWLWHIUHDW LRELYVORKQWEQDO\V
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Abstract: 3D printing technologies have developed significantly over the last 30 years,
havinga major impact on all segments of today’s industry. Additive Manufact(AM)
offers the possibility to produce botbrototype and finished parts, reducing product
development time and costs while producing higher quality results. However, p@pduci
high precision and quality surfaces, such as threads, is still difficdtt 8D printing
technologies. To eliminate these problems, there are already machines that combine some
form of the 3D printing process and of subtractive manufacturing technology. lhypkis

of production, extra material is always left on the surfacahefworkpiece ding the
printing process, and functiah surfaces are created by removing this extra material. In
this scientific study, the authors have dealt with the effect of layen#siskand orientation

of the 3D printed workpiecéor the micre and macregeometric propertieon the printed

and the machined (turned) parts. The authors measured the surface roughness, the
deviation from nominal size and determined the cylindriaitier printing andmachining
During turning, the décts of printing orientation and chip formationrqeess were
investigated. The aim was to investigate the effect of the orientation and layeress of

the printed objecton the quality and cylindricity of thfenal turned parts.

Keywords: 3D printing; PLA,; turning; cylindricity, surface roughness

1 Introduction

' SULQWLQJ KDV UHYROXWLRQL]HG WKH DWRPRWLYH
allowing for rapid prototyping, companies can quickly test and refine their
designs, which resulta faster timeto-market and reduced costs [1]. Additionally,
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the ability b produce highlquality parts with complex geometries and internal

structures has led to increased design freedom, enabling the creation of lighter a

more efficientcomponents. This, in turn, has deat possible to develop new

vehicles that are lightermore efficient, and have improved performance
FKDUDFWHULVWLFY 2YHUDOO WKH XVHXWVRPRBWLQKMLQ
industry has resulted in a more flexible, efficient, amdsteffective

marufacturing process [2F @

Utilizing Additive Manufactul. QJ $0 DOVR NQRZQ DV ' SULQWL
produces parts layer by layer based on models created with Computer Aided
Design (CAD), it is possible to design geometries that wouldiffieudt or even
impossible to realize using traditional manufacturing methods [4]. These
technologies allow greater design freedom, such as generative design, which
allows conventional parts to be replaced by lighter parts with wentr
improved stregth characterists In addition, the ofon to print parts from
multiple materials has opened up new avenues for innovation, allowing
manufacturers to produce composite parts [5] that offer improved performance
and durability [6]> @ ,Q FR Q F g hd® Qad gro®uhd impact on the
automotive industry, enabling the development of lighter, safer, and more
environmentally friendly vehicles that offer improved performance and exffiyi

(8].

7KHUH DUH QXPHURXV SDSHUV FRR®»mUHeQwWost' SULQWLC
comprehensive study was carried out by Hanon et al. Agogrtb this study,

FDM (Fused Deposition Modelling) was found to be the nfesbrable '

printing process based on several factors, including accuracy, printablposize,

processig, nunbe of raw materials, machine size, and price of the machine [9].

:KLOH )'0 PD\ QRW KDYH WKH KLJKHVW pirth UDF\ FRPSI
processes, it can still be an excellent choice for some applications. Fqulexdm

precise and aesthetlaoutstanding finishes are not a requirement, and functional

surfaces an be posmachined, FDM can provide an affordable and efficient
VROXWLRQ %DVHG RQ WKH ILQGLQJV RI RIDERRQTV SDSFH
was selected for this study because iteltveO\ FKHDS FRPSDUHG WR RWEk
printing processes and has a widange of available materials, therefoiteis

widely used by companies [10].

,Q )'0 " SULQWLQJ WKH WKHUPRSODVWVEGHFHR®W\WHHU ILC
extruder and then extruded throughazzle onto the build platform. The extruder

head moves along tH&-y" axes to create a cresectional layer of the model,

and the platform is lowered in the "z" direction after each layer is completed. Thi

process is repeated until the entire moddiLi#t up layer by layer, as shown in

Fig. 1 [11][12].
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Figure 1
PrintedmeKRG RI1 )'0 ' SULQWLQJ

+RZHYHU '"SULQWLQJ SURFHVVHY DUHDQGQGDEQHDWR SUL
quality that is a necessity in cases where high precision is requirddaswuc

sealing surface. Even options that can be modified duriegnocesing are not
VXIILFLHQW WR LPSURYH WKHVH IRFVERDYW WLKEDQIKGLFHWLE
parts, which often require pestachining [14]. Research work on PLA machining

canrot be found in the literature. However, other engineering pssiuchas

ABS or POMC were turned [15]16]. In both cases, the authors found that higher

cutting speed and medium depth of cut are the more important when turning these

materials.

This paper investigates the effects of layer thickness and oriemtatithe parts

on the surface roughness, cylindricity and turning process. The aim is to determine
what layer thickness and orientation is appropriate for printing products whose
functiond surfaces will be finished by turning.

2 Methodology

2.1 3D Printer and Printing Technology

7KH 3UXVaDpopulat G ZLGHO\ XVHG ' SULQWHU NQRZQ IRL
affordability, and ease of use. Printing with PLA (Polylactic Acid) is a common

chace IRU PDQ\ ' SULQWLQJ DSSOLFDWLR@®Vilitg XH WR LWV
low shrinkage, and ease of printing. PLAaighermoplastic that is derived from

renewable resources and is known for producing-Qigddity prints with a smooth

surface finish [Z]. The properties of PLA can vary depending on the specific
manufaturer, but the ranges listed in Table Hosld givea good idea of the

material's general characteristics.
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Table 1

Property ranges for PLA materials [18] [19]
Properties PLA
Tensilestrergth (MPa) 15.572.2
Tensile modulus (GPa) 2.026
Elongationat break (%) 0.59.2
Flexural strength (MPa) 52-115.1
Flexural modulus (G&) -
Printingtemperature (°C) 190220
Printing speed (mm/s) 40-90

By printing a total of 8 cylinddal test pieces with different orientations, you can
gain a betterunderstanding of the effects of orientation on the mechanical
properties of the printed parts, thereforé @20X50 mm workpieces were printed
with 0.05, 01, 0.2 and 0.4 mm layer thickness shown in Fig. 2.

Figure2
Printed workpiees: a) horizontah) vertical

The use of a CAD software like Solid Edge to model the cylinder and export an

67/ ILOH LV D FRPPRQ S|g.ORaBIIE file fofnat'isSvidlelRused Q

LQ ' SUL@QWIHYFODIWEHY D ' REMHFW DV D VHULHV RI WUL
surface of the object. The angle subtended by the planes and tolerancedspecifie

during the export process can affect the overalli@ay and quality of thprinted

part. During the expgnJ WKH DQJOH VXEWHQGHG E\ WKH SODQ
tolerance wa 0.05 mm. Choosing the right structure is very important asit ca

influence not only the geometric dimensions but also the mapedpkrties [20].

BULQWLQJ ZDV GRQH Zroivtigelill, becaulseQt\isLknownifor its

good mechanical proptegs and is often used in higirength applications. [21].

When printing parts in a horizontal orientation, it is often necessary to use support
material toensure the printed part has qdde stability during the printing
process. The support material helps to hold up the overhanging or cantilevered
portions of the part, preventing them from collapsing or warping during printing.
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The design of the support material is a crucial factoit ean affect the overall
quality and accuracy of the printed pafherefore, at places with up to 40°
inclination support material was utilized. This is shown with theoigyinfill in
yLJ

Figure
Production plannindpr the horizontally orientediorkpieces
Note: horizontal orientatin, 0.4 mm layer thickrss

In order to carry out the turning experiments, the number of top and bottom layers
of horizontal oriented pieces has been increased, otherwise theantiwould

start earlier and the worlgoe would not conform during machining. This can also
cause errorsas the concentricity of the walls during printing can only be ensured
layer by layer. For the unsupported parts, where the wall is supposed to be
sufficienty steep, it was necessary teelactive cooling because withbit the

layers became misaligneas shown in Fig. 4.

Figure4
Printed part) without active cooling, b) with active cooling
Note: 0.4 mm layer thkness, hodontal orentation

The printing parameters are listedTiable 2
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Table2
Printing parameters

Properties PLA

Layer thickness (i) 0.05;0.10.2;0.4
Wall thickness (mm) 25

Filling density (%)

Printing temperature (°C) 215

Printing speed (mm/s) 40

Fill printing speed (mm/s) 40

Active cooling -

2.2 Cutting Parameters

After the surface roughness and cylindricity measurénivé R1 WKH ' SULQWHG SI
each part was turned with the following parameters: cutting speed was

Ve =100m/min, feed rate wag = 0. PP UHY DQG WKH GHSWK RI
because thaim was to achieve a workpiece diameter of 18 mrorder to make

the dimensional accuracy comparable. The cutting experiments were @artied

on the NCT Euroturn 12 CNC lathe. A PCD (polycrystalline diamond) insert was

used for the machining, as illusiedin Fig. 5

Figure5
Experimenal setup for tening

2.3 Surface RoughnesdM easurement

Measuring the surface roughness of the printed parts is an important step in
evaluating the quality of the printed parts. A Mitutoyo Formtracer &V

tactile rougpness tester was used for measgrithe surfaceroughness of the
workpieces according to MSZ EN IS 4287:2002 and the results were evaluated in
Microsoft Excel. This information can help to determine which parame#ars a
notableinfluence on theveragesurface roughnegf.).
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2.4 Cylindricity Measurement

For cylindriaty, eachpoint on the real cylindrical surface must be located between
two coaxial cylindrical surfaces with a radius difference of the specifiedarude
[22], as shown in Fig. 8Cylindricity was measured in a prism using a Mitutoyo
-270B dial indiator withan accuracy of .01 mm, assessing the dimensional
deviation from the nominal size. The Roundness Measurement System could not
to be used because the dimensional deviat@astoo large. The measurement was
taken from the end of the workpiece hrde plans at 5, 10 and 15 mm. Four
measurements were taken in each plane at 0°, 90°, 180° and 270°, as illustrated in
Fig. 7. and the results were evaluated in MicrosfCEL.

Figure6
Interpretation of cylindricity, adapted from [22]

Figure7
Prindple of measurement
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3 Results

3.1 Results ofSurface Roughness Measurement

The roughness profiles measured after printing and turning for each layer
thicknesses and orientatioa® shown in Fig. 8.5.

Figure8
Roughness profileafter printing and turmig

Figure9
Roughnessrofiles after pinting and turning
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Figure D
Roughness profiles after printingdaturning

Figure 1L
Roughness profiles after printing and turning
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Figurel2
Roughness profilesfr prirting and turning

Figure 1
Rowhness profés after priting and turning
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Figure 1
Roughness profils after printing and turning

Figure B
Roughness profiles after printing and turning

JRU HDFK VSH Fhnessl @easurehieds were taken and then averaged,
these are shown in Takle-6. As illustrated in Table @&nd Fig. 17 the surface
roughness obtained after turning the 0.4 mm of layer thickness, horizontal oriented
specimen has ndata because it could hioe measured as the surface was smeared
during turning, as shown in Fig@5.
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Table

R, values as a funian of layer thickness for vertical orientation afteinfing

Layer thickness | Ra1 Ra2 Ras avg.Ra Dispersion
0.05 7.981 7.780 9.017 8.259 0.664

01 11.064 9.051 7.612 9.242

0.2 10.786 11.740

0.4 24.552 22.202 1.226

Tabled

R, values as a function of layer thickness for horizontaintation after printing

Layer thickness | Ra1 Ra2 Ras avg.Ra Dispersion
0.05 1.895 1.745 2.624 2.088 0.470

0.1 0.651 1.507 1.067 1.075 0.428

0.2 1.785 2.550

0.4 1.721 1.648 1.578 0.188

The average surface roughnéRg after printing and turning as a function of layer

thickness in case of versitorientation is shown in Fig. 16.

Figure B

R, as a function of the layehitkness afteprinting and turning in case of vertical orientation

Table5
R, values as a function of layer thickness for vertical orteartaafter turning
Layer thickness | Ra1 Ra2 Ras avg.Ra Dispersion
0.05 7.605 6.968
01 8.282 7.587 7.286 7.718 0.511
0.2 7.119 7.686 7.710
0.4 7.571 7.154 7.649
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Table6
R, values as a function of layer thickness for horizontal catét afterturning
Layer thickness | Ra1 Ra2 Ras avg.Ra Dispersion
0.05 8.265 7.509 8.117 7.964 0.401
01 6.496 6.717 0.229
0.2 11.692 1.001
0.4 n/a. n/a. n/a. n/a. n/a.

The average surface roughness after printing and tuasrgfunction of layer
thickness in case of horizontal orientation is showign 17.

Figure 7
R, as a function of the layer thickness after printing amding in case of horizontal orientation

3.2 Results ofCylindricity Measurement

The deviationfrom nominal size and calculated tolerance as a functidayef
thickness incase of vertical orientation afteriqting is shown in Table and

Fig. 18.

Table7
Deviation from nominal size and calculated tolerance as a fundtlages thickness forertcal

orientation after printing
Layer thickness Lower limit size Upper limit size Tolerance field
(mm) (mm) width (mm)
0.05 -0.155 0.002 0.157
0.1 -0.091 0.06 0.151
0.2 - 0.111 0.146
0.4 - -0.178 0.122
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Figure B
Deviation from nominal geand calculated tolerance as a function of layer thickness for vertical
orientation after printing

The deviation from nominal size and calculated tolerance as a furaftiayer
thickness in case of horizontal orientation after printing is shown ineTé&hhd
Fig. 19.

Table8
Deviation from nominal size and calculated tolerame@ function of layer thickness for horizaint
orientation after printing

Layer thickness Lower limit size | Upper limit size Tolerance feeld
(mm) (mm) width (mm)
0.05 -0.097 0.29%
0.1 0.012
0.2 0.095 0.265
0.4 0.688
Figure B

Deviation from nominal size and calculated tolerance as a fundtlegey thickness for horizontal
orientation after printing
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The deviation from nominal size andlailated tolerance as a function of layer
thickness in case of vertical oriatibn after tirning is shown in Table @nd
Fig. 20.

Table9
Deviation from nominal size and calculated tolerance as a fundtlages thickness for vertical
orientation afteturning

Layer thickness Lower limit size | Upper limit size Tolerancefield
(mm) (mm) width (mm)
0.05 -0.01 0.02 0.
0.1 -0.01 0. 0.04
0.2 -0.02 0. 0.05
0.4 -0.01 0.04 0.05
Figure 20

Deviation from nominal size and calculateterance as a fiction of layer thickness for vertical
orientation after turning

The deviationfrom nominal size and calculated tolerance as a function of layer
thickness in case of horizontal orientation after turning is shown in Talded 0

Fig. 21 As illustrated, tb deviation from nominal size and calculated tolerance
obtained after turning the 0.4 mm of layer thickness, horizonigted specimen

has no data because it could not be measured as the surface was smeared during
turning, as showmiFig. 15.

Table9
Deviation from nominal size and calculated tolerance as a functiayef thi&ness for horizontal
orientation after turning

Layer thickness Lower limit size Upper limit size Tolerance field
(mm) (mm) width (mm)

0.05 -0.01 0.05 0.06

0.1 -0.0 0.04 0.07

0.2 -0.1 0.12 0.22

0.4 n/a. n/a. n/a
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Figure21
Deviation from nominal ge and calculated tolerance as a function of layer thickness for tarizo
orientation after turning

3.3 Chip Formation

The chip produced during the turning for both orientatiae shown in Fig. 22.

Figure22
Flowing chips in case of a) vertical anddmented chips b) horizontal orientation during turning

4 Analysis

4.1 Results ofthe Surface RoughnesdM easurement

The average surface roughness values after printing andgamd their plotting
DUH VKRZQ LQ 7 E®iMcase of vérid &iéhtation. DQG )
The surface roughness degradation increases with increasing layer thickness in
case of printed surfaces. However, this deterioration is not propaktiasit is
minimal when comparing 0.05 mm and 0.1 mm layer théskes, but the
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machinirg time is halved. Table 5. Fig-BlL. and Fig. 16 show that the surface
roughnessmeasured after printing has essentially no effect on the surface
roughness after turning,itlv values ranging from 7.2 um to 7.7 pum. Therefore, if
the functional surface isotbe produced by cutting technology, it is recommended
to choose a layer thickness of 0.4 mm for printing, because it has no influence on
the turned surface, but the printing time is nearly one eighth compared to the
printing time reuired for printing with a layer thickness of 0.05 mm.

The average surface roughness values after pyiatinl turning and their plotting

are shown in Table 4, Table &ig. 1215 and Fig. 17in case of horizontal
orientation. In the case of printing, the surface roughnessedsed minimally as

the layer thickness increased, but this result is not significant as tharereast

was taken parallel to the printing direction. However, the surfaoghness
increased exponentially as a function of layer thickness after tumiath cases.

As shown in Fig. 18and 17 after turning the specimen printed wdh0.4 mm

layer thickness, the surface roughness could not be measured because the surface
wassmeared.

In the end, the results of the two orientaticasnot be compared, because while

in the vertical orientation the measurements were taken perpendicular to the
printed layers, in the horizontal orientation the measurements were takeelparall
to the layer orientation. From Fig. 41, it can be said that after turning, leett
results can be achieved in vertical orientation than in horizontal orientation,
regardless of the layer thickness.

4.2 Results ofCylindricity Measurement

As illustratedin Table 7 and Fig. 18, the deviation from the nominal size
increased in the netjege direction with increasing layer thickness in case of
vertical orientation workpieces after printing. It was also observed thia¢ deyer
thickness increased, the whdf the tolerance decreased. As shown in Talsle®

Fig. 20, the layer thickreses and theimensional variation observed in them had
no influence on the dimensional stability of the turned specimen. The target
diameter of 18 mm was achieved with ¢et® Q FH R0.05 mm due to the
accuracy of the lathe.

In case of horizontal agntation, astsown in Table &nd Fig. 19, the dimensional
deviation from the nominal size increased with increasing layer thickness after
printing. An optimum in dimensiwal stability and accuracy is observed at a layer
thickness of 0.2 mm. As illustrated in Table a40d Fig. 21, the dimensional
tolerance and dimensional stabilityf the turned surface deteriorate with
increasing layer thickness. The workpiece printe@.4tmm layer thickness was
also not measurable because the surface was smeairggltduning.
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Finally, as show in Fig 20-21, it can be determined that the accuracy and
dimensional stability of the vertically printed specimen is much better lizhrot
the horizontally printed specimens.

4.3 Chip Formation

Fig. 21 shows the resultjn chips during turning. It can be observed that
workpieces printed with a verticalrientation formed a flowing chip during
machining, which is understandable since thectima of the printed filament is
the same as the direati of the cutting speed. Qhe other hand, in the case of the
specimens with a horizontal orientation, small, fragmented chips weredprme
which is due to the direction of the printed filament bgiegpendicular to the
direction of the cutting speed. Consequently, it is bettathtp specimens in a
horizontal orientation because the broken chips are easteartdle. However,
chip breakage can also be improved in the vertical orientation, buterfurth
experiments are needed to investigate this.

Conclusions

As shown in Fig. 16the roughness of the printed surface has no influence on the
roughness of the turned surface, the result being almost constant as a function of
the layer thickness in ca®é vertical orientationFig. 17, shows that the surface
roughness of the turned sack increases as a function of layer thickness, and
deteriorates to the extent that it was unmeasurable at a layer thicknessnof.0.4
Comparing the surface roughnessasired in terms of orientation, it was found

that the surface roughnesgs better forall layer thicknesses in the vertical
orientation.

Fig. 20 shows that the tolerance of the turned surfaces is nearly constant as a
function of layer thickness in saof vertical orientation, so there is no effect on
accuracy. On the other hand, in therizontal orientation, the accuracy of the
turned surface deteriorates significantly as a function of layer thickaedsyas
unmeasurable for a layer thickness oft inm. Comparing the dimensional
accuracy measured in terms of orientatibrwas foundthat it was better for all

layer thicknesses in the verticaientation.

If functional surfaces are to be finished by some cutting technology, it is advisabl
to choose the printing in vertical orientation with layer thickness of 0.4 mm.
The surface naghness is almost constant as a function of layer thickness, and a
dimensional accuracy of 0.05 is adequate for many engineering applications. Onl
the chip breakage ifavorablefor the horizontal orientation, but this can be
improved by ugg a chip breaker or by modifying the process parameters
The latter, willrequire further investigation.
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Quantifying Export P otential and Barriers of
SMEs in V4

Jaroslav Belas

8QLYHUVLW\ RI ,QIRUPDWLRQ 7THFKQRORJ\ DQG ODQDJHP
6 XFKDUVNLHIB]HV]yZ 3RPDEHQODV#ZVL] HGX SO

Beata Gavurova

J)DEXOW\ RI OLQLQJ (FRORJ\ 3URFHVV &RQDWURO DQG *H
8QLYHUVLW\ RI .RVLFH .RVRFIHO 60RYDN 5HSXEOLF
EHDWD JDYXURYD#WXNH VN

Matus Kubak

J)DEXOW\ Rl (FRQRPLFV 7HFKQLFDO 8QLYHUVLW\ RI .RALF
.RVLFH 6ORYDNBDHOXPOMFXM NXEDN#WXNH VN

Zuzana Rowland

,QVWLWXWH RI THFKQRORIXBONRY KN H Q BN VHIDQU F K VANHS D L
Rl HFRQRPLFV DQG QDWXUDO UHVRXUFHYVY NPQDJHPHQW
%XG MREIHFK 5HSREDQFURZODQG#PDLO YVWHFE F]

Abstract: The article aims at quantifying the export potential and barrieSMEs in V4
using specific criteria. The research took place in SMEs in Visegrad ocesifitom
September 2019 to April 2020, including a questionnaire survey7®fmanagers and
business owners using logic regression. The results showed differences in expitigsact
of SMEs regarding their legal form, province, size, type of management, legislasiacles
and tax policies. Language and cultural differences were not a barrier to 'SdAfert
activities. Micro enterprises’ likelihood of export was 70% smaller thadiumesized firms.
Small companies’ prospect of trade abroad was 42% smaller than medalen
organizations. The export potential grew with the size of an enterpriseaiimdj an
increased export likelihood in limited liability and joistock companies with the highest
chance in thdransport and production sector. The type of management (an owner) was
hugely impactful on the company’'s exporting activities. Our results give veluabl
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information about effective strategies for export marketing and national rtexpo
development programmes.

Keywords: micro enterprises, small and medisimed enterprises, exporting activities,
export policies, export barriers, support for exporters

1 Introduction

6PDOO DQGVPHGL AR WOYYDUHHYQ HQJLQH RI WKH (XU
HFRQRP\ > @ EHFDXVH WKH\ SOD\ LPSRMNHWDIRNVPHRAOHY LQ
DQG WKH VXSSO\ RI JRRGV DQG VHUY LIFMVWRDEU B @XAR |
VXSSO\ IRU H[SRUW PDUNHWYV > @

7KH GULYLQJ IRUFHV EHKLQG JOREDOL]DWWRQ LDNH 60
GHYHORSPHQW )LHUFH PDUNHW FRPSHWLX\SLRY ZLWK
QDWLRQDO ILUPV UHTXLUHV 60(V WRDGQQWDWH VBVWHD L
FRPSDQLH YV LIWQNBXNEW WKIHO LW LHYV LKQREZ DIQDE KROE. \WQR Z
H[SRUW GHSDUWPHQWY IRU PDQDJLQJ RISRUMDO®FWLYL
RSSRUWXQLWLHVY DQG UHVRXUFHV FDGB VDRI WHKNHDU
PXOWLQDWLRQDOL]DWLRQ RI 60(V

‘H VWLOO QHHG WR XQYHLO WKH 60(VNOWALQDWHRIQGHDO Z
PDUNHWY DQG PDUN WKHLU HITHFWLWHQIBVUVYVHVLPOH[ERBY
SURFHVVHV DUH PRUH FRPSO®[@MX DR EDIOU WMKERRBQ O IDHOV
FUHDWHY DPSOH RSSRUWXQLWLHY IRUWRUBQERQXWEIRDC
PXOWLQDWLRQDOL]DWLR Q@ @$NMD LOCBRUW VFHEQYWUHWF V
GLVFULPLQDWH EHWZHHQ H[SRUW EDUUHHJRUWHE RWKH I
7KH IRUPHU LQYROYHV IDFWRUV SUHY®RD WL FDUWPXOUR
JHQHUDOL]DWLRQ RI VWXGLHG SKHERRARHHIID WRIG MRRQ MLU
PXOWLQDWLRQDOL]DWLRQ

5HVHDUFK VWXGLHV RQ 60(V] PXOWLQDYRLRRQWIHOWLRC
WKHRUHWLFDO RU PHWKRGRORJLFDO FRBVWYXWH®QF\ :H
RXWFRPHV UHIHU WR SUHYLRXV VWXGLHNPRQWDULRXV
ILQGLQJV HRUWHERWSRODWH SUDFWLFH DQG SROLF\ 7KH

TXDOLW\ PHWKRGRORJLHV IRU WHUULWRRQ D& FW.QRKF W L
VDPSOLQJ HTXLYDOHQFH DQG FULWHULD RHDQ@DROO/HG G|
DOVR IDYRXU D WQHDWZRUNVHRDPYHVSDQQLQJ WKURXJIK

FRRSHUDWLQJ ZLWK LQWHUHVWHG L Q GRIWDHD RYSH IDQMWQ F L
RI QHZ PXOWLQDWLRQDO GDWDEDVHV -WROW3H DOORZ
TXDOLWDWLYH TXDQWLWDWLYH DS PWRDGFKBQDORWWKRG
LQVWUXPHQWYV

7TKHVH FLUFXPVWDQFHYV SURPSWHG XV WRLHXDQWQI\ WK
60(V LQ 9 XVLQJ VSHFLILF FULWHULD
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2 Literature R eview andTheoretical Framework
Development

9DULRXV VWXGLHV KDYH EHHQ WDFNOLQJRR®PIBQLHVY F
WKH ODVW ILYH GHFDGHV GLVFXVVRED EIRWW LR/ SRV VDK
EXVLQHVV VSKHUH O0DQ\ LQTXLULHV DU KRIEVOHURIHQHR
RI PXOWLQDWLRQDOL]DWLRQ RU H[SRUW LYLRJIFRXQWU
VDPSOHV LQ PXOWLSOH HFRQRPLF DQG SROLWLFDO }
VKRUWFRPLQJV WKH VWXGLHV LQVSLUHG XQGWR H[SO
HQWUHSUHQHXUV SHUFHLYH H[SRUW DPWRYRDMWHRQODQ)\
RQ FRUSRUDWH DQG SXEOLF SROLFLHV DQG LQVWLW
HQYLURQPHQW

SHWURWQBRRROR LQVSHFWHG WKH UHODWLRQVKLS EHW:
H[SRUWV RI 60(V LQ HPHUJLQJ DQG GH®BORSLQJ FRXQ
JDWKHULQJ LQWHOOLJHQFH RQ FUHGHWD GIXDWXPW LR C
7KH DXWKRUV UHYHDOHG D FORVH OLBNRBEHRWEZHBQOVYHY |
VLIJQLILFDQW ILQDQFLDO UHVWULFW[SRRQUW D QGFW K B LRRIP
WKH H[SRUWYTV FRQWULEXWLRQ WR WKH RYHLDOO VDO
7KH LPSDFW RQ ERWK H[SRUW PDUJLQV ZQ& HQFPWPRXV
RSHUDWLQJ LQ WHUULWRULHV ZLWR KO EDLHAVIV GG M Y RIQ@RFSLHR
IUHHGRP DIX® GRRWULQ @K MQHN LZFDQMHG DERXW IL[HG LQS
FRPSDQLHV HQWHULQJ IRUHLJQ PDUNHWRFDGH VWXSHWLQJ
H[SRUW RQO\ UHZDUGV HQWHUSULVHV ¥LSWKRWVPRIRWK FLC
IURP KRPH VDOHV DQ@@LDQW FRUSRUDWLRQV

*DEDL[ DQG ODJJLRUL HPSKDVL]HG WKRQSRUWKN VR WHH
RI H[FKDQJH SURGXFLQJ D WKHRU\ RI DVVWHYQLQJ H[FK
LPSHUIHFW ILQDQFLDO PDUNHWYV 7KRHH XKW KRQV LDAULIKH W
WKHEDPDQFH LQ PRQH\ PDUNHWYV LQVXIILFHIHRKW O\ UHG >
VKRXOG EH D FRUQHUVWRQH RI W [9[EXA WH. RNFOYCD PLOLAPUHRGH F
WR EHWWHU XQGHUVWDQG H[SRUWHUVY EHEDYLRXU R
VIVWHPDWLF PRQLWRULQJ RI H[SRUWLQJJRR@BOV RI 60
DXWKRULWLHVY IDLOXUH WR VX4V E]H® W Q W HYIRWLPV ¥ R DADH
XQWDSSHG PDQ\ H[SRUW DLGV ZKLFK ZRXOG RWKHUZL)
FRQFHU@HRGYHOHN HW DO FRPSDUHG LQWHUQDWLRQDO
SHUFHLYLQJ H[SR U\® HEYDHQ EK DV DRVEHIWIWPWLFV LQ (XURSH
DXWKRUV ZRUNHG RQ WKH SUHPULMHGVKQ W HUSBW V\PH\O & DDY
VDPH VL]H SOURYDQFRUPU DOORZLQJ WKHP WR LQVSHFW F
JLYHQ E\ WKH VSHFLI*F@WHUULWRULDO OD\RXW

9LUJOHURYD HW DO TXDQWLILHG WKH.HWBSDE@\KRA PXO
60(V VHH WKHLU IXWXUH FROOHFW L@QWWRBSIQMW M LDREFO AR
PDQDJH H[SRUW ULVNV ZLOO EH PHRWSH ¥ WRENHV R | XAR \ @ W
PXOWLQDWLRQDOL]DWLRQ WD[ SROLF\ LOMUN®IHVLRQ I
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[ @GRPH DXWXKRMWW WKDW RWKHU JHRJUDSKLMDO ORFDOL
VLWXDWLRQ JLYHQ YOUIGR@ @BFRERDQG SRHOL[BIGHMW DQDC
60(V] VXSSRUW IRU PXOWLQDWLR QD @LYDWULRIQ D RRSHW K H
UHYHDOLQJ WKDW QDWLRQDO VFKHPHUYHRWQHMRMWHU
GLVFXVVHG PDWWHU 7KH SURMHFW QQWKRH YHWP PXOWL
JOREDO PDUNHWLQJ HIILFLHQF\ 7KH VWHXSRODWHWUWNYV HI
DLG DQG PDLQWDLQLQJ D SRVLWLYH DWAWLHPEGH WRZD U

:LONLQVRQ DQG %URXWKHUV H[SORUHG HESRUWHUVY V
SHUIRUPDQFH RXWOLQLQJ WKH UROH R &G ILUPYV
SURJUDPPHV LQ WKL @DNGERY B GBF.REBVYVRYD HW DO DU.
WKDW QRW DOO WRROV IRU WKH H[SRU®YJWFK B WHWKHL W
HIILFLHQF\ GHSHQGVY RQ WKH FRUSRUODW® @ WXUH DQ
/JHRQLGRX LQVSHFWHG PXOWLSOH H[SHRRUMAZBDRBRULHUV L
REVWDFOHV IURP HPSLULFDO VWXGQHRUSRHDOW QKR!
LQIRUPDWLRQDO IXQFWLRQDO DQG PDSMRMH®IUDORP |
JRYHUQPHQWDO WDVNV DQG HQYLURKPHEWHD[GREDUULLI
EDUULHUV HPHUJH IURP GLIIHUHQWWHHRVXDBWRR\@F UWN WH
PDQDJHULDO RUJDQL]DWLRQDO DQ@Q@WXUDO EDFNJUTJ

7HVIR®G /XW] H[DPLQHG WKH H[SRUW SUREOHPV RI 60(V
FRPSLOLQJ VWXGLHV SXEOLVKHG RYHUN EDHDULH UNKH D
LQWR WKH FRPSDQ\ SURGXFW LQGXVWU\ H[SRUW PD
LPSHGLPHQWVV LBHIDWLLWIGHIN DQG GLIIHUHQFHV LQ GHY!
FRXQWW@HKL\R ZDUQHG DERXW WKH ODFN RI VXUYH\V H
EHWZHHQ WKH ILUPYV PXOWLQDWLRQWO D®WVDLRDEWVR D B W
UHYHDOLQJ WKDW VXFFHVVIXO PXOW LRUDAW I[EFDQDQ H]DW L F
7KH DXWKRU GLVWLQJXLVKHV UDSLG D QPG UUNVGEKBYD P XO'
IURP D SRVLWLYH PDQDJHULDO RULHQWPMW KRY VD @® NG |
ZKLOH WKH ODWWHU DULVHV IURP ONPQ@®W G7KB RAMXG\] |
DOVRIDSY WR SURSHU BEX®&LQHVV HGXFDWLRQ

/JHRQLGRX HW DO SRLQWHG RXW WKDW DOWKRXJK PD
SRWHQWLDO WKH\ ODFN WKH VWLPXOD R XWH D WR @K H
IRU 60(V WR HQJDJH LQ H[SRUW DFW RYWIWLHIN | RAK H [\8\R X @&/\
LOQWHUBDOQD® [WHDFWLYH DQG SURDFWLYH GHSHQGLQJ
WLPH VSDFH DQG LQGXVWU\ $SDUW WH BURZIWKVDQE YV |
XQLTXH SURGXFWV VPDOO FRPSDQLHV ZDQWHWR H[SDC
LQGHSHQGHQW RI WKH RYHUVDWXUDWHGQGRRPRVWLF P
ZRUOGZLGH GHPDQG 7KH DXWKRUV DORAR GOIBERGH GRWK |
RQ HI[SR&W

$OWOQWDUG HW DO FODLPHG WKDW VOHFHOQLFA[ERUWLHU\
SHUIRUPDQFH DQDO\]LQJ 7XUNLVK 60KV XDRW\RXJIK D
VKRZHG SURFHGXUDO LPSHGLPHQWY DQG PILHWAH IRUHLJ
WKH RXW SDWLQ@ILMKHVH REVWUXFWLRQV ZRXOG OHDG
[ @
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9LUJOHURYD HW DO IRXQG WKDW FRPEDQLEN PEOH WR
VXFFHVVIXO LQ WKH PDUNHW DG Y-XMLWHOQ W GN RWAPX D
ZKRVH UROH PLJKW LQFUHOVI® OQWDLYEDILHIWQ PO LR[BARL
LPSDFW Rl IRXU JURXSV RI FDXVDOO\ FRQGALDMLRQHG EL
FXOWXUDO DGPLQLVWUDWLYH DQG ILQWQFDDOLREVWD|
([FHSW IRU DGPLQLVWUDWLYH REVWURBWEW@O DOO LPS

$UWHDJD(2UWL] DQG )HUQIQGH](2UWLUWURRHB WKD® V
RWKHUV EHFDXVH WKHLU PDQDJHUV WKDYXWKRUWKH E
UHVHDUFKHG 60(V UHYHDOLQJ WKIHVRN GIRERBIBJIH E|
SURFHVVHV HBESRWIMQWIDPHQHILWY DQG PDUNHWV ZHUH
DYRLGLQJ IRUKBLJQ WUDGH

1DUD\DQDQ DVVXPHG WKDW ZH VKRXOG QRW RO\ XQGI
IDFLQJ RQ WKHLU zZD\ WR PXOWLQDWLRRDPKHINWWRQ EX
VXFFHVV 7KH DXWKRU UHYLHZHG QHZHPHWEREBMGARIOQHO
/IHRQLGRXYVY ORGHO RI H[SRUW EDUULHU ®R@DVVLILFDYV
WHFKQLTXHY DUH KLJKO\ HITHFWLYH[IR® SURVSHURXV P

$OWKRXJK FRPSDQLHY DUH ORRRXQH NBOGWRE @ VGRQHD®PL
LQWHUQDO H[SRUW EDUULHUV RYHUFRPUW IW[RWPHUQDO
WKH JRYHUQPHQW DQG SROLF\PDNHUV .DKHYD DUJXHG
H[SORUH WKH GULYLQJ IRUFHV EHKLQG WHCH H[SRUW E
YDULDEOHV LQFOXGLQJ WKH ILUPYV GHPRJUDSK\ QD
PDQDJHPHQW HQYLURQPHQWDO WUDQWRIREM@ DQG PXC
7KH VWXG\ IRUPXODWHV H[SOLFLW WKHRULHV I X
PXOWLQDWLRQDOL]DWLRQ QHWZRUN DQG QBVWLWXWLE
UDWLRQDOL]J]DWLRQ DOLJQLQJ DOGCsG@NFELNLSYRHUWWIQWH U
DFWLYLWLHV FORAMFORUBODWRIOMFLHY LQWHJUDWLQJ C
GHYHORSPHQW PHWKRGRORIL AV @@ST H. @\DVBU XR S IQW V

SRLQWHG RXW LQWHUFRQQHFWLQJ H[SRUWWBG LQQR)
PHDVXUHV IRU VXSSRUWLQJ DFFHVVW R DIVED I@RZ ZLO® \
HQFRXUDJH LQYHVWPHQWY LQ LQQRYDWLRQ@VYFRDQG H[SR
VXJIJHVWHG FRXQVHOOLQIJ@QG PHQWRULQJ KHUHRI

5R\ HW DO SHUFHLYHG WKH LPSHUD WKL YIHUDEK\L D R W&KD(W L
60(V IDFH ILHUFH LQWHUQDWLRQDO FRKSHWILVQLR @ R Q C
VXFFHHGWIKQ FDXW JOREDO PDUNHWY 7KH DXWKRUV FOD\
JURXSV H[MMHILGIDY JRYHUQPHQWDO HIQP® HEFRRRHPERUB E
DQG FXUUHQF\ DQG XODWX\U DQ GDWORFILRWHUQDO UHVWUD
PDQDJHULDO ILQDQFLDO DQG PDUNHWK®JF RWRW R DFD MR
7KH DQDO\VLV KXRZWWE WWBGH EDUULHU IRU 60(V LQ
PXOWLQDWLRQDOL]DWLRQ RI WKH SURFHGXWIDV\NDQG FX|
DQG VRFQAWXUDO REVWUXFWLRQV 7KH LQTXLU\ DOVR |
FRPPDQG RI H[FKDQJH @DWH YDULDWLRQYV

Ro55 A



J.Belaset al. QuantifyingxportPotential angarriers of SMEs in V4

&KDQGUD HW DO DUJXH WKDW 60(V] EBXOMWQRRDOMALRQDC
FRXQWULHYV GHSHQG RQ GLIITHUHQW IDIRWRL & MWKDIQO HE G
LQVSHFWLRQ 7KH DXWKRUV FODLP X\K®MU VWDXQUEH Q@ H WHK
QHHGV RI XQGHUV®UDIEE RRGNHWDO FRQILUP WKDW 60 ()
FRXQWULHV FDQ EH D VRXUFH RI DRAWLFRDRRY E QH\RZ WK F
DQDO\]LQJ H[SRUWLQJ LQWHQWLRQV RI[FRPSDQLHV IURF

OHQG\ DQG 5DKPDQ H[SORUH UHODWLRQV EHWZHHQ SH
PXOWLQDWLRQDOL]DWLRQ LQ GHYHORSL@HGRMXRWULH\
DWWUDFWLYH HPSOR\PHQW 7KH D X@X RWWK M X JR BV W DLRDM
SHRSOH PXVW XI@EHHUWDMOR PRGHOV IRU IXUWKHU VW
PXOWLQDWLR@DDK]IDWIDRQ®G 'HDQ DUJXH WKDW PDQ\ H[SF
DULVH IURP H[SRUW VWDJHV H[DPLQLQJIKMHKBIXSVKRRAHW V F
FRQFOXGH WKDW UHVRXUFH FRQVWUDLQWWGPDUNHWLC
H[SRUW SURFHGXUH EDUULHUV DUH GHSHRDWQW RQ \
GLIIHUHQFHV DUH RQO\ SHUFHSWLEORSIFHE®&UO\ WR DG Y

3bXO HW DO GHYLVHG RWKHU PHWKRGWVOD\QLE WWHWRULH
FRPSDUDWLYH FRXQWHUSDUW IRFXVHGLEQ BRADAMQDWL
KDYH OLPLWHG DFFHVV WR SXEOLF GDWDVVGMWRHQGLQJ
LPSDUW WBWULURQRUKH DXWKRUV SUHIHU H[SORULQJ 60"
RXWVLGH FRPSDQLHV L H WKHLU URQMRMDHY PXIQWQS 0K
IDFWRUV VKDSLQJ WK8&@U H[SRUW DFWLYLWLHYV

ODQRORSRXORVY HW DO DQDO\JHG WKHRFROHQRI R VR XL
WKH LQVWLWXWLRQDO TXDOLW\ GHGXHRLQIVWKBWWRROD
VKRXOG FRQWURO H[SRUW EHKDYLRXU 7KH DXWKRUV V>
WKDW ORMP® LQIRUPDO HVWDEOLVKPHQWYV KXJHO\ \HW
H[SRUW DFWLYLWLHV 7KH UHVRXUFH MGYRRRWLRE IRU
EXVLQHVV UHFHSWLRQ RI WKH GRPHVVBHRUDQYYWH WQW LR
H[SRUW -GHRNI\AG® Q

3DXDQG 3XLJ HW DO DSSO\ WKH ODFN RHGMSLWDO U
QHJRWLDWLQJ VNLOOV NQRZOHGJH RI IRWRIQQ PDUNH
LQVXIILFLHQW LQIRUPDWLRQ SRRU FHREXWRRIVUM@GDE
VOXJJLVK GHPDQG IRU 60(V] SURGXFWY & R®@WKH PDLQ H

OXVWHHQ DIMWHRW XDWH D KXPDQ IDFWRU DQG IDPLO
PXOWLQDWLRQDOL]DWLRQ SURFHVVHV 7K&HPWKRUV D
SHSXEOLF FRQFOXGLQJ WKDW VWURQJ DQ@VGYWHUVH JC
NQRZOHGJH RI 60(VY] PDQDJLQJ GLUHFWRUV $OWKRXJK
SRVVLEOH OLQNV EHWZHHQ WKH GHQVLW\ RVERUOGZLG
LW FRQILUPV WKH ILUPVY SHUIRUPDQFIH Q PDJNGNWVD JRF

[ @

THUMHVHQ HW DO VXUYH\HG VWXGLHVYVWRD ERM BE W\ DBF
ZLWK DPELWLRQRDNRQJ SBQGF\UHFRPPHQGDWLRQV IRU
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HISHULHQFH 7KH DXWKRUV FODVVLILHG WRGXYWN LLHOMW
DQG WHUULWRULHYVY 7KH\ UHYHDOHG LWHKHQVHJIJERQNVNQHYV
DQG WKH ILUPVY SURIRXQG LPSDFW LW LSHUHRGRB@HMAHK J \
DQG RPRR JURZWK 7KH VXUYH\ FDOOV IRU HIWHQVLYH U
WKHRUHWLFDO SHUVSHFWLYHV FXOWXDKFRHMHYVYRWUFH I
KXPDQ FDSLWDO WUDQVDFWLRQ FRVW RAARIRP\DRAWF E
EXVLQHVV E\ LQRWW WDMRWLIHYD U L

/JHRQLGRX DUJXHV WKDW SHUFHLYLQJ H$®DRUIW ERJYH L HU V
DQG VXJJIHWWWUP ORQHVWLIDWLRQ RI WKH ILUPVY H[SRU
DQG FRQFHSWXDO SUREOHPV DQG IUDPL@3DXIOQHZ WKI
6RULD@®ERDPQG 3DXO HW DO SRLQW WR D JHQXLQH GLII
H[SHUWV HDFK RI WKHP EU@Q®8@I7K® OHEHGQWBGWRGLHV K
EURNHQ QHZ JURXQG LQ H[SORULQJ IXUWIKHWBUFRHQVLR
DQG FRQWH[WXDO UHODWLRQV VHWWLQUQRRRRQFHSW:;
GHYHORSPHQW RI WKHRULHV PHWKROVHN®BUNVRUHPYV 7
UHOHYDQW VWXGLHV RQ GHYHORSLQJ PDUNWWRVLFPXOW
H[SRUWLQJ SROLFLHV JOREDO FRPSDULVORED®G ZRU|
LQTXLULHYV UHTXLUH UHOHYDQW LQWHKUWEDNRRQD®DG GD\
LQVWILRMXDO FRRSHUDWLRQ 7KH SUHVHOQRWNWG/ RUWLKIDH |
VWXGLHV FLWHG

3 Data andMethodology

'DWsBt ZDV FROOHFWHG IURP 6HSWHPEHU WR $SULO
$ UDQGRP VDPSOH RI 60(V LQ WKH &PBHOFRKY BIMSBEOLF
60(V LQ 3RODQG DQG 60(V LQ +XQWRUXVZHUH VH

WKH UDQGRP VDPSOLQJ PHWKRG LQIRUP®WWYWR® RQ 60(V
GDWDEDVH IRDWILQPVQRSWKH &]HFK 5HSXEOLF DQG 60RY
&HQWUDO 6WDWLVWLFDO 2IILFH RI 3ROBQRBYLBWD EROO!
WKH SURMHFW SDUWQHU fEXGD 8QLYHRYLWH ALKQ®TXGDSH
ZDV HQVXUHG E\ WKH VR GOIRZQ RQ JVWWHRU HAWHDI FK VDP S C
OHVV WKDQ HPSOR\HHV OLVWLQJ DOOWR BMFKQG D)\
ILUP XVLQJ WKH 5DQGEHWZHHQ IX@WWK®G G@® W DNBIRW
DFFRUGLQJ WR WKLV XQLTKBILR) XWPEHH VY HOHOWHGJI IDQPM Z
UHTXHVW WR ILOO LQ WKH TXHVW LRRAGYMHDAW HR QQ I\W ¥ P\ HHF
FRQWDFWHG E\ WHOHSKRQH WR DUUDQJH FRPSOHV
7KH TXHVWLRQQDLUH ZDV ILOOHG E\ WKH PDQDJHU RU R

7KH TXHVWLRQQDLUH FRQVLVWHG RI RYWHRI GRIRHVWLR
EXVLQHVV PDFURHFRQRPLF HQYLURQ MHQQWPRIWKIRKE VR P S
HISRUW DPWUNXHWILHN PL[ PDQDIJHPHQW EDQNUXSWEF\ U
UHVSRQVLELOLW\ PDQDJHULDO DWWLWXGRYDW.WHDW H
SRWHQWLDO RI FRPSDQLHV HWF
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7KH SUHVHQWHG DQDO\VLYV DLPV WR LBFHIPULWLHYVKRI GH
FRPSDQLHVY RSHUDWLQJ LQ WKH 9LVHIJUD®JEXVLQHVV L
TXHVWLRQV ZHUH VHOHFWHG WKDW FRQFHUQ WKH LVVX]

'RHV \RXU FRPSDQ\ H[SRUW SURGXFWYV DQG VHUYLF
+LJKHU H[SRUW FRVWY DUH QR REVWDFOH WR WKH
/HIJLVODWLYH GLIITHUHQFHY DUH QRRGX®VWEVWDFOL

7KH GLIIHUHQFHV LQ WD[ SROLF\ DUHRGRW DQ RE
SURGXFWYV

/IDQJXDJH DQG FXOWXUDO GLIITHUHQFRY BXWH QRW D
SURGXFWYV

7KH UHVSRQGHQWV RI WKH VXUYH\ H[SUHVVHG WKHL
DERYHPHQWLRQHG VWRMWHPHRONHW RQVBDIOHWHZLWK IROOR.
6WURQJO\ DJUHH $JUHH IHLWEKBHHD JU I8 W LORQJ G\L V
GLVDJUHH

4 Analysis andResults

J)LUVW LW QHHGV WR EH VDLG WKDW REW @RV XUY HFR ARD®
HISRUW WKHLU SURGXFWV DEURDG 7HESRUWSUHVH
DFWLYLWLHV RI FRPSDQLHV E\ WKH OHJDO IRUP DQG WK

7DEOH
([SRUW DFWLYLW\

'RHV \RXU FRPSDQ\ H[SRI
VHUYLFHVY DEURD((

Yes 1R

/HIJDO IF 6ROH WUDGH

/ILPLWHG C
FRPSDQ\

-REQWRFN FR
$QRWKHU OH
&RPSDQ PLFUR
VLIH VPDOO
PHGLXP
ODQXME®J
%XVLQI SHWDLOLQJ
VHFWR &R@Q/UXFWLR(
7TUDQVSRUWI
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'RHV \RXU FRPSDQ\ H[SRI
VHUYLFHYVY DEURD((

Yes 1R

/HIJDO IF 6ROH WUDGH

/ILPLWHG C
FRPSDQ\

-REQWRFN FR
$QRWKHU OH

&RPSDQ PLFUR

VLIH VPDOO
PHGLXP
$JULFXOWXU
7RXULVP
6HUYLFHYV
$QRWKHU DU

Source: Authas

,Q WHUPV RI OHJDO IRUP LW FDQ RH N[BLR3J W KCCRW MYKLNV IV
ZDV UHFRUGHG LQ WKH FDVH RI VROHWKDMNG HUSRDWQ@G F
DFWLYLWLHYV DUH SULPDU\ SHUIRUPHG MBERMOWREMW HG OLL
FRPSDQ@HWHUPYV RI FRPSDQ\TfV VL]H PRUWLMISDQ KDOI
HOWHUSULVHY DQG PRHUUMWWMKBQLVHRIHYEPROW WKHLU JRR
DEURDG FRPSDUHG WR RQO\ Rl PLEHR WHQMWHNVUBW LV
PRUH WKDQ Rl PDQXIDFWXULQJ FRPSDQSRWUWQG WUD
WKHLU JRRGVY DQG VHUYLFHYVY DEURDG

2Q0\ WKRVH ILUPV WKDW DQVZHUHG $RWIOWIGHEO L QV R/ KAHK
QH[W SDUW RI WKHVORS$BBUFRQVLVOIHFIRLFDBO(VWKHULI
ZHUH TXHVWLRQQDLUHV UHVSRQGHGQ @ XWKBUR]HFK 5HS X
WKH 60RYDN ®@BBEQEB®RIIDQG

I1H[W WKH DXWKRUV IRFXV RQ QDWLRQOPROD RSEVM D HQH W W
HISRUWLQJ JRRGV DQG VHUYLFHV DWQHWMRQHLQW DIKHMHH Q'
3+LJKHU H[SRUW FRVWY DUH QRSRRGWBWOH WR FRDKQH BHH S/
WKDW WKH SHUFHSWLRQ RI KLIJKHU H[SRWWHFRRWY DV
SURQRXQFHG LQ WKH 60RYDN 5HSXEOLF IROORZHG E\ W
,Q 3BRODQG KLJKHU H[SRUW FRVWVPRBBHYNHQ BIYWHHQ W[S
$V IRU WKH VWDWHPHQW 3/HJLV O DDMLWIR GVK HH K FSQRRHAN MDIU
SURGXFWV ~ LW FDQ EH FRQFOXGHGEWKDWHUOHW IRV B [3\W UY
PRUH RIWHQ LQ 3RODQG DQG 60ORYDNER 5BIQ & BEVOR FD DAHSV V
+XQJDU\ 7D[ SROLF\ LPSDFW RQ WKH HIBRGEWHNFVWGYLQVL
WKH VWDWHPHQW 37KH GLIITHUHQFHV RONWK KHIIWSIRIUS\R QL F\
RXU SURGXFWYV ~ $V IROORZV IURW HIRMBWD [ S\ROH. BPHRQ W
HISRUW LV UHFRUGHG LQ WKH &]J]HFK 5HIXHYLBE HD@ME + X
VWURQJHU QHJDWLYH LPSDFW RI WKH WHROPRGLF\ RQ
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7KH VPDOOHVW LPSDFW RQ H[SRUWHN FRDLQY EW LIIRK Q Q MK
WKH ILHOG RI FXOWXUH DQG ODQJXDJH EKOMKXEDW® DGG
GLITHUHQFHYVY DUH QRW DQ REVWDFRH WRVW IRH @& PSIRIX\D JRHI
DQFEXOWXUDO GLIITHUHQFHY WKRVH PUW VQIJDOQO  FRAYWU L
KRZHYHU LWV LPSDFW DSSHDUV WR EH WKH VPDOOHVW

YJLIXUH
3HUFHSWLRQ RI H[SRUW EDUULHUYV

Source:Authors

7R EH DEOH WR LGHQWLI\ WKH F K BEUHIUFONLHUILW W LSFRAWRHIQDV E
H[SRUW ELQDU\ ORJLVWLF UHJUHVVLRQDIEWVOXNWMGNHZY HU H
WKH YDOXH RI LI WKH FRPSDQ\ GRHV Q& W IH[BHRWW LWV
$W WKH EHIJLQQLQJ RI WKH DQDO\VLW ALORW BRVYIVEGHOH (
DIITHFW WKH FRPSDQ\YV H[SRUW FDSDFLQROX8UGJILWWHJ
VHFWRU RI DFWLYLW\ FRPSDQ\{V XLHQ HWVWIDEWRYPW IO-
JHQGHU DJH DQG OHYHO RI HGXFDWLR@RGHRKDQDJHU |
ZKHUH RQO\ VWDWLVWLFDOO\ VLJQKDM DWW URIOORYVRL
IRUP

In = + (/Company sizet (hLegal form+
/Sector+ {Country+ gGender of the manager/owner
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QRW H[SRUW LWV JRRGV DQG VHUYLFHYWS$FFRH@RGEHWR
LV ZHOO ILWWHG DQG FRUUHFWO\ SUMGILR @ \D Q/IX®I\ RIEW H
UHVXOWY DUH VKRZQ LQ 7DEOH

7DEOH
%LQDU\ ORJLVWIFRESHIQMLWALR@ H[SRUW
Export @ B Sig. Exp(B)  95% Confidence Interval for
Exp(B)

Lower Bound Upper Bound

,OQWHUFHSW -
Company size

OLFUR -
6PDOO - 6
OHGLXP b
Legal form

6ROH WUDGHU
/ILPLWHG OLDELOI
-REQWRFN FRPSD!
$QRWKHU IRUP RI b
Sector
ODQXIDFWXULQJ
5HWDLOLQJ -
&RQVWUXFWLRQ -
7TUDQVSRUWDWLR
$IJULFXOWXUH
TRXULVP

6HUYLFHV -
$QRWKHU DUHD R b
Country

&|HFK BHSXEOLF
+XQJDU\ -
3RODQG

60RYDN 5HSXEOL b
Gender

ODOH

JHPDOH b

D 7KH UHIHUHQFH FDWHJRU\ LV 1R
E 7KLV SDUDPHWHU LV VHW WR JHUR EHFDXVH LW
Source: Authas

)LUVW LW VKDOO EH VWDWHG WK DWW S/RPDW G\HLD ) (PMIGU X B
VLIHG HQWHUSULVHV ORQWNSBSBLMHDOOH PbDPRRW Ol
H[SRUW WKNQIREAHXWHUSULVHVY DQG VPDO®R HQWHUSUL
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H[SRUW WKNQ]REBGLXWHUSULVHVY W FDQ WKXV EH FRQF!
Rl D FRPSDQ\HWRRREMLIBQRHG LQFUHDVHY ZLWK WKH VL]H

$V IRU WKH OHJDO IRUP RI EXVLQHWVDM\RWRHHU[SRDB IRW F
EXVLQHVV XVHG DV WKH UHIHUHQFRZWD WL R H OKH J WHK\HWI L
SUREDELOLW\ RI H[SRUW ZDV LGHQWLILPM&D QQHWKH FDYV
IROORZHGVENRWRILRRWPSDQLHY 7KH OHDVW SUREDELOLW\
WKH FDVH RI VROH WUDGHUV DOW KRB WKG WR LW K\HW
FDWHJRU\ 3 RWKHU IRUPV RI EXVLQHVV’

$V IRU WKH VHFWRUDO DQDO\VLV HQFWNMKHDBRE® W[ B QR Wk
DUHEXMLQHVY &RPSDUHG WR RWKHU DUNDD/ORREXNLQHYV

WLPHV PRUH OLNHO\ WR H[SRUWUILWY VHEWRRHNV XSG GNV\
WLPHYV PRUH OLNHO\ WR H[SRUW LWW $XRWXF® W HFNRWY
H[SRUWLQJ DFWLYLWLHY DUH DERXW RDEGXVWVHYNWVUYLNRO
RWKHU VHFWRUV UHJUHVVLRQ FRHLAOFQWQWY DUH QRW )

5HIJDUGLQJ WKH FRXQWU\ RI RULJLQ RILBQAVMRPISDQ\ W
VWDWLVWLFDOO\ VLIQLILFDQW RQOKLODKWWH s & RHEFOKE 5@ BW
RI HITSRUW LV REVHUYHG FRPSDUHG WR 60RYDNLD

W LV LQWHUHVWLQJ WKDW WKH FRPSDQLHV UXQ RU F
SUREDELOLWWMHRS EHWQRUIHRWHG FRPSDUHG WR FRPSDQL
E\ ZRPHQ

5 Discussion

7KH UHVXOWV LQGLFDWHG WKDW RQO\ ®IWKHLIWQY HVW
SURGXFWV DEURDG $QDO\VLQJ WD QLO\P® I PO MIHD® ORD P L
DQG WRIRFPM FRPSDQLHYV HQJDJHG LQ H[SRUDOYIRQWXUH V
LPSDFWIXO RQ H[SRUWLQJ ZKHUH PRUW JRKRIXY DQRSl VPL
VHUYLFHV DEURDG ®HDRUG 1JRQONQ WDQUWMIUSIULL \PH¥ UR

WHUPV Rl EXVLQHVV VHFWRU PRUH WKDQ RI PDQ
WUDQVSRUWDWLRQ FRPSDQLHV H[SRUW WKHLU JRRGV D

$ORQJ ZLWK RXU ITHWGDQIJWREUYUGHE KXJH GLITHUHQFH\
HISRUW DFWLYLWLHYVY UHJDUGLQJ WWHGQHM HE HRSHUDPB B &W
RI EDUULHUV H[LVWV PDLQO\ DPRQJ E]RPKIBDQ GVEORYOIHN |
DQG KDYH OLPXWHG OLDELOLW\

:H DOVR IRXQG SURIRXQG GLIIHUHQFHV LQLWYXH W\SHV
:KLOH KLJK H[SRUW FRVWV ZHUH D JWRYHG LRARSW&G&HPHQW
&]HFK 5HSXEOLF DQG +XQJDU\ 3ROLVK PDQBIBOV VDZ )
UHVWUDLQWSRWBXWSGIDWHY DVLGH 7KH &]HFK 5HSXEOL
GLVLQFHQWLYH HIIHFWV RI OHJLW®O BW MRKH WD [D SRID\L ¥ H
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ZKRVH LPSDFW ZDV QHJOLJLEOH LQ WKH FRXQWULHV F
VHQVHG WKH VDPH QHJDWLYH LQIOXHQFBWRNH[SRUW
LPSHGLPHQWY 1RQH Rl WKH FRXQWULHV XDBODQ REVYV
GLIIHUHQFHV ZKWRK BXWFWAMVWRI 9LUJOHURYD HW DO
REVWUXFWLRQV LQ GLIIHUHQW OHJLVOBRWLUR®EDD|[ SR
DFWLYLWLHV RI @F(WHV® 9LQGLQJV FODVK ZLWK WKH YHL
DO FRQFOXGLQJ WKDW PRVW 60(V HQFRWQ@WHU PDQ\
YHQWXUHV 7KH DXWKRUV DUJXH WKDWD® KHQ BDWQ[H[SF
EXUGHQV DQEXODNIWOMI HE LY B UNKWYW WXBILFRXQWU\ RI

SURYLQFH LV WKH PDLQ FULWHULRQ \RILW B H GG [PIHIQWAQ W
> @7KHLU DQDO\VLV VXJIJHVWY WKDWHPDQBJHQ G XRVEO{V
DQG OHJDO IRUP IHHO GLOQEHNHGOVADW DLER XWK H [FSARUQV U\
SURYLQFH %HWQRLWMWHIODO $UWHDJID(2UWL] )HUQIQG
DUULYHG DW D VLP®O®U@FRQFOXVLRQ

‘H DOVR HPSOR\HG ORJLVWLF UHJUHV\OLRVQ PDR DKL Y
REWDLQLQJ GLIIHUHQW YLHZSRLQWV RI W/WKHH \6D](¥ H[SR
OHJDO IRUP LQGXVWU\ UHERRSDDOQKYJIKRGHL OLGHBRH
OLNHOLKRRG RI H[SRWWH G JHWY WHQY PHG/HP ZKLOH VPDOC
VKRZHG D ORZHU SUREDELOLW\ RI IRUML]GBGNUDQVDF
FRXQWHUSDUWY :H PD\ FRQFOXGH W KD WWNVKH[FRWER U I
SRWHQWLDO .COWD&hPHORYX HW DO FDPH WROW®EH VDPH FR
> @ 7KH OHJDO IRUP SURIRXQGO\ LPSDFWH® WKH H[SR
LQGLFDWLQJ WKH EHVW UHVXOWWRIFQN & RPLSDIQE HO/L DBICO
ZRUVW LQ VROH WUDGHUV 7KH LQGX§MHVVDZ WKH V\
WUDQVSRUW DQG PHOWRLFVWXUOH WKHLU KDOYHG QXPEH
DQG FRQVWUXFWLRQV FRPSDUHG WR WKH UHVW

7KH FRXQWU\ Rl WKH SURYLQFH DOHB RUWKRW LAHRQQMDUN ER
LQGLFDWLQJ WKDW &]JHFK H[SRUW XQGHUWDNLQJV VXU
5HJDUGLQJ JHQGHU FRPSDQLHVY PDQDJHG E\ PDOHV |
FRPSDQLHVY GLUHFWHKE BHVKPMOHW¥RUUHVSRQG ZLWK IL
D X WKR@ i@

$OWKRXJK WKH JRYHUQPHQW VXSSRYVW @ IWK YX\EXVLHFHN HVGF
FRXQWULHV FDQ DVN IRU DLG IRU WK HALKIDA\ PRI YWK@WD X
ROWKLUG Rl &]HFK H[SRUW HQWY X\sGRD VD E\RPKVMH PH '8 RUWH G
PDQDJHUV SDUWLFLSDWLQJ LQ W UBGMKIHD SWW DIQRX W [WHLIEL
&]HFK HQWUHSUHQHXUV DUH VOLJKW ®U WRIWHVDZOIFR R W'
VFKHPHV LQ WKH &]HFK 5HSXEOLF LQ BapcRRUIQFLQIOH ¢
,QYHVWLIJDWLRQV VXSSRUW IRU SUHVHIQYWXWDREW DEU
DVVLVWDQFH VHUYLFHV DEURDG HWF PBPbXVWOMAMN PLV
DGPLQLVWUDWLRQ SBRKH®RKQHRFARW[FREU@EHODWH ZLWK

&LYLOHN HW DO DUJXH WKDW PDQDJHUMWH® ®RHUHNUHS |
UHOD[HG DERXW WKH VXUYH\HG EDUUIGHUY WKDQ WKHLU
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7KH\ ZRXOG DSSUHFLDWH EHWWHU DFFHY¥WYW RHISRBWP D\
FRQVXOWDWLRQV XQOLPLWHG DFFHVV WRVLQIRUPDWL
SHUVRQDO VXSSRUW LQ WKH SODFHIQRFIL H VS/RKWRWEMHEV F 9 HQ
EH SULQFLSDO EXVLQHVYV SDUWQ B [BRUN (YD W IV®Q LDEOW
DSSOLHG E\ EDQNV PD\ DOVR JLYH YDOXD BGMW LQILRWANW
DQG VWUDWHILHYV 7KHYH@V @H RU @H OFRE RO KH-WWK

60(V H[SRUW DQG PXOWLQDWLRQD CHVDMQLRR DHGE VIHQ | DR
VSHFLILF FRQWH[W 6WXGLHV FRPSLCRN IJHRPWRUN B UH F
RQO\ SUDFWLFDO ZKHQ KHOSLQJ XQGHUVWDQG WKH
PXOWLQDWLRQTOUONIBOHRQOTOMWUDWH GLITHUHQFHV LQ
FRQVHTXHQFHV 2XU IXUWKHU UHVHIDY¥ K FARLE H [ROR U H
PXOWLQDWLRQDOL]DWLRQ WR H[DPLQH QRRD® POQWNHW F
VRFEROWXUDO GR¥POVEWRPSHICER@VKH VXUYH\ ZLOO
H[SRXQG XSRQ H[SRUW VWUDWHJILHV Rl WRGL DIQEXDO 6
LGHQWLI\ FRQVXPHU EHKDYLRXU

'"HVSLWH SOHQW\ RI VWXGLHV RQ WKHVRXOW ISRMWHLCR/QLEDX
FRPSHWLWLYHQHVY WKHUH KDV QRW EHHIWB HEWWURIDG FR
VXFPH® @ $OWKRXJK PRVW DQDO\WHY FRQILUP D FORVH
PXOWLQDWLRQDOL]DWLRQ DQG FRUSRWDWHOSH 8 URHYRDQN
ZLGHVSUHDG[D@UBHPHQPKMHU UHVHDUFK QHHGYVY DQ HIIHF
VXFFHVVIXO FRUSRUDWH PDQDJHPHQWR QHOQ HOFPWLLR)Q Gl
SURFHV®H® @7KH GHVLJQ ZLOO UHTXLUH UHYLVLQJ VXU
PDUNHWLQJ VWUDWHJILHVY DQG H[SORULQIJQ®HZ GHWH

FRPSHWLW @ H&® KV V

ORGHOV GHYHORSHG GHFDGHV DJR LIQRUHP BAKHLEMUUHQ
ZRUOGZLGH LQWHJUDWLRQ 7UDGLWLRQP®7PHWKRGV R
3(67(/ VHQVLWLYLW\ DQDO\VLV VRARXIOUW RLYWFZDD WHR R
QHZ FRUSRUDWH W\SRORJLHV REVHU YLLRSIOHIR HDWL WHR VW
EH FRPSHWLWLYH [Q@ OBRE® G@DXMUMKMIWWHVWYV XVLQJ D 6.
I[UDPHZRUN IRU D EHWWHU RULHQW D W\ RIQHIOE MQKIHORZO W
WHFKQRORJ\ 60(V ZLWKVWDQG WRGD\ V JBDREDORSUHVV X
DQDO\WVH WKHLU PDMRU SUREOHPV DQG -WKIN®OHQJIHV
FRPSHWLWL® HQ KWW GHOYH LQWR QHZ LVVXHV DQG G|
HYDOXDWH DSSOLHG WKHRUHWLFDO PRGHOM UPWUDWHJ
JURZWK ZLWK SUHYDLOLQJ WUHQGYV

Conclusions

'"HVSPWBA\ DYDLODEOH VWXGLHV DQG ILQGLQIWWKBOHRI
VWLUV XS DYLG L QWIRDAMWHNL QTHXIDULHWQDQAS VXUYH\V LQ
WHQGHQFLHY 6LQFH VHFRQGDU\ GDWD REWHPRDUG WR
PDQDJHUV DQG RZQHUV UHOXFWDQFH D\RG SRORN & J6\W W K |
UHPDLQ WKH SULRULW\ HIIHFWLYHOQ WVIHNISLLANI 6W K\H LS L
UHVXOWV LQWR FRUSRUDWH SROLFQHN[SIKRIUUB Y HD SR KW

Ro64 A



ActaPolytechniddungarica Vol.21, No2, 24

EDUULHUV LQ LQGLYLGXDO UHJLRQV 7KH6BWHVHQWHG

H[SRUW SRWHQWLDO DQG EDUULHUVY L[SRUVW) DHRMWALYQWCEC
UHJDUGLQJ WKH OHJDO IRUP DQG FRX@GWUV ®RDWNLKH SUI
UHVWDQGOWD|[ SROLFLHY YDULHG RYHU WKH FRXQWULHYV
FXOWXUH GLG QRW FRQVWLWXWH DQ LPSWGWHHOW WR
OLDELOLWYWRBNVRRBWQLHY VKRZHG WKH VWURQJHVW '\
WKH KLIKHFR® 1O WMKAHLWRIDQVSRUW DQG FRQVWUXFWLRQ

&ROOHFWLQJ GDWD RQ 60(V H[SRUW LVVXHV LQ LQGI
SURFHGXUDO LQWHUQDO DQG JRYHUQPHQW EDUULH!L
SROLF\PDNHUV WR DGRSW HIIHFWLYHLR[BRW WM [BRUMWHW L
GHYHORSPHQW SURJUDPPHV 7KH ILQGLQJV FDQ VXS
VWLPXODWLRQ SURMHFWY VLQFH PDQ\ FR)SRWWLHM GHYt
SURGXFWV DQG VHUYLFHV 7KH HIILFLHQWEY XDIWWKHVH
FRUSRUDWH VHJPHQWDWLRQ 3HURHLYREXVILQPVRQDFW
HQWHUSULVHV ZDQWLQJ WR RYHUFRPHSRUSRWWW EDULU
SURJUDPPHV 7KH FUHDWLRQ Rl WKH BHRMOWW VD QKGR XO
HQVXUH HQRXJK H[SRUW RSSRUWXQLWLHY LQ WKH PDF
VHFWRWALQDRWKHU UHVHDUFK YDULDEOHV H J QHWZR
LQVWLWXWLRQDO HIIHFWV ILUPV DGO SIMLO/®I DLEHD UWVH'
WR UHVHDUFK WHDPV FUHDWLQJ QHZ PRGH@WLDEG UD
GLPHQVLRQV 7KHVH DGGLWLRQDO DVSHRWNVAHVORKHO S
60(V PXOWLQDWLRQDOL]DWLRQ WKURXJRRRWQWKH HFR
2XU RXWFRPHV DOVR SURYLGH PDQDJHUV SRWIKF\PDNHU
YDOXDEOH LQIRUPDWRRQI OUMEKWXII UHHW\W DRI G K

7KLV UHVHDUFK KDV VRPH OLPLWDW LRR® W K&R R \W &L WORGH
RI HQWUHSUHQHXUV PDQDJHUV IURP 9 FRXQWULHV
FRQGXFWHG RQ D UHSUHVHQWDWLYH VDBBRMLBHUHVSR
IXQGDPHQWDO VFLHQWLILF LQVLJIKWVVEKW?7WIKH L ¥ DD YR
EHFDXVH WKZDVHWR{IGAMNKWHG XQGHU JRRG HFRQRPLF FF
FRXQWULHV VWXGLHG +RZHYHU LW P E D DN WOLH& WO
GLIIHUHQW QRZDGD\V ZKHQ WKH HFROQRWH \VZIRU WEH ZF
8NUDLQH KLJK HQHUJ\ SULFHV DQG KRIX L@I GDWLRH Ul
DVVXPHG WKDW 60(V ZLOO EH DEOH W®\ RRFH V. WK QVOK\H \

)XW XFHHQUMHMHPUFK ZLOO IRFXV RQ H[SORULQJ LQ PRU
RXWOLQHG IRU WKH LOQWHUQDWLRQDOLVDWLRQ RI 60(V

References

>@ .RUFVPiIURV ( 5HQiWD ODFKRYi 5 &KDIODHQJHV RI
6ORYDF-6PR¥XV RQ 2SWLPDO (PSOR\PHQW $FWD
+XQJDULFIRO 1R -
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\%

@9DUJD 'HILQLQJ WKH (FRQRPLF 5ROH DI)@WGC%HQHILW
OHGLXP]HG (QWHUSHRWOWXKQ\WKM K D 6\VWHPDWLF 5
WKH /LWHUDWXUH $FWD 3RORVHFKQILFD +XQJDULFD

@=LR4&R 0 .OX]D . .R]JXED - .HOHPHQ 0 I1LHG]LH
3DWWHUQV RI ,QWHUGHSHQGHQFH EHWZHHQ )LQD
,QVWUXPHQWYV DQG (QYLURQPHQWDO 'HJUDGDWLRQ
(8 &RXQWULHV ,QW - ¢®DIOVMRK 5HV 3XEOLF

@6]DER 6 3LOIW O ODNy 6 .RUEM®PHF3 YLPYIiINRY
,QFUHDVLQJ WKH HIILFLHQF\ R+$DEDNFHD MWW XI®\R XQ G
$HURVSDFH

@6WHKHO 9 9RFKRIJND 0 7KH $QDO\\GIG/HRBI IMDKH (FR
7TUDQVSRUW 1DVH PRUH 6,

@ .HOHPHQ 0 -HYpPiN - B6HFXULW\ ODQDJRIPHQW (GXF
&ULWLFDO ,QIUDVWUXFWXUH 6HFMWRRUDAY 6FIHIWOWAL ILF
&RQIHUBEBEHUHQGY LQ $YLDWLRQ 'HYHORSPHQW 17:

@3LHWURYLWR ) 3R]JJROR $ ) &UHED(W IFERQVWUDL
HPHUJLQJ DQG GHYHORSLQJ FRXQWULHV 6PDOO %XV

@&KDQH\ 7 /LTXLGLW\ FRQVWUDLQHG H[§RUWHUV -R
DQG &RQWURO-

@*DEDL[ ; ODJJLRUL 0 OLDWKULYDWLR®DW[FKDQJH
G\QDPLFV 7KH 4XDUWHUO\ -RXUQDO -RI (FRQRPLFV

@UHFNRYD([SRUW 3DWWHUQV RI 6PDOO DQG OHGLXF
(XURSHDQ 5HVHDUFK 6WXGLHY -RXUQDO

@LYHOHN 0 3ROIFK - AYLKOtNMRYQDO '"L3ADMUNQBH YV,
LQ WKH 3HUFHSWLRQV Rl ([SRUW 2EVWHDFO®V %\ 60/
&KDUDFWHULVWLFV (YLGHQFH IURP (XFRSHDQ &RX
BWHWLQHQVLD -

@LUJOHURYD = .OLHVWLN 7 5RZODWR = 5R]
,QWHUQDWLRQDOLVDWLRQ RI 60(V LQ 9LRBWDG *UR’
LQ %XVLQHVV (FRQRPLFV

@HWUXI 0 .RUED 3 .ROHViIiU -WBRQMWSERRIWDRIILK@
1Dd&H PRUH ]J]QDQVWYHQL pDVRSLV ]D PRUH L SRPRI
, VVXH-

@ XappD .RUED 3 +RYDQHF O "XOLXYDWHPVIKH XVE
DV D WRRO IRU PRGHOLQJ FRQVWUXFWDR® HOHPHQ
PRUH J]QDQVWYHQL pDVRSLV ]D PRUH L SRPRUVWYR
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[

\%

@*DYXURYD % %HODV - %LODQ ODWRWDNQG 6W

DGPLQLVWUDWLYH REVWDFOHV WR 60(V EXVLQHVYV
6ORYDNLD 2HFRQRPLD &RSHUQLFDQD

@\RE $ + )JUHL[DQHW - ,QVLJKWV LQWRVSXEOLF I
LQ DQ HPHUJLQJ HFRQRP\ 7KH RI¥D® X WOLLRAD \VQ 6 Q
SURJUDP SODQQLQJ

@LONLQVRQ 7 /I %URXWHBGM SURPRWLRQ DQG 60( H
S HU IR U mter@afidhal Business Review -

@Q'NDFRYD $ *DYXURYD % 'DONR - RIHSHO O
HYDOXDWLRQ RI HFRQRPLF GHWHUPLQD@WV LQ SXE
60RYDNLD LQ ! 2HFRQRPLD &RSHUQLFDQD

@RFLVRYD . *DYXURYD % %HKXQ 0 &]HFEHK HYDOXDYV
DQG 6ORYDN EDQNV 2HFRQRPLD-&RSHUQLFDQD

@HRQLGRX / & $Q DQDO\WVLV RI WKH HDPIRUWUV KLQ
GHYHORSPHQW -RXUQDO RI VPDOO EXVLQHVV PDQD.

@HRQLGRX / & .DWVLNHDV & 6 3DEOLKRZDGDQD

DQDO\WLFDO UHYLHZ RI WKH IDFWRUVUWVLPXODW.L

,PSOLFDWLRQV IR LQ BRIQLFD VP DRGLE ODUNHWLQJ 5HYL
1R S-S

@/ HVIRP * [XW] & $ FODVVLILFDWQRPVRRIHY®ROW PLC
DQG PHGLXP VL]JHG PDQXIDFWXULQJ ILUPV LQ G
,QWHUQDWLRQDO MRXUQDO RI HMRHUJIS@J PDUNHWV

@DKL\D ( 7 ([SRUW EDUULHUV DQG BPSIXKUWRRIQQWH U
RI FRQYHQWLRQDO HQWHUSULVHV DQG LQWHUQDW
,QWHUQDWLRQDO (QWUHSUHQHXUVKLS

aowdQwbu 0 + 7TRNRO 7 +B [ESFRUWW EDUJTWHHHM HRF
SHUFHLYHG H[SRUW SHUIRUPDQFH $Q NRSLULFDO U
(XUROHG -RXUQDO RI EXVIR) HWV 9RO

@DWDYBOL$\DOD - & *LO $ - G5GROBRLW - [
EDUULHUV IRU (KURSHRQEHMHEOUFK RQ ODQDJHPHQW
(FRQRPLFV

@UWHDJD(2UWL] - )HUQIQGH](2UWLIH H[SKUWRQ W
EDUULHU PHDVXUHPHQW VFDOH" $Q HPOULLWHBDO DQDC
HQWHUSULVHV -RXUQDO RI 6PDOO %XVLQHVV 0DQDJ

@.DUD\DQDQ 9 ([SRUW %D UULNUM R UQBEPHDUDS D\DHGV O k&
JLWHUDWXUH 5HYLHZ EDVHG RQ /HRQLG X ORGHO
(FRQRPLFV 5HYLHZ -
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> @DKL\D ( 7 )LYH GHFDGHV RI UHVHD DB ROWH{SRUW
GLUHFWLRQV ,QWHUBYDMWZRQDO %XVLQHVV

[ @$QWRVNR O .RUED 28®H 6DXERZDY DLUSRUW VHSDU
,QIRUPDWLFVY JHRLQIRUPDWLFVY DQG UHPRWH VHQ
OXOWLGLVFLSOLQDU\ 6F6HQWLILF *HR&RQIHUHQFH

[ @'aXQGD 'IXURYpPLQD ®YVNE.RBED &VpIDOYD\ =
+RYDQHFKHB 8:% UDGDU DSSOLFDWLRQ LQ WKH DYLD
$SSOLHG 6FLHQFHV

[ @)] /$QGRJIDBFKUHLQWHQHGPRYDQHERWED 3
6LPXODWLRQ DVSHFWV Rl DGDSWLYH BREWURO GHVI
((( YSQWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOL.
,1(6 -

> @/RYH+- 5RSHO( BQQRYDWLRQ H[SRUWLQJ DQG JURZ
HILVWLQJ HYLGHQFH ,QWHUQDWLRQDO-6PDOO %XVL

[ @5R\ $$HNKDWOW\D®Y %DUULHUV WR LQWHUQDWLRQDOL]L
VPDOO DQG PHGLXP HQWHUSULVHV LQ ,QGLD -
(QWUHSUHQHXUVKLS

[ @&KDQGUBPDXPO &KDYDQ,QWHUQDWLRQDOL]DWLRQ EDUU
IURP GHYHORSLQJ FRXQWULHY D UHYRBDMDMQG UHV
-RXUQDO RI (QWUHSUHQHXULDO %HKDYLRU 5HVHDU

[ @+DGGRX& -RQHVIBZEHU\([SRUW LQWHQWLRQ LQ GHY
FRXQWULHV FRQILIJXUDWLRQ DSSURBKK QMROPPDIQDJH
6PDOO %XVLQHVYV ODQDJIJH®PHQW 3O0\PRXWK

>S6@O0HQG\ 5DKPDQ $8SOLFDWLRQ RI KXPDQ UHVRXUFH F
XQLYHUVDO PRGHO DQ H[DPLQDWLRQ RNSRHRSOH YH
LQWHUQDWLRQDOL]DWORKY HRAR 60 Q/J LKR PQWADO 7K X Q
,QWHUQDWLRQDO %XVLQHVV 5HYLHZ

[ @.DKL\D7 ("HDQ /' ([SRUW VWDJHV DQG H[SRUW EDUUL
WUDGLWLRQDO H[SRUW GHYHORSPHQW HZAXQGHUELU
-89

[ @3DXO3DUWKDVDYWDSVMKD ([BRUWLQJ FKDOOHQJHV RI1 6C
UHYLHZ DQG IXWXUHRXHWHDURK RUHDGE®BH XVLQHVYV

>S)@DQRORSRXQRDPWIRSRXORWWDPUBGVRXUFHY KRPH
LQVWLWXWLRQDO FRQWH[W DQG 60(V] H[SRUWLQ.
FROQWLQJHQRWHUKMMWLRQDO %XVLQHVV 5HYLHZ

> @DX06&23( IUDPHZRUN IRU 60(V $ QHZ WKIBRUHWLFDO
LQWHUQDW (RQRSH PIMWALR@DIJHPHQW -RXUQDO
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> @3XLJ *RQIDMRKUHLURDXUL 53XQ@QLQJ IDVWHU DQG MXP
KLJKHU" 6XUYLYDO DQG JURZWK LQ LQWHUQDWLRQTU
,QWHUQDWLRQDO 6PDOO %XVEQHVV -RXUQDO

[ @0XVWHHODWWD %XWW¥F '® LQWHUQDWLRQDO QHWZR
IRUHLJQ PDUNHW NQRZOHGJH IDFLOLWDPHH 60( LQW
IURP WKH &]HFK 5HSXEOLF (QWUHSUHQHXUVKLS 7

[ @7HUMHVHQ 6 +HVVHOV - /L ' &FSRSIIUDWNMKHI QW
D UHYLHZ DQG UHRXDQBR RIHNQ@DIHPHQW

> @RULDGR "RER®@ 6/LQNLQJ JOREDOL]DWLRQ RI HQWU
VPDOO RUJDQL]DWLRQV 6PDPOO %XV (FRQ

> @HHODBMWUQDG = *DYXURYD % &HSHO 0 %XVLQHV
YDEWRUV 5H&RHD UFIXQDJHPHQW 3R BODKW FRXRJ QDO R
ODQDJHPHQW B6VWRGLHVLIBS-

[ @' YRUVNV.R{XELNRY.DMXPQLNRYODQRYRZQHUV YV
ODQDJHUV 'LVSDULWLHV RI $SWWLWXGHFHRQ@ WKH 9% X
$PILWHDWUX (FRQRPLF

[ @.OMXpQLNRMR]XEtNRWBDNHNRYKEB (QWUHSUHQXULD
3HUFHSWLRQ RI 60( %XVLQHVV (QYLURQPHQW 4XDOL
-RXUQDO RI &RPSHWLWLYHQHVV

[ @.OMXpPQLNRYHOHMOLPHEDUDQD[SRUW ULVN SHUFHSWL
RI 60(V LQ VHOHFRK®@WUVHYUQGXLOLEULXP 4XDUWH
(FRQRPLFV DQG (FRQRPLF 3ROLF\

>S9O@6REHNRYi ODMMNRIYSHODWLRQVKLS EHWZHHQ WKH 5LV
WKH ,QWHUHVW 5DWH DQG WKH $JH RI -RXWIQHDU HQ H X
Rl & RPSHWLWLYHQHVYV

[ @.OLXFKQLNIXWD,PSDFW RI WKH 3DQGHPLF RQ $WWLWX
60(V LQ WKH &]HFK 5HSXEOLF ,QWHUQDWLRQDO -I
.QRZOHGJH -

[ @%HOIV 6RSNRYi $* ORGHO Rl (QWUHSUHQHXULDO 2
7UDQVIRUPDWLRQ LQ %XVLQHVV (FRQRPLFV

[ @%HOIV%L:ODQOMXpPQLNRYFS$SURYDFKipHMFWXDO
SUREOHPV RI EXVLQHVV ULVN LQ VHJPHQW 60( &D
,QWHUQDWLRQDO -RXUQDO RI (QWUHSUHQHXULDO .Q

[ @ODFKRYDIRFKRINDSQDO\VLYV RI EXVLQHVV FRPSDQLH
DUWLILFLDO QHXUDO QHWZRUNV ,Q -LF+RUDN (G
6\PSRVLXR OLOHVWRQHV DQG 7UHQGV RI :RUOG (FRC

9a7(
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[ @6RSNRRpPLARYIHY ,QGLFDWRUV DQG "HWHUPLQDQWYV L
WKH )LQDQFLDO $VSHFWV RI +HDOWGLANWWBRYVLIH 6H

> @7XULVRYi 5 S3DpDLRYi + .RWLDQRYi = 1DJ\RYi
.RUED (BDOXDWLRQ RI HODLQWHQDQFH $SSOLFDWLF
9HUVLRQ RI WKH6X¥WDORQ@BEGLOLW\

[ @ULHVWHQUNMKPpGLNRSHQWLILFDWLRQ RI WKH .H\ )D
6 XFFHVVIXO +RVSLWDO ODQDJHPHQW LQ 60ORYDNLD {

[ @OHOQLNRYD / &LEHU®WRYDGLQJIJRUWWNDIQLQJ DLUSRL
,QIRUPDWLFV JHRLQIRUPDWLFV DQG UHPRWH VHQV
6*(0 WKQWHUQDWLRQDO 0XOWLGLVFLSOLQDU\ 6F]
6*(0 Ss-

[ @ DUWRYV 9 9RFKRIND)DQL U -DORONHR RBW RXHIHOHJIH
PLQLQJ FRPSDQLHVY $FWD ORQWDQLVWLFD 60RYDFD
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