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Stacking Sequence Design of Fiber-Metal Laminate
Composites for Maximum Strength

H.W. Nam®, J.H.Park**, W. Hwang™**, K.S. Kim*** and K.S. Han"**"

ABSTRACT

FMLC(Fiber-Metal Laminate Composites) is a new structural material combining thin metal laminate
with adhesive fiber prepreg, it nearly include all the advantage of metallic materials, for example: good
plasticity, impact resistance, processibility, light weight and excellent fatigue properties. This research
studied the optimum design of the FMLC subject to various loading conditions using genetic algorithm.
The finite element method based on the shear deformation theory was used for the analysis of FMLC.
Tasi-Hill failure criterion and Miser yield criterion were taken as fitness functions of the fiber prepreg and
the metal laminate, respectively. The design variables were fiber orientation angles. In genetic algorithm,
the tournament selection and the uniform crossover method were used. The elitist model was also used to
be effective evolution strategy and the creeping random search method was adopted in order to approach
a solution with high accuracy. Optimization results were given for various loading conditions and com-
pared with CFRP(Carbon Fiber Reinforced Plastic). The results show that the FMLC is more excellent
than the CFRP in point and uniform loading conditions and it is more stable to unexpected loading
because the deviation of failure index is smaller than that of CFRP
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Table 1. Material properties

Graphite/Epoxy ADOM-T3 AIT075-T6 s 0,50 vew= 0,20 ‘
E\y(GPa) 1325 | E.(GPa) 73 72 \_[
Exy(GPa) 108 K
Giy=GufGPa) 5.7 Gx 427 _: A
ng,/(GPa) 34 — {2 S z
Viog 0.24 Vi 0.33 0.33 (a) alt sides simply supported (b) uniaxial iz32-2
X (MPa) 1515 Fig. 5. Boundary conditions
Y (MPa) 438 Y: (MPa) 345 505
S (MPa) 86.9 285 330 A3 £Y3l graphite/epoxy (T300/N5208)9] &4
£ ol&3t A Ao, B AL FLE
o] preprege.2 49 3/2 FMLC, 3/4 FMLC2} 38} H4g 7RG AAZAE @& A AS Fig. 5
Fxzo] e HAMAE FYsidth M Agd (b)yst 2o, Uulal stzzdedre Fig. 5 ()% 2
AR F S48 Al2024-T3, Al7075-T6ol & =
%2 graphite/epoxy (T300/N5208)c]t}. 7+ A=)
2444 Table 1o Yeplidet. fAxF @ae] gl 5.1 & QIASHE0| Z8sk= 2R
AeE BAY $E 1002 stgen, gaA9 A% Table 20 &% AF3FN: = 0.5SMNIm)& e
Had 15709] bistring g 2= sttt mebd A A5 HH4A 3 2HE JeRfAch Table & 3t
A I Agdd] B3R FAE AL Fo g9 At b
Bue 39 FRolol(D:fiber prepreg, (m):metal
90—(—90 laminate). A AT 4 %o @& QA Fo] 2
e 50 29 IMTEE 08 4 A AeAE Bhd
Pt A% 029 HZzelnl, %57t Auir} o
o 2AE $r AT T Aok, £ Hoe) A27he 90%2 Yehgth CFRPS v
stEade gedd, o5, AFSE, BEXSE, s 34 dxdMe duxsE 34 Jedoy F
Z¥eFE W Apol distd FasHen, s of ZtzolMe A wj$ AA Ve Ft
AHgE #el ¥ bla=l, h=25, h=4mZ StAT. Az digt HA HEze §5AA] TH-& Uer
Hatfde g AHEg CFRPE FMLC & AR7%9 & & AY #3749 Az 3 H57be dajz|¢
Table 2. Uniaxial loading
Material Ply Worst angle V‘/f(.)ir'St Optimum angle Optérixlmm \/ ;;;Onlrfztz{:;ifz
FRP 4 [89.96/-89.79]s 8.144 [0.002/0.01]s 0.0068 34.6
FRP 6 [89.81/-89.99/90]s 8.144 [0.03/0.019/-0.04]s 0.0068 34.6
FRP 8 [90/-90/90/-901s 8.144 [2.81/-1.05/-0.53/-1.41]s 0.0068 34.6
FMLC 0.347 0.0744
(2024) 312 [A/89.99/A/89.99/A] 0 [A/O/A/O/A] ) 2.16
FMLC 314 [A/89.91/89.99/A/89.99/89.91/A] 0.574 [A/0.012/0.008/A/0.008/0.012/A] 0.0608 3.07
(2024) M (m)
EMLC 0.356 0.0342
(075) 312 [A/90/A/90/A] 0 [A/0.008/A/0.008/A] (m) 323
FMLC 314 [A/89.99/89.9/A/89.9/89.99/A] 0.587 {A/0.002/0.008/A/0.008/0.002/A] 0.0278 4.59
(7075) ® (m)
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Table 3. Biaxial loading

. s
Material Ply Worst angle Wf?{SI Optimum angle Optglum \/ %ﬁ
FRP 4 [0.008/14.76]s 36.71 (51.13/50.99]s 0.758 6.9
FRP 6 [0.15/16.86/0.17]s 38.66 [54.47/54.91/-48.93]s 0.835 6.8
FRP 8 [0.002/-19.67/0.02/-0.45]s 39.74 [51.3/51.0/-50.5/-51.4]s 0.766 1.2
FMLC 2.491 1.286
(2024) 312 [A/T19/A/7.19/A] {m) [A/59.0/A/59.0/A] {m) £.39
FMLC 4.142 0.986
(2024) 34 [A/-6.95/-6.66/A7-6.95/-6.66/A] (m)  [A/-50.85/50.84/A/-50.85/50.84/A] {m) 2.05
FMLC 1.817 0.669
(7075) 312 [A20.72/A120.72/A) 1) [A/73.52/A773.52/A} 03] 1.65
FMLC 3.144 0.771
(7075) 34 [A22.31/-1.89/A122.31/-1.89/A] (0 [A)62.44/62.43/A/-62.44/62.43/A] 49 2.02

(b)

©

Fig. 7. Fitness function of (a) 4-ply FRP (b) 3/4 FMLC-AI2024 and (c) 3/4 FMLC- Al7075 for biaxial loading
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Table 4. Point loading

Material Ply Worst angle V»/f(i)ir.st Optimum angle Op tgmm \/ ;;(;Ir;:;;; Fi.
FRP 4 [35.46/31.32]s 0.525 [431/-61.78]s 0.229 1.5
FRP 6 [35.16/33.1/28.11]s 0.527 [45.31/-44.75/-45.58]s 0.139 1.9
FRP 8§ [54.8/56.8/59.14/65.03]s 0526  [45.92/-44.25/-44.76/-45.17}s 0.111 2.1
FMLC 0.070 0.0667

(2024) 312 [A/87.23/A/87.23/A] 3(m) [A/45.12/A/45.12/A] (m) 1.03
FMLC 0.092 0.0822

(2024) 3/4 [A/R4.30/83.53/A/84.30/83.53/A] T(m) [A/-45.40/44.95/A/-45.40/44.95/A}  (m) 1.06
FMLC 0.032 0.0310

(7075) 372 [A/86.58/A/86.58/A] 7(m) [A/44.49/A/44.49/A) {(m) 1.03
FMLC 0.043 0.0381

(7075) 3/4 [A/84.72/85.80/A/84.72/85.80/A]  O(m) [A/-45.35/A/44.92/A] (m) 1.06

Fig. 8. Fitness function of (a) 4-ply FRP (b) 3/4 FMLC-AI2024 and (c) 3/4 FMLC- AI7075 for point loading
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Table 5. Uniform loading

Material Ply Worst angle Wf(‘){st Optimum angle Optfl?um \/ ;;?;fzi{;ifz
FRP 4 [45.03/44.71]s 4.823 [80.33/-44.99]s 0.722 2.5
FRP 6 [44.81/45.46/44.96]s 4.842 [31.05/-45.0/-43.21]s 0.439 31
FRP 8 [44.97/45.31/46.42/45.05]s 4822 [42.77/-43.57/-44.271-52]s 0.361 3.6
FMLC 0.399 0.365
(2024) 312 [A/26.14/A/26.14/A) (m) [A/89.99/A/89.99/A] (m) 1.05
FMLC 0515 0.401
(2024)  3/4 [A/-61.53/-61.93/A/-61.53/-61.93/A] (m) [A/-8.44/44.94/A/1-8.44/44 94/A] (m) 1.13
FMLC 0.186 0.169
(7075) 312 [Al-64.23/A/-64.23/A] {m) [AJ0.01/A/0.01/A] {m) 1.05

FMLC 0.239 0.192
(T075)  3/4 [A/-60.96/-61.96/A/-60.96/-61.96/A] (m)  [A/-75.98/44.99/A/-75.98/44.99/A] 03] L12

Table 6. Combined loading

Material Ply Worst angle WE)ir.st Optimum angle Op tfl?um J ;;(izrlfztz{;zlzf i
FRP 4 [28.55/20.48]s 53.934 [74.78/-21.14]s 2.356 4.7
FRP 6 [30.99/22.73/22.64]s 55.063 [-70.47/41.81/-47.61]s 1.801 5.5
FRP 8 [30.54/19.66/16.86/18.29]s 55.907 [61.68/-54.91/-44.62/44.71]s 177 5.6

FMLC 3.947 2.75

(2024) 312 [A9.24A/9.24/A) {m) [A760.01/A760.01/A} (m) 1.20

FMLC 6.05 2.257

(2024) 3/4 [A/-10.62/-8.70/A/-10.62/-8.70/A]  (m)  [A/-60.05/49.14/A/-60.05/49.14/A] (m) 1.63

FMLC 2.754 1.303

(7075) 312 [A/33.33/A/33.33/A] ) [A/69.76/A769.76/A] (m) 1.45

FMLC 4.804 1.251

(7075) 314 [A/35.15/16.94/A/35.15/16.94/A] ) [A/-71/64.64/A1-71/64.64/A) H 1.96

Fig. 9. Fitness function of (a) 4-ply FRP (b) 3/4 FMLC-AI2024 and (c) 3/4 FMLC- AI7075 for uniform loading
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Fig. 10. Fitness function of (a) 4-ply FRP (b) 3/4 FMLC-AI2024
and (c) 3/4 FMLC- Al7075 for combined loading
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