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ABSTRACT Themal failure of SiC particulate reinforced 6061 alum inium alloy compo-
sites induced by the coupled loading w ith both laser themal shocking and mechanical loading
has been investigated In the test, a pulsed N d: glass laser beam is used with duration 1 Oms
and 250us The notched-tip region of the gpecimen is subjected to laser beam rapid heating
The crack-tip process zone development and the microcracks formation are macrosoopically
and microsoopically observed It isfound that themechanisnsfor the cracksfomation are dif-
ferent from those for the crack expansion

KEY WORDS ceramic particulate reinforced metal matrix composites, laser themal
shocking, themal expansion misnatch
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Fig 1 Tenporal shapeof N d: glasspulsed laser intensity: (a) the full w idth
at half maximum of the laser is Ims, (b) the full width at half maximum of the laser is 250us
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SiC 6061 SiC
15%, Al 77.64%,Si 10.42%,C 4.68%,S 0.022%,
Ti,MnMg Pb,Sn,Ni,Nr,Cr,Cu
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Fig 2 M etallograph of composites (a) original profiles
of the notched-tip region, (b) the front surface of Fig 3 Thephoto of micro-voids
the notched-tip region subjected to laser beam heating in the notched-tip region
2 3
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Table 1 M acro-phenamena and Energy Threshold to Produce Damage

laser laser laser energy static tensile
No series RWHM energy intensity density stress macro-phenomena
A MWan 2 fan ? M Pa
5 I l0ns 213 10 8 10 8 36 7 No observable macro-danage
In the notched-tip region the voids are appeard
7 I 10ns 263 13 4 13 2 36 7 w hich occur in the form of interfacial debond-

ing between the particles and the matrix, as
shown in Fig 3

M acro-crack isobserved in the notched-tip re-
6 I lOons 313 159 15 9 36 7 gion and the macro-crack is @ 13nm in the
length as shown in Fig 4(a)

8 [ 10ns 338 17 2 17 2 36 7 The sanple is totally fractured
9 1I 250us 2 75 56 0 14 0 36 7 N o observablemacro-danage

The laser radiating region is deviated from the
notched-tip region The radial cracks are ob-
served around the periphery of the laser beam
as shown in Fig 8

10 I 250us 2 88 58 6 14 6 36 7

M acro-crack isobserved in the notched-tip re-
11 I 250us 3 50 71 3 17. 8 36 7 gion and the macrocrack is 0.1mm in the
length as shown in Fig 4(b)

12 11 250us 4 40 89 1 22 3 36 7 The sanple is totally fractured
22
(1) 2(a) , 2(b)
10pm | 2(a) 2(b) : , |
(2) 3 13 4)/am?, 1 Oms

SBEM ' '



454 9
(3 | E.= 15 93/an?, 1l
E.= 17 8/an?, , 4(a) 4(b) 4
() 3 137, 1 0ns 4(b) 3 5], 250us 5
4(a) 5 , Sic

1R LU :.'F.rl'!;

Fig 4 M acro-cracks in the notched-tip region:
(a) laser energy is 3 13J and FWHM is 1 Oms,
(b) laser energy is 3 5J and FW HM is 250us
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Fig 5 Enlargement of Fig 4(a)
show ing the SiC particles cracking
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, 6061
o= 23 6x 10 °/K, kn= 1 8V /an*K, SiC o= 4 7% 10 ¢/
K, ke= Q 42V /an* K SiC

RS
Fig 6 SiC particles cracking in the crack-tip region Fig 7 Separation of the particlematrix
6 interface alongw ith themacro-crack
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Fig 8 Radial crack show ing the voids in matrix and separation of the particlematrix interface
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FA IL URE EFFECT OF SiIC PARTICULATE REINFORCED
M ETAL M ATRIX COM POSITES INDUCED BY LASER
THERM AL SHOCK ING

Zhou Y ichun"?, Yuan Huigiou®,Duan Zhuping®, Y ang Q ibin*
'Department o Physics, X iangtan U niversity, 411105,H unan, P R China
i aboratory for L aser and Dynamic B ehaviors o M aterials,
Institute o M echanics, CA S,B eijing, 100080, P R China

Themal failure of SiC-particle-reinforced 6061-A Imatrix is experimentally studied The threshold inten-
sity for the laser themal shocking loading coupled w ith the far-field tensile stresses causing theMM Cs frac-
ture ismeasured A |, the themal shock behavior of MM Cs has been determ ined via the macrosoopical and
m icrosoopical observation of the crack-tip process zone development and the initial microcracks formation It
is show n that in thesematerials the initial crack isoccured in the notched-tip region,w herein the initial crack
is induced by either the void nucleation, grow th and subsequent coalescence of thematrix materials, or separa-
tion of the SIiC particulatematrix interface It isfurther found that the process of the crack expansion occurs
by the fracture of the SiC particulate T he difference about the danage mechanisn betw een the crack fomar
tion and crack expansion is discussed It isproposed that at the early stage of laser irradiating, the low yield
stress of matrix leads the particle loading to be low and the voids to gopear in thematrix orw ithin the inter-
face of particlematrix. O nce themicrocracks grow into macrosoopic cracks, the hardening of matrix due to the
high strain rate in the course of macrocrack expansion leads the high particle loading to exceed the particle
strength and the particle to fracture



