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A Study on Preform Deformation and Tensile Behaviour of

Metal Matrix Composites Fabricated by Squeeze Casting

C.G. Kang*, G.S. Ku** and H.W. Lee***

ABSTRACT

Experimental data are presented for injection of Al2024 melts into preforms which are co-
mposed of 8-alumina short fiber of SAFFIL with a silica binder. The deformations of preforms
during the infiltration process are measured with relation to such forming parameters as fiber
volume fraction, applied pressure, weight of binder and with and without clearance between
mold and preform. Tensile properties of metal matrix composites fabricated by squeeze casting
are evaluated with relation to the various fabrication conditions. To investigate bonding phenomena
between fiber and matrix and reinforcement behavior, the microstructure of the fracture surface
are also examined with SEM.
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Table 1. Properties of SAFFIL fiber 5-Al,0,

. 70 [mm]

Fiber Length 150 [mm]
Diameter 3 [mm]
Melting Point >2000 [C]
Maximum use temperature 1600 [C]
Density 3.3 [g/em?]
Tensile Strength 2000 [MPa]
Young's Modulus 300 [GPa]
Hardness 7 [Moh scale]
Crystal Phase 5-Al04
Chemical Composition Alzs?é 26;573%
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Fig. 1. (a)—(d) Fabrication process of MMCs
by sgeeze casting

Fig.2. Appearance of metal matrix composites
after infiltration
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A 5% FomA AulgRAe Walo] 4

RoFE-e 2 4 9k shIe] 50MPal

= e At FFNRY 12
8

K
off,
off
5
=
g
=2
2
ojm
b
-
N
)
30
rir

- ol S¥3 AuAFA Abo)e]
ZIAAZL A7) e udEAe] e
3 AdAA AAH ez AFm e L4
&9 3 Ao 71dgteta Q)
Fig.5(a)-(0)& FAF9] AAEHE Vs 7}
FHE AFE she] vehd Aolt), dabzhs 2

Volume fraction after
deformation Vi , %

U1
Q

N
(@]

[
o

N
(@]

Volume fraction after
deformation My , %

o

o
2

S
o

(&
(®]

]
Q

Volume fraction after
deformation Vp , %

1o

A

a
& Ly=150um
& ab o= 400
T, =800
T, =800¢c
50 75 100
()% =10%
Applied pressure P, MPg
a o 4
a a
aan o
Lr=150um
Tn=400c
T, =800c
T =800
50 75 100
(b) vy =15%
Applied pressure P, MPq
a
a as L4
a
Lf=150um
Tm=400c
T, =800"c
1 =800°¢
50 75 100
() Vg =20%
Applied pressure P, MPg

2 =
L

o] Fadted 4

Fig.5. (a)~(c) Variation of fiber volume fraction
after infiltration

AR el e AeAATEEe
2 =27) e A
ARGl FL5E 92
EETRE
o111 % o




gekzylo) 2

&

# 74, %39, 1994.9

500
233
g
m — O]
= b =
T.
1 |
o te) &) 's}
O r~ e} Y
a 001*(H/ tH=1)
(%)onDd UOIIDULIO;SP WJOjaId

)

Preform deformation ratio according to fiber

Fiber volume fraction V¢ (%
volume fraction

6

Fig

stk

al

vl

L.
=

27

L

O
k=8

v
h=
%

A

=400'c
=800"c
800°¢

=30%
75MPo
70um

T
T
T

30%

Vi
P
Lt

20

20%

©: Nmin
X Nmox

[

20

il

[eo]

i w
+{

y ybusy

UOIIDWIIOIBP WIOBId

15%

Binder percentage of preform-

Fig.8. (a)—(c) SEM micrographs of preform with

20% (home made)
30% (home made)

binder (a) Wb

(b) Wb
(c) Wb

weight Wy, %

Fig. 7. Effect of amount of binder on preform

30% (kaowool made)

deformation



16 BED - THA - olels RS A PR A
< 600 ! , .

Fig.8(2), (b)& AQAE Au4d84 FA g . : ! '
0% NAVF Aesag o AuAgAdd SO0 e |
slo}A) A1) HFAF)E Liehdl SEMARAlo] T = 400 | ! !
W,=20% <1 7S A} wmd AT S 300 | ! ! [0 P=sompo
TAEA ksl 9ot Wy=30% 2 e A @ ;T:go%c_rcc ]r ] P=75MPa
frERF] Wolzl Fejo] AgAr} o5 2y 2 2001 | 1p=sovc| | |A P=100uPo
Az, £ 100 !

Fig.9. & 44448420 15% du 2 > 0 0. 15 20

el W A= WEHE Jehim o). 3
A2 ofo] u Ay FAL 30% L o] 10%
20%01] HlE] QAT I} gl "ol S
4 stk ol& Fig.8. o4 MopSo] A7
Véﬁéﬂu EHe] EAstzzy A F 71X
F3 AAf bl AWAEE At A7l 2<le]
H7l dEd Aoz A=, gdelx AgAe
fulA) A 9 FrAlshe WA g
e FE AHgslelol & Zow AlmEc, B o
gAel ke FEEFARY 7AA
A FEE 3] $)ste] FHo)
gakgleh. Fig. 102 A-fAA T8
7kl W QAT WEE FlghEe ) |
T2 o] el gich Agstel 93 2%
EdARY ekt ARE gofslr]) $)sted

L

ole ol

AL Sas
éiﬂ-z}]7

i

af & w

N

sgzd G5l A2D AN dAREE
A e ol AfA 2 dgo] Fr1ake) ofel
UAHE=S FoME & F 9l Z1AFS A0
249} QA7F=7) 370. IMPa3l ) u} 8 27 A4
A gf-go] 10%, 15% H 20% 2 FE 252
B | !
~ 510+ [
=3 : J
c 500+ ! I
2 e
@ 1= " |
z 490 1p-gooC 1
® P=75MPa ;
T 480 - V=11mm/sec.
£ it =150um |
2 470 :
10 20 30
Binder percentage of preform(%)
Fig.8. Effect of amount of binder on ultimate

strength

Fiber volume fraction V¢ (%)
Fig. 10. Relation of ultimate strength to fiber volume
fraction and applied pressure

A7 EE 22k 494,2MPa, 514MPaZl 539.2
MPaZ ¥AbEo] of$- Zralaae Yehiz
sk, e skt e wigle] e Xz
Hahe B Aol Ag 7kt W el e A
FAE ¢ & AEE AZgh),
Fig.11-& 713i=de] of2 =hidA)
e glel. 7]

PN
55 A vy

o] WEE
49 wAAT7 69GPagld]
u]8j @%/ﬂﬂi}vgo} 2k 15% 92} 20% <l S
il ge] FasbdASE 80GPaT} 95GPaR &F
el AR} AN R Fe slads
el s olck, e Q1gvteel A$el ol A

AL ik o ule} Aolr) 9le-g HolFm
ek B3] ARAHd o] 15% Ase 2
AEAA 7k HelelMe Ao ddxes
10 | l
! |
93 i !
— |
@ 90} | |
&
= i !
g 85 ! !
3 |
> |
B 80 | Tm=400C
& | T1=800"C
o 75 F | .
= | Tp=800C
e
o 70 - ! O vi=15%
| H vi =20
65
50 75 100
Applied pressure,P(MPa)
Fig. 11. Elastic modulus of composites for variation

of applied pressure



gekzel 23 FEEGARS ARTHeN Yol Alul A2l WA WA~ 17

W74, 3 1994.9
2.5 - G2e) wste] weh vebdl Zeldh #RW A%
2 T I ARGEe T A% 2F buold FHLE
E I\ LB ve=20% Tm=400C, S=-&5 T,=800C, d8l4dae] &
¢ 2.0r = Tp=800CE# Az 27 FUsich. A 4
s [ f \
> 1.5
5
£ Tm=400C| |
= - | Ti=800C| |
Tp=800C 1
1.0 ’
50 75 100

Applied pressure,P{MPa)

Fig. 12. Elongation of short fiber reinforced metal
matrix compositess for variation of applied
pressure

/ML S &
Fig.12¢l] 7isk&e] w& A4k

Waleh, AFAAGR-El DAl 7skEe F

Zhell w2} dalgo] AslEa g & 5 otk

ole 7Kig2] F77t 7155 A =l

Ao AL AL she AR A5 3

#2171 EHrt Z7] dgd dii *PE%“/}.

N
b
ol
s
.\L
:L
ol
-
£ ¢
A
o
X
)
Hi
_-%
z
ok
&
o
_sg
=
2
o]
=
Q
=)

S Aze 34 —z«ﬂznia} QAREE 7}

=

—~ 950 T T
O
L | |
= - | |
= | |
= |

500 + I
- ] z
= ! - !
2 - ! !
o | !
7 450 L Q---—-O-U
7 | ~~Q
é - 1 g0 || Home made
= Tp=800C | |Koowool made
=2 400

50 75 100

Applied pressure , P (MPa)

Fig. 13. Comparison of ultimate strength for metal
matrix composites using home made and
commercial Kaowoo! made preform

{(b) 75MPa

(c) 100MPa

Fig. 14. (a)—(c) Fracture surface of ‘tensile speci-
men for applied pressure



18 FER - FHA - ol

BEBARS SR

T AR EAS o83 FSEYARY o)
qgt A A E AT A4S B e AL
-”F Atk ol AA Az uAdEAy A4
2ol 1=150 um7} T4 AulAd g d54o)
1;=70pm 2} =27] wEolebs Azbgc),

Fig. 14(a) - (0)& 7133 &) ¥ go) o} shda <)
SEM Z374 iviepdl Flojo), AMajdesm 7;”1::}2‘3
Zto] $-pte] AASIs) LAsG o, 2E
2] pull-oute] A= Urh. I Afo oyt

3} Y shere] shree) 27]9) BAgle] T -

LAFGEH ole FRAYA AHAdPA 25
5 ¥ fAF o2 A4 Aol 7]A% e
AteEch mheba A o] sbsah W el A
duidEAe] &xF sl A4 g3t
Alsteiol & Zlew PR

_L?,rlr {m

1) 7¥bge] zhzk 50MPa, 75MPa 9w F3 =}
@A Alole] FAE 2~4mm FoE2H o
HlAd e e My ) 33%, 20% EYU 5 o).

2) AFAA &) 44 10%, 15% R 20%
FEEFA ] AT 47 493.2MPa, 514.8
Mpa % 539.2MPa® 7]x]24% Al20249] HF
A7kE 370, 1MPael s} =gl

3) ¥ Y F SRR SAPA
otd3RS wiX)A] W AL ke onjAs
L2

oﬁ, NS-‘:

Ty
FAL 20% olstl-& dghe)

4) A3 A9 L2} 800C A AZF =2
A2 gl g SEMAMA 2 A3) rhgiae
=719} FA G AF-o] Holubeks} et gt
oraE =5y

#mEd

1. Masur, L.J., Mortensen, A., Cornie, J.A.

and Flemings, M.C.,
Pure Metal,” Metall.
pp. 25492557,

2. Martins, G.P., Olson, D.L. and Edwards,
G.R., “Modeling of Infiltration Kinetics for Liquid
Metall Trans.

“Infiltration of Preforms by
Trans., Vol.20A, 1988,

Metal Processing of Composites,”
Vol. 198, 1988, pp.95-101.

3. Maxwell, P.B., Martins, G.P., Olson, D
L. and Edwards, G.R., “The Infiltration of
Aluminum into Silicon Carbide Composites,” Me-
tall. Trans., Vol.21B, 1990, pp.475-489,

4. Bader, M.G., Clyne, T.W., Cappleman,
C.R. and Hubert, P.A.,
Properties of Metal Matrix Composites Based on
Aluminum Alloy Infiltrated Alumina Fibre Prefo-
Vol. 23,

“The Fabrication and

rms,” Composites Science and Tech.,
1985, pp.287~305.

5. Sample, R.]J., Bhagat, R.B. and Amateau,
M.F., “High Pressure Sqgeeze Casting of Unidi-
rectional Graphite Fiber Reinforced Aluminum
Matrix Composites,” J. of Composite Materials,
Vol.23, 1989, pp.1021-1029.

6. Girot, F.A.,
ditions of Aluminum Matrix Composite Materials,”

“On the Sqeeze casting Con-

J. of Reinforced Plastics and Composites, Vol. 9,
1990, pp.456—469.

7. Aghajanian, M.K., Barke, ].T., White,
D.R. Nagelberg, A.S., “A New Infiltration Pro-
cess for the Fabrication of Metal Matrix Compo-
sites,” 34th International SAMPLE Symp., 1989,

pp.817-823.

8. RHflizk, LEA, “MBEERICLVEE
NTREEHMbEET 2 & 20 SR LETER
BENRE & DOBIGR,” $i, 5853 %, &2 5%, 1981,

pp. 17561-1760. _
10. BHtg, TEHEEERI, RAIRBAZE, hEERs, o



M7 %, 3 19049 SEDEH AT FHFUAE 4

WA YoiA odmlduAe) W A~ 19

RESRVR, 7V 3 HEEHER(LACBA B AR

FEESEAE, " WA, #43%, £ 155 1991, pp.
20—25.
11, EEE, FIECHE, ESEARE, BBESR,

“A1203/606 LI T4 BB &R O IIEEBERERSE, 7

K&E, 40%, £ 355 1990, pp.176-181.
12. Mcdanels, D.L., “Analysis of Stress-

Strain, Fracture, and Ductility Behavior of Alu-

minum Matrix Composites Containing Disconti-
nuous Sillicon Carbide Reinforcement,” Metall.
Trans., Vol, 16A, 1985, pp.1105—-1115.

13. 7227, A3, A4, “gedzyel] o
MMCe] Aa-gAe] slelAl Infiltration ¥A4,”
g B8t FA7rd3 =23, 1992, pp.

253-241.




