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1'U1~"il1mmn111br111~~ b'll'U r1'1r1111Jbr1'U , r1'1r1111Jbr1;c1~, Fi1r1111JtJ~ eJ~ .ffc1 , 

A1m1 b'U~ c1m tJ'lleJ-:J-8'U-:i1'Ubl1el 1~·fom1~ mi br111::~V11mb'VI\Jl bb~~tl11 tJ~ fl11bbflU n 1V111 'Lifl11eJeJflbb'U'U ~ , ~ gt 

1.8 fl11b~ll'U1~~'Vl5.fl1'W'IJe)-:J-:J1'Ue)e)flbb'U'U'Vl~e)'Q'Umru'Vl1-:Jfl~ 1'LI-:J1'Ubllrlrl1'Vl1eJUfli (Optimization) 

2. 1::t1::b1~1nT~tJn 

~·fo n11m fl"il~ 1~ f 'U n11m nvY-:i1 'Uil1fl'Vl{]"cl~ bb~~il1rl'Ufi'U~ L~ ci'Vl'U1 ci-:J1'Ui-:i fl~ fl11J~ \PlJ'U1~ iieJ 

bb1-:i-:i1'U V1~ eJV1tl1c1-:i1'U~b~c11oifeJ-:i 1~c1~nmm1tlm11'U1'U 30 -&111l-:i 

3. fHU~3.J'U~"llv.:i~fun11tJn . " 
3.1 ii r1111Jf ~'LI;51'U 1 'LI1;11'1J1 bfl~eJ-:in~ m~'U1'U n11n11i:..i~ \Jl'Vl1-:J eJ \Jli;11V1m11J 'Vl~eJri eJ 1J~1 b\Jl eJ { " "' . 

bvicJ'U b vi11~~'\J tJ1"1J. t'U 1 tJ iim11J1;1'U 1'1~1'Ufl11eJeJ mb 'U'Ubfl~eJ-:i~mn~ bb~~i:.J~\Jl.flW6VIL 'UeJ\Jl l;11V1 m11J • 
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zjB~B : 1vrt n11'11'1B-.:ibb":::1 bm1:::,..;1"11111 bb~-.:i bb 1-.:i"1Ja-.:ii'U~1'U'Vl1-.:irrn lu-.:i1m1Jl'll'l1'Vl1B'W n~ 
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~1mnru6r!Ll.J°'IJ BcJff) 1{ BcJ'1::: 60 J-.:i.n11'l'Vlqis6 bb'1:::.n11"1u5u~ ~-.:i'<il:::~B'"J1~1'Un1';itl n bb'1::: 1~1''1.Jl~'U ~';j 

'<il1 n m11i\9l!'U 1~ija bb 1 -.:i-.:i1'U 

., ... Q 

5. 'Vi1"llel1"!11 
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6. b 'Uel'Vi11"111 

10022739801 'Vi~nn1';ibb6'lt'U1ili~1 'Un1';ielelnbbU\Jb~~eJ.:Jimn6'1 

-r~ f;lth::~.:i fh1 ~1"!11 • 

fl1el5U1~';i1~1"!11 
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(2.5: 0.5) 

Pi nis1 b~ cJ1 n'U15 n11bb":::m:::'\J1'U m1m1aamb 'U'Uvi1 -5"1 'U'IJ -.;i-.;i U'U -.;i \il~ B'U bb":::-.;i \il bb ~-.:i 
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1 'Um1aamb'\J'\Jbl'l~B-.:i~mn" 

~ mJij,J~ b~ cJ1 fl'\J f1111 bl'l';i1 :::,_.; m:::'U1'U n1';i~ ~ n\91B-!l 1 'W f111BB n bb '\J'\J 
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(2: 2) 

1~fl'U'j::~-3f'l'j1cJ1"tf1 . ' ' 

b vi a1 ~ef b'U 1-f'u n1J~ nv'UJi!?l1lJ1J~1 bf\J1~~ J 'lfo 'U'U'UB~':il ~ b6U Bil~ B 1 mri~ v~-.5" m 
~ ~ . 

bb~~a'lJmru~1~ 1L~ • 
fl1e)fi'IJ1cJ'j1 cJ1"tl1 

131 n~1 b~ cl1 n'll n1 d n1Vl'U ~ d 'lJ bb 'U'U'U a~ n1d bi' aii~· a bb~ ~d 'U bb 'U'U'UB~ n1 d bf\~· B'U L Vl1 
~ ~ 

'Uv~a'lJmu.fo~~.ff 'U?1°1mfl~·a~imn~ n1d1iff1i~ Constraint bb~~ Joints 1'Llmd1-Jm1mfmf'U'B 
• 

'UV~d~'U'UVrnn~ 

tJ n'U n'U°i bM cl1 fl'U n1J fl1Vl'U~ fl1 f\11il~iJi'U'5 n1J bfl~ e)'U L Vl1'Uv~i'U~1'U'Vl1~ n~ 

10022739803 ,.h::a.fl'Vl"tlel-3bb 'j,3bbl;l::Jl1J::fl1'f~
1

'U 1 'Vll;l~ 

1~rith::~-3f'l';i1cJ1"tl1 • 

(2: 1) 

bvla 1 ~~b i1-r'U md!i na'Udm i1 h-rr'U(,1B'Umd~~ri1 bb~~ n1Vl'U~ f\UJ?liJ'U°i'UB~ bb d~ 1 'Ud'U bb 'U'U 
~ . ~ 

fl1elfi'U1 cJ'j1cJ1"tf1 

Pin~1 bMcl1n'U-rr'U(,le)'Umdn1Vl'U~\111 bb 'Lid bb~~'U'U1~'Ua~ bb d~ 

~ n'U n ,j'&j bfi° cl1 fl 'U n1 d 1?1 fl 1 bb d ~ bb~ ~.n 1 d ~ b Vl~ ~ ddi! ii~ n 1 db(;)~ cl ii.ff 'U~ 1'U 1-J b Vlil 1 ~ ?Iii 

bb~~?!1ii1J~fl1Vl'U~fl1.f11J~ b Vl~~ 1~ 

10022739804 n1'ji-3fl1bbl;l::b~~mJ 1 ~~b yjel1bfl';i1::~ 

1~mh::~-3f'l'j1cJ1"lf1 • 
b Yla 1 ~~fomd!i n?11mdffu11 vJ~'U1i1?1n~ ~1~., ii1vr1~1'U ~1iin'U 1~ bb~~mJb\;'l~clii 

~ • I 

f\11il~ili'U'5'1Je)~n1Jbf\~e)'U LVl11 ~b Vlil1~?!iib vlvn1J1 bf\J1~~fl1f\11ilbb ~~ bb J~\;11il'1~m ~f\11il?l'U h 
• 

fl1elfi'U1 cJ'j1cJ1"lf1 

(2: 3) 

131 n~1b~ cl1fl'Un1J'U1b'U1 bb~~?!·~aan 1 vJ~~1'U CAD '11n'U1iJ?!~~t'U 1 b vi ml'1m1'1i ~1'U 

';l1iifl'U';i~Vl11~n1Je)e)nbb 'U'U n1';ifl1Vl'U~Yl~ni'U'Ue)~.f11';j~ 1 Vl~~m m 'Un1';i1 bf\';i1~~ 

~ n'lJnir&i b~ cl1fl'U n1J'U1 L yJ~ '11 n.n1cl'U e) nii11 ~ 'U n1d'Ud~ nv'U b 'U 1~ 1 cl fl'U b 'U'U.ff 'U?t1'U 

V11~ n~ 1 'UJ~'U'U er(;) 1 'U~&i bb~ ~ bilflfl1'mm1 n~ Y-lf Bil mdm1':il?!B'Ufl11il~ mi a~'U a~d'U bb 'tJ'Un1Jb~ aii~a 
~ ~ 

1'U~'Umru~1~ 1 n1JbbU~~1bvlvfl1Vl'U~(,11bbVl'W~'Ue)~bbJ~(,lnm~'Vl'U~~'U'Ui'U~1'U 
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(1 : 2) 

'J\J1f;)'U'a~~-!lfl'a1E.11"111 • 
b~e:J;fl~1 bb~:::1bA11:::~Y-l()&im1m:::uum';i-i'U?1:::b'VleJ'UbbUUB'11:::bbUU Multi Degree of 

Freedom bb~:::'11l.J11t1 b \.ffornvi tlUfl11~1~mvn.:i 1 ~1 w,rnb~ b:W'U\J1L~ 

f\'1e15u1t1-a1t11"tl1 

;fl~1b~tl1flUfl11f11'1'1'U\1l"ll1.:J"lleJ.:Jfl11:W~ (Frequency Range) fl11f11'U1UJ Preloaded 

Modes 

tlfli.Jijmib~tl1flUfl11f11'1'1'U\1l"ll1.:J"lleJ.:JA11:W~ (Frequency Range) m1r\'1-u1ru Preloaded 

Modes 

(3 : 2) 

11J1oth~~.:ifi'-a1t11"tl1 • 
b~ e:i 1 i~\ -u1fum1tl fle:iu1:wf ~ fllfifl11f17'1'1'U\1lbb~:::'1:w:w &\;i7'U"lle:J.:Jbb 1.:i1 ~ilA11:w?1e:i\1lA61e:i.:i 

'U 'U , d.l 

nuA11:w b tl-u '11.:i 1-um1vi'1-:i1-u"LJe:i-:i bA~ m ~ m m11 bA11 :::~ bb 1-:i bb~::: bbfliJ ru'lr11"1Je:i-:i1:::uu bb 1-:i~ m:::vi'1 \1le:J1\J1t'I 
~ ' 

'lr1~.:in1t11~'1n11:::'1:w\1l~ 
' 

f\'1vfi'U1t1-a1t11"tl1 

;fl~1b~tl1flUn'a:::U1'Ufl11 m1i-:ir11 b1e:J'U b "llbb~:::fl11l.JG1:W~'U5 "lle:J-:J fl11f11'1'1'U\1lfl1"lle:J.:J'1\11 fil1l 
' 

\111-:J 1 (Constraint) fl11f11'1'1'U\1l"ll'U1\1l"lle:J-:Jbb1-:J (Magnitude) fl11lbA11:::~t:.Jmb~:::m1-u11,J,J{u,J1-:i 

~ fli.JB 'IJ~ bf{ tl1 nu fl 11 fl1'\'1'U\11A
0

1 bb 1-:i (Force) fl11f11'\'1'U\11 fl UJ'1:W'IJ~ "l]e),:j fl11i.J 1 ~ fle:JU 

( Constraint) f11'a\J1'a'JWl'El'U bb 1~,Jlj n1 c.11 (Reaction force) 

Q ' ~ tu ' 10022739807 n1'a1bfl'a1~Vlfl113Jbb"lJ-!lbb'a-!I\J113JVl6lffVrnf11~\J1'a (2 : 3) 

b v1 e:i 1 i~f um1tl flilm1:w b -u 11'1 m:::u1-u fl11m1 bA~e:i-uvi "LJe:i-:ii' 1J1t1'1'1iI .:im tJ 1~ m1m:::vh 
V ' 

"lle:J-:Jbb1-:J~"Jtlf17i-:i1-u1'1'1:w\1l Dynamics Simulation 

; fl~1bffo1 nu A°1i-:i Joints i ,J bb UUl,l 1-:J 1 fl11\J111'1'1e:JU '1t11'U:::"lle:J-:J fl~ bfl (Mechanism 

Status)fl11fl1'1'1'U\1l 1 'lr1~\1lL'U'ai.JbbUU"lleJ-:Jbb1-:J vm1fl bb~:::m1~.:J\1le:Jt:.J~f111 Simulation 1i.J'1L'lr1:W\1l 1~'U\,1Bb~bl.J'U(,1 
V V 

~ fliJBu&i bfi° tl1 flUfl11fl111 bA 11:::~ 'V11-:JY-l~f"l1'11J1{ bb~:::m1il1i e:J:W ~ b "IJ 1'1°b 'lr1:W\1l b ~b 'U(,1 
V V 

(0.5: 1.5) 

' = ' m'<il 11t1 A ru:::1m m1:wf"l1'11J11 

:W'lr111'Vltl1l;l tl"lle:J'Ubbn'U 

' = ' e:J1'17':i tJ A ru:::1 f"l1 m1:w f"!1'11J11 

:W'lr171'Vl mlm 'VIA 1-u fa ~11"1!:W.:JA~0'11-u1V1t11b "ll\J1"lle:J'Ubbri'U 
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~'1~ fl1 'j 
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u~,;''Vl b~'IJ b~f'lf11'U~zj~ ~16/l'U ~1n~ 

1?11m 
.c:::i,.Q.I cu tf c,,,. ti Q.J O<I.I 

U'j~'\11 ti~~~ tl'Ub~'tl1b'U'IJ'Ubb'U~ \11n~ 

~'1~n1'j~1~1?11n'j'j~ 
" 
u~,;''Vl '1J 'Vl1 ~1n~ (~V11'1J'U) 

'U n1'1J1 fl1 'ji!nJ'U1 tJ~ ti bb 'j -:J-:J1 'U'/J1'U1fl:l fl1'j 

001'\J'U'WWMUf'lmrni.'tMb'Vlf'11'UIZl~B~1'U:IJ~b\'1~1llf'lf'11Vl'jtJ'Ura 
' 

f'l'j!lntJ~mb'j-:i-nt.J 'j~\ilu '1J3 
" 

001'\J'U'WWMUrr.11~bm1'UTui~er~1'U:IJ~b\'1~1llr1r11moora 
' 

N ~ ., ., 
~-:J'U1~ ... ..... ... .. ...... ... .... ... ...... ........ .......... .... .. .... . t-J b~'Utl'Vl~n~~'j 

" " 

MlJ1~ ...... ....... .......... ~ ~···· ····· ·· ······ ··'"'""~"\J1'0na"' 
" " 

('U1~'1J~'U'Vl1 bb~'UPi'n~) 

'IX1vt'U1~1~bbt-J'Ubb~~·th~biimm 

a ,m~ ......... .... ................ ...ctr.~.: ........ ......... .... ii ,,,,,i;,,,a """' 
" ' " 

('U1~'W'j'W\J'U f'l,:j~-:Jfl) 

~rl1'U1tl fl1'H'fm'U'U~!nJ'UltJf'll;'l7ffn'1 1 'U1 b Vlfl L 'U LG'l ~er~ 1 'Ulm bbfl~ bl.Jflfl1Vl'Hl'Wfl~ 
" ' 




