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Forced Vibration Analysis of Fluid Conveying Pipe with Both
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Abstract; The forced vibration of fluid conveying pipe with elastic support was investigated.
Euler-Bernoulli beam was adopted to simplify the mechanical model of the pipe. Green’s Function
method was used to deduce the dimensionless differential equation of forced vibration and Green’s
Function of pipes with general supporting formats was obtained. Finally, the general expression of
the deflection was obtained. On this basis, dynamic responses of the pipe with one end fixed and
the other elastically supported was studied. Differential Transformation method and Galerkin’ s
Method were utilized to verify the validity and accuracy of the proposed method, and the
responses of the pipe under concentrated and distributed force were investigated. The proposed
model has advantages compared with other numerical methods because it is capable for offering
precise closed solutions.
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Fig. 1 Mechanical model of forced vibration of fluid
conveying pipe

HAGIETE T SRR AR A, bk
PRI TR AT AN A

4 2 2
ELY ot Y oy O
0x 0x dx0t

+

(M+m)12—t§”=F(x,z> . (1)

A ET A HNEE ; M AT m 3 50 ok B K
TR B BT s U R IR T s w oA 4 I 1) A
R RE o Fl ¢ 4 5 R gl ) AL AR FNES ] 5 F (L 1) 4R
FEHABE LAk Ar
SIATNH—ETENSE.

1

X w M% EI ¢t
f:zinzzﬁ“Z(EJLU’T:Q4+m]z%
M 15 . \
= JET) = Gt M (1) ATRLR
NH

9 9 02 9
J+M2727+2M«/B?;_+ﬁ:f(f,T) . (2)

2 ERR
R e ) T MU P UG
f(£,7) =f(&)cos(wr) . (3)
ﬁ¢ﬂaw%§%mwmﬁwzﬁ“mfm%

EI
IGO0 AR,
X (3) THEBIEFER N

o' +u’ Gl +2u @762”77 +az—?7 =f(&)e. (4)
o&* o0&’ oar  ar’

#52(5) AR (4) T8

g;+u2 j;+2uw%§ig§—wzy =f(&) . (1)

e BB K 197 S, 2% 6) B T L2
H

&) = [JE)6(E L) ®)

K, G(€, &) METLaE IR MR ST, 2 445 1
TEAE AL E &, AL 52 BN B 4 v 7t 7, R
(9) N
Gy, Py, dy
i’ +u i +2uw JBi d y=06(£-§&,) .
(9)

FoR A (8) , % & Laplace A8 4, n] 155
1
Yis&) 5 S +2uw Bis - o
(s +u’s +2uw JBi)y(0) +
(s +u?)y'(0) +5y"(0) +y"(0) | . (10)
AP,y (0),y"(0),y"(0) F1 y" (0) 34 & B
F=(10) Ry s BT HAL 153

4
'+ 'S’ +2uw JBis —w° = H(s -s;) .
i=1

fe %0 4

(11)
MR (10) T#358(9) 15 3
NN
H(S_Si) H(S—s,‘)
4S2 + P V(0) + 4sy~(0) 4y///(0> .
M- Te-s) G-
(12)
HETR BT 4 450
e’
Al(é:) =(51 —sz)(sl —53)<S1 _54) s
e
A2(§>z(sz_sl)(sz—s3)(S2—S4) )
e
A3(§)=(S3_sl>(s3—s2)<s3_s4) s
e
A4(§) =

(s4 _51>(s4 _s2>(54 ~55) '



%2

F t;ﬂ.‘%‘: ]ﬁ‘]%i7?(3\‘frﬁmu Eg‘éﬁ 7% 3‘5}&@5 \7})?

223

i3 Laplace 396728 46 AT A5A% B bR 2514 M «
G(¢.6) =y(€,§) =
P (E-&)H(E-E) +,(£)y(0) +
@, (E)y'(0) +@5(£)y"(0) +¢,(£)y"(0) .
(13)
Hor H(- ) BBk ks, H

¢ (§) = _2 (5] +u’s, +2uw Bi)A,(§),
¢, (&) = _2_1<s? +u?)A(€)

e:(6) = X s (6).0.(8) = XA,

3 ARSI B

g A R el L, 2K (12) Py (0),
y'(0),y"(0) Fil y" (0) ¥ 51 F A& A K HkE
TARMRBR B R RIE X O TR EIX 4 24, 0
V(€ &) (R E>E I KT &R 155
Y(§-£) =0i(§-£&) +i(£)y(0) +
@, (£)y'(0) +¢5(£)y"(0) +¢;(£)y"(0) ,
YI(&-§&) =¢i(£-&) +¢1(£)y(0) +

@, (£)y'(0) +¢5(£)y"(0) +@(£)y"(0) ,
Y'(€-&) =" (§-&) +¢"1(£)y(0) +
¢ (£)y'(0) +¢"5(£)y"(0) +¢"(£)y"(0) .

(14)

(15)

(16)
B e =1 RARK(13) ~K(16) , 7155
[ (1) @, (1) ¢@3(1) @, (1) ry(0)
e (1) (1) @:(1) @i(1) |1y(0) |
@1 (1) ¢5(1) @5(1) ¢i(1) | ¥y"(0)
Le" (1) @5 (1) @5 (1) ¢ (1) JLy"(0)
[y(1) —@, (1 -&))
y(1) —ei(1-¢&)
YV'(1) =i (1 =&)
Ly"(1) —¢" (1 =&)
X nE 1 R E B R G, Hooa il it
ZMh
n"(0,7) =k,1'(0,7) ,"(0,7) = —k;n(0,7).
n"(1,7) = —kon'(1,7) ,9"(1,7) = —k,n(1,7).

(17)

(18)
a3 (6) X (18) nr N,
V'(0) =k,y"(0),y"(0) = =k, y(0), } (19)
V(1) = =koy'(1),y"(1) =k,y(2) .

B (19)FRAK(17) , 7T 15

|

_¢’1<1) -
(1) -

ko, (1) @, (1) +k,p,(1) =1 0
kioi(1) @5(1) +k5(1) 0 -1

e(1) —k@i(1) ¢5(1) +k,95(1) 0 k,
Le" (1) =K@ (1) ¢5(1) +ky¢"5(1) =k, O
[y(0) -, (1-&)

y'(0) | _ e (1-&) (20)
y(1) -@i(1-¢)
Ly'(1) " (1 -¢,)

I (20) FTLASKH v(0) ,y'(0) I £A,
T TR ELE £ 6 y(0) ,y (0) AKX
(13) i, 2K (19) | 7T 18 31— i SR 3t T A
PRIAS IR R EC

G(&,&,) =

§04<§_§o)“(§_§0) + [§01(§) -
y(0) +[@, (&) +k,e5(8) 1y'(0) .

RIE(8) , 11532 y(&) MRIEAN

y(€) =f0f<§o> 0 (£ —E)u(é - &) +

Lo (&) —kip, (&) ]y(0) +
[, (&) +k,0,(€) ]y'(0) 1dE,. (22)
BB 2 B 1 T i S v 28 er 4 T, H:
PRI N
f(€,7) =£,6(& —a)cos(wT) .
K a =A/L, FRITCRWINEAN B
SR A% SR U, 85 % 2 B 1) A0 8 A 38 2
Ao (B8 345 A, )

ki, (£) ] x
(21)

(23)

c<é<d;

0, HAlh
K a=d-c, FRNMAXAHKIE.

f—ocos( wT),

flé,m) =« (24)

SRS — R IR T @ Fo7m 2 vp 0 B B
A 4 FO B
4 TIHELE

DAL — iy [ 7 | D3 — i 361 S ) B O A
(BIEL k, =k, = o0 ,ky ko A BRAE) H 01,24 f, =
2.0,8=0.5,0=10.0,a =0.5,u=4.0 i, &4
&R R 2 e i
4.1 FHiEMBRE

HR A S0k A 0T 20, A AR R BSOS T T A 3 1Y
ff RGO A FOERA IR T LUl T £ = 0. 8 4b
(B8 P2 R 5 N 1T 4 )y 1k B9 ik 47 6 ERAS 3, Y
N RS R, BURT N IR DA AT A5 2 3T 0L,
U, R AL 47, A8 B 0 B B T AR



224 AR FFR(ARAFIR)

% 39 A

n(f,r)=2_,ld>n(§>q,,(7) : (25)
$orh, '
b, (&) =a, ' (1-§) (26)
a, A3k 5ok 15 , g, T3 i 1E 4k & 1
R ARG 2 ek [ 11 ] % W E R
RS B G RN R 1 TR,
*1 TERREEE

Table 1 Dimensionless amplitude of dynamic
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Table 3 Maximum deflection of the pipe under
concentrated and distributed force
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