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Vibration characteristic of composite laminates with delamination

QI Wen-kai, CHENG Bo, LIU Lei
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Abstract: A reasonable finite element model was established to simulate composite lami-
nates with delamination by using the user-defined matrix element to simulate contacting ele-
ment in delamination region for distortion mode of the upper and lower sublaminates, and
the selection of connection stiffness values was studied as well. This article focuses on the
vibration performance of composite laminates with delamination depth and delamination size.
The comparison of numerical simulation and experimental results indicates that it is feasible
to simulate the delamination of composite laminates with the user-defined matrix elements;
the maximum error of the modal calculation and the experimental values is 10. 67% , and the
minimum error is 0. 34 % ; delamination depth and size have significant effects on vibration
characteristic of composite laminates, and the natural frequency of laminates declines up to
50% with change of delamination depth; the first to fourth order natural frequencies of lami-

nates decrease up to 12% with change of delamination size.
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Table 2 Natural frequeny of laminates with change of delamination size (unit:Hz)
10/75 25/75 38/75 48/75 58/75 70/75
1 45, 87 45, 85 45. 65 45,29 44. 05 39. 46
2 263. 8 260. 3 254.6 247.9 239.4 210.0
3 291.5 291.3 289. 8 287.5 281.2 257.3
4 832.1 828. 3 822.7 815.6 803. 3 741.6
5 859. 2 858.9 854. 1 846. 3 824.5 767.6
6 1302.5 1297.5 1285.9 1266. 2 1234.7 1090. 4
7 1354. 4 1351.9 1347.7 1341.1 1328.5 1210.9
8 1514.1 1504. 8 1485.9 1462.8 1429.7 1242.4
9 1639.2 1638.7 1627.6 1610.2 1543.7 1345.9
10 2429.9 2408. 1 2285.5 2059.0 1737. 4 1474.1
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75mm, E, =128. 8 GPa, E, = i) 3
E,=8. 3 GPa, G, =Gi; =Gy; = 4. 1 GPa, v= ,» 1 , 2
O.355,p:1578kg/m3, W3 s
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Table 3 Natural frequency and modes of laminates with change of delamination size with one end fixed
1 2
/Hz /Hz /% /Hz /Hz /% /Hz /Hz /%
$25 mm 43. 31 45. 85 5.84 261.21 260. 31 0.34 293.13 291. 33 0.61
$38 mm 41. 24 45. 64 10. 67 255. 36 254.63 0.29 284.06 289.78 2.01

D

2)

3)



865

(1]

(2]

[3]

[4]

(5]

L6]

L8]

4) ,

5) 3

Mujumdar P M, Suryanarayan S. Flexural vibrations of
beams with delaminations[ ] ]. Journal of Sound and Vibra-
tion,1988,125(3) :441-461.

Rao M K.Desai Y M, Chitnis M R. Free vibrations of lami-
nated beams using mixed theory[]]. Composite Structure,
2001,52(2):149-160.

Ju F, Lee H P, Lee K H. Free vibrations of composite
plates with delaminations around cutout [ J]. Composite
Structures,1995,31(2):177-183.

Hu N, Fukunaga H, Kameyama M. Vibration analysis of
delaminated composite beams and plates using a high-order
finite element[ J . International Journal of Mechanical Sci-
ences,2002,44(7):1479-1503.

Namita N,Sahub S K. Free vibration analysis of delamina-
ted composite shells using different shell theories[ J]. In-
ternational Journal of Pressure Vessels and Piping, 2012,
98:111-118.

Nag A, Mahapatra D R,Gopalakrishnan S,et al. A spectral
finite element with embedded delamination for modeling of
wave scattering in composite beams[ J]. Composites Sci-
ence and Technology,2003.63(15) : 2187-2200

Nilsson K F, Asp L E, Alpman J E, et al. Delamination
buckling and growth for delaminations at different depths
in a slender composite panel[ ]J]. International Journal of
Solids and Structures,2001,38(17) :3039-3071.

Wang T J S,Liu Y Y,Gibby J A. Vibrations of split beams

[10]

[11]

[12]

[13]

[14]

[16]

[J]. Journal of Sound and Vibration,1982,84(4) :491-502.
Chang T P. Vibration analysis of delaminted composite
plates under axial load[J]. Mech Struct & Mach,1998,26
(2):195-218.
Shu D,Mai Y W. Delamination buckling with bridging[J].
Composites Science and Technology,1993,47(1) :25-33.
[DJ.
,2006.
LIU Hongxia. Numerical simulation of delamination dam-
age for composite[ D]. Xi’an: Northwestern Polytechnical
University,2006. (in Chinese)
Tracy J J,Pardoen G C. Effect of delamination on the nat-
ural frequencies of composite laminates [ ] ]. Journal of
Composite Materials,1989,23(12) :1200-1215.
Chen H P, Tracy J J,Nonato R. Vibration analysis of de-
laminated composite laminates in prebuckled states based
on a new constrained model[ J]. Journal of Composite Ma-
terials,1995,29(2) :229-256.
[Jl. ,2003,43(1) :24-27.
HONG Ming,CHEN Haoran. Effect of repair on vibration
characteristics of laminated composite plate with delamita-
tion[ J]. Chinese Journal of Dalian University of Technolo-

gy,2003,43(1):24-27. (in Chinese)

(Dl. : +2006.
J1 Guixiu. Study on free vibration characteristics for com
posite laminates and stiffened plates with multiple delamina-
tions[ D. Dalian: Dalian University of Technology, 2006.
(in Chinese)
[l »2000,32(2) ;223-232

SUN Xiannian, CHEN Haoran, SU Changjian, et al. De-
lamination growth in composite laminates[ J]. Journal of
Theoretical and Applied Mechanics,2000,32(2) :223-232.

(in Chinese)



