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Free vibration analysis of cracked rotating multi-span Timoshenko beams
using differential transform method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Free vibration analysis of a cracked rotating multi-span Timoshenko beam is studied in this
Received 22 July 2015 article to determine the natural frequencies and mode shapes of this beam. First, the relationships
Accepted 13 Agust 2015 between each two segments are obtained by considering the compatibility requirements in the
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frame angles and in the cracks. To determine the transformed compatibility requirements, the
Keywords: boundary conditions, and the vibrational equations, the so-called differential transform method
Rotating multi-spam beam (DTM) is used. Then, these equations are performed to determine the natural frequencies. The
Timoshenko beam mode shapes of the beam are determined by using the inverse of differential transform method.
Differential transform method The results have been validated against those obtained from Abaqus software for a rotating multi-
I\Nﬂité‘gi'hfargguency span beam and the ones obtained from transfer matrix method for a non-rotating case in which an

appropriate agreement is observed. Finally, the effects of the angle of break, the rotational speed,
and the crack location on the natural frequencies are investigated. It is shown that the natural
frequencies will be increased by increasing the rotational speed. Also, it is seen that the first
natural frequency will be increased by moving the crack location from the cantilever support to
free support and the variations of other frequencies are dependent on the crack distance to the

vibrational nodes. The validation results show the accuracy of DTM in the process of studying the
free vibration of this problem.
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Wyl1] = €34 (72)
¢1[1] = Cyy (73)
U,[1] = C54 (74)
w,[0] = C,; (75)
¢:[0] = Cy; (76)
U;[0] = C,; (77)
Wl[l] = C3i (78)
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f(x) = g(x) = h(x) Flk] = G[k] = H[K]
f(x) = pg(x) Flk] = u G[k]

£(x) = g(x)h(x) FIk = ) 6lk— A
k=0

d"g(x) (k +n)!

f)=—73 Flk] = —5—Glk +n]
FIk] = §(k — n)

f(x):xn _ 1;\ k#n

o s k=n
Sy bl pd 5o il sy JUEl ol 2 Jgur

ol g0 byl JUl 5,0 b0

f©=0 F[0]=0

g(O) =0 F[1]=0

%(o) =0 F[2]=0

g(o) =0 F[3]=0

f=o0 ieoF(k)=0

%(1) =0 Yk—okF(k)=0

T w=0 S0 kel = DF (k) =0

T w=0 ¥ k(k — 1)(k — 2)F(Kk) = 0

1 1
5 U+ Dk +2),[k+ 21+ (2 + 07 = )]

+$(k +1)W;[k+1]=0 (51)

1
r_Z(k + 1) (k +2)U; [k + 2] + p?U;[k]
n#{(6+1,cosa; + -+ 1;,_;cosa;_;)

x (L +--+1; —8(k—1))
+li2 —(6(k—=2) =280k = 1)y + -+ [_) + (g + -+ |;_1)?)

> cosa; +c;}

xcosa; =0 (52)
o] oo Cawdds (53) sadal, 5l s ¢; (52-50) Lalg, ;o

€ = T (Bljyy + 01 L 5k 1 cosa;)  (53)

58,5 S5 50 5(32-30) (5550 Laalp yo Jemslyins JUil g, Jloe! L
o] o ,0 (56-54) Yslae 90 40 50 sl xg =0

k=0 kppim+1[k] =0 (54)
ZI?:o(kWn+m+1[k] - ¢n+m+1[k]) =0 (55)
k=0 kUnims1[k] =0 (56)

3 ol 685 o (eSS e )3 (St byl b oS red &
109 saslgs (62-57) o¥olee & g pli+l

Y@ Wipq [K] = = X320 (8) W, [k] cos(6;) +
Yieo(¢)* U [k]sin(8;) (57)
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