MW HZE A D] 58 35 4 5 1 3 Applied Mathematics and Mechanics
2014 4F 1 J1 15 H AR Vol.35,No.1,Jan.15,2014

X 4S5 :1000-0887(2014)01-0081- 11 © NLHECA R4 42 4% 1SSN 1000-0887
BT NEHZERNANEERIRIN S
RN, RlEE, BRE
(B BLE R Re T TREEBE, B 5 330063)

WE: BB CRECEN T A VR S AR BN L R 1 R M B Rl Euler (BREBL) B2 H
RSN G — o TR AN E LS RN B B ( Dirac delta BRE) 51 AZEIIR 3 7 B2 54053 T
F2iZ2 1] Laplace 2B 7 R fif s GG T A AR IR 1230 TR AT RS R B B A AN T S22 1Y
— P B TR R L — b DL B 3% S 4 R AR Ak HRRAE A 1 SR A A5 39 T B R b fT Ak B )i, LA
G- 5T s HUASRL RNl ] 7 /R FH T Sk il L SRR AR S (A B SO R B IE R M S A R,

x 8 W. AmiRzsh; XSG Biaor; SRR RS

hESES. 032; TB123; 029 XHFRE: A
doi: 10.3879/].issn.1000-0887.2014.01.009
5] =

Bt AR AU T AR A5 9 RIS B 2 A, AN 2 B A5 A 75 2Bk B 22 1) T 5
IR, 4508 & A BB OR AR 23 45 0 7 A N 252 1) 000 X X SR S R HEA TR 3 43 M, X ORAIE 2
Fa S8 B 22 A LA A T ) S

LA FESE SR AR W B 5 WA AT R TT IR B SR B | Adomian G757 45,
B ANEELE 5 B RER B AT AT 5 3 B R R R W IR S B e W 5 EE AR O T A A
U X RN T A R TE S AL B B, R B R O S il I SR 12 B 4y
T3 R SR A B 1 T i R P 2 2% P AR 300 S A 1 2 2 B B 5 R 0L, R SR AR R A D5
T = n DB RRE, BB TR AR 4 S RAF R, FRIEE AR K
T~ 4(n + 1) B BRHIERE R, Shifrin 57 8 O ok 8O B0 KRR AL B4 3 B 2808
(n + 1), SRIMTZITEAGE T RE0X — PR L 5, BT RMEREAT) AR 52 LS80 /Y52 0.
Khiem Fl Lien" """ $2 1 () 3 T (3 HE B 14 J5 35, 37 B BE 1 S A0 A i RS AR B 2 TR R G 3R
IRz 1 B2 7 97 (R A2 1 AR A A SR A A S S AT IR AR o TIAS R R A A9 B 5% 4 o
Lit "B —FiORTR Y R SR 2 M E SRR B 1 — B T IR A B — B R
BESTEAR R I FT LASE 3 11— B (9 2 5 2 38 A 5 745t Binici P B REX — 5 i Jig 2] 32 il
CIPAL(E N LR

BRIk eSO R BON R AR (CUNE T A ), AU RE ] — PR E (9 AN EE £E  R B (n
Yl RECE ) IFHY O SRS U B TR R AR 2 R 2 R, — FoR LS

« UWFSHEY. 2013-08-28; 1&iTHHEE: 2013-09-23
ELWH: EXRAKREAEES (51265037) ; ZUA H 8 2= W E A SR G 3h 58 4 VLV = R B 75
HITHRIE (KILD12075) s TLPAE BB T RHLIE (GIJ13524)
fEERIT: B/ (1988—) , 5 R A i+ A GEIHAEE . E-mail; keithiscxc@ gmail.com) .
81



82 [/ N ] E OB O [ .

i B R A O AR RN IE SR A S BT 5 1 AR L BTk, Yavari 5511 8 T4 1 BB A 5T
TEZADANES R TR, 858 R, T SRR BT LA AN T 22 pR BB I — oA 2tk P
J7 1 BEA AT SR AR A W L 0] DL — A5 — AL AS s R IE X AR A Ty AR BT NI
FE W 0% BB Z R AN S S T TS Wang S5O 43 A B S H B4R 5
SRR S AR AN IR S AT T A — AN EAR AR B8 R, filT R A TR 1) (5 R 28 pR B ] LA
1B AT AR B — G — B FRIA A SCESCHR [ 17 ] B9 2EA L, B 58H) ) Heaviside pRCHT Di-
rac PRECT I AN IESE S BRI 5 ik — 2008 P 0 A BV TR SCpR s (8] A 57 Winkler 591 HE Al
Al SR AR RN EZE 5] Buler 29T 7 AR5 32 1 Laplace 284007 WK i i3t
YRR T SRR LA, TR BB R O] LIGE i — A~ — O 4 1 XS e i AU
BRAUFIRS EE , Bk 1 05 3 B9 A R,

1 B P A A

11 HWENMEATESITEL AR REMR
FIB AN TR SCHEAENIEE S kY Winkler JERE T A SF#RIE L, & n DARTELLAT,
Howgsm szl 3 P AERT, Nk 1 B,

w
discontinuity
0 \

ke X, X X, k,
P —_— < P
77777 T T T T 77777
1 W ARIELE R ) AR R AR SER Euler 32
Fig.1  An elastic foundation Euler beam with multiple discontinuities subject to axial load
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Table 2 First 5 non-dimensional eigen frequencies of the clamped-clamped beam with

2 masses of different uniform magnitudes and different uniform eccentricities
n, = 0.25; n, = 0.5
¢, =¢C, =0 ¢, =¢, =005 ¢ =¢C€,=00 ¢ =¢C,=0075 C =¢C, =01

4.730 0
7.853 2
a =a, =0 10.995 6

14.137 1
17.278 8
4.068 1 4.066 0 4.059 7 4.049 3 4.034 7
7.039 9 7.019 7 6.957 4 6.849 1 6.691 8

a; =a, =025 9.659 8 9.639 5 9.567 2 9.402 0 9.088 8
14.008 1 13.580 2 12.449 7 11.319 2 10.601 3
16.317 8 15.949 8 14.614 8 12.775 5 11.418 8
3.702 7 3.700 0 3.692 2 3.679 1 3.660 6(3.660 6)
6.481 4 6.458 3 6.385 5 6.253 9 6.057 5(6.057 5)

o, =a, =05 9.268 3 9.217 5 9.021 8 8.587 1 8.026 9(8.026 9)
13.969 3 13.112 2 11.390 1 10.252'5 9.441 0(9.441 0)
16.087 6 15.347 9 12.970 3 11.112°5 10.298 2(10.298 2)
3.458 0 3.4552 3.446 8 34328 34131
6.077 2 6.054 3 5.981 0 5.8451 5.638 0

a; = a, =0.75 9.095 6 9.010 6 8.665 3 8.005 5 7.368 9
13.950 2 12.695 4 10.726 8 9.561 8 8.614 9
15.983 6 14.847 1 11.971 1 10.445 6 10.013 9
3.2772 3.274 4 3.265 8 3.2515 3.231 4(3.231 4)
5.769 3 5.747 2 5.6755 5.540 3 5.3312(5.3312)

o =, =1 9.000 3 8.879 1 8.3750 7.566 0 6.911 1(6.911 1)

13.938 8 12.328 9 10.265 2 9.004 9 8.047 5(8.047 5)
15.924 3 14.377 3 11.319 5 10.155 6 9.878 4(9.878 4)
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Note The bracketed values are given in reference [ 19].
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Fig.5 An elastic foundation cantilever beam with 3 cracks subject to axial load
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Free Vibration Analysis of Elastic Foundation Euler
Beams With Different Discontinuities Based
on Generalized Functions

CHEN Xiao-chao, MAO Qi-bo, XUE Xiao-li
(School of Aircraft Engineering, Nanchang Hangkong University ,
Nanchang 330063, P.R.China)

Abstract: The general governing differential equations for the vibration of elastic foundation
Euler-Bernoulli beams with different discontinuities subject to axial forces were established
based on generalized functions. For each discontinuity at a given location, a basic modal dis-
placement function ( Dirac delta function) starting at that location was introduced. The differen-
tial equations were then solved by means of Laplace transformation. Unlike the classical vibra-
tion solutions to problems of beams with discontinuities, the generalized solution was in a sin-
gle unified expression for the whole beam. Due to unification of the modal function and degen-
eration of the compatibility conditions, solution of the eigenvalues was greatly simplified. Final-
ly, the free vibration problems of (a) an elastic foundation beam with multiple masses and cor-
responding rotary inertias, and (b) an elastic foundation beam with multiple cracks under axial
force, were solved with the proposed method. Results show that the present method is accurate

and effecient for free vibration analysis of beams with different discontinuities.

Key words: free vibration; generalized function; axial force; elastic foundation; beam with
discontinuity
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