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The Mixture Ratio Effect of Epoxy Resin, Curing Agent and
Accelerator on the Fatigue Behavior of FRMLs
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Abstract

Fiber reinforced metal laminates(FRMLs) are new types of hybrid materials. FRMLs consists of
high strength metal(Al 5052-H34) and laminated fiber with structural adhesive bond. The mixture
ratio effect of epoxy resin - curing agent - accelerator on the fatigue behavior of FRMLs was
investigated in this study. The epoxy, diglycidylether of bisphenol A(DGEBA), was cured by
methylene dianiline(MDA) with or without an accelerator(K-54). Eight different kinds of resin
mixture ratios were selected for the test ; five kinds of FRMLs(1) and three others of FRMLs(2).
The relationship between da/dN and 4K with variation of resin mixture ratio was studied. FRMLs(1)
and FRMLs(2) indicated approximately 2 times and 2.2 times more improved maximum bending
strengths in comparison with those of Al 5052-H34. The resin mixture ratio <I:1> in case of
FRMLs(1) indicated the maximum fatigue life, while the resin mixture ratio <I:1:0.2> in case of
FRMLs(2) indicated the maximum fatigue life. As results, FRMLs(2) turned out to have more
effective characteristics on the fatigue properties and the bending strength than those of FRMLs(1).
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Table 1 Mechanical properties of Twaron® 2200

Table 2 Resin mixture ratio system of FRMLs(1)

Coeff. of
Tensile | Tensile |Elongation . Filament
Density | thermal .
modulus| strength | at break N . diameter
(GPa) | (MPa) %) (g/cm’) | expansion (m)
m
’ (10°/K) “
115 3150 2.6 1.44 -3.5 12

Specimen
(AI5052+Prepreg)

HOT PRESS

TotnTo0UTC

(a) Lamination

(b) Curing
Fig. 1 Schematic of FRMLs manufacture
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Table 2= FRMLs(1)9] #1212 913] 284 o=
Al FA 8y Ao s7A EFHEE viER Ao
3l Table 3 FRMLs(2)9] #j2H& 93} 484 o &
Al Ao AeA|, AelEziAY 7R EEgn e
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o H89 o FEAIFER(YD-128)2t 72 EAMDA-150),
BEEZA(K-54)2] AL ZH7E 368 g/mol, 169
g/mol, 265 g/mol ©]31, W|E& 27+ 1.18, 1.13, 0.97
ojt},

Factor . Thick-
Equivalence Volume
Component . o ness | Index
ratio ratio
Name (mm)
Al 5052
- - 0.5 A
-H34

1:050 ) 3119 : 748 | 1.0 B

1:075 |311.9:112.2] 10
FRMLs ¢

1) Matrix of
y 1 10013119 1496 1.4 D
prepreg

1:125 [311.9:1870] 1.0 E

1:1.50 (3119 : 2244 1.0 F

* Matrix of prepreg = Epoxy resin + Curing agent
* Volume ratio = (Molecular weight / Specific gravity)
% Equivalence ratio

Table 3 Resin mixture ratio system of FRMLs(2)

Factor . Thick-
Equivalence .
Component " Volume ratio | ness | Index
rati
Name © (mm})
Al 5052
- 0.5 A
-H34
1:1: |311.9 : 149.6
v 1.0 G
FRMLs 0.1 1 379
) Matrix of | 1 :1: }311.9 : 1496 10 H
prepreg* 0.2" 1 75.8 ’
Pl |3119: 1496
- 1.0 1
0.3 : 1138 i

" Matrix of prepreg = Epoxy resin + Curing agent + Accelerator
~ 10, 20, 30% of epoxy content
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