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%CWwv

ui =
h
ui1 ui2

iT
(30)

u}= =@ "OvDUy 29 |xrO=at QO xOWh} QaD Q}O=kt u=ty ui2 w ui1 'u; QO xm
=Q =yMQJ =@ T=tD pLt QO pB \=kv w QwLt |=ypmWQ}}eD u}@ |x]@=Q '=yZQi

%CWwv 31 |x]@=Q pmW x@ u=wD|t

uWi = Daui (31)

%O};|t CUOx@ |DNU T} QD=t Ovv=t R}v uo =w u}t)=k x@ \w@ Qt |}=Q}t T} QD=t

CVK =

2664 C1 0 C(1;3)

C2 C(2;3)

Sym: C3

3775 (17)

T} QD=t 16 |r= 10 |=yxrO=at u=ty R= QwmPt T} QD=t QO <RH |=yT} QD=t xm
?}=Q[ |=H x@ CV V w CHH 'CV 'CH |}=Q}t ?}=Q[ |Q}oQ=mx@ =@ |DNU
|UQv}= |=ywQ}v xmv}= ZQi =@ "Ov};|tCUOx@KV V wKHH 'KV 'KH |DNU
'OvwW|t OQ=w \=kv u=ty QO |}x]kv Q=@ CQwYx@ RmQtDt |=ysQH ?=DW R= |W=v
sQH T} QD=t u}=Q@=v@ [18]"Ot; Oy=wN QO |Q]k T} QD=t l} pmWx@ sQH T} QD=t

%Ow@ Oy=wN 18 |x]@=Q pmW x@ uo =w
MV =diag

h
m1 m1 IX1 IY 1 IZ1 m2 m2 IX2

IY 2 IZ2 m3 m3 IX3 IY 3 IZ3
iT

(18)

=@ CU= Q@=Q@ uo =w |=yQwLt x@ \w@ Qt sQH T} QD=t w |}=H@=H Q=OQ@ u}vJty
%�20 w19 |=yx]@=Q�

uWi =
h
YWi ZWi RXWi

i
i=1;:::;4

(19)

MW =
h
[MWi ]i=1;:::;4

i
= diag

�h
mWi mWi IXWi

i
i=1;:::;4

�
(20)

|m}D=DU= |wQ}v "1 %CU= xOW p}mWD |rY= |xir-wt wO R= uo =w Q@ OQ=w |wQ}v Q=OQ@
%|m}t=v}O |wQ}v "2 '|HQ=N

fV = f sta
V + fdyn

V (21)

Ovm|t QF= s�=k CyH QO xm 'CU= uo =w uRw R= |W=v |wQ}v f sta
V |m}D=DU= |wQ}v

|x]@=Q pmW x@ u=wD|t =Q uRw R= |W=v |m}D=DU= |wQ}v "CU= C@=F u; Q=Okt w
%CWwv 22

f sta
V = gMVh

0 1 0 0 0 0 1 0 0 0 0 1 0 0 0
i

(22)

"OyO|t u=Wv =Q x@P=H ?=DW g 'u; QO xm
u=UWm |wQ}v |m} %CU= xir-wt wO R= |W=v OwN fdyn

V |m}t=v}O |wQ}v
j}raD sDU}U |}=Q}t w |DNU R= |W=v (fdyn

C ) Qo =Q}t |wQ}v |Qo}O w (fdyn
K )

%x}rw=
fdynV = fdynK + fdynC (23)

R= 'Ovm Q}}eD Ov=wD|t =yu; CyH w Q=Okt u=tR =@ xm QwmPt |m}t=v}O |=ywQ}v
%OvwW|t x@U=Lt 25 w 24 |=yxrO=at

fdyn
K = KFuW (24)

fdyn
C = CF _uW (25)
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|rH
D=[

Q?
aYt

wQP
;jO

=Y
O}H

t |x]@=Q R= |}xQo Q}O=kt ?UL Q@ |}=H@=H Q=OQ@ "CU= pim T=tD |x]kv QO u=tR
%O};|t CUOx@ 38

fMim =
h
FMyim FMzim

iT
= � �MWi �uim = �Gim(xim; yim)un

(38)

Q@ QO =Q s�=k w |@v=H u=mtQ}}eD pmW `@=D \ki xm CU= |U} QD=t �Gim 'u; QO xm
|U} wv R=@ 39 |x]@=Q CQwYx@ =Q MQJ |UQv}= |wQ}v u=wD|t Cr=L u}= QO "OQ=O

%OQm
fMim =� �MWi �uim = � �MWi

�2 �Gim�un + 2V �G0im _un

�Gim(xim; yim)un (39)

MQJ w |Sw@ |O=R; C=HQO R= QF-=Dt j}raD sDU}U |}=Q}t w |DNU R= |W=v |wQ}v wO
%Ov};|t CUOx@ 41 w 40 |=yxrO=at R= R}v

fKim =

(
FKyim
FKzim

)
=

(
KH(�YWi + Yj + h3RXj + q0RZj)

KV (�ZWi � b2RXWi + Zj � q0RY j + b2RXj)

)
(40)

fCim =

(
FCyim
FCzim

)
=

(
CH(� _YWi + _Yj + h3 _RXj + q0 _RZj)

CV (� _ZWi � b2 _RXWi + _Zj � q0 _RY j + b2 _RXj)

)
(41)

%CW=O s}y=wN =Q 42 |x]@=Q '1 |xrO=at QO 41 |r= 39 CqO=at |v} Ro}=H =@
Me�un + Ce _un + Keun + GT (xim; yim)fMim = fn

+ GT(xim; yim)(fFim + fKim + fCim) (42)

s}y=wN =Q 47 |r= 43 \@=wQ 's}yO u=Wv |rY= sQi u=ty x@ =Q xrO=at s}y=wN@ Qo =
%CW=O

�Me�un + �Ce _un + �Keun = �fn (43)

�Me = Me + GT(xim; yim) �MWi
�Gim(xim; yim) (44)

�Ce = Ce + 2VGT(xim; yim) �MWi
�G0im(xim; yim) (45)

�Ke = Ke + V 2GT(xim; yim) �MWi
�G00im(xim; yim) (46)

�fe = fn + GT(xim; yim)(fFim + fKim + fCim) (47)

G}=Dv |HvUCLY "3
Q=]k |UQQ@ x@ w [15]'CU= xOW ?=NDv= 2003 p=U QO |Q=DWwv R= xm pOt u}=
pw] x@ xa]k Qy� |}xa]k OvJ pB |wQ R= xm '300 |QU SKS ẁv R= xvo =w 10

%OwW|t h} QaD 32 |x]@=Q pmW x@ Da O}k T} QD=t u; QO xm

Da =

2664
1
2 0 1

2 0
0 1

2 0 1
2

0 � 1
Cg

0 1
Cg

3775 (32)

"CU= \N l} |=yp} Q |xrY=i Cg 'u; QO xm
|=Q@ 7 |xrO=at x@ x}@W =yu; CmQL CqO=at 'OW=@ uo =w NV |=Q=O Q=]k Qo =
=@ |Oa@xU |=yx}=Q; pmWx@ |r@k |=yQ=OQ@ w =yT} QD=t w 'CU= uo =w l} CmQL

"Ov};|t QO 15� 1�NV w 15� 15�NV O=a@=

Q=]k w pB VvmQOv= CqO=at "4"2
pim |x]kv QO 'Ovm|t Qw@a pB |wQ R= V C@=F CaQU =@ xm |vo =w R= s)=i QwLt
uo =w QwLt 'u}=Q@=v@ "CU= T=tD QO pB u=tr= `HQt xQo R= yim w xim |xrY=i x@
u=tr= Q@ sm =L |m}t=v}O |xrO=at QO u; |UQv}= C=QF= w OwW|t CiH pB u=tr= =@
O}kt pB |=ypmWQ}}eD x@ R}v QwLt |O=R; C=HQO 'u}= Q@xwqa "OQ=Po|t QF= pB
=Q pB u=tr= Q@ sm =L |xrO=at "OwW|t O=H}= Q=]k w pB u}@ VvmQOv= w OwW|t

%CWwv 33 |x]@=Q CQwYx@ u=wD|t
Me�un + Ce _un + Keun = fn + GT(xim; yim) ~f im (33)

xi=[= T=tD |x]kv QO Q=]k MQJ R= |W=v |=ywQ}v '33 |xrO=at CU=Q CtU QO
=t= "OW=@ xDW=O xir-wt CyH 6 Qy QO Ov=wD|t ~f im Q=OQ@ |rm Cr=L QO "Ov=xOW
u}=Q@=v@ 'OvW=@ xDW=O OwHw |[Qa w s�=k |=ywQ}v \ki s}vm|t ZQi =Hv}= QO

%Ot; Oy=wN QO 34 |x]@=Q pmWx@ MQJ R= |W=v |=ywQ}v Q=OQ@
~f im =

h
0 fyim fzim 0 0 0

iT
=
h

0 fT
im 0 0 0

iT
(34)

u}= R= pmWDt OwN w OyO|t u=Wv =Q s�=k w |[Qa |=ywQ}v f im Q=OQ@ 'u; QO xm
%CU=ywQ}v

f im = fFim + fMim + fKim + fCim (35)

OQ=w pB x@ x]kv u}= QO xm =Q uo =w uRw R= |W=v |m}D=DU= |wQ}v fFim 'u; QO xm
fCim w fKim 'QwLt sQH R= |W=v |UQv}= |wQ}v fMim "OyO|t u=Wv 'OwW|t
"OvyO|t u=Wv =Q x}rw= j}raD sDU}U |}=Q}t w |DNU R= |W=v |=ywQ}v ?}DQDx@
CU= QiY =@ Q@=Q@ |[Qa CyH QO w Q=Okt |=Q=O s�=k CyH QO |m}D=DU= |wQ}v

"�36 |x]@=Q�
fFim =

h
F Fyim F Fzim

iT
=
h

0 1
8
P
f sta
V

iT
(36)

%O};|t CUOx@ 37 |xrO=at R= R}v QwLt sQH R= |W=v |UQv}= |wQ}v w
fMim =

h
FMyim FMzim

iT
= � �MWi �uim =

� diag
h

1
2mWi

1
2mWi

i h
�Yim �Zim

iT
(37)

u=Wv T=tD |x]kv QO =Q pB s�=k w |@v=H ?=DW '?}DQDx@ �Zim w �Yim 'u; QO xm
x@ C@Uv uim pB |}=H@=H Q=OQ@ swO jDWt `k=w QO �uim ?=DW Q=OQ@ "OvyO|t
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"""p
B|

m}t
=v}O

MU
=BQO

xWQ
a|

x}@Q
F=|

UQQ
@

QDt 100 CaQU QO xHQO 60 |x}@ =@ pB |xv=yO \Uw s�=k pmWQ}}eD "4 pmW
"x}v=F Q@

Q@ QDt 100 CaQU QO xHQO 60 |x}@ =@ pB |xv=yO \Uw s�=k ?=DW "5 pmW
"x}v=F

pB |m}t=v}O |=yMU=B QO pB |x}@ Q}F-=D "5
Ot=U@ x@ \w@ Qt s}kDUt pB w Q=Ox}@ |=ypB u}@ |m}t=v}O Q=DiQ QO Cw=iD u}rw=
w s}kDUt pB |=Q@(f1) |WtN Ot=U@ u}rw= x@ \w@ Qt Q}O=kt "CU=ypB |a}@]
p@=k Qw]x@ pB |x}@ 'u}=Q@=v@ "CU= xOW xO=O u=Wv 2 pwOH QO Q=Ox}@ |=ypB
"OyO|t V}=Ri= =Q Ot=U@ Q=Okt w CU= xDW=Po Q}F-=D pB p=Owt MU=B QO |}x_Lqt
R}r=v; x@ R=}v =B wQ= |xt=vu}}; j@] xm |}=ypB |L=Q] QO syt |=yQDt=Q=B R= |m}
|xv}W}@ C@Uv CQwYx@ xm &CU= |m}t=v}O Q}F-=D ?} Q[ [19]'OvQ=O |m}t=v}O
h} QaD XNWt |x]kv l} QO pB |m}D=DU= MU=B |xv}W}@ x@ |m}t=v}O MU=B
|m}t=v}O Q}F-=D ?} Q[ \UwD pB |m}t=v}O |=ypmWQ}}eD '6 pmW QO "OwW|t

%�48 |x]@=Q� CU= xOW h} QaD 5�DAFu�

DAFU =
wmax

dyn (L/2)

wmax
sta (L/2)

(48)

w |m}t=v}O Q=@ CLD pB s�=k pmWQ}}eD |xv}W}@ wmax
dyn (L/2) 'u; QO xm

QwLt "CU= xv=yO \Uw QO pB |m}D=DU= pmWQ}}eD |xv}W}@ 'wmax
sta (L/2)

"|WtN pw= Ot |=yOt=U@ Q}O=kt "2 pwOH
60 45 30 15 0 (deg) pB |x}@

6 09 5 75 5 66 5 47 5 45 f1 (Hz)

"pB |xv=yO \Uw s�=k pmWQ}}eD |xU}=kt "2 pmW

"pB |xv=yO \Uw s�=k ?=DW |xU}=kt "3 pmW

w |UOvy C=YNWt w uo =w C=YNWt w O=a@= "OR=OQB|t 'Ovm|t Qw@a �QDt 30
"CU= xOt; QwmPt Q=DWwv QO pt=m Qw]x@ pB w CUq=@ 'p} Q |m} R}i

|xv=yO \Uw QO s�=k ?=DW w =ypmWQ}}eD Q}O=kt '|UQQ@ OQwt Q=DWwv QO
CUOx@ 375(km/h) w 300(km/h) |=yCaQU QO |Oa@ wO pOt T=U=Q@ pB
pB |xv=yO \Uw QO s�=k |=ypmWQ}}eD |xU}=kt '2 pmW "CU= xOW xOQw;
u=Wv Twm =@; pOt R= xO=iDU= =@ =Q 375(km/h) w 300 (km/h) CaQU QO

"OyO|t
w 300(km/h) |=yCaQU QO =Q pB |xv=yO \Uw s�=k ?=DW '3 pmW
R= xO=iDU= =@ w QwmPt Q=DWwv R= '(vt/L) Oa@|@ QDt=Q=B ?UL Q@ 375 (km/h)

"OyO|t u=Wv Twm =@; pOt

pB |m}t=v}O MU=B "4
Q=]k R=HtCaQU |xv}W}@ QO u=tR?UL Q@ pB|m}t=v}O |=yMU=BCtUk u}= QO
?=DW w u=mtQ}}eD '?}DQDx@ 5 w 4 pypmW "CU= xOW xO=O u=Wv �x}v=F Q@ QDt 100�
Qw]u=ty "OvyO|t u=Wv u=tR ?UL Q@ =Q xHQO 60 |x}@ =@ pB |xv=yO \Uw s�=k
w pw= w}Dwtwmwr Qw@a s=ovy ?=DW w |}=H@=H Q}O=kt |xv}W}@ 'OwW|t xOy=Wt xm
u}= 'pB |wQ R= =yMQJ |t=tD Qw@a R= TB u}vJty w OyO|t MQ pB |wQ R= QN;

"OvwW|t =Q}t Q}O=kt
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|rH
D=[

Q?
aYt

wQP
;jO
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O}H

t

"CaQU ?UL Q@ hrDNt |x}@ =@ =ypB |=Q@ xv=yO \Uw ?=DW |xv}W}@ "8 pmW

QDt=Q=B ?UL Q@ hrDNt |x}@ =@ =ypB |=Q@ xv=yO \Uw ?=DW |xv}W}@ "9 pmW
"
 Oa@|@

[
 = v=(f1d)] CaQU Oa@|@ QDt=Q=B R= CaQU |=Hx@ '9 pmW QO "Ovm =O}B
sy x@ x}@W =yQ=Owtv |rm OvwQ R}v =Hv}= QO "CU= xOW xO=iDU= |ki= QwLt QO

"CU=
l}ORv |=yCaQU QO 'OwW|t xOy=Wt 9 w 8 |=ypmW QO xm Qw]u=ty
QO "O@=}|t Vy=m pB s�=k ?=DW |xv}W}@ Q=Okt 'pB |x}@ V}=Ri= =@ 'Tv=vwRQ x@
pB ?=DW w x}@ Q=Okt u}@ |D@=F \=@DQ= u=wD|tv =yCaQU |xty |=Q@ |rm Cr=L
QDtm s}kDUt pB x@ C@Uv Q=Ox}@ |=ypB |t=tD QO ,=@} QkD ?=DW Q=Okt |rw 'OQm =O}B
j@] pB R=Ht ?=DW |xv}W}@ 'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty "CU=
s}kDUt |=ypB |=Q@ xm OwW|t xOy=Wt "CU= 0 35 g =@ Q@=Q@ =B wQ= |xt=vu}};
u}= �x}v=F Q@ QDt 100� Q=]k R=Ht CaQU |xv}W}@ =D xHQO 45 w 30 |x}@ =@ w
QO xHQO 60 w 15 |x}@ =@ |=ypB |=Q@ |rw 'Ovm|t Rw=HD R=Ht ?=DW R= Q=Okt

"Ov=t|t |k=@ R=Ht |xOwOLt

O}OWD |xO}OB "6
'Ca=U Q@ QDtwr}m 200 R= QDq=@ |=yCaQU XwYNx@ Q=]k CaQU V}=Ri= =@
Q}O=kt 'Tv=vwRQ x@ l}ORv |=yCaQU QO "O@=}|t V}=Ri= O}OWD |xO}OB ẁkw Q]N
|D}tm Q=]k |Q=PoQ=@ Ot=U@ "O@=}|t V}=Ri= COWx@ pB |m}t=v}O MU=B QO Gw=
49 |x]@=Q R= w OQ=O |oDU@ Q=]k CaQU w =yMQJ xwQo u}@ |xrY=i x@ xm CU=

Q@ hrDNt |x}@ =@ =ypB |=Q@ pmWQ}}eD |m}t=v}O Q}F-=D ?} Q[ |xv}W}@ "6 pmW
"CaQU ?UL

Q@ hrDNt |x}@ =@ =ypB |=Q@ pmWQ}}eD |m}t=v}O Q}F-=D ?} Q[ |xv}W}@ "7 pmW
"
 Oa@|@ QDt=Q=B ?UL

=@ "OyO|t u=Wv =Q x}v=F Q@ QDt ?UL Q@ Q=]k CaQU 'Q=Owtv u}= QO |ki=
pB |x}@ xm 'OwW|t XNWt Q=]k Q=@ CLD hrDNt |=ypB MU=B x@ xHwD
QDtm |x}@ =@ |=ypB Ot=U@ uOw@u}}=B "Ovm|t O=H}= G}=Dv QO |yHwD p@=k Cw=iD
|=yCaQU CtU x@ |}=H@=H l} =yv; |m}t=v}O ?} Q[ Q=Owtv OwW|t Ea=@
CaQU Oa@|@ QDt=Q=B Qov=}=tv 'CaQU |=Hx@ |ki= QwLt Qo = "OW=@ xDW=O QDu}}=B
pB |=Q@ =yQ=Owtv |rm OvwQ xm OwW|t xOy=Wt '�7 pmW� OW=@ [
 = v=(f1d)]

Cw=iDt ,qt=m Ov=wD|t =yQ=Owtv Q}O=kt xJQo = 'CU= x@=Wt Q=Ox}@ |=ypB w s}kDUt
"OW=@

|x}@ xJ Qy |rm Cr=L QO 'OwW|t xOy=Wt 7 w 6 |=ypmW QO xm Qw]u=ty
xm &O@=}|t Vy=m pB |=ypmWQ}}eD |m}t=v}O Q}F-=D ?} Q[ Q}O=kt 'O@=} V}=Ri= pB
QDCNU w OQm |UQQ@ Q=Ox}@ |=ypB Ot=U@ V}=Ri= =@ u=wD|t =Q |Q=DiQ u}vJ xD@r=
Q}O=kt 'x}v=F Q@ QDt 85 R= QDtm |=yCaQU QO xD@r= "CW=O Q=_Dv= u=wD|t =Q pB uOW

"CU= x}k@ R= QDlJwm s}kDUt pB x@ \w@ Qt
's}kDUt pB |=Q@ '|m}t=v}O Q}F-=D ?} Q[ |xv}W}@ 'OwW|t xOy=Wt u}vJty
=@ Q_=vDt |m}t=v}O pmWQ}}eD w CU= 2 9 =@ Q@=Q@ 'OyO|t MQ O}OWD CaQU QO xm
27 5 =@ Q@=Q@ xm �L/800� pB pmWQ}}eD R=Ht Q=Okt R= xm 'CU= QDt|r}t 9 2 u;

"CU= QDtm 'CU= QDt|r}t
Q@ =Q �=yMQJ Q} R� xv=yO \Uw QO hrDNt |=ypB s�=k ?=DW '8 pmW
|WtN pw= Ot Ot=U@ QO hqDN= u=ty "OyO|t u=Wv CaQU QDt=Q=B ?UL
|}=Hx@=H QDu}}=B |=yCaQU |wUx@ QDtm |x}@ =@ |=ypB Q=Owtv xm OwW|t Ea=@
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"""p
B|

m}t
=v}O

MU
=BQO

xWQ
a|

x}@Q
F=|

UQQ
@

|Q}oxH}Dv "7
Q=]k w CN=U p=L QO C} RwBt=m pB R= |Oa@xU pOt l} |x�=Q= =@ 'Q=DWwv u}= QO
xDiQo Q=Qk |UQQ@ OQwt Q=]k w pB |m}t=v}O |=yMU=B 'ETR500Y Q}Ur=`} QU
=@ pB � sQH |WvmQOv= pOt w OwOLt <=RH= VwQ |Q}oQ=mx@ =@ xr�Ut pL "CU=
x@ C=a]k =@|}xa]k OvJ pB l} "CU= xDiQo CQwY Twm =@; Q=Ri=sQv R= xO=iDU=
pOt |HvUCLY CyH SKS |xvo =w 10 Q=]k |Qw@a Q=@ CLD QDt 30 pw]

"CU= xDiQo Q=Qk xO=iDU= OQwt |rY=
R= pmWDt xm C} RwBt=m |xWQa =@ xv=yO l} |xO=U pB 'x}@ Q}F-=D u}}aD CyH
'30 '15 |=yx}@ =@ w s}kDUt Cr=L 5 QO 'CU= |vD@ p=O w pmW I |Rri |=yQ}D
pB |xv=yO \Uw QO s�=k pmWQ}}eD "CU= xDiQo Q=Qk |UQQ@ OQwt xHQO 60 w 45

"CU= xOW xO=O u=Wv �DAFu� |m}t=v}O Q}F-=D ?} Q[ R= xO=iDU= =@
R= sa= 'pB |m}t=v}O |=yMU=B |Qw@a Q=]k CaQU V}=Ri= =@ |rm Cr=L QO "1

"O@=}|t V}=Ri= 's�=k ?=DW w =ypmWQ}}eD
s�=k ?=DW w pmWQ}}eD Q}O=kt 'xv}W}@ O}OWD CaQU R= Q}e |=yCaQU QO "2
QO u}=Q@=v@ "OyO|t MQ � QN; w pw= w}Dwtwmwr � QDu}ovU uo =w Qw@a s=ovy 'pB
p}rLD u=wD|t 'OQ=O |v=QL@ CaQU =@ |i=m hqDN= '|L=Q] CaQU xm |OQ=wt
=yuo =w |xty uOQmpOt x@ R=}v w O=O s=Hv= w}Dwtwmwr |=Q@ \ki =Q |m}t=v}O

"CU}v
'pB |wQ R= =yMQJ QwLt R= xwQo Qy Qw@a =@ 'Tv=vwRQ x@ l}ORv |=yCaQU QO "3
uDiQoQ_vQO wQ u}= R= "O@=}|t V}=Ri= |}x_Lqt p@=k Qw]x@ =yMU=B Q}O=kt

"CU= |QwQ[ Q}Ur=`} QU \w]N uy;x=Q |=ypB |L=Q] QO O}OWD C=QF=
?=DW R=Ht Q}O=kt u}vJty w pB s�=k pmWQ}}eD w ?=DW R=Ht Q}O=kt |UQQ@ =@ "4
x@ l}ORv |=yCaQU QO pB s�=k |=ypmWQ}}eD xm OW xOy=Wt uo =w s�=k
Rw=HD R=Ht Q}O=kt R= pB ?=DW =t= 'Ov=t|t |k=@ R=Ht |xOwOLt QO sy O}OWD

"Ovm|t
p@=k Q}F-=D Ov=wD|t pB |x}@ xm OW xOy=Wt hrDNt |=yx}@ =@ pB uDiQoQ_vQO =@ "5
'OW=@ QDW}@ pB |x}@ xJ Qy "OW=@ xDW=O |m}t=v}O |=yMU=B QO |}x_Lqt
Ea=@ Ot=U@ V}=Ri= u}= "O@=}|t V}=Ri= pB pw= Ot x@ \w@ Qt Ot=U@ Q=Okt
CtU x@ QDW}@ |x}@ =@ |=ypB |=Q@ CaQU ?UL Q@ =yMU=B Q}O=kt =D OwW|t

"Ovm =O}B Ci}W QDq=@ |=yCaQU
"O@=}|t Vy=m x}@ V}=Ri= =@ pB |m}t=v}O MU=B |rm Cr=L QO "6

QDt 142 CaQU QO xHQO 15 |x}@ =@ pB |xv=yO \Uw s�=k pmWQ}}eD "10 pmW
"x}v=F Q@

Q@ QDt 142 CaQU QO xHQO 15 |x}@ =@ pB |xv=yO \Uw s�=k ?=DW "11 pmW
"x}v=F

%O};|t CUOx@
f = v

D
(49)

Ot=U@ Qo = "CU=yMQJ xwQo u}@ |xrY=i D w |Qw@a Q=]k CaQU 'v 'u; QO xm
Oy=wN MQ O}OWD |xO}OB 'OvwW l}ORv syx@ pB |WtN Ot=U@ w Q=]k |Q=PoQ=@
=@ pB |=Q@ pB |xv=yO \Uw s�=k ?=DW w |}=H@=H '11 w 10 |=ypmW QO "O=O
xOW xO=O u=Wv 'OyO|t MQ O}OWD xm x}v=F Q@ QDt 142 CaQU QO xHQO 15 |x}@

"CU=

=yCWwv=B
1. Bouncing D.O.F
2. Rolling D.O.F
3. Pitching D.O.F
4. Yawing D.O.F
5. dynamic amplitude factor of de
ection
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