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Statistical Properties for Tensile strength of Compeosite Materials
Patched with AFRP on 2024-T3 Aluminum Alloy plate
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Abstract

A hybrid composite APAL(Aramid Patched Aluminum alloy) , consisting of Al 2024-T3 aluminum

alloy plate sandwiched between two aramid/epoxy laminates, was developed. The characteristics of

tensile strength were investigated and statistical properties of tensile strength were studied in terms of
Weibull distribution probability with number of AFRP laminates. The tensile strength of APAL was
inproportional to number of AFRP laminates and followed the two-parametic Weibull distribution.
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Table 1 Chemical compositions of Al 2024-T3

aluminum alloy (wt.%)

Si| Fe | Cu |Mn| Mg | Cr { Zn | Ti | Al
0.11]0.23 | 446 | 0.58 | 1.44 | 0.04 | 0.03|0.02 | Bal

Table 2 Mechanical properties of Al 2024-T3

aluminum alloy

Yield Tensile . .
) Elongation | Hardness | Density
strength | strength

% H y
(MPa) (MPa) (%) (Hv) | (g/em)
340 475 18.3 146.5 2.8
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Fig. 2 Schematic illustration of bagging system
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Fig. 3 Diagram of autoclave curing procedure
Table 3 physical properties of aramid/epoxy
prepreg (HK 285/RS 1222)

Density 1.35 g/em’

Volatile content 0.28 %
Fiber content 5217 %
Resin flow (at 0.35 MPa) 28.72 %

Gel time (at 135+17C) 4 min 48 sec

Table 4 Mechanical properties of aramid/epoxy
laminate (HK 285/RS 1222)

Fiber pattern | Warp(0°) | Fill(90°) | =45°
Properties (MPa) (MPa) | (MPa)
Tensile strength 567.50 51241 -
Tensile modulus 3010 | 31x10° | -

Compression strength 224.14 227.59 -

Compression modulus | 29x10° | 20 x10° -
Flexural strength 513.79 510.35 -
Interlaminar shear

63.45 - -
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Fig. 6 Weibull distribution of APAL materials
according to direction of AFRP laminates

Dn = CFPep - CFPap Den at 2

.UA N

If Dv > Den , the null hypothesis is rejected.

If Dn < Don » the null hypothesis is accepted.

" CFPep = Cumulative failure probability of experimental Data
* CFPap = Cumulative failure probability of asumed Distribution
" Dn = The maximum difference between the sample

and asumed distribution

* Den = A critical value of at significance Level a

Fig. 7 Kolmogorov-Smimov test for Goodness-of-fit
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Table 5 The values of Weibull parameters and
K-S testing (a =0.1)

Properties Weibull parameter

D D
Materials m b N o

APAL *45-DS 61.61
APAL £45-S§ 57.16
APAL 0/90-DS 84.79
APAL 0/90-SS 86.01

49497 |0.0480.369
484.10 }0.065|0.369
512.55 10.074}0.369
505.83 |0.082|0.369
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Fig. 8 Weibull distribution of APAL-0/90-SS
according to number of AFRP laminates
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Fig. 10 Variation of Weibull parameters according
to number of AFRP laminates in APAL-0/90

SS materials

100 550

90 - 540
=
A
g s
S sot 1530 S
s s g
=3 <
2 >
2 5
E 70l 1520 3§
£ E
a, g
o <
2 2
5] o
B 60f {510 3
(3]
[0}

50 4500

®  Shape parameler
B Scale parameter
40 ' L ) ' f ) 490
1 2 3 4 S 6

Number of ply

Fig. 11 Variation of Weibull parameters according
to number of AFRP laminates in APAL-0/90

DS materials

Fig. 10%} Fig. 112 APAL-0/90 SSAl % DSA
o] HZ5d wl2 Weibull EEXTM Y T 29

Table 6 Statistical properties of tensile strength
(APAL-0/90-SS)

Number of ply 1 2 4 6

Number of sample 10 10 10 10

Mean value (MPa) |498.421502.95510.18/ 515.34

Standard deviation 581 | 599 | 6.77 | 7.07

Coefficient of
. 1.17 | 1.19 | 133 1.37
variation (%)

Weibull m 86.38 | 86.01 | 75.95 | 73.22
distribution
parameter b 1501.25{505.83|513.47| 518.89

Table 7 Statistical properties of tensile strength
(APAL-0/90-DS)

Number of ply 2 4 6

Number of sample 10 10 10

Mean value (MPa) 509.61 | 5S17.78 | 524.65

Standard deviation 6.04 6.79 735

Coefficient of
1.19 1.31 1.40
variation (%)

Weibull m | 8479 | 7643 | 7156
distribution i
parameter b 512,55 | 521.08 | 528.27
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