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[(P+ AO)v ]+ K[— X(P+ AO)v+ AO] + F = 2Rv,+ Ploy,

, F , 0 «x , P , K
. I ox .

Kelvin R
o= Ee+ Ng

, E , 1 , € «x .
€=- K+ %1}3'

() (2 (3, K

vi+ 2Rovi— cive + 012[%1@5+ Kowy — %v%vm}+

o ¥oxwr — v — U124)xxt) =f,
R P E 0 F
Ro= g ele g d = s ey = B

cl ct , €O .

v(x,t) f(x,t)

v(x,t) = ;Jvim %x), f(x,1)= ;lﬂ-m (x),

. @(x) i : ol

P(x)=1- cos(Bix/L)- tan(B;/L)sin( Bix/L) (i= 1,35, -,

, Bi
tan( B/2) = Bi/2—- (4 A?)(Bi/2)?
- N = 6EA/P)(d/1)% d .
®(x) = sin(iM/L) (i= 2,46 ..)*
f(x,t) n Gauss " Lt
Vi< Vo iZne
, n ( n s
)
R
.- 3’ o g ML= U 1) 8N(= -
2det 3T 90’
(4) (¢t T)
Ve 26+ V4 g K12+ V)t a(V+ V) B= F(1)*
F(t) Gauss , Rer( )
Srr( ®)

Ror(T) = F(1),F(t+ T)= #"Meosa  B< Q| Q- 11«1,

(4)

(7a)
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oo 2 2 2
e o+ O+ B
Skr( @) = [OORFF(T)e T = 25‘152[(@2_ P Bz)z+ 40)232], (7b)
, Q . B , P . Fourier ,
[11]
F(t) = ao(t)cos @+ bo(t)sin Y, (8)
, ao bo cos I sin QT .
R (6)
Vi 2[k+ TEK0 %aoz] Bt (1+ 28404 38 V= F(1), (9)
, 0V * V(i)
Sw(w) =1 H(w)|>Sew( o), (10)
JH(®) = [(- G+ 1+ 286104 385 + i(2k+ 28K0+ 380)] (9)
. (10) Fourier V(t)
i
(1) = ————
Rl = g 1)
J-J_rooe—B\T—zICOSQ(T_ t)e_k"““‘[cos Q1t+ k_éfmel| tl] dt, (11)
, k= k+ (€1K20+ €0)/2, Qf= 1+ 28K0+ 380 — ke
.80 <1 80 <k, (11) T= 0,
( )
(380 s 1= P k4 (Br £)2](380) % {[1- P K4
(B+ k)*J*+ 4(B+ k)2§22>(38002)— 3eP(B+ k)/k= 0, (12)
, &= €— Ek/3, &> 0 .
0. 12 k = 10—2 0.12 k= 10_3
0.10 Jef?=1.6% 107" 0.10 g=6x10"?
b.08 0.08
3e42=2.5% 105
) i
=008 5 0.06 A 3 =1.6% 1078
0.04 0.04 g
0.02 L 0.02 /';;‘::’:.‘: / 35‘#2 =4x 1077
- _:""’ Y ,"’:’ to >I
Nl S Racan a ol U .
0.98 1.00 1.02 1.04 1.06 1.08 0.98 1.00 .g2 1.04 1.06 1.08
2 [y}
1 B 2 &b’
(12) 1 2 3g)0° ,

(e, QB k), 1 3 . (12) ,
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(12)
(12)

3
3

b> 0, G*+ 4I°< 0, (13)
G= b(b+ 4F)~ d, I= 5 LI,
b= TP 1 (Br k)4 kY.
= 4B+ k), d =381+ (B/k)]
(13) . (12
Qu= J3(B+ k)+ {1— K+ 4(B+ k)2}1/2° (14)
Q< Qq, ¢ ,
€% = %(m B2 =B k{1e aBe 2o V2 (15)
3.3
g 0 (12), B<1l k<1, &
& = (643/27)k( B+ k)* (16)
# < ¢%,, Q
(16) B
Bu( #) = (276F64,/3k)"* - F, (17)
& (13) B Q
Bu( Q) = (= 1+ k)= ke (18)
(Q ¢, B (17) (18
1 &b’ B 2,
Q 1, o B ;
Q, o B Q, o
B .
2 , B, & o
&
[11], F(t) n Gauss
V= a(t)cosQ+ b(t)sin X, (19)
,a b cos &  sin$% L]
B=- Qa(t)sin %+ b(t)cos kj, (20)
@&Xt)cost + B¥i)sin X = 0, (21)
(8) (19)~ (21 (6)
= DI, e LR, 2)
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F= (1= Q% (acosu+ bsin Q) — 2k Qasin X — beos U )+
€ K1+ acos U+ bsin Q) ( acos U+ bsin Q)*—
& QX+ acos &+ bsin$%)(acos X+ bsin%)(asin & — beos ) -

aocos & — bosin & *

a0 bo a b (L i+ To) (To= 2V Q),
2 3 3 2 1 3 2
200 (1= @)b+ 2hQa- Se( b+ a'b)+ § ®i(a’+ ab’)= - ba (B)
200+ (1- Pa+ 2k- Te(a’+ ab’)+ 5 BB+ a’b) = ar (24)
(23) (24) a b Sa b, Sa  Sb ,

206- (1- )6b+ 2kQ6a-

%8[2ab6a+ (36%+ oY 8b]+ %%1[(3a2+ b2)6a + 2abSh] = 0, (25)
200+ (1- @)6a+ 2kQ8b+
2/ (3a>+ b)Ba+ 2ab0b]+ ~; B[ 2abBa+ (36°+ a*)8b] = O (26)
(25) (2) .
Sa(t) = Sa(O)exp[J;K(s)ds}, Sb(t) = 6b(0)exp[I;NS)dS] .
(25) (20)
| A- 20X = 0, (27)
,E 2x2 , M) LA 2x 2 ,
an= 2kQ- %ab8+ i(sa% b’) Qe

an == (1- @)= 230"+ o’)e+ Table,

an= (1- Qz)+ %(3a3+ bz) e+ %abQ&,

an = 2%Q+ Fabe+ (3b°+ ) e
(27) . N A ,
P{}i%,[o?f(s)ds}z P{IIJ'HC}OLL)}(S)ds}: P{tlin;ot()ﬂ}
(=12, (28)
P N . O ,
(27) ( aQ &)

N+ [4kQ+ (a’+ bY)&] M 4K Q%+ (1- )%+ 3(a’+ bY(1- QY e+



862

2Q(a*+ b &+ %_Z(a2+ bHr e+ 116((1% b*)?el= 0 (29)

(29) M N,
No=— 2kQ+ By E 1,

B=- 2r281, Uy = {— [(1- Q2)2+ 12g(1- Qz)r2+ (2782— 8%)r4]} ]/2, (30)

= Leate by (31)

r2 = 4
V(t) 0, o, (19) (31) r

Rayleigh ,

p(r)= (r/G)exp(~ r*/20;)  r 20,0 = /4~
Qe g

r , (30)
(27— > 0°

P <1J'2> °
. P>,

Q* <1, r b
r%:L<rz< L: 2
6e+ [9€8+ & 6e- [9€+ &

(B T 1)
Re( (M £ 1)) = Re( (Hy)) £Re((y)) =

J-O Ulp(r)drifzuzl)(r)dr o' 1,
"

» B

0

p(r), b1
Re( (W)) = - 4§02,

2 2
Re( (L)) = T & - 1)[:_?} exp[_Tﬂ I{zr(%} P> I
, Ii(z) Bessel N2
Re( M) = - 2k Q+ Re( {&)) + Re( (),
Re( X) = — 2k Q+ Re (M) + Re( (Hy))e (%)
Re(N) SO(i=1,2),
Re( (M) + Re((H)) <2k (33)

(33)
k=00 Q> 1 , . e

, k= 0.001, €= 0. 005*

, k= 0001 &= 0.005"



863

1)

2)
3)

4

(1]

(2]

(7]

0. 167

0.12

L 0.08¢

0.041

0
0.98

a: €= 0.008; b:& = 0.005 c:€ =002 a:€= QO0®B; b:€= 0.006 c:€= 0.007;

d:& = 0(k= 0.00L, €= 0.005) d: €= 0.008 (k= 0.00l, &= 0.005)
3 4
1) i 2) (27) A(t)
k €
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Nonlinear Random Stability of Viscoelastic
Cable With Small Curvature

LI Ying_hui, GAO Qing
( Department of Applied Mechanics and Engineering,
Southwest Jiaotong University, Chengdu 610031, P.R, China)

Abstract: The non linear planar mean square response and the random stability of a viscoelastic cable
that has a small curvature and subjects to planar narrow band random excitation is studied. The Kelvin
viscoelastic constitutive model is chosen to describe the viscoelastic property of the cable material. A
mathematical model that describes the nonlinear planar response of a viscoelastic cable with small e-
quilibrium curvature is presented first. And then a method of investigating the mean square response
and the almost sure asymptotic stability of the response solution is presented and regions of instability
are charted. Finally, the almost sure asymptotic stability condition of a viscoelastic cable with small
curvature under narrow band excitation is obtained.

Key words: cable; mean square response; stochastic stability; Kelvin viscoelastic model;, narrow

band random excitation



