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MU+CU+KU=P (1.1)
EERA, URRARTM, M, CE&BFAKPIEMEERE, K BRIERR, A5 LR
A A SR, PRAE, 2 TIEFREILERE, &R
P(#)=a(t)P°() (1.2)
3t P() e iR, WAE
P(t)=r P(o)eodo (1.3)

e, Plo) Pt Fourier T4, Filk a(t), Po(HH Fourier E#Hi%&H i(w), Po(o),

2 Fourier THERE
P(o)=i(w) * P°(w) (1.4)
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E=R x SRR/, XHWE
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Ets A« BRRE R, 0 EFRAE LT A —co Moo BIRAFS, WU &k

BERRXGLSE. (1.52), (1.5b)FROFHRL,
PUWﬂn=Hﬁﬂumﬁﬂmoam—@ﬁw@-@>
ce'@=o0id g dw,dw,dw,

3 ERCRHEME, BEEIESEP(0)FP* (0, REBETS R,
E[P(0,)Po*(w4) 1=Sr(,)(w, —5)

(.o

(1.7)

8 3% Dirac @, Se(w) Po()MTIREHE, XETH (1.6) WMBES %,
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=[[{[sr(@s01 -0 i@ 3% (@0 04)
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bR (1.8) f1 (1.9a,b) R, MEEX
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a(t,w)= g&(a)’—-a))e"“’"“’” ce'otd (' —w)=a(t)e'®

WM ERERAAN Q.9b) KB
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=a(t)a(t,) SSP((D)Q""('!“z’da)

XA ERFFETTN (1.2) REEFH,
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BT EESFE 1.1 KB N (.1 RE USRS R Y R
H{w)= _,__A___l_ﬁ_‘b
T = Mo?+Cio+K
BARA:

(1.8)

(1
(1

(1.

(1.

(1.

(1

(1

(1

.9a)
.9b)

10)

.13)

.14)

.15)



759

‘ U(w)=H ()P (@)
U(o)R UGBS, WE

U () =§ U(o)e'wdo=\ H(0)P (o) ewtda
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ERFUB R
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XH
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MEENME BRERE md 2 Gauss ERATEAYTHRT HREFRET, X, BRM L
P(t)72 Gauss BHLIRE, MEXNMSEBHEN EHERAFTETERE.
fEEbREIERRED, FlmdEsT .19 , (.20a,b) , (.21 REF 55, REHK
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WMRAHEIGHH a(v)=1, W 1.21) , (1.20b) X4 BIkA,

i ~w)=06(0' —o) (1.25a)
b(t,0)=H (o) e (1.25b)
e (.19, Q.22 RKH5HRH
E[U(t)U*(t)]=gH(a>)H*(a>)Sp(a))dw (1.262)
Ry(t,,t,)=E[U(t,)U*(t,)]
=xH(m)H*(w)Sp(w)e‘w“l"Z’a’co (1.26b)
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(2.1) RIARUT EWEHHZOFERE. X @.0) RREE,

U(0)=K""()F (o) (2.2)
WP (o) BRI FREVERE POREN R, PO)TUETHR,
P(H)=a(t)P°(1) (2.3)
oY REMEY, PORFIHMNERITR, BIFRHRUG BRIETIRIERE. 1
AREITLE, WS RERT (o) 1 U0) ZAREMEHR T — LR,
T(0)=E(0)U (o) (2.1)

BEETRE T(o). B U(e), T(o) Rk U0, TOREHSEMIN i0(0), T(w).
EIRRERD S EERERDNEHERE, HE.
E[Pjt)]=0, E[P"St)]=0 }
E[P(@)]=0, E[P°(0)]=0
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X H,
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Skap (@) Seap(t,0) = Seom(fs )
Se(t,0) = SP(“’(,t’CO) SP"“’(f’w) SF‘Z"_’U’@) (2.8)
Sp<,1»(;,60) Sm..p(f',co) SP(....;(t,w)
Pl k&SR R R R
Re(t, ) =|Ss(t, 0)do (2.9)
RETREBRLY A.D jt 4,:75
E[P°(0)P°**(0’)]=Sr(w)(o0—0') (2.10)
SP(w)%P“(f)f@EljJ%i%?%ﬂ%%EE. BE5E—WEL, 4F:
P(w) = &¢(w) *P(w) (2.11)
P (1) = “F"(m,)&(mz—w,)e"mz‘dco,da), (2.12a)
P*(¢) = SF”‘*(a)s)ﬁ(au—w,)e"’“’ﬁda)sdah (2.12b)
Re(t,t)=E[P(t)P‘(t)1=E[P(#)P*(1)]
={|}{ P onB @ lito, 00 (@ima)
ce'©2~201d o, do,doydo,
=H“Sp(col)6(031—ws)ﬁ(a)z—wl)é*(w.—ws)

- ' @2 0'd o, d o, dwydm,
=SSESp(a)l)6(@2—-wl)6*(034—@,)e‘ﬁ’Z'e"ﬂ’t'daJ‘da)zd('z),
=SSp(a))a(r,m)a*(t, w)dw (2.13)

5 .10 , A.1D stiEf, X8E
a(t,co)=Sd(w’-—-co)e"ﬂ’"da)’:a(t)e'ﬂ” (2.14)
H Ro(t, i)=‘8p(t,w)dm (2.15)
&) Sp(t,m);aZ(t)Sp(m) (2.16)
RIFE BT LASK HA AR % iR 02
Re(t,t) = EIP(1)PA(1) 1= {$e(0)i(t;,0) (1 @)do
=a(t)a(ty) |Srw)ew v do (2.17)

—RATR M R, RER SRR R, R, BT T 5,

(2.16) R Se(w)EHEMERE, B Seep(0)=Sewp, SHIE o TX.

AR R UQ) s % AR Su (4, @). ¥ U@ TEsm, ZED Q.2 RXFH,

u(t) =S U(w)e'odo= ‘K'I(Q)P’(w)eiwt de
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:gg]{ l((Dz)d(mz‘@x)’ﬁo(wx)e'm“ do, do, (2.18z)

U = |75 0.8 (@m0 K ¥ (0,6 ardasda, (2. 18b)

B EmA MK a 6, FER(2.10RX .
Ry(t,t) =ETU)U*(1)]
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- K 1¥¥ (o) eore ' outd o dw,dwde,
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={||x- i@ —w)sro (@~0))
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=m K-1(@3) (0, =, )€ doy [Sp(a)

H K-1%(a,) #*(0,—a1)e o4 do, Jdo, (2.19)

HEADRFRATTER,

Ru(t, t)=Sb(t,ca)Sp(a))b‘*(t,w)da) (2.20)
pry:ip

bt @)={K-1(0")8(0' —0)ew  dor (2.21)
B SR Ro (1,12 WA B3R

RU(t,t)=§SU(t, w)dw (2.223
15(2.22)30H1(2.20), (2.2D)RFATEL I TS,

Su(t,0)=b(t,0)Ser(w)b™*(t,0) (2.23:

5 B8 —HT B R A,
Ru(tnt;)=E[U(tl)U’(t2)]

=gb(tl,a))3p(co)b‘*(t2,co)a’cu (2.24)
ELEWIRD LR, AATERHEXALEREE. A(2.4), (2.182):1F,
T(t)=§f(w)e-'w'dm
=kEE(QZ)K-'(wz)d(mz.-wl)ﬁo(a;l)e'wztdw,dmz (2.25)
KA (2.2 . '
RT(tutz):gc(tuQ))SP(CU)Ct*(tz:CO)de (2.26a)
X,
c(ts o) =SE(w’)K“(w’)ﬁ(w’-—w)e’w"a'w’ (2.26b)
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FREFT S0 T sk T o,

T(t) = “isz(ws)K‘ W), —0,)Pw, e vrdw,do, (2.27)

Rf(tl,t2)=t\-d(tl, 1S )85 (1, @)du (2.28a)

da(z, co)=§ia)’E(co’)K'*(co‘ 13w’ —w)ee ' dw’! (2.28b)
TaTHEERRR

RT'l'“(tn tz)"—"Sc(fxs@)sP(@)dHé tzyC'))dC’J (2.29)
BT

Rr(t, t)=g37(t,m)dw (2.304)
GIEs

Sr(t,w)=c(t,w)Srw)c'*(t,w) (2.30b)
HAE

Rq'-(t,f)=§ Si(t,w)dw (2.31a)

St(tyw)=4d(t,0)Sp(w)d'*(t,0) (2.31b)

Rt (1, =\ $ri(t,0)do (2.324)

Sri(t,w)=c(t,0)Se(w)d*(¢,0) (2.32b)
WAL a($) 5 e'ot HHEL R BT BN G T IEM LR,

S7 (t’w)=wst(tsC0) (2.33)

Sri(t,0)=—iwSr(t,w) (2.34)
T Lra LR, B a(t)=1, XKAH,

b(t,0) =K (w)ee (2.35a)

c(tyo)=E(0)K ' (w)ee (2.35b)

d(t,0)=i0E(0)K (w)e'o (2.35¢)

Su(t,0)=Sy(0)=K Y e)Sr(a)K"¥*(») (2.36)

Sr(t,0)=S8:(0)=E(0)K w)Sr(a)K "*(0)E*(v) (2.37)

$i#(t,0) =8#w) =0*Sr(w) (2.38)

Sri(f,0)=S8ri(w)=—iwdSr(w) (2.39)

%ﬁ‘]ﬁ*ﬁqqtbﬁﬁ%%% ST(t’Cl)) 0 sf‘(tQCO) H(thj_ﬁjj—li;:%» %j:} S’l‘(kh)(f,(')) i
St (ts0):

ST(llh)(t’ (D)= Z Z C!k.»(t,a))SPn,')(Q))C'(?k) (t,Ct)) (2.10)

1=1 1=1

S‘i‘(llh)(fa Q))= Z Z d'kn“’@)SP(i:) (W)dﬁhx (t,»)

i=1 5=1

~ @ St am (ts @) (2.41)
z:PliAEIREN
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Rmﬂhﬂ=g$wumww (2.42)

R, (85 f)=§ Stam (tr0)do (2.43)

=, WEITEMEEE S
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)
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ﬂ}}\(z-303’b)ﬂuﬁ’<x’.‘HSTU,@), T(tyt)o IHMLFT’TLU—/‘T{{ZHSi‘(t’CO)*nR’f(t,a)). l_l'] &(O))H,‘Jié
R 3 FKRmM, E(2.260)RPR 0’ —0=0", KHFEYHE T

w17
c(t, o) =e'e gz , (0" +0)K (0" +0)i(e")ew" do” (3.2)

00, @)=|"" B0’ +0)K (0" +0)i(e")do” (3.3)
2w/ 7

Y AH K BBLR T uns (£5 1) R Ry (15 ) WL 2SR G I W 83600 T T IE SR AT I 22 4™,
B Aom RH 0 D ERNIIRE, vl (ORERZE 0 MHR J7 NIETT 17 5 1
Ao BJERAII RIKEL, 46

. l len (t t) —_ /12('"')
v\("'D (t) RT(nnj(t t) X p{ 2RT(nn)(t9t) } (3.4)
Ul[]%“*’]#l"]jil&rtﬁv](ﬁ,—A)FPEIqun-&*"':E'
Paw (1 =) =exp| —2|_vtaw (d1] (3.5)

7E LA RRR — T3] T 2§ & 2R R a] .
PLERBTIREVFRISBRERRBE E£2RERARBREETERRLE, ET46
HH kR R AT I EIUR .

MiRA. EFRIENELEE
H T HHAE TR RS AR TRA T E, ST E A1 N(1.200) R¥T W, 7EFRAME I

BV H (@) |2, e TRg PR 6, o) MR, DIT st B BB UL 81 0(1, o) 1250 H (o) 17836 5.
ZEHREMERR, H(o)—kFExrN.

l —_—
H (@)= i Bowo (A-D)
&k a(e))mE s, Hib d(e)mRE— f&f] 1, WA
T
a—*zvn‘ (A 2)
HICEAL b(f.w‘)=—‘e'“"SZJHTH(CO”+m)&'(m”)e‘“‘”’dw"
J=2ns
T " . ot ol A-
=ae S-M/TH(“) +w)(1 2 /T >e © (A-9)
o' 2ifow )
i, H(0)= ((bru'c"—ﬁc[)i)"lfﬁ-’ffﬁzw%,cal (A-D
¥ 3 () o4 on 4y, T Filton F14yH:t, & T E L H] il T =. 2, (A-3) 3%
IR e —0.240.2, wo=4, B=0.025,
H (0)=- (16—w?)—0.2 i@

(16— +0.04 @
BRI (=0.2, 0.2) 50 4 4y, B n=2, @4 Villon BIAMAHAR,
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a=-277;_-~=5, h BESRSBKE, h=0.1, ARV @RI ],

B=20~36(1+co0s28) —2 sin § cos 4]
P=140~3(sin §~8 cos ) (A-B)
O=ht=0.11
msF— B Rk, R RA R
*xA-1, (H(@)12Imb(t, )i 38

w H)p [ o)l | base)E | Jb(ao m)v
3.5 : 0.0689 0.0718 1 0.0156 ' 40000051
3.8 0.1020 0.1095 ! 0.0250 0.0000294
3.1 0.1700 0.1877 0.0491 0.0001359
3.8 0.3321 0.3811 0.1575 0.001147
3.9 0.8114 0.6559 0.4602 0.011263
4.0 1.5625 0.6946 0.7379 ‘ 0.027428
i1 0.7527 0.6295 0.4346 0.010752
4.2 0.2046 0.3427 0.1200 | 0.001079
4.3 0.1441 0.1614 0.0442 i 0.000131
4.4 0.0829 0.0843 0.0207 j 0.0000261
4.5 0.0530 0.0558 0.0122 ' 0.0000073
At Rk fEx_nttﬁac, Wi EE T A5 =) ¥, 16(0,®)|? ﬂJIH(w)I EHERERBESE,

16(0, @) |2 HIRE H I H (o) 12 SrFEr 4, ﬁ rm‘F oo FEGEALM o {H, 1600, @)|*F0 | H (o) |2 BE KK
%, D HIRE6(, o) | R TR ALYy, ABIEMI6315, O12>10(0,4) 12, XRA B Ik FRailt
EHEHB DL BRY § HRAN, 16(1,0)]7—0,
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Nonstationary Random Vibration Analysis of Linear Elastic

Structures with Finite Element Method

Jin Wen-1u
(Hangzhou Design {nstitute, Hangzhou)
Abstract

At present, the finite element method is an efficient method for analyzing structural
dynamic problems, When the physical quantities,such as displacements, stresses, are resolved
i1 spectra and the dynamic matrices are obtained in spectral resolving form, the relative
equations cannot be solved by the vibration mode resolving method as usual, For solving
such probems a general method is pul forward in this paper, The excitations considered with
respcct to nonstationary processes are as follows, P(@)={P;(®)}, P.({)=a, ()P (}), a,(I) is a
time function already known, We make Fourier transformation for the discretized equations
obtained by finite element method, and by utilizing the behaviour of orthogonal increment
of spectral quautities i random process, some formulas of relations about the spectra of
excitation and response are derived, The cross power spectral density matrices of responses
can he found by these formulas, then the structural safety amalysis can be made, When
e, (N=1i,{i=1,".--,n), the method stated in this paper will reduce to that which is con-
cerned in the special case of siatwonary process,



