
  
   

 

!"#$%&'#() *+ ,#%-% . /%,-#!0 
!"#$%&'(" ) *"(+',-(% ."&'#/0",/ 

*"/'11-( *'/"#-'1% 2(-",(" 3,-/ 4**25 

 

 

1234556789: 3; <=5 #8<528><738>? @38;525845 

 

 

A/&A'#*" BCDD 

A/&A'#*" E%A& &%'#'(A"( A,,*)%F EG#(% @A'( #&*"' +*& &*,,#"- A"F 1!,$%&#H#"- 0#,,' 

 

 

 

 

 

 

67-/$#% 

8#9 .#9 :#9  ;'(<="1-," >6?@*A6BC6?D6E2 

:#9 ;F#G0" A(+$=H',I A?J3:K.;!KL 



 !"#$$%&'()* "+* ,-$* .',$!'/,&"'/0* 1"'+$!$'#$* 23425.67* 89::* ;2<!/)&"'*=$/!*

4$)&),/',*200">$%*=-&,$*1/),*.!"')*+"!*4"00&'(*/'%* ?0@$!&A&'(*B&00)CD*E,-*F%&,&"'*

-$0%*/,*,-$*G'&@$!)&,>*"+*H&$($D*3$0(&?ID*2?(?),*8:J8ED*89:: 

*

F%&,"!)K*  !"+$))"!* L!M* .!M* N/#O?$0&'$* HF16BPFJ3F1QF45* /'%* .!M* NR!SI$*

P#-"?+/'(*P1TG.7LN27U*

*

V*89::*G'&@$!)&,>*"+*H&$($D*3$0(&?I*

*

!"" #$%&' #()(#*(+, 

*

7"* W/!,* "+* ,-&)* <""X* I/>* <$* !$W!"%?#$%D* ),"!$%* &'* !$,!&$@/0* )>),$ID* "!*

,!/')I&,,$%*&'*/'>*+"!I*"!*</>*/'>*I$/')D*$0$#,!"'&#D*I$#-/'&#/0D*W-","#"W>&'(D*

I&#!"+&0I&'(D* !$#"!%&'(D* "!* ",-$!Y&)$D* Y&,-"?,* Y!&,,$'* W$!I&))&"'* +!"I* ,-$*

W?<0&)-$!M*

*

*

*

*

7"*!$)W"')&<&0&,>* &)*/))?I$%*<>*,-$*W?<0&)-$!*+"!*/'>*&'Z?!>*/'%["!*%/I/($*,"*

W$!)"')* "!* W!"W$!,>* /)* /*I/,,$!* "+* W!"%?#,)* 0&/<&0&,>D* '$(0&($'#$*",-$!Y&)$D* "!*

+!"I* /'>* ?)$* "!* "W$!/,&"'* "+* /'>* I$,-"%)D* W!"%?#,)D* &'),!?#,&"')* "!* &%$/)*

#"',/&'$%*&'*,-$*I/,$!&/0*-$!$&'M*

*

 !&',$%*&'*3$0(&?ID* !&',*GWD*4?$*T/>$,,$*:\3D*E:]9*F)'$?^*

*

-./01 23456547865796:57 



 ! "#$%& '"())%$$  '

"*+%,)+-'

./012'3/2'%/2'456789:;<9'= "()$ >? "@ ,A'
University of Liege – Belgium 

 

=("+='(,B+-%C%-B'"())%$$  '

./012'3/2'%/2'456789:;<9'= "()$ >? "@ ,A'
University of Liege – Belgium 

./012'3/2'D5E8F;/0')+$A#?+,+'
Kurume National College of Technology - Japan 

Chairman, Board of Trustees, Fukuoka Jo Gakuin - Japan 

./012'G5H;9<<9'3 =+#-(%A'
University of Mons – Belgium 

%/2'4I/0J9'$6F0815<K'$"*#%-34+-B'
University of Liege – Belgium 

)/2')5/;0'A%--+ & '
Marichal Ketin – Belgium 

%/2'495<>.;9//9'?, D ,'
JPB Consulting/Marichal Ketin - Belgium 

'

%-$ ,-+$%(-+='+3&%A(,D'(,B+-%C%-B'"())%$$  '

./012'3/2'D5E8F;/0')+$A#?+,+'
Kurume National College of Technology - Japan 

Chairman, Board of Trustees, Fukuoka Jo Gakuin - Japan 

3/2')5/;0'?(""+=%-%L'4/2'
IPT – Brazil 

./012'3/2'D8<K>-;<K'.+-'
Taiwan National University - Taiwan 

)A6'$0JJM'-D=N-'
Eisenwerk Sulzau Werfen - Austria 

./012'3/2'A8OE5P0/<'%-$*%3 "*'
Mahasarakham University - Thailand 

./012'3/2'+J;:Q0<'A%-+$(,+'
Sao Paulo University – Brazil 

3/2'(J9/'3(B+-'
National Research Center - USA 

./012')5EE;J0'. ==%CC+,%'
University of Trento – Italy 

./012'3/2'@50/8'D+)+)($('
Kurume National College of 

Technology - Japan 

./012'3/2'$5P5Q9/8'#) 3+'
Chulalongkorn University – 

Thailand 

./012'3/2'A9Q80'+A('
Akita University – Japan 

3/2');QE80'*+A*%)($('
Fujico Co. - Japan 

)/2'!89K5<K'C*#'
Sinosteel Xingtai Machinery & Roll 

Co., Ltd. - China 

"(-G , -" 'A ", $+,D'

)/E2',0E;<9'.%,A(-'R'%/2'4I/0J9'$6F0815<K'$"*#%-34+-B'
University of Liege – Belgium 



 !"#$%"&'

 

!"# $ %&'()*+, - .+,/#'#,0#) +//#' (, (12+)3 4,*54# +66+'34,*37 3+ 8(3"#' #9#'7 3"'## 7#(') 6#+61# 

:+';*,8 *, 3"# /*#1< +/ (&'()*+, '#)*)3(,3 "*8" 0"'+2*42 *'+,) 3+ &# 4)#< *, '+11*,8 (,< 6419#'*=*,8 

2*11)> !"# :#11 (<<'#))#) 3+6*0 (,< 3"# )2(11? &43 9#'7 (03*9# '#)#('0" 0+224,*37 ('# 3"# ;#7 /(03+') 

/+' 3"# )400#)) +/ 3"*) #9#,3> !"# @,*9#')*37 +/ A*#8# '#0#*9#) 3"# +'8(,*=(3*+, &7 *,"#'*3(,0# /+'2 

B4;4+;( CD(6(, EFFEG? HI+ J(41+ CK'(=*1 EFFLG (,< !'#,3+ CM3(17 EFFNG> M3 '#6'#)#,3) ( 9#'7 3+48" 

0"(11#,8# /+' 3"# 1+0(1 +'8(,*=*,8 0+22*33##? &43 3"# #,3"4)*()2 3+ "+)3 *, A*#8# (0(<#2*0 )3(// (,< 

6#+61# /'+2 3"# *,<4)3'7 0+2*,8 /'+2 (11 ('+4,< 3"# :+'1< :() 3++ &*8 3+ '#,+4,0# 3+ 3"*) 

+66+'34,*37> 

 

!"# ,42&#' +/ 0+,3'*&43*+,) /+' 3"*) /+4'3" #<*3*+, 0+,/*'2) 3"(3 3"# *<#( +/ 6'+/#))+' O(3)4&('( 3+ 

6'+2+3# 3"# 2##3*,8 &#3:##, @,*9#')*37 (,< M,<4)3'7 :() '#(117 '#)6+,<*,8 3+ 3"# #P6#03(3*+,) +/ 

&+3" 3"#)# )4&Q#03)> H0*#,3*)3) (,< 3#0",*0*(,) +/ RE 0+4,3'*#) :*11 (33#,< 3"# 0+,/#'#,0#S %4)3'*(? 

K#18*42? K'(=*1? B'(,0#? T#'2(,7? M3(17? D(6(,? H6(*,? H:#<#,? !(*:(,? !"(*1(,< (,< !4';#7> !:#,37 

"*8" 54(1*37 0+,3'*&43*+,) <#(1*,8 :*3" )+1*<*/*0(3*+,? "#(3 3'#(32#,3)? 2*0'+)3'4034'(1 6'+6#'3*#)? 

+P*<(3*+, (,< :#(' '#)*)3(,0#) :*11 &# 6'#)#,3#<> 

M &#1*#9# 3"(3 3"# 6'#)#,3 6'+0##<*,8) :*11 0+,3'*&43# 3+ 3"# #P3#,)*+, +/ ;,+:1#<8# *, 3"# ('#( +/ 

)0*#,0#? '#)#('0"? <#9#1+62#,3 (,< (661*0(3*+, *, %&'()*+, U#(' V#)*)3(,3 %11+7#< .()3 M'+,) /+' 

V+11*,8 (,< J419#'*=*,8 O*11)> J'+0##<*,8) ('# (1)+ (9(*1(&1# *, ( .W V+2 9#')*+,> 

% )6#0*(1 3"(,;) 3+ (11 6#+61# 0+,3'*&43*,8 3+ 3"# +'8(,*=(3*+, +/ 3"# %KV%HMXY EFRR? 3+ 3"# ,#('&7 

*,<4)3'*#) Z;#')? %'0#1+'? [HU? TJ? O(8+33#(4P? O\? (,< 3+ 3"# .VO T'+46 /+' +//#'*,8 3"# +66+'34,*37 

+/ 3"# 3#0",*0(1 9*)*3 3+ 3"# V#)#('0" 61(,3 *, A*#8#> 

 

!"# .+,/#'#,0# ."(*'2(,? 

 

J'+/> W'> M'> D(054#1*,# A[.XO![]K[.\[VH 

 

 

 

 



 !"#$%&'%(&)*$)*+%
%

%

,--%.&##+/%'.&0%.$+$!.12%3)4$+*35!*3&)+%*&%*2$%03##% !"#$ %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &"#%

 !""#$%&'())*++,-*&!./&,01234%&5-( (,&

&

&

 .!)+'&.0!*3&)%12!.!1*$.3+*31+%&'%*2$%2!.6'!13)5%6$7&+3*+%"8%2!.6%7!.*31#$+%1&.$%+2$!*2$6%

$#$1*.&6$% '"($& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &)#%

624"7%&,689&:#3%;7<#&*=(9&>%17%&=8>*6:*9&67<2.&:8?9&=2.@#AB#&8:C?D*&!./&E%"B#.!3#&=8 ,56?&&

&

&

9$2!43&.%&'%,!.6)$++%!)6%:$*!3)$6%;<+*$)3*$%6<.3)5%-<"1.3*31!#%,$!*% .$!*0$)*%&'%,352%

(2.&03<0%(!+*%=.&)+%>3*2%?&#8"6$)<0% '"*$& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &++%

67/"!<%3.&*>5:*F(D:9&'3!"%.<&6-*D:,-8(>D:,*&!./&E!"7B#3%& ,56?G,-,&

&

&

@$!.%:$+3+*!)1$%(2!.!1*$.3+*31+%&'%,352A(.%@23*$%(!+*%=.&)+%&'%B!.3&<+%;##&83)5%

(&07&+3*3&)+% '")$& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &(,%

E7.H@>#.H&',>9&6B2.H@:!7&I,>C9&=!%37&E, ,8589&>%17;!&6,6,C?-*&!./&E!"7B#3%& ,56?G,-,&

&

=)'#<$)1$%&'%,352% $07$.!*<.$%,$!*% .$!*0$)*%&)%3)%+3*<% .!)+'&.0!*3&)%&'%?&A.312%

C<*$1*31%(!."36$+%3)%,--%!)6%-$03A,--%D.!6$+% '#-$& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &-#%

JK3L$2&5AB%7M!.H&5D:?*>FJ,>C9& !3#%&6*>>,(N(9&!./&J!AO720#.2&)(D8 5(@G(D=(-6&

&

&

=)'#<$)1$%&'%(&"!#*%(&)*$)*%&)%,$!*% .$!*0$)*%9$2!43&.%!)6%;".!+34$%@$!.%(2!.!1*$.3+*31+%

&'%?<#*3A(&07&)$)*%@23*$%(!+*%=.&)% '",$& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &**%

>%17;!&6,6,C?-*9&E7P%&E8=8 *+89&=!%37&E, , 858&!./&E!"7B#3%& ,56?G,-,&

%

%

 .3"&#&58E%!%#&++%#$!6$.%'&.%*2$%(2&31$%&'%>$!.A.$+3+*!)*%:&##%?!*$.3!#+% !"+$%

,/3#2.& ,C>((&!./&J2!.@D0!7/2&:(- ,>& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &./&

%

%

F$4$#&70$)*%&'%G$>% 87$%=)6$'3)3*$%(23##$6%F&<"#$%H&<.$6%(!+*%=.&)%I=(FHJ%@&.K%:&##%

>3*2%,352$.%@$!.%:$+3+*!)1$% '#"$& %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &/#%

:!Q#$2& 8-*=,I,&!./&E74!<!&56?J* 858&

%

%

C.&+3&)%12!.!1*$.3+*31+%&'%2352%12.&03<0%1!+*%3.&)%!*%2352%*$07$.!*<.$%&'%LLMNO% '#)$&%%%%%%% &#"#%

=!P7$#AB#&6:* *+?9&R#.1!&E,(-9&:#3%;!&:,-,&!./& !"!B#4%&5,>,=,&

&

&

C''$1*+%&'% 3E%B%!)6%G"%1!."36$%&)%*2$%7.&7$.*3$+%&'%=(FH%1!+*%3.&)%'3)3+23)5%.&##+% '#*$& %%%%%%%%% &###%

S!1#2..2&F(),?>8*69& !3#%&6*>>,(N(&!./&NK3%.#O72&N*5-E&

&

&

&

&

&

&



 !"#!$"%&'($)*'+,""-'+.""/+'01#'*1.'#1//$2)'3$//'#1//+' !"#$% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&& %'#( 

 !"#$%&'(()*+,+%-".%

 

 

!"#$%&'( )($# *(%&%+$,-( ./ 012.(3+(-+&- 45 6+7 $,8 95 6+7 :# :$%+ ;#.,% 6&+< 

=.>1"8(,3? !"#$% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  '() 

)//!0#/%(1''23)-',45%6780!9$":%+,;1+<=(15%2"!0$:9%63+(1)3'=,(1)+5%>!$"7%?) ) ';'5%

,$@7A!%6)6)4B3+%!:8%?!07C#"$% );6B&)3)%

 

 

).#@ *.>> A3#/$-( B(C#$8$+&., &, 0.+ *.>>&,CD ., %&+( $,8 >$".#$+.#1 ('$>3$+&., ?(+<.8% 

!"'*% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  '+, 

6.%D*) =,;5%4.%E)* )45%-.% )*&3),(>=5%4.% '3=)6%!:8% !"#$%6+,,)=F=%

 

 

E(6 6($# #(%&%+$,+ -$%+ $>>.1% /.# 3%( $+ (>('$+(8 +(?2(#$+3#(% !"#'% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  ',' 

4G"C!"8%4=F=* ),,%!:8%EG":G"%;1=+6=,%

 

 

F//(-+% ./ !>>.1&,C F>(?(,+ ., :.?2#(%%&'( $,8 )($# G#.2(#+&(% ./ =3>+&H-.?2.,(,+ )<&+( 

:$%+ &#.,% /.# A+((> *.>>&,C =&>> *.>>% !"''% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  '*) 

 #/07$%1)61+ ';'%

 

 

B$?$C( =(-<$,&%?% ./ 0A= ).#@ *.>> I#$8(% /.# *.3C<&,C A+$,8% H J#&".>.C&-$> 

!22#.$-< !"'+% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  '-) 

(!/CG"#:G%F=34,=5%'.%-''65%(H!78G%4)62)3<5%-$0G%;+,'('5% $C!IIG8% 'B-+&5%(C"#0/#:G%&'1=35%

!:8%D!"C!8%3=J)+K)3+)%

 

 

;,/>3(,-( ./ !>>.1&,C F>(?(,+% ., 0&C< J(?2(#$+3#( 0$#8,(%% ./ =K:L :$#"&8( &, 0&C< 

:<#.?&3? )<&+( ;#., !"#*% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  .#' 

>!$"7%?) ) ';'5%,$@7A!%6)6)4B3+%!:8%?!07C#"$% );6B&)3)%

 

 

;,8(/&,&+( :<&>> *.>> =$+(#&$> M 0&%+.#1 $,8 B('(>.2?(,+ !"'-% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  .'' 

;$IIA%,?*=,%%

 

 

=&-#.%+#3-+3#( :<$#$-+(#&N$+&., J#&$> ./ 0&C< O$,$8&3? :$%+&,C% /.# :#3%<&,C =$-<&,( 

G$#+% ./ *&-( 03%@ !"#-% &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  ..) 

;!9!/G"7%B =<)%!:8%1#"7:H!@C%(1);(1)+%

 

 

F//(-+ ./ (#.8(,+ 2#.2(#+&(% ., (#.%&'( 6($# "(<$'&.3# ./ <&C< -<#.?&3? -$%+ &#.,% !"'(% &&&  ..- 

>G:/!%>B6B ';'5%>!L7I#MC#%61+ +JB5%N#:@!%?)=35%1#"$A!%1)3)%!:8% !0!C#/$%;),)>)%

%

J$">( ./ ;,8(P $,8 Q(16.#8%  &&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&  .)+ 

 


