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RANDOM VIBRATION ANALYSIS OF STOCHASTIC ANTENNA
STRUCTURES UNDER WIND EXCITATION

"WANG Fang-lin , GAO Wei , CHEN Jian-jun

(School of Electromechanical Engineering, Xidian University, Xi’an 710071, China)

Abstract: The random vibration analysis of stochastic antenna structures under wind excitation is studied in this
paper. Based on the structural dynamic characteristic analysis in which the random factor method is utilized, the
computational expressions of the mean value, variance and variation coefficient of the mean square value of the
structural displacement and stress responses under wind excitations are developed. The random variable’s
functional moment method and the algebra synthesis method from the expressions of structural random response
in the frequency domain are employed. The randomness of structural damping, physical parameters and geometric
dimensions is considered. The influences of the randomness of the structural physical parameters and geometric
dimensions on the randomness of the mean square value of the antenna structural displacement and stress
responses are investigated through a sample antenna with 8 meter caliber.

Key words: stochastic antenna structure; wind excitation; random vibration; numerical characteristics; random

excitation

BRRT IS0 BESREMNBIRSNE R 7RI T 8B 3h ma R 247 2 —
FEREY, MRKGHHABERN=EFRE MRARE IR INEERRR O RE.
REMTIEREE. BT RELMELFTREFAT (Rl I % £ 45 R A A BB AL A (OB LR R B T
BT EI S HEEYE RN ZR, FLNESH. EARZ I, R E LSS KRR R R
JUTRSE BR2IH—E M. Bk, BHL B2 —RBEHUE N 4 M B30 71 W 44T B

WRER: 2004-04-14; B A 2004-07-09

ESRH: EETES(51421060505DZ0155)7 B %8

FEE R *EFHHA965), B, BFEA, BIHEEE, BL. NBEHEHFAERFIEREARPIR; (E-mail: fiwang@mail xidian.edu.cn)
o 01972), B, BAEA, 1§+, NBLHERSSESEFHEHAR: (wigao@sohu.com)
BREEQ9SD, B, WdLA, #H#F. BT, AIHE %54 E HEHR(B-mail: jjchen @xidian.edu.cn)



I ®# H % 169

BREL. BT, XTSRS T K3
o 82 53477 77 1 £ FE & Monte Carlo B85
shiECMET EXRIFER T M RLEY . Monte
Carlo FERAEEM, HETHBRNKI AR,
BB LR AT TR R, EBRFEARIE
M2 L AEBA SN, | ERRITE R
PEITHE N AAFEAMIUNE, ERTPE—
FEX TSRS LN S HOR IR, LR
REEEHYESE. JUTSERERFIE S5
Xt G5 I BE L) g 0L BT B«

B AR RE W 3h 1L 72 P 2 B T & B R ) I
i, JOEE 2B YUK, EATLAY, B
R PR RS MRS AR, HRESH
— M EM—NMkshaE. Fit, £ERXLE
AT, SHRRGELHPRIAR: —=2FHR
VER T B NS, —RET ABRNMER R
KIHMBEYLRK SRR BRATBITSRHREES
IR TG SR D TR AT IKE)
T RBGBENRS) . SO LIBENLR &4 h
X%, FEFHBENLE FE O 7 4 M sh R
HA b, 0 RBEEHLIRSEAT T RIAR
fRBENLAE B R JOE B T B R RN B 75
ERREREYE, FH T BN S S HFERK S R A
R AL e N34 77 R R W S35 7 (B BE AL AR
BB TRETERER.

1 RELHMRRHBEH RS 7 4T

BAERZ LM (B R R G5H) P HH
ne NMETT, W EASERT S5 MRIBERE (K] AR &
P M1 550

ne ne E® 5le)
[m=2mwk§f2£ (61 M

e=1

[thﬂﬂﬂ=2%p@MW®M} @
1

e=1 e=

R EQ. A9 19R p© G HINIETT e

SAVEARLR BRI A AT R AR R B B [G]
(115350 S AR T B TR BEAE R R B FE AN &
S BIE D

REMILH n N EHE, SHWZIFRMEHE
B B RICE) 1 #F TR ATR A :

MO} + [CHuM} + [KHu@®}={P®O}  (3)
AF: w@®)} @)~ G} 2 HAEHIAS .

SRR R (M) [CIA (K1 D HIA %
AR, HEMRERR; (Po)) AR TEWY
ERIRETEIBENLER BB

FFHREER K Duhamel 4T RBHEQ3)
KT A A -

w®)= [ [P (Pe-D)dr @)

AF: [Pl WEREENIRBIER; [h0)] AL
Fkpma LR O, HA

[n()]=diag[h; (1)] &)
1 . —
b= a—jexp(—fja)jt) sin@;t 120 ©
0 t<0
(j=12,-,n)

R @, =0,0-E)": o, WEHNE jHEE
PR & WA IR, s hEE R
ECETESSYS /8

BR@ WK, 7RG HALTE w0 R 07 (E R
%3[8]:

vil= | IS.@dw= [ PIH@I)"

(S, (DPIH" (@)[4]" do M

T 253 k A B BEAL BB W N ) 3 75 (B A«

'//Zk =

b [ (H@IG)' S, (@A (@] d -G, (8)

(k=12,--,n)
R ¢ HEREPIHE L MTRE: o BRI
BFRIE; (S, (o) HHEHFEAE (P@)) K2R
WHEERBIER: [H(w) kSRR Y R HoE
s [H' (o)) A [H ()] B3R RE .

WEH BT R s S B M TN
KR, T8I0 e MR AW {o()@} TR K
{e®@Y=E . [B]-{u(t)®} (e=12,---,mn,) (9)
KRef: () @) R e BITLHLE SABWRN A E: [B]
H e BT UASERE; E© K e BITHMIEER,

HRO) A RBLEH e HITN SR HB T E
K

W2o1=E€[Bly . 1(B) E© (10)

2 BEH G IR F I REHL R R B F
FHE
REREHRIEEY(p© . E). JLA



170 I #8 5n %

RH(AQ . 19U RBBERELR H &) R BH
BEFLE. BRD)ARQ)PTE: FHHNIERE K]
RERE MITFABENER. B8R, SHYESEUR
BEE p NEMEER E). JLARSTEK L A&
AR AMBENELRSIHEHE AR
@; (j =12, n)IBENLYE, G540 H MR RREHLTE
N a5 4R 5 B # AL B e R By e R 325 754 FR) B
Vbt X TRENLE AT RiR 2 B B B
FHAE T UMAIRR . T HEK S H S Ar B e N 3 77
B0 R 7 i R 3 7 (E RE ML AR B M B AR B R
®rR.

M@K, FIHKRBEIZRRBIENT
%, ARBEHIAIR N ERENR &y 1038
B u, HET%E 0, 551K

Hyz =

- 11
Mg fo Hinontigr s, @nthprtin an 9 Hgr

- 2
Oy = H; '{J‘o {ﬂ[zli(a))](#[at]rﬂ[s,,(w)]'ufﬂ)

2 2 2

Ol ) * Ot n Mgy His, nio) (12)
2 1/2

H @y} @Y g

(.I = 1,2,"',”)

Hep.
o = diag( L\ e, T2 ®) Ty r.
e ¢ (ﬂ;}, -’ +i- Zﬂgjuw,a))z

(13)
wm%me%

('u:’/ -’ +i 2ty by )*
ETHENLE Tk, MEHa4sh 5 RE =X
Hk, RARBENZERFHERNRBLGEE,
LR p, Mo, m,

BxRRAD. (12), ATRBENZR 2 K7

Fm 73

Hi=12,-,n)

4000

N‘}

(FAfr: mm)
H1 AKOBRRELEMERE

Fig.1 Antenna with caliber of 8 meters

ﬁ‘ff*\ﬁ V%’k 7'9
Vi =0y [Hys (14)
M0 &R, FIFKEBEVIAR B H FHER
REEREVE, IR e BT 7y Wa S35 77 (B 48
BT R RRBE A
My, =g +0E) [B] fyyz (BT
(e=12,---,n,)
Oy, =W +07)? (BL 0y (BN +
@uzog +20) (Bl thys | [BI")" +
(4uzop +203)-(Bl-0y,: |-[BI)?)'"?
(e=12,---,n,)
Vvl w1 = %12, / My 1 (e=12,,n,) (17

3 HA

HE LR G AT E AR H g K g%,
Gl T BEANLR SR 451 P ARBENLE) 1 W R AT AR T o
BHK 8 RORTRERLWE 1 Fix, B 1 A%
SHRRLRIT 2 —). ERLEIH 96 N &, 336
AMFEIT. BTHERAS A 12 REIE R
[10]), R&EF LI ETEIL 24 M RBTELEE
WK, ZEMMR AN, SGHRBEEEERE. BE
EEpHAENER, SMNNIEST K.
Mg =2.058x10° (MPa), 4, =76.5 (KN/m®); K I R
HBEHIE R, HEIREMB I =£=001.

(15)

BEMLBK S R AT TR AP
P=usAwp (18)
He: pg ARBAETEREG w0, AKSIRE: AR
ZRA .

ik 3 RGE b T EENERE, FEiEPRA
Davenport ks X", & AN B B B 2 2R T 254k

8 y
1 300
8 A
9
1§ %@
9
10
800
10



r ®B Xh % 171

S = 4KV — % RERBATMAT, HBETIRRRUENIZR
v © a1+ x%)" 19) ¥, THER R ER LR 4 =13, n=0.15Hz,
5= 1200 V. =35mis), K =1.08; LMY 25 MRS,

Vio
Reb: S, WIKEHRE R ok REE, V,Hh
10 KEBEARFYRE, K AHEHEEERE. %
F1 TR EZWMAEMIBRESAENSE. HENEREY

Tab1 Mean value, mean variance and variation coefficient of displacement response of node 73 on Z-axis

B Hy,, mm’ O, fmm Y2,
REBE (v, =v,=v,=v,=v, =0) 1.9448 X 10 0 0

ve =01 v, =v,=v, =v, = 1.9448 X 10 7.7484 X 10* 0.03976
v, =01 vp=v,=v,=v, = 1.9448 X 102 7.7406 X 10* 0.03972
Va=01 vp=v,=v = Ve, = 1.9448 X 10 9.4401 X 10* 0.04854
Vi=01 vp=v,=v,=v, = 1.9448 X 10°2 3.0299X 10° 0.1558
Ve, =01 vp=v,=v,=v, =0 1.9448 X 107 7.7785X 10% 0.04003
Ve =V, =v,=Vv,=v, =0.1 1.9448 X 10 3.3626 X 10° 0.1729

Ve =V, =Vv,=V, =V, =02 1.9448 X 1072 4.6306X 10° 0.2381
=V, =V, =V, =V, =02 19456 X 107 4.6592X10° 02384
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Tab 2 Mean value, mean variance and variation coefficient of stress response of element 121

/Mpa’ Mpa’
ﬂVZm pa O-V:m pa

B Vo
BERBRE (v, =v, =v,=v,=v, =0) 15.53 0 0

ve =0.1 V,=V,=v,=v, =0 16.18 3.0338 0.1875

v, =01  vy=v,=v,=v, =0 15.53 0.1815 0.01169
V=01 wvy=v,=v,=v, =0 15.53 0.2107 0.01357
vi=01 wvy=v,=v, =v, =0 15.53 0.7722 0.04972
Ve, =01 vp=v,=v,=v, =0 15.53 0.1821 001173
Vg =V, =V, =V, =V, =0.1 16.18 3.4609 0.2139
Ve =V, =V, =V, =v, =012 17.09 6.3677 0.3726
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