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Optimization Techniques of Die Design on Hot Extrusion
Process of Metal Matrix Composites
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Abstract
The fiber orientation distribution and interface bonding in hot extrusion process have an effect on

the mechanical properties of metal matrix composites(MMC’s}. Aluminium alloy matrix composites

reinforced with alumina short fibers are fabricated by compocasting method. MMC's billets are extrud-

ed at high temperature through conical and curved shaped dies with various extrusion ratios and tem-

perature. This present study was directed to describe the systematic correlation between extrusion die

shape and subsequent results such as fiber breakage, fiber orientation and tensile strength to hot

extruded MMC's billet. Extrusion load, tensile strength and hardness for variation of extrusion ratios

and temperature are investigated to examine mechanical properties of extruded MMC’s. SEM frac-

tographs of tensile specimens are observed to analyze the fracture mechanism.

Key Words : Metal matrix composites, Curved shaped die, Hot extrusion, Die design,

Fiber breakage, Fiber prientation.
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Fig. 1 Schematic diagram showing experimental
apparatus to fabrication of short fiber
reinforced metal matrix composites
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Fig. 5 (a)(b) Optical micrographs for dispersion of ALO,
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Fig. 6 (a)(b) Optical micrographs for dispersion of ALO,
short fiber on longitudinal section of hot extrusion
billet. (a) Upper portion (b) Lower portion
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Fig. 9(a)~(c) Microstructure
of fiber orientation during
hot extrusion process with
curved shape dies of various
extrusion rations.

Ftruson

T - T
g R"’,\.?’w: '?g""’w.f * )

¢ N fadibi(et
o 75{ <~ ’;'3:,.' 7 ‘aﬁuﬂ?’“& At
oo T G OB gy

Lo Y i)
)
e e

sz, ] Fig, 10(a)~(c) Microstructure
“a=® " 4.4 of fiber orientation during
hot extrusion process with
curved shape dies of various

extrusion rations.

o} Zgrtel7t &
AN Fig.109] A,
8|38}

of gro] AH

2T the] oM A Mkl n
F5g0| puatel Afe Wy 20

a)~{c)7} Fig.8(a) ~(c)dl

I
w
<
o)
o

352/ @RAMT1B88 X|/A6H A45. 19974

go] 9l&¢ ¢ & Aok Fig.1l(a)~(d)& h&Hl 4
s=5.44¢90 A% ¢E2% Te=400T. 450T. 5007C,
Q



1l(a )~(d)«l 2N &
(‘4019} Zale F&) oA

Gesae el 4
E3 dsh o7 R g

Z—.*} O]“/} Fig.11(a)
5,691 faAet HIJLO}O% s gk g o] s o
PE2To| A & FEE ¢ FUG. 219 2
234 oM el REs o ot
ZIA 7Y AR we) Wyl Wi ZeArt g
&& ol wjgkid o] Fig.11(a)~(d)el Hlsled 7AdE 3
o7 Alg"H,

Fig. 11(a)~(d) Microstructure of fiber distribution in the
center portion of cross section after hot extrusion

for the variation of extrusion temperature.
(@400 (MH450T (c)5007TC (d)550 C

Fig. 12(a)~(d) Microstructure of fiber distribution in the
edge portion of cross section after hot extrusion for
the variation of extrusion temperature.

(a)400C (b)450C (c)500T (d)550°C

284A HHs1H A

4. A=W J1AH ME

4 A7l 242 25 mm, 6 mm7t &S
F ADHE 7FgE F 530CAlA 247 B¢ &3
A £ 175 8217 B9t A& Aelslsivh. %
e MTSE AHgdle] 222 85 £52 1 mm/min

Fig.13& 4=3.0691 9453 vlol9} 4 =3.06, 5.44,
8.51¢ Mﬁ thol2) <t&Ao thal 7|AA FA oA
ANALEE, A P ALEE Jehlz o} & 3
T Y FEe 4=3.06% 9FF tiolzt 390MPa, A,
=3.06, 544 % 8512 F9U thole] Ffoe 22t
430MPa, 465MPa, 410MPag Z3%9ion o7&
7121309} 912 Aol vla) 2t 26%. 39%. 50%, 32%
M v e 72E ZNE UrEM LE3E O
ol9] 4% 3.06<A <544 WM E Eu)7t Fo15t
o waf A} Arn 57}47%1 w0y gl O%Hm % 06
07 298 AL

Gelel W 99 A B AL 2 5 ek
gaol 1 2= vAe HeE Fig.8(c). ()%

Fig 9(c)ol JERF 27 i) A wagge
F otk 2 479 golB A48 ASelE =
Hlal 6ol wigao] e ehial ekn 4
o] wol vhehb] BB 467} 717 Ae] 5
A g3 g 2 Aoz Az 29 thol
o] FEA] EH) 71 3.06004 5.449) M)A = ghEn

X]— /1—[‘ 7}.

600 100 18

Avi
3 500 90 16
3 - - -
B ) - * ol 8o £ |14
~_:‘ 400 [ % 4 s | »
z ; 4 .
= - . - 705 ¥ °
- - o
% - - ® . ‘ g
S 0| @ @ . 2 g
= | = =
z ! o) 80 3 8 E“
Y [ R : 8
AR AT 4105,/ A1 6061 3 =
3 o AlBUG1 alloy . 50 2 -4
Z ® Hardness
3 0o @ Uitimate strength -
501 A blongation - A 40 2
- -
) - L
A - A . : l
-0
3060 3.06(As) 544(As) B51(As)

Extrusion ratio. A

Fig. 13 The effect of die profile and extrusion ratios on
mechanical properties (T =500 )

SHRANIISEER/A6R 4%, 1997 /353



$572
o dEsAw gue] 249 ¢ 4 Ut ae ¢
W7} S5 o3 2ol Frtshs ol e WY dagl
272 qleke] 7|7} Al fol) hahs g2io] Zrbulol
M6k shers) wel] Aael wWapol Saaxlm 7
W A Bt A4S W Foleha AzET) A7k 851
gl =T tho| 2 AlRa Aol gl Thu AL Ald
of Bt 08le PATS % ek FEAE D)
slof 229 A% Q7S AHgate] 2R ekt 71404
o] JEA 58530 Hls) A28 thole] YE A 66.78.
3l tholo] 4B AL h2ulol uleh 2h2} 67.75. 68.33.
70.58% UehReith 2 71A1Ae) AEAd va 933
ol 13.4%, =9 thel Gulo) weh 22t 15.2%.

16%, 20%3 5= MR wakd &8 A ¢ A7}

3.06 o2 9% u ZA tjo]E %]

tholo HIBIM AT} =1 T thole] ol &EY]
=

7} 855 Aurt pobyAT

ZagE A2 712 #4490 ARE dobste 2EA
PozH BIAEst A A2 AHHASE o

O k&) Ak A7) 3.0622 BUE wf dAEE IH
tholo} 74971 33 thelof i) thi A onf Fu ol

e 5]
[®mA AL0:/AIBOG! r
. ®  Hardness

.z W Ullimate strengtn
< 14 ' Flougation
= .
R
= & T - £
5 4 ; g
ZEIRSH) . Z
," i L)
) e ) U3
z [ 2 [ & - -
£ B 3

3
e A H
Z A 2 L.
£ C A
e A

aq

Fig. 14 The effect of temperatures on mechanical
properties in hot extrusion process with extrusion
ratio of 5.44

354/ 8B AM01BE S| XI/A6H A45, 19974

o Afele ¥EHIE FNEFE AN el Frkitte
AL & & olh oA GENTL TS ARe B
o} grhelo] Zol7} ol A =& gl wEg e ¢
Al =lm A He A=r A7) wEel] 717 2 ofl A

A4 gk 7F dojut A4l go] FrhEAck YT
Fig 14 V,=15%. A =5.44%0 A% ¢=ex9 W3
4 # et

off ge gdae AARAE vy
Fig.11(2) ~ (el 1ol 3 sk 2o) Zabale] g
ge gprexel 27l mepy Ausged 7AH 4
Ho| g2e 271517 el olele FaS FHe

ofsle] ghebdel SEM#HES AT

e

seHE dado e tlo] Feheh shEuld w7
A9 24 FEol AFel vAe 4F F A WA
oluvf mh& A B vIAA e dfte] AW HY Awrt
o 7o) v GFS & F AN Fig.15& thol
e o} shanlol wa g AlFde] sdd g vehle
A9 2 Fig.lh(a)E 4,=3.06%0 HF¥ tiol
Fig.15(b)~(d)& A =3.06, 5.44, 8.51%] FH tho]e
e & Jepd Felth, Fig 156(a) (b)oll ViERd A8
Ak A7h 3.062.8 FUG A fele tho] didolle
glo] B5F ghEdol o w3l $8 3 Lol A fre] &4l
shAstl o v, 3k A Alelel] 71 Ae] 24 fFol &
AdstA doluA] k&S & & Aok wabA A A1E
AL AFE FollA 7HE kel RRelA FEo] Xatso] 3

Fig. 15 SEM fractograph of tensile specimen of a fracture

for the variation of die shapes and extrusion ratios.
(a) 4,=3.06 (b) 4 =3.06 (¢) A=5.44 (d) A=851

(S £ TS B F




Fig. 16 SEM fractograph of fracture in tensile specimen
for the variation of hot extrusion temperature.

gl YAg Aoz AnEr A Ae $RYE 24 4
Foz s AR 1]

Aol e ks ool st Q4 BEe) fd &
HE AEF YodTh 22 39 ol & AR 7 ol
Fig.15(b) ~ (d)ol vehd RA# <h&n]y
Aol 24 frEel A Fig.9~10014 B

—_

£
HN mm
o)
Y
N
o

A9} 712 Abolel AW B3 BEsh B4R e ohy
2 4 f7h st SlElekE B4 2 e} Yehdr] gE
of QY el FRe AN g 5 AUk 59 4
=5.44, 85191 Fig.15(c). (D)%) ASole 7|74 &
4 f5ol AHE Aolo] Fabl Exso] Y2 8
gors 97 YA AR7h B 2k REE O e
g 1A A g A fre] S5 AR Qe e v 7]

A @4 sk doit g e &2 Uehfgic
2 g

Fig.16(a)~(d) & A=544% o 42LEe] Wkl
ohe skl Aol Fig 1694 BojZE vkt po
exuislel me shuwel Aolx pawx 2ot

o
oy £

MEHo FEEARE Axsln 938 tholo} 29
Tholo] tEH o} 28 WM3lAA AL gsle] tho] U
Aol A wiad s e 9 ghE o) VAH &
e 2ARE 3 g 2o FES 9

(1) A4 28 V,=10%. 048 8,=15%, 8%
N=600rpm 2 £l A7} 2589 2702 DHAGZ v}
B8 7IA A Hoksle]l vt E Ael &% Aglozy
TUE B4 S 7 R e SEEENEE 4

28 % g,
(2) 3H] A% A7} 3.069) UrFrioleh TgThol L
N TE 19)
E‘_:!1

4 FH thol7} The HY3} Wahe
Aol 7] w 2ol A8 tholo] ul8) ¢+

o
B
ot

) R
2

o] 273 24 ATk

(3) ¢&u] A5 A7} 30622 BU Feo ho]
T RN Ao WAL Ao §Aket A
WHo 2 933 tolun 37 thol} Ase) shee] A

o
om Zsel Wakol AU S & 4 )

(4) 9 tiole] Z Lol hEn7} 271842 tho| 9]
AT F-EOMFE Z7 2o AAA wEFgo] AN
Aor 58] 27 REd gojie MR T F9 B
ol 49l sheto] il

(5) &8 Ak A7E3.06%1 A5l AgAwst AT
o]7} 1% to|Hr} AX Y AAg L

v

o o
B g
1R
B,
ko)
L

, o
o
o
w
()
(@)}
IA
>
IA
o1
.
N
=2
2

=3
&1 =28

(1) 1. C. Ehrstron and W. H. Kool, 1988, "Migration
of Particles during Extrusion of Metal Matrix
Composite", J. of Materials Science Letters 7,
pp-578~580.

(2) R. W. Hains, P. L. Morrusand P. W. Jeffrey,
1988, "Extrusion of Aluminum Metal Matrix
Composites”, J. of Advanced Structural Materi-
als, pp.53~60.

(3) C. A. Stanford-Beale and T. W. Clyne, 1989
"Extrusion and High-Temperature  Deformation

B2 MBS R /A6E 45, 1997 /355



of Fiber-Reinforced Aluminum", J. of Composites

Science and Technology, Vol.35, pp.121~157.

K. Suganuma, T. Okamoto, T. Hayami, Y. Oku

and N. Suzuki, 1988, "Influence of High Temper-

ature Exposure on the Properties of Alumina

Short Fibre Reinforced AA6061 Alloy", J. of

Materials Science, Vol.23. pp.1317~1323.

A3 G, PEH FEAL ILE Y, A0 RE, R LK

1987, "7 § FHIMEHEL 74 2 = AG HHL

B oG HBEE DR, e, B3T6, H3

pp-179~184.

RN B, 510 B SRR S e ek, 1989, "B

INTEE & B R Fibi e MR ORES Lon T,

I LT 5244, 552724, pp.974~980.

RN ER F20L B, 6 fak, BF i 1989, "R

BN T T & B MR HER (A SR O RS, 1

LML $30%, #5346%. pp.1524~1531.

K.Suganuma, T.Fujita, K.Nihara, M. Koizumi,

1989, "Hot Extrusion AA7178 Reinforced with

Alumina Short Fibre", J. of the Institute of

Matals, Vol.5, pp.249~254.

Imai T., Nishida Y., Matsubare H., Shirayanagi

L, and Mabuchi M., 1989, "Hot Extrusion of Alu-

mina Short Fiber Reinforced Aluminium Com-

posites", J. of the JSTP, Vol.30, No.346,

pp-1540 ~ 1546.

(10) $= G, 1R BP0 1%, R £, 1990,
i A B O TR ) 2 AROY AR & FFL O
EHERCIE B & O R U I, B
&, 5374, F45%, pp.285~290.

(10) 35— 05, AR 538, MIAT Pl 1990, "4oi
AR v L =y A RIEAMK v v

(4)

(5)

(N

®)

®

356 / st2AMIIBEE K| /467 A4z, 19974

PO LT,
pp.278~284.

(12) Brusethaug S. and Resio O., 1991, "Extrusion of
SiCp Reinforced Al-Alloy,” RISO Int. Symp. on
Materials Seience, ed. N. Hansen, et.al. pp.247~
254

(13) Jeffery, P.W. and Holcomb, S., 1990, "Extrusion
of Particulate Reinforced Aluminium Matrix

&, B0, B4R,

Composites," Proc. of Int. Conf. on Fabrication of
Particulate Reinforced Aluminium Matrix Com-
posites," Montreal 17-19 Sept. ASM Int.
pp.181~186.

(14) Greefield, and 1.G. Orthlieb, F.L., 1991, "Rein-
forced of SiC Whishers in Aluminium at Differ-
ent Stage of Extrusion," 8th. Int. Conf. on Fabri-
cation of Particulate Reinforced Metal Compos-
ites Materials, 17-E-3.

(15) 234, 445, 4%%, 1993, 3484 Re o
drEE Yol gdoldl FEuzL A gel s % W
of v A, daolAsE e R, A7, AT

Z, pp.1740~1750.

(16) C. G. Kang, S. S. Kang, 1994, "Effect of Extru-
sion on Fiber Orientation and Breakage of Alumi-
na Short Fiber Composites”, J. of Composites
Materials, 29-2, pp.91~187.

(17) Jobisk, 1985, "= v b = x (EHEEREREN AP,
p-200.

(18) W.Xutang, J.Qijian and X.Shueisheing, 1986,
"Elasto-Plastic Finite Element Analysis of Hydro-
static Extrusion with Various Mathematically
Contoured Dies", 27th MTDR Conference,

pp.51~57.



