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Static and dynamic analysis of buckled beam

Student : Yun-Rong Lin Advisor : Dr. Kuo-Mo Hsiao

Department of Mechanical Engineering

National Chiao Tung University

Abstract

In this paper a co-rotational finite element formulation combined with the
floating frame method is used to derive the equations of motion for a
clamped-clamped buckled beam.with end rotations subjected to base excitation.
A numerical procedure is proposed for the determination of the initial shape of
the buckled beam, nonlinear static behavior of the buckled beam subjected to
lateral loads, and nonlinear dynamic-behavior.of the buckled beam subjected to
uniform sinusoidal base excitation and asymmetric sinusoidal lateral load.

The equations of motion of the buckled beam are defined in a global
moving coordinates. =~ The element- coordinates are-constructed at the current
configuration of the beam element. The velocity and acceleration of the global
coordinates and the current.element coordinates are chosen to be the velocity
and acceleration of the base of the buckled beam. The element deformation
nodal forces, inertia nodal forces, stiffness matrix and mass matrix are
systematically derived by consistent linearization of the fully geometrically
non-linear beam theory using the d’Alembert principle and the virtual work
principle in the current element coordinates. The inertia force of the buckled
beam corresponding to the absolute acceleration of the base is regarded as an
equivalent external load for the buckled beam.

An incremental-iterative method based on the Newton-Raphson method
combined with constant arc length of incremental displacement vector is
employed for the solution of nonlinear equilibrium equations.  An
incremental-iterative method based on the Newmark direct integration method
and the Newton-Raphson method is employed here for the solution of the
nonlinear equations of motion. Numerical examples are studied to demonstrate
the accuracy and efficiency of the proposed method and to investigate the effect
of end rotation on the nonlinear static behavior of buckled beam. When the
buckled beam is subjected to uniform lateral load, it is observed that the loading



parameters corresponding to the bifurcation point and limit point on the
equilibrium path increase remarked and then decrease with the increase of the
end rotation of the buckled beam. Numerical examples are also studied to
investigate the primary resonance, superharmonic resonance and snap-through
phenomenon for the buckled beam subjected to uniform sinusoidal base
excitation and asymmetric sinusoidal lateral load. The asymmetric vibration
induced by symmetric load is observed. The minimum loading parameters of
uniform sinusoidal lateral load at different frequencies required to initiate the
dynamic snap-through motion are determined.
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FlRA B S BER e A Sy Pl - TR RS 0 H-BEdhe F T AcB = (D)
TR 0 WG TR R A IR o AET T R R N e B E T A BA N 4 -
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AR R > @ b R AERR T K o k2B I T A B R B PR s

5 e ke WA AL T BUERBESCS R R SR
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bA 2 e r JR AT A TBRR AT

(1)Euler-Bernoulli i3k = = o

() A % 50 phz B = £ & ® £ £ (unit extension) & — # #k
@F ~F RN ERRT 5 FE ¥ -



2.3 Btk k5L
A2 F g RgE G U210 BB L LN EF BA B EOE A
FoE@R1IZER2 L AF0 BRE e LT RHE RDERET A G D

R B R S ER D AT TR S EEE

(@) %844 % xi(global coordinate system) X; (i=1,2)
4oBl= ()77 » BB AEE LA E - BE AR LA Bl A S o
Yo()&F T I B AL » BTy SRR E S ER SRR
S R iEE S TS RN R RN 2 H o B kALl R B A
Bk St Tk oo d i AGTE () =0, AR k5 - Bk k R e
£l CRAR LR BAEoi &G 1R R Esg R Yy (t) 2 4ezd & Yp(t) ©

-3

(b) =~ % A #% % ki(element coordinate system) “x (i.=1,2)

~F R REZE RS - RE G g A b deRle T 0 R
Atk SR EEE R A g 1 b oo x it e S B A E S S IR M
wo Xohet o d L FRAT LA AT AERERL - #
Btk HREBEARKT PR DGHER V()2 FHAER Y{U) A2 P B
FFDEH R RR B R GBS 2 ER R 2 B R
PAZS RN EAZ A AR o RS Ed REERE o BT R

A i 2 A A R M T LT s

e
4

W&

X = AggX (2.3.1)

cosg, —siné,
GE sing, cosf,



BT ¢ QBsBd iz A8 P PEEL QB A hi b g B T
Pabyr QBL 2 aife — ¥ra | AL P BEA R AW (S i
B 27 A u AT afx OO0, VYo 2Pt 2R Xp(xD) 2

V(X 1) A B B P BL A X 8 X, B3 B e A R Q BL AR H A5 (s =k 7
ro={x v}
r={x, —ysing, ycog+v} (2.4.1)
R xoy w5 BgAH QX (i=1,2) fhnidh » 05 xfhfed) b

HEP R e Bk &k o SING % COSOT % T A A4
ov_ovox_ 1 ov

sinf~0=—= (2.4.2)
os oxos 1+ &o ox
OX
cosd :a—sp = (1-sin6?)Y2 ~ 1-06?)"'? (2.4.3)
£y = asaxax - %—1 (2.4.4)

HeY SL OZF| PERFVCHmARA S TE > @ g 5o W £



£ (unit extension) © d (2.4.3) % (2.4.4)5% » Xp(X )7 1 £ 7 & 7 3¢
Xp(Xt) =ty + [ [+ )" = V5] 2dx (2.4.5)

He sl e tof d A2 A& iz BEifo

e H AR HBER A T LR

d o 8 0 A1 TS [+ &) 2 VAT 2 A (L g —%v?x) ' (2.4.5) 5

%un:w+ﬁh+%—%&mx (2.4.6)

d (2.4.6); 2 A ABRQFT LEFRA,w phen¥ 20 £ g
|-L 1L
PRI / v «aX 2.4.7
o= *5 o (2.4.7)

I S L +UZ—U1

o

242 R~ F B %

#(2.4.2) 2 (2.4.3) XN Er(241) F Bl B A R T 0 ] F F 07 N

(1-0) 2 x1-202 » 7 =% & B r & 378 & 407

={x, - Y0, y(l- %02) +V} (2.4.8)

AV R IRER 5 T HRE S 0 A ? LR E N Green
strain &, » £ ¢ Green strain RK#F & H ¥z 1 42 &% - Euler 3 5 Green
strain #£- % % mf@%‘ B3 & ¥ AT

€11 = 5(9191 -1 (2.4.9)



or

_or 2.4.10
0: ox ( )
#-(2.4.8)58  ~(2.4.10)58 » ¥ # g E gy fr g deT
1,
911:1+80_§V,x_y9,x
G1p =V — YO0, (2.4.11)
(2.411)5 ¢ Q%X ch— A+ 7 LA 7 b
Oy, x—— & \Vy+—V ~iv
T @) Y l4gy K lvgy (2.4.12)

W (2.42)55 ¢ 0% (2.4.12)58 H QLA B X (2.4.11)58 5 T 2 ¥ gy frgy, £ AT

BN e
1 2 Vxx
=1+ gy ~=Vi— |
gll 0 9 , X y(1+50)
V.,V
Oip =Vy =¥ s (2.4.13)
d+¢p)

#e (2.4.13)5% &~ (2.4.9) 2 o AU RI ER T 0 1 T

1 Y ,
ooy~ e0) TR R e sl SO T R
0
% 5T 4T

811—<9o+;50 yvxx+ yv (2.4.14)

Green straing;, & 1 A2 Ji5 % @ ¥ cRE (4™

g =(1+2¢,)?% - (2.4.15)

TR EQRALS)NT T AT E AT
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€1 =1 —%5121 (2.4.16)
d(24.14):4 2 (24.16):% » » g R S x Bjca Dl 2 R
Feq AT

e =& — (1 — &) W (2.4.17)
A2 PR B A E A ) fhenipl v 45 v(X) B X 0= = Hermitian
I o B (AT)N 2 v, T AT S

v(x) ={N;, N,, N3, N3, Vi, v,, vi}=Npup (2.4.18)

N =5 (-9 @ Ny A2 60 )

1 L
N3=Z(l+ EV2 (2 £&) N4:§(—1+ E2)1+ &) (2.4.19)
c=-1+ X (2.4.20)
L
29 v(j=12) Ly a8 g j s e Jiv-a—v fod B () =12) 2 &

2t > N, (i=1-4) % 25k S3c(shape function) o

2A3 R ~F 2 RS frEi e B S 2 F Ao R
Flh2 * Ert RIZE d’Alembert B IZiaE S 8p 4 > AT T R B D
FhorEe @RS 2 REfod R o A FEheT
B(2.417) %A T 1218 3
081 = 0gg + W 4060 — (L= £0) YOV (2.4.21)

W(2.4.T)38 AT 1LE T Sgg F T 40T
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Seg = SULG 4 + UGy, (2.4.22)

Ua ={ty, U}
Up={v, Vv, Vo, V5}

1
G,=—{-11

=L g
Y
Gy, ={Gp1: Gpz: Gpa, Gb4}:E_[NbV,de (2.4.23)
#-(24.18) ¥ x - N pg s R Z Bk 0 VA B A T AT

rt
Vx =NpUp
Vo = Npuy (2.4.24)

#(2.4.18) % (2.4.24)5 % /A7 14 19 3

&V =upNg,
&/,x = éuth’b
N o = SUpNp (2.4.25)

#(2.4.22) ~ (2.4.24)% (24.25) % » (2.4.21)58 » 7 1S T ATH X 40T
11 = UGG 4 (L+ WV ) + SUp[Gp — Npy (L— £9) Y] (2.4.26)

d ANV F=E v Breang s 4™

or ={o, }={-y50+ 5k, —y056r &} (2.4.27)
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B(2.46)7 B A s L (24228 % x » T T T

1+¢

S = UGN, + LSUpGy, — [V OV dx (2.4.28)

Na ={%, 1+T‘/’Z} (2.4.29)

B9 U, U Gpfr e h(24.20)% (24.23)5 ¢ ik -
#-(2.4.2)% A ¥ 11 {E 5

C0S 000 =~ 60 = O[(1— £y )V 5] =06V i +(1— &)V (2.4.30)

#(2.4.28) ~ (2.4.29)%(2.4.30)5 X X (2.4.27) 7 » Bk > B %A STF LY
A

S =SuiN, +1+TSZ LouyGy, —joxv,x&/,xdx+ W, Ieg — Y(L— &0)V

Sy = N+ Y(L— gg)V5S80 — Y(L—£0)°V (V. (2.4.31)

LB AR LR MV bR RS BRI T il
Bd B R RMATET 1 k- #(2.4.25)5 & ~ (24.30)8 ¥ £k
dv K A I8 {F

By BUN —y(L o),

&, = SupgN,, (2.4.32)
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Uigs gk SR A S

V={V,Vo}=Vy+T (2.4.33)
Bl vga ~ 2 AREREOTEHER F: QBHAZATFTFER > d
~F EEANTE O VT Aot &
V = y,{sin 6,,cos 6.} (2.4.34)

# ybzgyb:% AARSEE R o d QAB)HER s v ET

I" ={f1, I’2} - flel + r2e2 (2435)
=%, —yo
ty, =V—=y00

v ()T ()R A

Zoeibeig BV d(2.4.33)5(2.4.35) 30 S B jes — = RF
a={ag,ajt=a, +F (2.4.36)

ag = Yp{Sin ,,c086,}

F={i, K} = ke, + e, (2.4.37)

f =%, - y0
f, =V —yd* - yod
B s ~ZAEREONGH e R - 1 5 QB3 ~ F ik dp i

}i o
H-(2.4.6)38 A G $TPET AMCA - KR A S T OUE T
Xp = Uy + X — [V, dx (2.4.38)
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X, = U + EgX— jox(\'/,zX +V ¥, )dX

P
#-(2.4.2);% sinf=60= 1 Ve m(L-gg)Vy & SR Bpcs - =3 ek
€0
=X ¥ E E‘]
0 =(L—gg)V,— &V y (2.4.39)

é = (1_80)\7,)( - 26.'0\'/,)( —éole

B AT)N$PER A — = > ¥ U E T
. t . 1. .
& =GLu, +Ej0 Vv dx (2.4.40)

1(2.4.2) ~ (2.4.38) ~ (2.4:39)% (2.4.40)5% & ~(204.37)58 » A T 1 34(2.4.37)

FUETH
;=N JrlJr—gjL\'/zdx—jX(\'/2 V¥ )X
1 a“a 2 o VX o\ X XY, X

’ i S IN ..
- y[(l_ gO)V,x o Z(EG;ua +I'[O V,XV,XdX)V,X 2 gOV,x] (2-4-41)

f"2 =V- y[(l_ SO)V,x - éOV,x]Z

- y(l_ EO)V,X[(l_ €o )Vx - 2‘C'.‘O\./,x - ‘&’:OV,X]

KPR Y 2 F VAV EEB R AR L > 44D EFTE S
=N, +1+T<5 IOLV'ZXdX_ joxv?xdx— YI(L— &)V —%Gguav,x] (2.4.42)

f, =V = y[(L- &)V, ]

S
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L F EEBPR 4 o R ((=1,2)- BEEHBOU - O frdg 0 BT R
FRIZT 5o JRAITIZRBES L A~ Ch A AT IT G 7 W AT 4 ATIE

BAE? BOW 2 ~F E ) 4 TS B 8 5q #T

¥ ooV &

Mo = 'F = SUgf, + Sup,fy (2.5.2)
H

50 = {Ay; Ny, Oy, My, Vs Othy } (2.5.3)
Su, = {60y, 8u,} (2.5.4)
Mpy ={, 6¢y,6v;,00, } (2.5.5)
f={f11, Fo,my, f1p, T2, My} (2.5.6)
fo={fi, fi} =13 +T3 (2.5.7)
fo ={for, M, fop, mp}="1 +1} (2.5.8)

ER TS TR ALt N TSR LA ST IR R A=Y S TR
Qpy tH&BES » gy (1=12)% S8 etk & > f; (1=12j=12)5 &8 &x
S B omy (=L2) 5 HEk et e £02 10 5 g M aE
SRRRIER L LRl TS

P TR S R R S s A R (TR s
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CREYERS SLEFE N § YTy E RN WL P
B thG o id BT REhE 4 F (T kb 4 SR o Fh 4 9 iEenh o

AT A N

Mg = 3pfy = UGFS +dupfy = [, Eay5,dV + [, pit'ordv (2.5.9)
H o

&g ={Uy, v, V), 8U,, vy, 5} (2.5.10)

ouy ={ou;,ou,} (2.5.11)

Suy, ={v, &V, v ;7OV5} (2.5.12)

fo ={f, 35 m], f.50f5m5} (2.5.13)

£0 {2, 153=127 +£)° (2.5.14)

fo ={fs, m; fpmp =1 %+, (2.5.15)

HoY 8, 5 RS A2 RE% e vk CHOF & BhE =45 - fy 5 #k
g chE v g4 > m! (=12) 5 St m 8 O, (=12)5 4 &4 & E 5
PGl psBPBA OV SR AXSI T A 0 T 5 (24.36)5 2 4p 4
deid B o (25970 ¢ 0 LN hE - I 2R TiTaE R 0 B2 T S APEHE I

N Et)
4 (2.4.23) ~ (2.4.30)5 7 1%

&g =Ty (2.5.16)
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1 0 0 0 0 0 |

0 1 0 0 0 0
) O,

e § Hlel l+e 0 + QleZ -1 gle3 ele4

- L (25.17)
0% =| 0 0 0 1 0 0 -

09 0 0 90 1 0

- Tz 0,Gy, 0,Gy; TZ 0:Gpz  1+65 +60,Gpy

290, =1+’80 (j=1,2)-

¥ iE

d & $ & P (Contragradient Law) [12]% (2.5.16);% ¥ 1

F=T4f, (25.18)

B(2.4.17) 5 2 6% (2.426)58 2 Jg, X (250) 5 L B enF - 7 0 &%

HcP| - = IE > FOLEIRA AT 7

\\\?’;r

¥ %7

Iv Eej; 08,0V
= SUR[EALg) — El (1- &) [ V3 IXIG 5
+ QUp[EAg, [ Npv dX + El (L £9)* [NV ,dX] (2.5.19)
H e
(2.5.20)

| =[y°dA

Ul Az et o (i g A E AR O0TIL -
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#(2.4.42) 7 & (243X 2 O 5 Q59N L I 0 X RT 8 Ak

P A B2 K08 0 T O EFAR R A TR 7

Ilzpft5rdV
= [[(ory)fy + (8F) 1AV
1+§ .2 X.2
= QU {PA[ N, Nydxi, + pA[ N, (= j VX — | Vi dx)dx}
+ Sup{ pA[ Npvdx + pl (1—50)2.|.N'b\'l',xdx—2pl (1—£9)Gaua [ NpV X}

(2.5.21)

#-(25.21) %2 (2.5.19)5" Fox (25.9) 74 16 ¥ K E H R o, frduy, has B

S
£O =30 1 £10 (2.5.23)
f2% =[EALsy — El (1- £0) [ V3xdXIG (2.5.24)
fa = pA[ N Nydxi, + pAlN (ﬂijzdx—jxvzdx)dx (2.5.25)
a — P alNaUXUg + O al™5 Jo Vx 0 VX -
T A A (2.5.26)
d@_ o i 2 4
fo” = f5 [ NLV (dx+ El (1—- &) [ NpV 0 (2.5.27)

= pA[NpVdx+ pl [NpV ,dx—2p1G30, [ NV dx (2.5.28)

d (2.5.18)5% 2 (2.5.23)—(2.5.28) 5% & £ vk F {14 ¢ & BL R Hosr H P A
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9 = AEL,G, (2.5.29)
fl=f)° (2.5.30)
S = EAgo [NV ,dx+ El (1 £9) [ NpV 0 (2.5.31)
fo =f¢ (2.5.32)

2.6 ~ % k| R AEL
Flh BB P A E R 2 T R R R AR
BE A SRR R B R SRR DA R R B PR AT e $

B>t~ & B B Ak Wl & oon e

6fd

K=_
oq

(2.6.1)

HYP KEHBEQ~ZhARELT Ud T 5'Ji—?%"ikij (i=a, b j=ab)e

£ @ =

ofd  EA El

Kag = auaa = Tc;ac;ta _FI Vi OXG ,Gh (2.6.2)
d

Ky, = o _g (2.6.3)
ouy,
d

Kpa =Zi=o (2.6.4)
ua
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Kip = El (1-£,)° [ NpNp'dx (2.6.5)

= (2.7.1)

Hefl 7w oud (25.30) (25.32)58 ¢ ehf) f) A gEAE hE A B

GEPE

o :{U1’V1,91’U2’V2’52}

(2.7.2)
mi - $EE > Y ERSRE[12]0 7 4 T Aens e 2 L A A
ofl ..
m;; =an_, l,j=ab (2.7.3)
J
e U, ={Uy, Uy}
Ub :{Vl,él,vZ,éz}
d (2.7.3) ~ (25.30)5% fr(25.32)s B My £ 7 40T
m _ofa _ Al NN dx (2.7.4)
aa au, P alVNa A
of !
® 50, (2.7.5)
ofy
ba 5Ua ( )
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I
mbb:%_t;szijNde+ple;ONgdx:mT +Mmg (2.7.7)

2.8 A FH e R 4 B R GEE
Ao ? B AEER AT AT A

f,=cq (2.8.1)

C=am+ak (2.8.2)
He cfiafred Qi A h&Bd R a s ¥ miFatm
FEEL KFZEAFORAPMBEL s A2 P B2 mImd (2.74)f

(2.7.7) 4 amm 2 myle a2 [17] .

2.9 A AR H ATiE N E p ek

BARM Y, () F TR BT F LG i B 40(24.36) 5 T o
B R L - p@g B TR S A 25 & ¢ B pf o i 7
Box N4 osriaenm o A E P B pag SRS B3N S B gkt 4 arien

B ¥ e

ML, = 0'PS = SULPE + UL Pe (2.9.1)

H? Uy~ e £(24.23) L& 0 Py~ Py G HHET AU, ~ AUy B gL

4 o

#(2.4.36) 8 2 ag 2 (2.4.27)7 & » (2.9.1) X+ ¥
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— [, ' pagdV = pAJ, sin Uy, [ N 4dx + pAY, oS Bl [ Npdx (2.9.2)

4 (29.1) ~ (29.2)5 7 REH B S, ~ Mp2 Erx&H 4w R o
Ps =— Ay, sin 6, [ Njdx (2.9.3)

Py =—pAVp, c0s G [ Npdx (2.9.4)

d(29.3)~ (2.9.4): 7 {Bd A AR orid S enE et 4 Pg

L . L L2 Do. L L2
PS = oAy, {—sing., —cos@. —cosd, —singd., —cosd. ——cosd
eff ,Oyb{2 e € 1o e 5 e 5 e 12 e}

(2.9.5)

*= W R Y, = yosin(apt) « RI(2.9.5):8 ¥ B 4o
P& = Pu SIN(® t){Lsine Lcosé? L—2c0549 Lsin:9 Lcosé? —L—Zcose}
eff eff b 2 e 2 e 12 e 2 e 2 e 12 e

(2.9.6)

H¥ pyr = pAoLY, 0 9 (2.3.1)58 7 #-PS #&4% T global coordinate system

PS = py sin(wyt){0 L L—20059 o Lt —L—Zcose} (2.9.7)
off = Tefl o 2 12 ¢ 2 12 °¢® ~

210 i e s A7 gV B aE d 2 g g

R R S AN F Lo
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¥ =F(Q,4Qq)-PS — /4P =0 (2.10.1)

B WL ki Tgrd s Fa A RELRNS > Quia gy =#B i Fe

Ik

Pt # F2xh 4 2@ PRI e At at fin il Ay s 2
il Qi PR LURE A gEs > B9 Fd Jaigiad F
4ok ez 3 ED (4 e g 4 EY w A | D Vg _
sagasd FP L s 4 FYas o F v FPz2 FY e g (25.29-25.32) -
(28.1)5 ¢ cha % &g fed floizgmga 4 f9 Az pr 4 f i~
FAGFERIRAMAFELEE D = o

AAF AR B ARSI S T PSS =0 0 % (2.10.1)F s B deT

‘Zﬂ

¥ = F(Q,/4Qy)~ i:P=0 (2.10.2)
(2.10.2) 5 AT § ¥ 4L A 47 i T e g N

b i TR AT A BB = (d)Frm 2k 2R P A KR rTid
chisxeh 4 &P =0 R(2.101)7 % 4o
¥ =F(Q,qQq)-Pg =0 (2.10.3)

(2.10.3) 5 *FF 5 ¢ 45 A 45 FuEF S A2
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$z % WEFE2ARA

v LA T S 42 N (2.10.2)5N el e B 3 2 Lo 2 g
485 % (Newton-Raphson)# fie & 5% & f4(arc length control);x 3 & 3% &
E oo A2 P KA AR R DEANE LS F R TR A SRR > 30 REH
By foda s A2 g - 2 2[36] 0 AT E R R W RE LR AR
TOREAR R TR AP AT
B e - A m A B r - BE S - AR E S e - ReDiE
A% [34]e @ A 2 fR2LAPE T S 4250 (2.10.3)50 cficiE it B B R A A4
- AR A0k fie & Newmark ® 4% 42 g £ 2 22 [10]

EL2 [FANE L F T o

gh‘(

4\-

31 H BN
FHIBH T g 5 a0 Q] b B kA k| R EL K
FOLRE S 2RI +LRE R B E RS e RAQ > T A X ARl E

(Euler predictor) +- 7

AQ=AQr, (3.1.1)

Ve

Hod AL S A4 B ) F %8 Qr=K{Pg s %% f o & Pg s

)‘1';,;’ ° A;{V"?‘H’% 3 J7\: ]L\:"

1/2
AL=%A/(QFQr) ", (3.1.2)
BB BRI BT D EE 8 LR AR ks SN A
FEL 2 FANERS RALGE ?éi%fgfra’; | B EPARE  FR R B
BARE o ARSI +IBH B EE v B E7 4o L7



Al =35 /3 2Ar,, (3.1.3)

e ‘]Dé"ﬁj\‘:\ﬂiﬁ"ﬁp_L“p‘»kgi’ JEFIBHE BRI TR
(& A€|, I[a;i%ﬂmf%ﬁﬁl\ o
Ao ? Fo BHRE R BRE AT TNl

Rmax HROH

max ‘rc‘

Aglz

2

o Rmaxé:f‘ e

R

-
\\\?’;r

YhAd BB EHE

re[ 2 Ro &g f o Rl B g i o

13$¥€W@g?dﬂmaiﬁw0?7ﬁ%£ﬁ%ﬁ’Wﬂ?iﬁé
FAlE o FE- BB RNEY FREYLIEON T4 rm - XA
AQE ALY » & - AR B e R AHE | F i LT - e

B QBESIT A T kw

o

R =K7'(-y+5P) (3.1.5)

?=(AQ+ Q)" (AQ + Q) (3.1.6)

M2 N B E R IR AR R A BT T
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= < €y

PN
Hoe P ispghr4 @l L8 mp i 4142434557
e, =107 » 4457 e, =107 -

3.2 - &%
FI* LG E R R 2T U REF LTRSS 1R TR
AR BH T ST L EREH R A T i Ak AE B
ﬁi*r%ﬁﬁﬁ'}ii&"iﬁﬂﬁ? I D) - £ 2 2 D(/M)MJ%T—F »RHE RS
ThgFe g endt D(A)2fE o Ay 02 D(A ) # Bl &7 % |+l £ 8 T
=% ehp 2 DA)2 & o Al %7 §~I+lll§;iaﬂmigﬂ gL o B
D(4) < 3 % 2 D(A,q) A3 F R =802 T = Ax L @R A f Sk

Ang -

(1) 4 Al =0, Alg=Al, 3, 4 =4 Ag=A 1 »E ¢ THELE R&7 2R

2+ B o

Al +AL
(2) P Al y=—rr T

SR G E A L1 B 5 R e R
D(ﬂ“l+1) °

() #F D)~ % > AL A=A, A= ALy
F DA ) 3R 0 RIS A=A, Mg=AL 1y
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BREAE & 2 R (Sy =T um)ehBEE 4 5 C Bl A

Og (rad) v./h (8 +Vv.)/h Fg/EA(10°°) MgL/El
0 0.000E+0  2.021E+2 2.611E+0  3.630E+0
001  5.747E-1  2.027E+2 2.582E+0  3.599E+0
002  1.126E+0  2.032E+2 2552E+0  3.567E+0
01  4.729E+0  2.068E+2 2.316E+0  3.267E+0
02  7.314E+0  2.094E+2 2.013E+0  2.791E+0
03  7.894E+0  2.100E+2 1.693E+0  2.202E+0
04  6.568E+0  2.087E+2 1.348E+0  1.501E+0
05  3.422E+0  2.055E+2 9.657E-1  6.823E-1
06  -1.457E+0  2.006E+2 5320E-1  -2.639E-1
07  -7.954E+0« (1.941E+2 2.810E-2  -1.351E+0
08  -1.591E+1 ~ 1.862E+2 5.708E-1  -2.599E+0

+ -
n~ —

ErhubgE & 2 B (0 =97 M) p FRAFE I

Og (rad) o, (H2) o, (Hz) @0y(Hz) o, (Hz) w5 (Hz)

0 2.580E+4 4.426E+4 9.258E+4 1.413E+5 2.192E+5
0[5] theoretical 2.95E+4 4.420E+4 - - -
0[5] experimental 2.97E+4 42.81E+4 - - -

0.01 2.590E+4 4.478E+4 9.312E+4 1.417E+5 2.196E+5

0.02 2.600E+4 4531E+4 9.365E+4 1.421E+5 2.201E+5

0.1 2.676E+4 4.960E+4 9.783E+4 1.459E+5 2.236E+5

0.2 2.767E+4 5.495E+4 1.026E+5 1.516E+5 2.281E+5

0.3 2.858E+4 5.986E+4 1.067E+5 1.583E+5 2.325E+5

0.4 2.955E+4 6.369E+4 1.098E+5 1.649E+5 2.363E+5

0.5 3.062E+4 6.573E+4 1.120E+5 1.696E+5 2.391E+5

0.6 3.184E+4 6.554E+4 1.133E+5 1.705E+5 2.407E+5

0.7 3.326E+4 6.321E+4 1.139E+5 1.677E+5 2.410E+5

0.8 3.495E+4 5.938E+4 1.140E+5 1.630E+5 2.405E+5
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bl pbl L plL
g (rad) Ver Por Ver Fer

0 4.74991 39.0142 86.2404 160.998
0.01 4.70528 39.4768 22.4229 99.5062
0.1 5.08973 43.3201 30.8163 83.6115
0.3 13.1111 49.3451 44.225 64.5608
0.5 39.0258 50.0028 55.5521 51.6185
0.7 128.126  35.0609 67.3303 42.7334

Fow Exbebdd &z kOB R E e 30 f jT e B BT 1R EE

< bl 2l =L 7L
93 (r ad ) Ver lcr Ver ﬂcr

0 11.4826- 73.5245  53.3121 104.675
0.01 10.9806 @ 74.5217 ©.52.7869 106.447
0.1 6.4857 83.1051 47.2413. 122.349
0.3 -2.21106 99.5566 30.1503. 157.664
0.5 -574895 ~ 111.653  7.46067. 194.066
0.6 -3.42148 115.445°-5,65515 213.88
0.7 407861 116.915 ~19.6855 152.024
0.8 21,8028 . 114.174 35.4638 118.981
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ARG E FERR(-)

oy (kH2Z)

Pet =6.0x107*N/m

“N/m

U

Vv

¢

U Vv

)

3.31E+1
3.36E+1
3.41E+1
3.46E+1
3.51E+1
3.56E+1
3.61E+1
3.66E+1
3.71E+1
3.76E+1
3.81E+1
3.86E+1
3.91E+1
3.96E+1
4.01E+1
4.06E+1
411E+1
4.16E+1
4.21E+1
4.26E+1
431E+1
4.36E+1
4.41E+1
4.46E+1
451E+1
4.56E+1
4.61E+1
4.66E+1
4.71E+1
4.76E+1
4.81E+1
4.86E+1

3.35E-4
2.51E-4
1.79E-4
2.58E-4
2.41E-4
1.65E-4
1.69E-4
1.46E-4
2.13E-4
1.43E-4
1.91E-4
2.68E-4
5.15E-4
6.09E-4
4.12E-2
2.30E+1
3.01E+0
1.82E+1
3.33E-1
2.12E+0
5.82E+0
3.92E+0
6.44E+0
1.90E+0
3.52E-1
1.70E-1
1.09E-1
5.83E-3
2.88E-3
6.48E-3
2.24E-3
1.01E-3

2.04E+0
2.20E+0
2.36E+0
2.52E+0
2.79E+0
2.84E+0
3.13E+0
3.39E+0
3.82E+0
4.22E+0
4.82E+0
5.52E+0
6.54E+0
8.23E+0
1.29E+1
1.10E+2
4,79E+1
6.01E+1
3.78E+1
3.03E+1
2.67TE+1
2.53E+1
2.32E+1
1.88E+1
1.67E+1
1.48E+1
1.26E+1
1.32E+1
1.06E+1
1.46E+1
1.27E+1
1.04E+1

3.27E-5
1.91E-5
1.20E-5
1.81E-5
2.67E-5
9.19E-6
4.06E-6
1.44E-5
1.52E-6
4.90E-6
2.16E-5
3.54E-5
6.88E-5
2.87E-5
1.79E-3
6.96E-1
1.37E-1
5.66E-1
1.63E-2
8.79E-2
1.48E-1
8.49E-2
1.49E-1
4.59E-2
9.35E-3
5.20E-3
4.24E-3
2.29E-4
8.05E-5
2.16E-4
7.59E-5
2.42E-5

3.37E-4 2.52E+0
2.46E-4 2.70E+0
2.37E-4 2.90E+0
2.52E-4 3.10E+0
4.19E-4 3.55E+0
2.37E-4 3.52E+0
2.00E-4 3.93E+0
2.27E-4 4.31E+0
2.43E-4 4.79E+0
2.59E-4 5.34E+0
3.23E-4 6.07E+0
3.03E-4. 7.17E+0
3.11E-4 .8.90E+0
7.14E-1.1.28E+1
2.54E+1 1.29E+2
1.16E+1 6.00E+1
2.90E+1 4.07E+2
9.00E+0 5.22E+1
2.25E+0 4.59E+1
1.20E+1 3.77E+1
1.50E+1 3.67E+1
8.51E+0 2.78E+1
4.94E+0 2.46E+1
1.40E+0 2.05E+1
7.73E-1 1.86E+1
3.88E-1 1.74E+1
4.71E-2 1.51E+1
2.21E-2 1.45E+1
2.55E-1 2.21E+1
1.28E-1 1.87E+1
1.57E-2 1.52E+1
4.20E-3 1.23E+1

2.80E-5
1.53E-5
1.71E-5
8.18E-6
3.76E-5
1.10E-5
1.04E-5
9.99E-6
7.13E-6
7.83E-6
3.66E-5
2.41E-5
2.70E-5
2.47E-2
8.12E-1
4.61E-1
8.82E-1
3.48E-1
8.16E-2
2.67E-1
3.29E-1
2.17E-1
1.37E-1
4.14E-2
2.55E-2
1.52E-2
1.71E-3
7.18E-4
6.65E-3
4.50E-3
5.40E-4
1.26E-4
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oy (kH2Z)

Pet = 7.5x107*N/m

Pt =1.0x10°N/m

U

Vv

¢

U

Vv

)

3.31E+1
3.36E+1
3.41E+1
3.46E+1
3.51E+1
3.56E+1
3.61E+1
3.66E+1
3.71E+1
3.76E+1
3.81E+1
3.86E+1
3.91E+1
3.96E+1
4.01E+1
4.06E+1
411E+1
4.16E+1
4.21E+1
4.26E+1
431E+1
4.36E+1
441E+1
4.46E+1
451E+1
4.56E+1
4.61E+1
4.66E+1
4.71E+1
4.76E+1
481E+1
4.86E+1

3.97E-4
2.65E-4
2.45E-4
3.10E-4
3.58E-4
2.51E-4
2.52E-4
2.49E-4
2.85E-4
3.19E-4
2.82E-4
4.26E-4
4.45E-3
3.00E+1
2.35E+1
1.7gM\1
1.33E+1
1.68E+1
9.21E-1
5.88E+0
9.61E+0
8.13E+0
7.73E+0
4.79E+0
6.51E-1
7.79E-1
7.91E-4
5.17E-2
4.65E+0
1.72E-1
1.86E-2
9.39E-3

2.77TE+0
2.97E+0
3.18E+0
3.43E+0
3.95E+0
3.94E+0
4.30E+0
4.79E+0
5.31E+0
6.01E+0
6.94E+0
8.19E+0
1.05E+1
4.09E+2
1.05E+2
6.52E+1
5.69E+1
4.86E+1
4.72E+1
3.91E+1
3.38E+1
2.99E+1
2.39E+1
2.26E+1
1.97E+1
1.77E+1
1.66E+1
1.44E+1
2.55E+1
1.97E+1
1.59E+1
1.31E+1

4.26E-5
2.37E-5
2.25E-5
3.62E-5
3.81E-5
6.44E-6
1.12E-5
1.01E-5
1.49E-5
1.46E-5
1.37E-5
5:10E-5
2.25E-4
8:22E-1
7.88E-1
6.39E-1
4.67E-1
3.85E-1
4.52E-2
1.44E-1
3.22E-1
2.74E-1
2.10E-1
1.81E-1
2.42E-2
2.66E-2
2.12E-5
1.77E-3
1.45E-1
5.01E-3
6.90E-4
2.72E-4

8.03E-4
5.85E-4
9.59E-4
5.31E-4
4.89E-4
4.42E-4
451E-4
5.89E-4
7.03E-4
1.34E-2
6.80E-1
2.21E+1
3.31E+1
2.88E+1
3.88E+1
2.86E+1
2.37TE+1
3.25E+1
2.98E+1
7.00E+0
1.43E+1
1.76E+1
1.88E+1
2.06E+1
1.30E+1
3.46E+0
1.82E+1
1.80E+1
3.87E+0
1.30E+0
1.27E+0
2.27E-1

4.12E+0
4.42E+0
4.79E+0
5.35E+0
6.29E+0
6.17E+0
6.71E+0
7.48E+0
8.53E+0
1.01E+1
1.27E+1
4.09E+2
1.52E+2
4.11E+2
1.40E+2
1.16E+2
8.50E+1
1.26E+2
1.46E+2
5.24E+1
6.66E+1
4.99E+1
5.72E+1
8.05E+1
3.82E+1
2.90E+1
6.33E+1
6.70E+1
2.57E+1
2.07E+1
1.94E+1
1.55E+1

9.93E-5
3.99E-5
7.55E-5
1.75E-5
2.75E-5
2.04E-5
1.90E-5
2.06E-5
2.23E-5
7.23E-4
2.86E-2
7.42E-1
8.43E-1
8.67E-1
8.90E-1
74 =g1
6.52E-1
S =
8.50E-1
2.74E-1
6.07E-1
4.22E-1
5.51E-1
7.07E-1
4.26E-1
1.20E-1
5.65E-1
5.52E-1
1.01E-1
4.26E-2
3.36E-2
7.95E-3
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P =1.5x10°N/m
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peff =1.7 >(10_3 N/m

wp(kHz) U

\% & U

Vv

)

U

Vv

&

2.03E+1 7.66E-5
2.04E+1 1.45E-4
2.05E+1 1.51E-4
2.06E+1 1.15E-4
2.07E+1 7.79E-5
2.08E+1 1.15E-4
2.09E+1 2.52E-4
2.10E+1 3.60E-4
2.11E+1 1.95E-2
2.12E+1 9.10E+0
2.13E+1 1.28E+1
2.14E+1 1.93E+1
2.15E+1 1.40E+1
2.16E+1 1.31E+1
2.17E+1 1.22E+1
2.18E+1 9.94E+0
2.19E+1 6.92E+0
2.20E+1 3.95E+0
2.21E+1 6.64E-1
2.22E+1 1.13E-1
2.23E+1 4.26E-2

4.86E+0 1.28E-5 1.59E-4
5.00E+0 1.37E-5 1.42E-4
5.25E+0 1.88E-5 1.49E-4
5.57E+0 1.23E-5 1.27E-4
5.89E+0 9.93E-6 1.54E-4
6.31E+0 1.16E-5 2.26E-4
6.77E+0 2.11E-5 6.94E-4
7.62E+0 2.48E-5 7.62E-2
8.79E+0 7.39E-4 9.49E+0
3.37E+1 38.55E-1 1.24E+1
4.04E+1 4.38E-1 1.71E+1
7.37E+1 5.87E-1 1.42E+1
5.35E+1 4.61E-1 1.46E+1
2.91E+1 3.81E-1 1.44E+1
3.96E+1 4.01E-1 1.07E+1
3.18E+1 3.63E-1 9.94E+0
2.05E+1 2.62E-1 7.20E+0
1.25E+1 1.73E-1 5.48E+0
1.03E+1 2.80E-2 6.02E+0
9.02E+0 4.99E-3 4.91E+0
7.82E+0 2.20E-3 2.35E+0

5.54E+0
5.83E+0
6.03E+0
6.43E+0
6.88E+0
7.41E+0
8.16E+0
9.39E+0
2.90E+1
3.62E+1
RN
6.84E+1
4.52E+1
5.22E+1
3.98E+1
3.25E+1
2.13E+1
1.64E+1
1.68E+1
1.30E+1
9.04E+0

2.03E-5
1.38E-5
1.29E-5
1.63E-5
1.63E-5
1.41E-5
3.51E-5
3.59E-3
3.54E-1
4.17E-1
5.73E-1
S5.41E-1
4.55E-1
4.92E-1
4.06E-1
3.69E-1
2.70E-1
2.24E-1
2.38E-1
1.89E-1
7.93E-2

1.44E-4
1.90E-4
1.15E-4
2.17E-4
3.12E-4
7.18E-4
5.71E-3
2.30E+0
1.72E+1
1.87E+1
1.82E+1
1.59E+1
1.75E+1
1.20E+1
1.44E+1
1.02E+1
7.21E+0
6.35E+0
6.33E+0
6.80E+0
5.79E+0

6.34E+0
6.70E+0
7.05E+0
7.53E+0
8.03E+0
8.83E+0
1.00E+1
1.25E+1
5.91E+1
6.19E+1
7.71E+1
4.57E+1
6.91E+1
5.00E+1
4.24E+1
2.87E+1
2.09E+1
1.84E+1
1.79E+1
1.69E+1
1.65E+1

1.17E-5
1.88E-5
1.03E-5
1.59E-5
2.98E-5
3.89E-5
2.72E-4
1.06E-1
4.92E-1
5.22E-1
6.01E-1
4.82E-1
5.60E-1
4.31E-1
4.28E-1
3.56E-1
2.68E-1
2.47E-1
2.46E-1
2.48E-1
2.28E-1
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. I 1
N QI HER G PR o, zEa)z(: )

Pt =1.8x103N/mM pyr =1.9x10°N/m py =2.0x10°N/m

wp(kKHz) U \Y &) U \Y O U \Y O

2.03E+1 1.50E-4 7.27E+0 1.43E-5 4.63E-4 8.30E+0 2.41E-5 2.04E-2 9.53E+0 8.44E-4
2.04E+1 2.01E-4 7.66E+0 1.43E-5 1.36E-38.77E+0 7.81E-5 6.04E-2 1.02E+1 2.36E-3
2.05E+1 2.82E-48.04E+0 1.40E-5 9.44E-3 9.37E+0 4.25E-4 1.05E+0 1.12E+1 4.68E-2
2.06E+1 6.15E-48.73E+0 2.99E-5 2.60E-11.02E+1 1.13E-2 4.79E+0 1.73E+1 1.74E-1
2.07E+1 1.20E-2 9.57E+0 4.69E-4 1.69E+0 1.15E+1 6.86E-2 1.30E+1 4.58E+1 4.39E-1
2.08E+1 3.53E-11.07E+1 1.57E-2 9.14E+0 3.34E+1 3.49E-1 1.34E+1 4.71E+1 4.39E-1
2.09E+1 8.87E+0 3.60E+1 3.56E-11.97E+1 1.03E+2 6.30E-1 1.78E+1 5.54E+1 4.75E-1
2.10E+1 1.58E+1 5.19E+1 4.72E-1 1.73E+1 8.99E+1 6.21E-1 2.26E+1 8.75E+1 6.00E-1
2.11E+1 1.59E+1 4.54E+1 4.77E-1 1.71E+1 5.32E+1 5.08E-1 2.44E+1 8.39E+1 6.24E-1
2.12E+1 4.33E+1 4.09E+2 1.04E+0 2.98E+1 4.06E+2 8.61E-1 2.79E+1 3.94E+2 7.87E-1
2.13E+1 1.90E+1 1.07E+2 6.98E-1 1.65E+1 8.35E+1 5.85E-1 2.07E+1 7.16E+1 5.71E-1
2.14E+1 1.79E+1 6.09E+1 5.44E-1 1.82E+1 7.71E+1 5.50E-1 2.15E+1 1.01E+2 6.44E-1
2.15E+1 1.66E+1 6.21E+1 4.82E-1 1.79E+1 6.56E+1 5.54E-1 1.42E+1 5.28E+1 4.89E-1
2.16E+1 1.32E+1 5.52E+1 4.79E-11.47E+1 6.05E+1 5.10E-1 1.45E+1 5.75E+1 4.89E-1
2.17E+1 1.22E+1 3.24E+1 3.77E-11.11E+1 4.33E+1 4.36E-1 1.20E+1 3.49E+1 3.84E-1
2.18E+1 1.14E+1 4.05E+1 3.93E-1 1.01E+1 3.44E+1 3.83E-1 1.12E+1 3.62E+1 3.79E-1
2.19E+1 9.44E+0 2.40E+1 3.17E-1 1.02E+1 3.46E+1 3.83E-1 1.19E+1 4.71E+1 4.36E-1
2.20E+1 7.46E+0 2.20E+1 2.83E-19.88E+0 2.81E+1 3.41E-1 1.27E+1 4.20E+1 4.14E-1
2.21E+1 7.00E+0 1.79E+1 2.58E-1 8.05E+0 2.22E+1 2.92E-1 5.33E+0 1.69E+1 2.39E-1
2.22E+1 7.73E+0 2.33E+1 2.99E-1 8.41E+0 2.66E+1 3.27E-1 1.01E+1 2.85E+1 3.40E-1
2.23E+1 6.26E+0 1.81E+1 2.45E-1 6.57E+0 1.80E+1 2.47E-1 6.86E+0 1.99E+1 2.64E-1
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. 1
24 RMEEERGZ R o, zga)z(— )

Pt =2.5x10°N/m pg =2.55x10°N/m pgr =2.6x10°N/m

o, (kH2) U Vv 6 U Vv e U vV e

1.4300E+1 8.61E+0 2.34E+1 2.95E-1 1.18E+1 3.72E+1 3.78E-1 1.35E+1 4.43E+1 4.13E-1
1.4325E+1 1.22E+1 2.99E+1 3.49E-1 1.21E+1 3.30E+1 3.95E-1 1.12E+1 3.46E+1 3.69E-1
1.4350E+1 1.25E+1 3.84E+1 4.36E-1 4.10E+1 4.11E+2 1.09E+0 3.40E+1 2.68E+2 8.62E-1
1.4375E+1 1.39E+1 4.86E+1 4.16E-1 1.38E+1 3.87E+1 3.75E-1 1.18E+1 3.17E+1 3.60E-1
1.4400E+1 1.35E+1 4.85E+1 5.05E-1 4.07E+1 4.10E+2 9.05E-1 1.34E+1 3.62E+1 3.93E-1
1.4425E+1 1.06E+1 3.46E+1 3.67E-1 1.11E+1 3.22E+1 3.71E-1 4.09E+1 3.96E+2 9.86E-1
1.4450E+1 1.44E+1 4.84E+1 4.69E-1 1.06E+1 3.81E+1 3.76E-1 1.76E+1 4.53E+1 5.06E-1
1.4475E+1 1.86E+1 5.20E+1 4.95E-1 1.37E+1 3.86E+1 4.44E-1 1.68E+1 4.98E+1 4.93E-1
1.4500E+1 1.27E+1 3.05E+1 3.83E-1 1.89E+1 4.47E+1 4.67E-1 1.42E+1 4.87E+1 4.80E-1
1.4525E+1 1.28E+1 3.64E+1 3.83E-1 1.01E+1 3.72E+1 3.47E-1 1.34E+1 4.06E+1 3.79E-1
1.4550E+1 1.10E+1 3.86E+1 3.97E-1 1.16E+1 3.79E+1 3.44E-1 1.46E+1 4.03E+1 4.21E-1
1.4575E+1 1.10E+1 3.32E+1 3.73E-1 9.94E+0 3.52E+1 3.35E-1 1.11E+1 3.61E+1 3.50E-1
1.4600E+1 1.20E+1 2.73E+1 3.51E-1 1.47E+1 5.11E+1 4.80E-1 1.16E+1 3.36E+1 3.65E-1
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FL PR HBER R py =7.5x107N/m, o, ~ o,

oy (kHZ)

2.91E+1
2.96E+1
3.01E+1
3.06E+1
3.11E+1
3.16E+1
3.21E+1
3.26E+1
3.31E+1
3.36E+1
3.41E+1
3.46E+1
3.51E+1
3.56E+1
3.61E+1
3.66E+1
3.71E+1
3.76E+1
3.81E+1
3.86E+1
3.91E+1
3.96E+1
4.01E+1
4.06E+1
4.11E+1
4.16E+1
4.21E+1
4.26E+1
4.31E+1
4.36E+1
4.41E+1
4.46E+1
4.51E+1
4.56E+1
4.61E+1
4.66E+1
4.71E+1
4.76E+1
4.81E+1
4.86E+1

a, =50sec™ a =0
o./h  v./h  &/h u/h v/h @G/h
422E-4 186E+0 153E-5 4.19E-4 1.86E+0  1.95E-5
367E-4 177E+0 172E-5 3.62E-4 179E+0  157E-5
4.02E-4 205640 3.20E-5 3.85E-4 2.06E+0  3.21E-5
333E-4 215E+0 1.11E-5 350E-4 2.16E+0  1.48E-5
563E-4 227E+0 4.62E-5 3.10E-4 220E+0  2.34E-5
340E-4 241E+0 266E-5 4.14E-4 242E+0  3.63E-5
3.78E-4 273E+0 249E-5 3.15E-4 276E+0  3.58E-5
312E-4 2.59E+0 2.69E-5 3.05E-4 261E+0  227E-5
3.36E-4 2.75E40 2.78E-5 3.97E-4 277E+0  4.26E-5
4.08E-4 295E40 274E-5  2.65E-4 297E+0  2.37E-5
250E-4 3.18E+0 | [258E-5, 245E-4 318E+0  2.25E-5
6.42E-4 341E+0 4.74E-5. B10E-4 343E+0 3.62E-5
472E-4 _392E+0 _511E-5. 358E-4 3.95E+0  3.81E-5
2.74E-4 . 3.90E+0°" 867E-6 . 251E-4 394E+0  6.44E-6
245E-4. (427E+0°  149E-5 = .252E-4 A30E+0  1.12E-5
2.38E-4" | 476E+0 = 6.94E-6 - 249E-4. A79E+0  1.01E-5
249E-4 530E+0 1.38E5  285E-4 531E+0  1.49E-5
266E4 | 5.96E+0 ~985E-6. 3.19E-4 6.01E+0  1.46E-5
2.97E-4°  6.86E+0  2.85E-5. 2.82E-4 6.94E+0  1.37E-5
297E-4 .~ 811E+0 42365 426E-4 B8I19E+0  5.10E-5
277E-3 “104E+1 139E-4 _AASE-3 105E+1  2.25E-4
3.05E+1 1.15E+2  6.24E-1  3.00E+1 4.09E+2  8.22E-1
355E+1 120E+2  7.79E-1  2.35E+1 1.05E+2  7.88E-1
215E+1 9.34E+1 8.18E-1 171E+1 652E+1  6.39E-1
254E+1 127E+2 7.90E-1 133E+1 569E+1  4.67E-1
3.23E+1 108E+2 7.67E-1 168E+1 486E+l  3.85E-1
1.04E+0 471E+1  348E-2 921E-1 472E+1  4.52E-2
549E-2 3.89E+1 149E-3 588E+0 391E+1  1.44E-1
168E+1 520E+1 A446E-1 9.61E+0 3.38E+1  3.22E-1
463E+0 299E+1 151E-1 B8I3E+0 299E+1  2.74E-1
496E+0 2.38E+1 1.30E-1 7.73E+0 2.39E+1  2.10E-1
A59E+0 223E+1 175E-1 A79E+0 2.26E+1  1.81E-1
278E-1 196E+1 104E-2 651E-1 197E+1  242E-2
6.27E-1 176E+1 214E-2 7.79E-1 L177E+1  2.66E-2
391E-2 166E+1 1.18E-3 7.91E-4 166E+l  2.12E-5
296E-2 143E+1 101E-3 517E-2 144E+1 1.77E-3
1.71E+0 253E+1 500E-2 A465E+0 2.55E+1  1.45E-1
381E-2 196E+1 1.11E-3 172E-1 197E+1 501E-3
585E-3 1.59E+1 209E-4 186E-2 159E+1  6.90E-4
289E-2  130E+l 8.45E-4  939E-3 131E+1  2.72E-
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Fh - IR & 8 py =1.8x10°N/m, o, “%wz

oy (kHz)

2.03E+1
2.04E+1
2.05E+1
2.06E+1
2.07E+1
2.08E+1
2.09E+1
2.10E+1
2.11E+1
2.12E+1
2.13E+1
2.14E+1
2.15E+1
2.16E+1
2.17E+1
2.18E+1
2.19E+1
2.20E+1
2.21E+1

a =50 sec™?

a]_:O

U

2.09E-4
2.32E-4
3.04E-4
5.71E-4
6.86E-3
2.61E-1
9.34E+0
1.56E+1
1.57E+1
2.97E+1
1.87E+1
1.59E+1
1.55E+1
1.37E+1
1.23E+1
1.42E+1
1.02E+1
6.79E+0
6.85E+0

Vv

7.24E+0
7.60E+0
8.00E+0
8.70E+0
9.48E+0
1.06E+1
3.76E+1
4.95E+1
4.49E+1
1.30E+2
8.84E+1
S.67E+1
6.21E+1
5.50E+1
3.73E+1
4.46E+1
2.54E+1
1.99E+1
1.82E+1

()

1.75E-5
1.49E-5
2.40E-5
3.55E-5
2.86E-4
1.15E-2
3.78E-1
4.62E-1
4.74E-1
7.14E-1
6.68E-1
4.92E-1
4.92E-1
4.78E-1
4.04E-1
4.36E-1
3.15E-1
2.61E-1
2.56E-1

U

1.50E-4
2.01E-4
2.82E-4
6.15E-4
1.20E-2
3.53E-1
8.87E+0
1.58E+1
1.59E+1
4.33E+1
1.90E+1
L79E+1
1.66E+1
1.32E+1
1.22E+1
1.14E+1
9.44E+0
7.46E+0
7.00E+0

\Y

7.27E+0
7.66E+0
8.04E+0
8.73E+0
9.57E+0
1.07E+1
3.60E+1
5.19E+1
4.54E+1
4.09E+2
1.07E+2
6.09E+1
6.21E+1
5.52E+1
3.24E+1
4.05E+1
2.40E+1
2.20E+1
1.79E+1

O

1.43E-5
1.43E-5
1.40E-5
2.99E-5
4.69E-4
1.57E-2
3.56E-1
4.72E-1
4.77E-1
1.04E+0
6.98E-1
5.44E-1
4.82E-1
4.79E-1
3.77E-1
3.93E-1
3.17E-1
2.83E-1
2.58E-1
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o

Fot o HBRIAHEHOGA 23 XERREEPEIRE: 0, r 0

2=33x103N/m 1=34x10°N/m 1=35x10"°N/m

opkH) U Vv & U Vv 6 U Vv e

2.65E+1 4.58E-1 1.26E+1 1.82E-2 4.54E-1 1.36E+1 1.83E-2 2.01E-1 1.46E+1 7.84E-3
2.66E+1 2.88E+0 1.38E+1 1.18E-1 3.00E+0 1.44E+1 1.39E-1 1.72E+0 1.54E+1 7.12E-2
2.67E+1 2.89E+0 1.38E+1 1.27E-12.70E+0 1.44E+1 1.02E-1 3.39E+0 1.84E+1 1.45E-1
2.68E+1 3.92E+0 1.39E+1 1.59E-1 2.35E+0 1.60E+1 9.61E-2 7.85E+0 2.93E+1 2.76E-1
2.69E+1 3.97E+0 1.62E+1 1.62E-1 9.00E+0 3.24E+1 3.25E-1 3.60E+1 4.14E+2 9.33E-1
2.70E+1 4.18E-1 1.51E+1 1.60E-2 3.60E+0 2.89E+1 1.22E-1 1.04E+1 3.49E+1 3.52E-1
2.71E+1 8.77E-1 2.55E+1 4.15E-2 1.19E+1 5.41E+1 4.62E-1 5.51E-3 3.17E+1 2.20E-4
2.72E+1 9.59E-1 2.27E+1 3.94E-2 8.66E-1 2.46E+1 4.11E-2 2.51E-2 2.71E+1 9.14E-4
2.73E+1 3.12E-1 1.94E+1 1.32E-22.69E+02.13E+1 1.42E-1 1.37E-1 2.40E+1 5.39E-3
2.7AE+1 5.93E-1 1.74E+1 2.74E-2 4.31E-1 1.89E+12.03E-2 3.81E-2 2.00E+1 1.81E-3
2.75E+1 3.23E-1 1.71E+1 1.46E-2 5.58E-1 1.72E+1 2.23E-2 2.03E-3 1.99E+1 8.91E-5
2.76E+1 1.23E+0 1.62E+15.02E-22.09E+0.1.98E+1 7.51E-2 5.13E-1 2.38E+1 1.88E-2
2.77E+1 5.96E+0 2.00E+1 2.32E-1 4.31E+1 3.89E+2 8.17E-1 7.93E-3 2.69E+1 3.39E-4
2.78E+1 8.11E+0 2.55E+1 3.03E-1 3.73E+02.48E+1 1.56E-1 5.08E-1 2.17E+1 1.88E-2
2.79E+1 2.33E+0 2.24E+1 1.01E-18.22E+0 2.32E+1 2.81E-1 1.92E-2 1.93E+1 7.70E-4
2.80E+1 4.54E+0 2.20E+1 2.07E-1 7.36E-1 1.82E+1 3.22E-2 4.02E-2 1.99E+1 1.74E-3
2.81E+1 4.19E-1 1.72E+11.92E-2 3.02E+0 1.95E+11.24E-1 8.04E-1 2.10E+1 3.73E-2
2.82E+1 2.19E+0 1.72E+1 9.62E-2 8.37E+0 3.14E+1 3.11E-1 3.49E+0 2.19E+1 1.23E-1
2.83E+1 6.49E+0 2.27E+1 2.51E-1 3.57E+0 2.03E+1 1.21E-1 2.56E+0 2.14E+1 9.07E-2
2.84E+1 6.77E+0 2.22E+1 2.37E-1 3.61E+0 2.09E+1 1.61E-1 9.91E-1 2.25E+1 5.62E-2
2.85E+1 3.67E+0 2.03E+1 1.45E-1 6.18E+0 3.20E+1 3.27E-1 4.16E-1 2.14E+1 2.01E-2
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MODE 2

MODE 1

o> 7
S ®w o w o
/\'N UOKOBY3P [ePo
Y
S w o mw o
/N'N UOROBY3P [ePON
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