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ARTICLE INFORMATION ABSTRACT
Original Research Paper This paper presents an isogeometric analysis approach for static and free vibration analysis of laminated
Received 12 July 2017 composite plates covered with piezoelectric layers using the Reissner-Mindlin theory. Isogeometric
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‘Available Online 18 November 2017 analysis (IGA) aims at simplifying the Computer Aided Design (CAD) and Computer Aided

Engineering (CAE) by using the functions describe the geometry (CAD) and the unknown fields

(Analysis). The isogeometric approach has here been employed that utilizes the Non-Uniform Rational

K ds:

|s?sg’8rrn;ric analysis B-Splines (NURBS) of quadratic, cubic and quartic orders to approximate the variables defining
Plates geometry as well as the unknown functions. Using the Reissner-Mindlin first order shear deformation
Composite theory requires the CO-continuity of generalized displacements and the NURBS basis functions are well

Piezoelectric suited for this purpose. The electric potential is assumed to vary linearly through the thickness for each

piezoelectric sublayer. To alleviate the shear locking problem, a stabilization technique is employed in
the stiffness formulation. Since study of the performance and accuracy of IGA in solving laminated
composite plates is one of the main objectives of this article. Several numerical examples are presented
and compared with those available in the literature. The obtained results indicate desirable accuracy and
efficiency of the proposed approach.
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Fig. 1 Normalized deflection of isotropic plate subjected to uniform distributed load (a) Simply supported plate (b) Clamped plate
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Table 1 A non-dimensional stress and deflection of isotropic plate
under uniform load and simply supported boundary conditions
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Fig. 2 Non-dimensional deflection of isotropic square plate subjected to
uniform distributed load (a) Simply supported plate (b) Clamped plate
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Fig. 3 Performance of present element with various a/h ratios of isotropic plates with various BCs (a) supported plate with p=2 (b) Clamped plate

with p=2 (c) supported plate with p=3 (d) Clamped plate with p=3
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Fig. 6 Geometry of a square laminated plate under sinusoidal
distributed load [18]
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Table 3 The normalized stress and displacement of a simply supported

[0 90 90 0] square laminated plate under sinusoidal load

Oxz Oxy Tyy T w ) a/h
0.2109 0.0450 0.6463 0.6806 1.8939 [22] &y
0.1399 0.0308 0.5758 0.4055 1.7164 [23] =
0.2686 0.0461 0.5764 0.4059 1.7095 [24] &>y .
0.1514 0.0363 05859 0.3916 1.7084 2 45,0
0.1519 0.0364 05862 0.3918 1.7119 3ad,e
0.1515 0.0364 05862 0.3917 1.7147 4 4,0
0.2697 0.0273 0.3974 0.5589 0.7149 [22] &>y
0.1669 0.0242 0.3610 0.4983 0.6654 [23] &>y
0.3181 0.0241 0.3614 0.4989 0.6627 [24] &>y 10
0.3160 0.0241 0.3616 0.5003 0.6642 2 45,0
0.3137 0.0241 0.3615 0.5005 0.6655 3ad,e
0.3153 0.0241 0.3617 0.5004 0.6666 4 4,0
02048 00217 02769 05507 04343  [22] a> e
0907 00213 02702 05376 04354  [23] x>0
03390 00213 02704 05381 04335  [24] e> e
0.1863 0.0211 0.2714 0.5363 0.4318 2 45,0 100
0.1874 0.0211 0.2712 0.5361 0.4327 3dad,
0.0211 0.0211 0.2714 0.5364 0.4334 4 4,
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Table 2 A non-dimensional frequency parameter @ = wR?,/ph/D of
an isotropic clamped circular plate

oge A

R/h
2 3 5 1 S 9 /
37.302 32.809 20.572 10.013 11x11
2 a5
36.511 32.231 20.188 9.943 19x19
36.632 32.341 20.197 9.944 11x11
3as,e

36.511 32231 20.188  9.943 19x19
36.521 32.239 20.188  9.943 1111 10

4 a4y
36.511 32231 20.188  9.943 19x19
36.665 32.353 20.194 9.931 - [20] o>
36.511 32231 20.188  9.943 - [18] o>
36.479 32406 20.232 9.941 - [21] a>
42213 37.249 24249 13824 11«11

2 a3,
39.813 34.868 21.257 10.213  19x19
42.027 36.761 22.006 10.263  11x11

3 ad,e

39.734 34.847 21248 10213  19x19
40.364 34995 21.281 10214 11«11 100

39.733 34.846 21248 10213  19x19 b e

40.290 35.255 21.448 10.266 - [20] o> 5
39.734 34.847 21.248 10.213 - [18] o>
39.622 34980 21.268 10.231 - [21] a> 5
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Fig. 5 The first six mode shapes of an isotropic clamped circular thick
plate using the cubic element
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Fig. 7 The first six mode shapes of'a [0 90 0] clamped laminated plate
with b/h = 10 and a/b = 1 using the cubic element
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Table 5 A non-dimensional frequency of a [0 90 90 0] simply
supported laminated square plate (a/b = 1)

L[090 0] a¥ouz @/h = 1) (omye By9 e Jol U 2 2 4 Jgo

o5 S50 bl
Table 4 A non-dimensional frequency of a [0 90 0] clamped laminated
square plate (a/b = 1)

oge

55, b/h
5 4 3 2 1 oo b/
9.7403 01862  7.7000 66433  4.4471 ‘Eg;
9.7380 91850  7.7000  6.6420  4.4470 ‘ES’;
: 5
97393 01851  7.6996 66422  4.4466 ‘Z;

10.1438  8.9477 7.7277 6.2660 44506 2 45,0
10.1433  8.9463 7.7276 6.2657 44505 3 as,e
10.1433  8.9462 7.7276 6.2657 44505 445,

15.8121 15.4463 13.9149 10.4016 7.4133 T;;;
15.8060 15.4290 13.9130 10.3930 7.4110 b[;;]c

& 10
15.8061 15.4403 13.9128 10.3944  7.4106 [24]

155480 14.6899 14.0481 10.1428 7.4681 24s,s
155467 14.6834 14.0476 10.1413 7.4679 3 4s,e
155466 14.6833 14.0476 10.1413 7.4679 445,

38.1465 36.9392 25.1828 17.7822 14.6003 é[;;;
39.1570 35.5320 24.5110 17.6140 14.6660 é[;;;

& 100
39.5489 37.8851 25.1868 17.5426 14.4455 [24]

38.0275 37.4776 25.0073 17.5647 14.4855 24J,.
37.9448 351706 24.2662 17.4073 144626 345,
37.9445 351296 242597 17.4068 14.4626 445,

E /E, Ll sloss
40 30 20 10 PSS
ad »
13.9506  13.6379  13.1468  12.2487 9 .
108117 102889 95375  8.2794 17 [24]
108130 102902 95388  8.2807 9 e
108121 102892 95378  8.2797 13 ‘
108118 102890 95376  8.2790 17 (23]
10.8540 103260 95671  8.2982 e
[26]

99573 95432 90134  8.2955 9
99492 95343  9.0033  8.2823 13 245,
99488 95338  9.0027 82815 17
108141 102945 95330  8.2819 9
10.8139 102942 95327  8.2815 13 345y
108139 102942 95327 82811 17
108139 102942 95328  8.2815 9
108139 102942 95327  8.2815 13 445,
10.8138 102942 95327  8.2815 17
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Table 8 Central control point/node deflection of the simply supported
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Table 6 A non-dimensional frequency parameter of a circular four
layer [0 — 8 — 6 0] clamped laminated plate

piezoelectric composite plate subjected to uniform load (x 10~* m) Boge s 0
3 i 245, [29] gm0 [15] 2 5e bay &b 5 4 3 2 1
06345 06343 -0.6326 06343 [pie/—45/45], 50.756  42.805 41.726 29.768 22123  [27] >,
06204 06202 06323  -06217 50.309 42635 41101 29651 22211  [28] s>

-0.6582 -0.6576 -0.6688 -0.6593
-0.7402 -0.7387 -0.7442 -0.7422

[pie/—30/30] 4

]
[pie/_45/45]as
]
[pie/_ls/ls]as

L [pie/0/90/0/pie] Syl (35eelS Bos S Jsl o2 9 Jgor
oolw aLfd.:SJ

Table 9 Dimensionless first natural frequency of the simply supported
square piezoelectric composite plate [pie/0/90/0 /pie]

Sng o8 8 @lil ol o SaS D 9
235.100 720 8x8 [15] &> 5o
234.533 2208 12x12 [30] &> 5o
245941 ; ; [31] g e
235.887 500 8x8 2 4,0
235.866 605 8x8 3ad,e
235.865 720 8x8 44,0
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