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Free vibration analysis of designed FML circular cylindrical shell based on
optimum fiber orientation
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ARTICLE INFORMATION ABSTRACT

Original Research Paper The big deformation of composite structures under dynamic loads is one of the most disadvantages of
Received 09 February 2018 these structures that cause to loss of stiffness of them. The using of fiber metal laminated shell that
Avcepted 07 April 2018 named FML in abbreviation is one of the ways to decrease the adverse effect of dynamic load. In this
Available Online 27 April 2018 . - . . . . .

study the optimum fiber orientation of composite layers of the FML circular cylindrical shells are

. determined to more decrease the adverse effect of dynamic loads. For this purpose the fiber orientation
Keywords: B : el :
Free vibration of composite layers of the FML circular cylindrical shells are changed frequently and each cases being
fiber metal laminated shell subjected to axial compressive load and with use of ABAQUS program the tension of all composite
fracture criterion layers are calculated for all cases. Then with use of MATLAB program the fiber orientation that cause

fiber orientation to maximum stiffness based on maximum tension fracture criterion is selected. The free vibration

analysis is used for determination the accuracy and performance of design process. The results of free
vibration analyses show that determination of the optimum fiber orientation cause to improvement of
the FML shell natural frequency. Energy method and high order shear deformation theory is used to

define the equation of motion. Full Calculus method is used for optimization in order to apply the exact
result.
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Tablel Comparison of the non-dimensional natural frequency of two
layers orthotropic shell with [1] reference

[1] &> r2 by, 2 ojlads
2.106 1.9825 1
1.344 1.2136 2

0.9586 0.9315 3
0.7492 0.7148 4
0.6419 0.6258 5
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Table 2 material properties used for FML shell for validation

P Gy; Gy3 Viz By Eyy ssle
(kg/m®)  (GPa)  (GPa) (GPa)  (GPa)

2100 34 34 0.3 13 60 GRP

AL

2770 28 28 0.33 72.4 72.4 2024

N O P JE> wle
i | k m3
(GPa) (GPa) orly  kef
Gy =27.8 70 Eyy = vy, =03 il
Gy =278 E,, =70 v3=03  p=2770 paeieas!
Gp3 =27.8 T0Es = V3 =03 B
Gy =27.8 724 Ep = v, =03 i
Gy =278 724 E,=  vy=03 p=2700 F 5]
G,y =27.8 T24Ey = v, =03 2024
Gy =4.7 OBy = =025 ;g ”
Gy =47 152E,, =  v,,=025
Gy =3.28 152E55= v, =025 Sy
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Table 3 Comparison of the non-dimensional natural frequency of
AL/GE-5-4-[0,90] FML shell with ABAQUS

oLl 8l 5 T e T p
Jsl i b spp
0.006 0.0066 0.0062 0.01
0.0255 0.0267 0.0259 0.04
0.0628 0.0636 0.0631 0.1
0.129 0.137 0.132 0.2
0.695 0.706 0.699 1

ot LS5 (jseels 5 53 slaaY (62518 g eg ol
sblss ol o jle zraly 5l jsliie 5 K0S 4 S FML aigy

07 opleit 18 0,95 1397 o . yorowe WA LSSk ) |1


http://www.SId.ir

Archiveof SID

olad 550 e

SIS gl (5l puud g (5Ll 3 (s 03ub LAl FML slagToiuwl aiuwgs 33T cabiblei )l Julxs

220 [ - -~ AL/GE-5-4-[0/60/60/0]
200 | —%— ALIGE-5-4-190/90/90/901

180
160

@y, (H2)

140

120

100

80 1 L 1 1 1 1 1 1 1 L

0 01 02 03 04 05 06 07 08 09 1

MVF
Fig. 3 The effect of best and worst layer orientation on the natural
frequency vs MVF for AL/GE-5-4 FML shell
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Table 5 Amount of K coefficient for determination of the best & worst
FML shell layer orientation
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0.7582 30/0/0/90 0.4692 0/0/0/0
0.4967 60/60/90/90 0.8532 90/90/90/90
0.6986 30/30/90/90 0.5236 60/60/60/60
0.7845 30/90/0/0 0.4157 0/60/60/30
0.7412 30/30/0/0 0.7365 0/90/90/0
0.4124 60/60/0/0 0.6324 60/90/3/0
0.6894 30/90/30/90 0.3610 0/60/60/0
0.5486 60/90/90/90 0.5876 30/30/30/30
0.6924 30/60/30/60 0.4365 0/30/30/0
0.4783 0/60/60/60 0.4968 60/60/60/30
0.5012 30/60/60/30 0.3984 60/0/0/60
0.6258 90/60/60/90 04319 30/30/60/60
0.7419 60/90/90/30 0.5896 90/90/0/0
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0.6173 90/0/0/90 0.6529 30/60/30/30
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Fig. 6 variation of natural frequency vs. length to radius ratio with
respect to the best and worst layer orientation of AL/GE-5-4 FML shell
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Fig. 7 comparison the efficiency of the change of layer orientation with
change of total thickness of the shell on the natural frequency of FML
shell
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Fig. 4 natural frequency vs. thickness with respect to the best and
worst layer orientation of AL/GE-5-4 FML shell
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Fig. 5 variation of natural frequency vs. MVF with respect to different
thickness for AL/GE/5-4-[90/90/90/90]FML shell
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Fig. 9 comparison the efficiency of the change of total thickness of the
shell with change of metal layer material on the natural frequency of
FML shell
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Fig. 8 comparison the efficiency of the layer orientation variation with
change of metal layer material on the natural frequency of FML shell
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+ ngsin4
Q12 = Cy2(sin® + cos*) &0
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+ Cypcos* (32)
Q23 = (Cy35in? + Cy3c05%) (33)
Q33 = C33 (34)
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Q44 = (Ciy — 2Cy5 + Cyy — 2C44)sin?cos?

3
+ C44(sin* + cos*) B0
st = C55C052 + Cﬁssinz (36)
Qﬁﬁ = Csssinz + CSGCOSZ (37)
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o= E1 (U2 —,U31b’23) (39)
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6 = R ta) @3)
Cha = Gr2 (44)
Cos = G23 (45)
Css = Gy3 (46)
U = (1 - v1pUp1 — Ua3lsz — Vg3l
— 2U51U350;3) (47)
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