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Abstract

In this paper, a non-conforming 3-D 8-node solid element(MQM10) has been applied to
the analyses of static and dynamic bending problems of laminated composite plates. The
QM10 element exhibits stiffer bending stiffness which is caused by the reduction of degree
of freedom from Q11 element.

As an effective way to correct the relative stiffness stiffening phenomenon, the
modification of Gauss sampling points for composite plates is proposed. The quantity of
modification is a function of material properties. Also, another two modified equations are
obtained, one is modification for stress, and the other is modification of coefficient of shear
modulus in free vibration. _

It is noted that MQMI10 element can analyse the static and free vibration problems of
various 3-dimensional composite plates composed of unidirectional laminae, woven laminae,
or braided laminae. The results of MQMI0 element are in good agreement with those of
20-node element.
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Table 3 Displacement(mm) error of (0°/90°/0°)
composite plate
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Table 4 Stress(MPa) error of (0°/90°/0°) composite Table 5 Displacement(mm) error of (90°/0°%90°)
plate composite plate
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Table 7 Displacement error of variable L/t ratio

L
Elemen 2 0
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Table 8 Comparison of the deflections >of
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Table 9 Material properties of unidirectional

laminae
E Es Es | Go | G p
V%! (Goa) | (Goa) | (Goa) |(Goa|(Goa)| ™| ™| 2 | (kg
A [ 479 {740 | 7450 | 325|325 | 19) 19| 50| 1943,
B | 4663|7700 |7770(3%1(351.19].19 1943,
C [1727] 72 | 72 |37 37| 3| 3| 50 1551
Table 10 Comparison of the frequency of

20-node model with the experimental

results
Sie A of 15t Mode | 2nd Mode | 3rd Mode
o) Igayer Method|  (Hz) ) (Hz)
(error %) | (error %) | (eror %)
Isotropic | Exp | 1925 5325 %0
300X30%325|  Material
o0 100 Wl | 588 | 6%3
ORRRs | FD L | o | @)
Orthotropic | EXP- | 1175 350 630
300x50x32 | Composite ms | w7 | &3
s T s | (s | e
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Table 11 Comparison of the results of 20-node
model with the results of Ref. [28]

4 Ist | 2nd | 3rd
Size Laver and | pepod | Mode | Mode | Mode
(mm) Angle (H) | (B | ()

Reg. | Comp. | 828 | 3621 | 563

$-Layer {31] Exp. | 80 | 3195|5157

Present Study | o 1 (36) | (61)

ffefj Comp. | 756 | 4801 | 6617

8Layer | BU) gy | 774 | 4851 | 6695

1XI93X0B) 1545 - 765 | 4808 | 6694
Present Study | ;o) | (351 | (12)
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Table 12 Comparison of the results of MQMI10
element with the results of 20-node
element of composite plate

Classification | 1st (Hz) | 2nd (Hz) | 3rd (Hz) | 4th (Hz) | 5th (Hz)
169 | 168 | 116 | 39 | 54

Arfede Eiment| ) | ) | ) | ()
g 169 | 184 | 286 | a6 | 594

T e L oas | o | @ | a

QMIO |\ o| 169 | B4 | 10| WO | 07
Blement| = | (00 | (3 | @D | B | 63
woge| 189 | 164 | me | a0 | amo

w | G| | ® |

Mod."” : The results by using eq.(45)
Mod.? : The results by using eq.(45) and eq.(49)
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Table 13 Comparison of the natural frequency of
MQMI0 and QMI0O element with 20-
node element of unidirectional laminated
composite plates

Natural Frequency | Natiral Frequency | Natural Frequency
Tvpe | Laver and Angle | Moddl | Ist Mode Ind Moce 3d Mode
(% ermor) (% error) (% error)
A-Node R7 4 53
4-Layer
T Q0 | 61762 719 564 (25)
MOMIO| 84 (4) ¥m 563 (20)
Dode|  BW w7 501
4-Laver ‘ -
ATRT O | B0m) 762 (15) 576 (26}
Ui, MOMIO| 31513 208 (08 B9 (1)
Lamina ek 503 389 89
4-Layer N
(E-5-EIE) Q0| A5 Wy 88 37)
MQMIO| 3515 5 16) 804 (1D
20-Node 187 84 763
4-Laver . S
AP QM0 | 144450 il (17) 815 (67)
MQMIO| 1239 (16) 817 RIB)

Table 14 Comparison of the natural frequency of
QMI10 and MQMI0 element with
20-node element of braided, woven
laminated composite plates

Lover st Mode | 2nd Mode | 3rd Mode
Type ¥ Model | Hz (% | Hz(% | Hz(%
and Angle
errar) error) error)
DNode| 1%67 | 808 | 1551
B Smgl(eool)ayer QMI0 | 1317 (39) | 8383 (34) | 15768 27)
MOMI0 | 1276 (71) | 8023 (19) {15756 (26)
DNoce| 1319 | 817 | 1597
4-Layer o
o ap | OMI0 |1320 (06| 891 (17) | 15985 (2)
MOMIO | 1317 (15) | 8272 (060) | 15083 (29)
DNode| 1319 | 8717 | 1597
4-Layer
Woven | o oo | QMIO | 1222 (28) | 893 (19) | 158, (25)
MQMIO| 1319 (00) {8284 (085) | 15896 (46)
D-Node| 1319 | &7 | 1
flaver Vonng [ 122 (o) | 8295 (2 | 1399, (13)
O/ - ~ -
MOMI0| 1317 (15) | 8276 (012)| 1599, (13)
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