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Study on Enhancement for Interfacial Energy Release Rate of Adhesive
Layer in Fiber Metal Laminates using Taguchi Method

Min-Gyu Kil*, Eu-Tteum Park*, Woo-Jin Song**, Beom-Soo Kang*"

ABSTRACT: The fiber metal laminates have been widely used at aerospace industry due to outstanding fatigue
characteristic, corrosion resistance and impact resistance and so forth. The objective of this research is to establish the
proper manufacturing variables for enhancing the interfacial energy release rate of fiber metal laminates using Taguchi
method. The major variables of the manufacturing process are surface treatment, pre-specified temperature holding
time and additional pressure. In order to determine the interfacial adhesive strength, the double cantilever beam and
end-notched flexure tests were conducted. Afterward, Mode I and II energy release rates at various conditions were
introduced signal-to-noise ratio with respect to each condition. Finally, the most efficient manufacturing variables are
recognized using larger-the-better characteristic.
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Table 1. Orthogonal array of Taguchi Ly(3%)

Number Variables Experiment
of case F P T condition
1 1 1 1 FP,T,

2 1 2 2 F,P,T,

3 1 3 3 E,P,T,

4 2 1 2 FP,T,

5 2 2 3 F,P,T,

6 2 3 1 E,P.T,

7 3 1 3 E,PT,

8 3 2 1 E,P,T,

9 3 3 2 E,P,T,

Aluminum SRPP

Fig. 1. Fiber metal laminates
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Table 2. Specimen size and its material properties

Material Al 5052-H32 Adhesive film
Size (mm X mm) 150 x 25 150 x 25
Thickness (mm) 2 0.4
Young’s modulus (E, GPa) 70.3 0.87
Shear modulus (G, GPa) 25.9 0.36

Temperature ("C)

Hinge

Aluminum

Adbhesive film

2,=50mm
h=4mm
L=150mm
b=25mm

Fig. 2. Specimen configuration of DCB test

Aluminum

Adhesive film

25mm

25mm
k///////g;/////”

Fig. 3. Specimen configuration of ENF test
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Fig. 4. Temperature profile on manufacturing process
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Table 3. Energy release rate and standard derivation of each test

Energy release rate (J/mm?) Standard deviation
Number
Gie Gyc
of case Ge Ge
MBT CCM MBT | CCM
1 1.834 2.227 1.225 0.099 | 0.101 | 0.016
2 1.757 2.376 1.213 0.275 | 0.444 | 0.078
3 1.465 2.009 0.975 0.488 | 0.403 | 0.123
4 2.000 2.470 1.175 0.318 | 0.390 | 0.025
5 1.656 2.117 1.268 0.305 | 0.237 | 0.104
6 1.986 2.646 1.252 0.117 | 0.054 | 0.043
7 1.767 2.032 1.372 0.617 | 0.582 | 0.063
8 1.733 2.323 1.207 0.184 | 0.204 | 0.045
9 1.372 1.717 1.300 0.302 | 0.396 | 0.060
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Table 4. S/N ratio of each factors

Factor
S/N Ratio
F P T
1 4.5 5.4 5.34
MBT 2 5.42 4.71 4.58
3 4.18 4.02 4.2
Gic
1 4.42 5.38 5.32
CCM 2 55 4.7 448
3 4.18 3.99 4.23
1 1.1 1.97 1.76
Giic 2 1.77 1.76 1.78
3 2.25 1.29 1.51
6.0
5.54
5.0 \
E
-]
£
Z 45 \
7]
4.0
35 T T 1 T T T T 1 T

F1 F2 F3 Pl1 P2 P3 T1I T2 T3

Parameters with levels

Fig. 11. S/N ratio distribution with respect to MBT on G,
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