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Abstract

In this , the dynanic shear strength of a mzcﬁrec—
tional £§A356 0 conposite and A3560 dlloy, r
tively, are neasured with a split Hopkinson torsi bar
(. SH]B) techique. The results indicate that the carbon
fibers nike very little contribution to the enhancenent of
the shear strength of hé}/zé ntrix Sw’;”mm?l he]he mcro-
scopic inspections on the fracture surface of the conposite
show a multi-scale zigzag feature. This inplies that there
zs a cmplzcated Shegf%lwe nechanism in the wiidirec-

te. (©) 1998 Hsevier Sci-
encelld nghls res

Keywords: A netal- conposites, B. fracture,
I—bplqmmtomonba%) high strain rate, S}Sgalltr

1 INTRODUCHION

Shear strength and failure mechanism are two of the
m)st t problens for fiber-reinforced compo-

th increasing applications and devel t of
ﬁber rﬁnfomdhgi}speednﬁa] rmtnxandoonpo&t@ um% in
aerospace, trams, autonotive €s,
the of shear behaviours of MMGS

beconmes more and more important.

In the decade, ﬂérrehavebee;lmse\t{eml o
to study dynamcs racture -
viour of fiber-reinforced polymer-natrix composites
(ERPs)bysphtHcplqmon tednquthavanety
of shear loadings geonetries. Among
them the use of the ?31 Hopkinson torsional bar
(SHIB for the study of the dynamic shear behaviours

seerrstobethennstef%ctweag)roadl The
ﬁrstt\matterrptstouse SHIB were nade by Parry and

*To whom should be addressed at: Depart-
nent of Mechanics, Peking University, Beijing 100871, Peo-
ple’s Republic of China.
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Hadr ;maml(h%narﬂhuzmmmﬂnslm’[ﬂm
cuboid specinens were Tespec-
tively. A very significant increase in shear strength with
respecttostgrlamraleswasobservedforbqthmvenl\%ld
Cross-pty Xy CONposite  specrens. re
was also used by Leber and Lifshitz3
the shear response of plain-weave fiber-
lammates, in which thin-walled tubular spe-
c1rmmw1tha1 aspectranovxereusad Their results
1shovxed that the material exhibits h1gh sersitivity to
oading rates.
There were other efforts to use the spli
bar (SHPB) for the of the slmr (Smnﬁth
of FRBs. In 1986, Werner and
testbasedupontheshortbeamshearofSHPBto
investigate the interlaminar and the transverse shear
of plamweave carl %xy lammates. Their
results showed no significant from strain rate.
Bomttglgtlcﬂblﬁd;adouuemtdm alofum—
directi carl conmposite SO Co-
du:tedaﬁmte—elerrgrjt?%rmsmal is and found lar;
m%wmaf%%mﬁ opnd
tion, et a e-lap and a sinr
delap consecutively to determine the
ey s o e o
great pr m the mves-
tigation of the dynamic shear of FRPs at high
strain rates, very little attention has paid to that of
MMCGS. Thepmsent\xorklsanattem)ttochamctenze
the dynamic shear strength of unidirectional carbon/
alumnum ite. The experinents were conducted
for both a un ional carbon-fiber reinforced A356.0
i oy wih & ocife it ipkisen
umnum alloy with a t tor-
sional bar. The dynamic shear strengths of the two
materials were obtained and The fracture
surfaces of the (JA3560 composite were
: andWlth a ;lalectromc trpcroscope
an interesting multi-scale zigzag feature was
identified.

tomv&s‘u
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2 EXPERIVENTAL INVESTIGATION
The umduectlonal 560 oonposn:e and A356.0

alummnum alloy were fabri -infiltration
Sione. frexperne 'éiieslm ma?ﬂ““ odeton o
OWS  Inexpensive opnent on
caﬁmte materials, and has found wi catlom
for the PIC therearelﬂn‘ee filled, top-
or 0cess, nanely, t
bottonilled castins In the present st ﬁlastcm
fﬁanonwas adopted. The schemmatic dmg;amfor this
cation process 1s shown in Hg, 1. In brief, a block

of A35%6.0 alumnurnv&as placedmacruable which
resicks in a nelting furnace inside a chanber.
A bundle of unidirectional carbon -form was
inserted into a quartz tube which is above the crucaible.
The crucible was heated in vaciumto the netal
from oxidation. Once the aluminum block was nelted,
the crucible was lifted up to immerse the carbon-fiber

pre-form Then the was pressurized to enhance
tlmnﬁltraﬂmothmdrmtallntoﬂbcarbonﬁbers At
last, the furnace was cooled down to a designated ten
peratmEEaIxianl\ANCrodbyPICwanglog;rﬁdthﬁgns
study, the cast specinen was a cylindn with dia-
neter of 2mm The carbon fibers were aligned along
the longitudinal direction of the bar. The volune
fractlon was Y0% For the fabrication of A356.0 alumi-
num alloy specinens, all procedures remmained the sane
as above except that there was no fiber preform The
microstructure of the unidirectional A3560 compo-
site is shown in Hg, ZThenomna]abf)ropertlesofthe
fiber and mmatrix alloy are listed in T:

Both CJA356.0 ocxmcﬂte and A3560 alumnum

alloy in the 1nvest1ga1;10n were short thinrwalled
wblﬂaf The gauge length and thckaess of
Wlthm 21mm and 0.5-0.7nm
r%pectlvely fibers were aligned with the direction
(TZ::?S;:) Te Vacuum
K| X
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Kg, 1. Schematic diagram for pressure-infiltration casting,

of the torsional axis. The charactenistic dinensions of
speciren are given in Hg, 3.

2.2 Testing procedres

A schemtic di Hopkinson torsional
bar (SHIB m;igmtllllegmemmﬂylss}x)mmﬁg4
Since the many advantages over other appe-

ratus, 1t 1s widel usedtoclnractenzethes}mrbe
walrofnatenalysulgectedtohghstramms

Fg 2 SEM Mcr
section Vlewfrom
fromthe tlamvmse

Of QMS()O composite: (a) cross-
cross—sechon view

TdieLNlﬁlﬂ%esdﬂﬂaﬂmdﬂkC/

Fiber Mhatrix
Type T-300 AI60 Al
Dierster (708035 Me-0-1Ti)
T oY R
Tenslenoduls ~ 235GPa OGP
Density 1.76g cnn3 272gcenr?
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Fg 3 Dinesions of the thinwalled tubular specinen
% =20 1, =56rmm 1 = 5mm R=10rm.

In the experinent, the short thinrwalled tubular spe-
cmen was sandwiched between the input and output
bars which have a dianeter of 25 nm At fist, a
hydraulic was actuated to twist the front portion
of the 1 in order to store torsional energy
between the rotating head and the clanp. The twisting
torque was monitored by a static shear strain as
shown in Hg, 4. As the clanp was abruptly released, a
torsioral impulse propagated through the input bar and
' specinen. e, part of the tor-
sional wave reflected back to the input bar and the
r@ﬂﬁigngmgywsmﬁt@iqwﬂmwba;
via the speciren. to the elastic properties O
the bars and ﬂnmmve forns, the dynamic
shear stress-strain in the specinen can be determined.
neasured by two sets of AP rosette strain
mounted on the input and output bars, respectively.

Rotating

signals fromthe input and output bars were conditioned
by ¢ ic strain anplifiers and a Nicolet-40¥4 digital

0SCOpe Wais for data acquisition. Therefore,
the shear stress, shear strain rate, and shear strain can
be calculated according to the wave forms of the inci-
reflected torque, M neasured

by the on the input bar and the transmitted tor-
, Ninfamedby gauges on the output bar as

r=pn} U

P =re (MO —M() ©

t

r=pres [0 o

Where I, 1, & are the gauge length, nmean radius, and
thickness of the specinen, respectively. In addition, G,
Jo, G are the elastic wave the polar monent of
inertia, and shear modulus of the bars, respectively.

3 RESULIS AND DISOUSSION

A series of torsional m%t@ts (y=10~1031/s)
were conducted with the for both unidirectional
A3562 and 6 & mw]Mogq?I? am"% aflloy'
gures present typu oscope signals from
the tests on the ite and the natrix alloy, respec-
tively. Ineach figure, the top trace gives the incident and
refﬁctedttgtdrmnpjssﬂwhl%fﬂnbottqntrﬁéc;gwesﬂﬁ
transmitted stram pulse. dynanic strength
is defined as the shear stress ing to the
point in the transmitted wave. This value can
obtained from eqn (1) with nmaxinum M from

Specimen
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== =32 i ==

A B C
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l

Neolet 4094
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Personal
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Fg. 4. Schermtic diagram for the split hopkinson torsional bar testing system
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neasurenent. The average dynamic shear strength for
the composite and the matrix, respectively, are given in
Table 2. The typical shear stress/stram relation for both

kinds of specinens are shown in Fgs 7 and 8 The

results showthatthedynanicstmrgsstrengthofﬂ]e
Table 2. Dynamic shear strength

Material ~ Shear strength (MPa) — Quantity of specinen

A3560 32143 5

CA3%60 3947 5

Kg, 5. Typical digital osdill signal of A356.0 aluminum
all?oy unE dynglm'c torﬂ?)slx;;i}:ioa%ln’?alg (1ns/div for tine
e).

Fg, 6. Typical digital oscilloscope signal of C/A356.0 comr
p]o%ite dyn%n'c t(lm;o;l?al)l (lng//div for time
e).

ite 1S alnost the sane
is indicates that the cur-

s e
axis not mprove
of the matrix material effctively.

From the shear stress/strain relationship shown in
Figs 7 and §, one can find that the shear response of the
matrix is quite different fromthat of the ite. The
conmposite shows a rather more brittle failure than the

unidirectional C/A356:0
as that of the matrix alloy.
r_eg[]al wlrbon-ﬁber ortentation which ali
Si
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Kg 7. Dynamic shear stress/strain relationship for A356.0
alumnumalloy.
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Fg 8 Dynamic shear stress/strain relationship for G/A356.0
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Fg, 9. Typical failure mode of CJA356.0 composite under
&= R dynamic torsiom%oading,
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Fig. 10. Micrographs showing the multi-scale zigzag feature at the fracture surface (side view).

pure natrix alloy. Furthermore, 1t 1s observed that the
shear failure in ite consists of various
(%Flg,fi Nlentheshearstramreaclmabom()l the

csagaq ite falls from the
rmxmum(~3 MPa) toabout MPa. Subsequently

the ite naintains this stress until the cata-
strophic failure occurs. It 1s obvious that this conpli-

cated failure process 18 due to the mteraction between
the fibers and the natrix in the ite. A typical
failure mode of the C/A356.0

composite specinen
dynamic torsional loadmgls shownin Hg, 9. Moreover,
Ehe micr i andeil?ctronlc micr
SEM) are given in to present a
scale zigzag featweat%eﬁacﬂnewrfaoe Thlsrmybe
duetotlftensﬂefaﬂureat45° to the torsional axis

direction. But the failure surface of the matrix does not
show such pattern. Therefore, this is a uni feature of
shear failure in the unidirectional JA3%

The multi-stage failure process and the scale
zgzag fracture surface of the unidirectional C/A3560
oorr;io& mnply a conplicated shear failure mechan-
ism It is well known that the macroscopic failure of the
nmterials usually results from the evolution of the
nucleation, extension, and coalescence of micro-
CEferarect by s cormponing s sete, Theiore

its stress state. Ore,
in order to understand the shear failure mechanism of
the MM(5, amcronncharncalag)roachnustbe
adq)tedtoanalyzethestlessﬁeld the damage evo-
lution at various scales.
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4 CONALLNIONS

In the present study, the dynamnic shear of both

unidirectional G/A356.0 conposite and A356.0 alumi-

num alloy were neasured with a split i tor-

sional bar . The results showed that the shear
of ite 1S almost the sane as that of

the matrix material. This implies that the current carbon
fiber orientation which aligns with the torsional loading
axis does not improve the shear str of the nmatrix
effectively. A muilti-stage shear failure process and a
nulti-scale zigzag feature at the fracture surface were
identified for the (JA356.0 specinens. This reveals that
there 1s a conplicated shear failure mechanism in the
unidirectional  carbon/alumnum  composite  under
dynamic torsional loading,

i d
Fg. 11. Micrographs showing the multi-scale zigzag feature at the fracture surface (top view).
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