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Evaluation of Strength Distribution in Boron Fiber Reinforced ‘Aluminum

Matrix Composites by Recursion Analysis Technique

Koichi Gopa and Hideharu Fukunaca

Synopsis :

The present work tries to apply the recursion analysis technique to boron fiber reinforced aluminum mat-
rix composites. Several sizes of comopsites ( V;: 0.10~0.15) prepared by hot-press were used as the test
materials. The tensile strengths of filament and composite specimen were measured several times. On the
other hand, Weibull parameters of the strength of fibers were estimated from the measured data, from
which recursive distribution curves were predicted. The results showed that the strength of composites
gradually decreased with increasing the size of composites. The recursive curves indicated appropriately
such a tendency, i.e. agreed well with the Weibull plots of experimental data. This means the recursion
analysis technique can be applied to the evaluation of strength distribution of boron fiber reinforced alumi-
num matrix composites in a laboratory scale. In addition, the effect of 2-parameter and bi-modal Weibull
distribution on the recursive solusion was discussed.

Key words : unidirectional composites ; fiber reinforced metal ; tensile strength ; acoustic emission ; Weibull

distribution ; chain-of-bundles model ; recursion analysis technique.
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Table 1. Properties of B,C-coated boron fiber.
Diameter 139.6 um*
Tensile strength 3.85 GPa*?
Elastic modulus 392 GPa
Specific gravity 2.55

* Meadured value by laser system
*2 Meadured value at 50 mm gauge length

Table 2. Properties of 1060-O Aluminum.
Tensile strength 68.6 MPa
Shear strength 49.0 MPa
Elastic modulus 68.6 GPa
Specific gravity 2.70
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Fig. 1. Size of specimens.
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Fig. 2. Load-time curve and AE count in speci-
men (b).
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Table 3. Test results of B4C-coated boron fiber
reinforced Al composites.

Size of N=10 N=10 N=30
composites L=10 mm L=30 mm L=30 mm
n 35 32 36
Ave. (GPa) 3.59 3.36 3.17
C. V.(%) 7.56 7.30 7.69

N : Number of fiber in specimen L : Gauge length of specimen
n : Number of specimen Ave. : Average tensile strength
C. V. : Coefficient of Variation

Table 4. Estimated Weibull

B,C-coated boron fiber.

parameters  of

2-parameter Weibull Bi-modal Weibull

G. L.(mm) m ﬂo(Gpa) G. L.(mm) my %1 (GPa) my O'oz(GPa)

30 16.3 3.97 50 13.57 3.94 16.42 4.67
G. L. : Gauge Length ’
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Fig. 3. Relative frequency of total AE counts at
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Fig. 4. Weibull plots on tensile strength of composites and distribution curves predicted from

recursive technique.

Table 5. Weibull parameters of boron and fibers.

2-para. Weibull Bi-modal Weibull
m %{(GPa)| m

Boron 50 22.81 4.24 8.95 4.94 36.40 4.30
SiC 10 4.70  4.24 3.64 4.64 9.41 5.08

G. L

(mm)

Fiber

”OI(GPB) my 4702( GPE)

G. L. : Gauge Length
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EELIENTES. 72, QEL0, 11=Q%[0, 0]=
0%0T,

R (A-3) & b)

Q¥I0) = 33 P.QYI0, i]
= P,Q¥'[0, 2] + P,Q%0, 3]
= P.Q¥.,[1] + P.Q.,[3]
K (A-4) (A-6) (A-11) #{FHIERTHLRD L H 2%

5.
QY [3] P, P, P, Q% [3]
[ Q¥ [1] ={Pz P, 0} &, 1] )
Q% (o] P, P, 0 %, [o0]
................................................ (A-12)
727U, Po=Py+ Py ThD. R(A-12) i3,
QW = QBIQE,} cooverrreerriiiiiiiininnnns (A-13)
EELIENTESL, Thabb, HRETH [QP] 3
P, P P
[Q[zl]z pz P, 0 j‘ ........................... (A-14)
P, P, 0

Enn. R(A-4) 2L QP=QY,, [3] T, ¥
NRZ MV QY OEIERFTEROAIEIZES T
QY # K pH Z LA TE 5. Rk EIROBTFERC
X5 T, 5-plet T TEMRIZLLFRITHIRD SN
TWwa, ThEBRWICEETTE, KOXH IR 5.

rP3P2P1 Py
P3P P1 Py
P3P P P
(@ =| Psps P; P
P3P; P
PaP3 P
“Ps5 P4 P3
Py P3 P2 P Po
Py P Py Py Po
Py P3 P Py Py
P4 P3 Py P Po
Ps P4 P3 Py P
Ps Ps P, Py Po ;
Py P3 P2 Py 150
5 P 1
[Q“)=| Ps P4 Ps i P
& 1= 5 Py 0
P4y P3 P _
5 P2 Py
Ps Py P3 _
5 P3 P2
Ps Ps Py
Py P3 P i
Ps Py P3 Pe
Ps Ps Py Ps
. P7 Ps Ps Ps J
rPsP,PyP,P Py 1
PPy P3P, PPy
Bspy Py PP Py
B, Py P, PPy
ByPy Py P A R
PsPs Py Py P, P
byp, P3 PP Py
PsPy Py P, PP
3 Py Py P PR
Bp; Py Ps P, B
PP, Py P, PPy
}:°5P4 Py P P PR
PsPs Py Py P, B
PPy Py P, Py Py
PsP; Py P LI !
PP By Py Py P,
QU =| Ay Py Py PPy
By, Py P, P P
PePs Py Py P, P
{’51’4 Py P, P, Py
PePs Py Py Py Py
PyPs Py Py P P,
PsPy Py Py Py Py
PsPs Py P Py Py
PPy P Py Py B,
Bp, Ps Py Py Py
PP, Py P, P
Bsp; Py Py P,
%’7176 Ps Py Py
i Ps Py Py
~PyPg Py Py P -
727Z L,
P,=F (Ki(f) - F (KiAlo-)
Pi=1_F(K5A10) (i=1,2,3,...)
p i = F (K i )

TdV, Inf1EREE K 13 LLS (Local Load Sharing)
A% Hwa7-o,

Ke=1+% (i=0,1,23,...)

Ed, TR0 ERT.
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