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Spallation and Dynamic Fracture as an Effect of
Laser—Induced Shock Waves

By :D. Salzmann, I. Gilath, §. Maman and Y. Sapir

The first two months of the present contract were devoted to
preparatory worf in the maincstream of the research. In particular, our
interest was focussed on three activities:

1. Search for laboratories which produce and sell targets of
composite materials which are appropriate for the suggested research.

2. We have carried out some preliminary experiments to obtain
information about the values of the damage threshold in composite
materials as well as a qualitative description of the damage mechanicem
in these materials.

3. Tentative work plan for the first year wac set up.

1. Target Materisls

-

-l

A systematic search was carried out to identify producers of

-~ oo -
-‘.

&omposite materiale with predefined specificaetions . We identified in

Israel producere of graphite epory, two-dimensional and
threc-dimencsional carbon-carbon composites who have the fecilities to

supply targets with thichkness below SOCum. It appears that the

specifications of our targets pose special difficultiezs for their
production | nevertheless the producers believe that thece targets can

‘"be supplied. At precent, the producercs of the 2D and 3D C-C composites
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are checking in more detail the possibility of making targets which gﬁ
meet our specificatione both as to dimensions and the material F$
propertiec f{(epecific gravity and fiber orientation). ﬁ%
'.:\‘;:f
2. Enperimente with graphite epoxy targets. o
Graphite - epoxy targete of 450 pm thickness were irradiated with gig
Nd: glass laser pulses ( = 1.06pm) of 3.5 nsec width. The aim of these ﬁE%
preliminary experimente was to get some initial information about the -7

&
o;mage threshold and mechanism in composite materials. The targets .:g
were composed of three layers of graphite fibers reinforced by epovy. ??f
The fiber orientation in neighboring layers is perpendicular to each a
other. A thin protective cloth covers the front surface (facing the Eg
laser) of the tarqget. fvi
The targets were irradiated by B0 J energy laser pulses focussed };
down to spote having diametere of 0.1 and 1.0 mm, thereby producing g::

N
power dersities on the target of 3.102* and 3.10'2 W/ca® respectively. EE
Figurec 1-5 show the results. Figure 1 shows the front sur+fzce demage r.
r aducec by the laser shote. The burnthrough of the cloth and the E%!
demage to the front-swrfece f:tbters ere ciesrly seen. ‘;Ei
In 7:5.2 the baclevurface damage 1 shown . As can te seen froam ‘:,

It
é the pictore, the principsl damace ie the detachment of the fibers from ::g
é the ta~get zlorg their original direction. While the tramsverse &‘
3 dimensicne of the damsge are of the order of the laser induced shoch ?x.
i wave gioneter , i.e aboul lom, the longitudinal dimensions are by & ?;’
: factor of 20 lorger and ertend to about 15-20 mm in length. Thie gzz
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behaviour is substanticlly different from laser induced damage in
metals, where the area of the backsurface damage was about the same as
that of the incoming shock wave. In figures 2 and 4 the enlarged
details of the backsurface damage are shown, as photographed by SEM
(Scanning Electron Microscope). These ﬁhotographs give information of
the general properties of the damage. The demage in Fig. 3 is produced
by 3.10'® W/cm® irradiation intensity, wheress in Fig. 4 the intensity
was 3.10** W/cm®- The quantitative difference between the two damage
p-tterne requires further analysis .Finally, in fig. S we show the
target after sectioning. It is interesting to note that the nature of
the bactsurface damage ie characteristic of that produced by
backreflected terncile waves from the bachksurface, namely, to

spallation.

Z. Future Flens

The e:periments described in section 2 will serve &s guideline
for the maincstresm of the cuygested research.

Experiments will be carried ocut in accordance with the S2W in the
origine! propotal. As a fircet step, tergets of graphite-epc:y as well
as D a~wd ID carton-certon compos_tes will be irrediated by ocur lassr
beam tc $ind tte threstcld laset intersity for tazlhsurface darmage. Tb=s
targete wilil te secticred tc evaluszte the nature of the camage on the

beckeurfece and to eecrch for pececible internal demage, in a manner

similar to the exper.ne-te presented .o this report.
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' Sutsequentally, we intend to measure threshold energies versus

target parametere each ac= epecific gravity or fiber oriertatior. The

order &nd timing of these experiments will be decided upon the receipt

of the targete.

(4}
'

-~

e . eyt o e T T MmN A b e . . n kN
.r > by ( W cr.f,&.- r,:f- -r -r\' .r LY Do < 1 X '

T Do S I TN

I E

ey
-

K

B v & _9
ALY

s

(]
=93



IRTE RS AT UL A * AU X o TR AR N

-
-

<|
-
-

X DO

Fig. 1

Al
3.
. e
1 7,
. )
A A
1
)
“‘1
: N
o
0 e . o - — —_—— - e -~ - e — )
[ W
[} .
D x
> Y
4 vy
i. \
\
N \
! +
N ¥
r
[ I
Lg%
" e
' :
'-
Yy
X Fig. 2 N
[ '
53 o
!‘ L]
1]
o
¢ \
) 4 g
LI
» - p
{ —_— o
> N
4 .' { ‘
'

oy K

W
N
'
'
)
[} '
! Fig. 3
[}
: LA g I T W KRN % W AN
‘-“‘J“o‘ita".ﬂ‘\.b".t‘\_n“.\".b“."‘.' LAl w7 e T '«‘ft’c;ﬁf"ﬁ‘l’n'o\'o"‘.;‘.0“.",‘:':'\'.‘;‘.'l AN A NGO J"b‘o:".ms.'.l)



Ty

BN M NAE AN

Fig.s

YL N B R T K R O R




AL SRS

o
<
U

7
77,

oy
¥
«

e

."
Pl

30}
0

5-9% &

s
e J

LI T Y
"
*

RAPXT
[

2L P
b o e e, s
s L EERRAE
%‘ h . . L]
L@ S
B 25-JF A

.,

2

, ‘)C:'\- )
M ¢
\
"C'Q \‘. ‘l
[ w w - - - - - .




