
7 -lft 472 SPAI.LRTION AND 
DYNAMIC FRACTURE AS N EFFECT OF 

1'

C ONNiSLSIANE SRGNCERRSACR-INUCED SHOCK MAVES(U) ISRAEL ATOMIC ENERGY

WICLASSIFIED 0 SNLZNAN ET AL. 02 SEP 9? F/G 11/4 NMLKhhh1I E



ri

m 1.5 2

Iiiii

W. ,'.

* S m

I
. -- -.,. ,, wr" " " ',",,,.",,," ,.' ... _i"; "X,'.,""" "" '''" "



pp y

SFALLATXON AND DYNAMIC FRACTURE

1% AS AN EFFECT OF LASER-INDUCED

SHOCK-WAVES

First Periodic Report

Principal Investigator: David Salzann

Accession For

NTIS GRA&I
Jul,y 2 - September 2, 1987 jDTIC TAB

Unannounced E
Justification

United States Armry________
European Research Off ice of the U.S. Army Distributio2/_

London, England V, -

Availability Codes

Contrra=t Number: DAIJA4a.--87-C-0C32 Avail and/or

Corntracting Officer: Dennis F. Foley is Spca

Ttce re'sc ar -h reported in, this dc,;(rmEFnt hats been made psil

thrciug- t . E support and sponsorh~ p cif the U. S. Government through its
EuropE-a. Reserrh OffiC;E Cf the A - * -I

i1c

I~..-f 
7Z..E L F- E I

-1-1El a
CA r

r"A.I~njs the



Spallation and Dynamic Fracture as an Effect of

Laser-Induced Shock Waves

By tD. Salzmann, I. Gilath, S. Maman and Y. Sapir

The first two months of the present contract were devoted to

preparatory work in the mainstream 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 mechanism

in these materials.

3. Tentative wort plan for the first year was set up.

1. Target Materials

A systematic search was carried out to identif producers of

composite materials with predefined specifications . We identified in

Israel producers of graphite epox.y, two-dimensional and

threc-dimensional carbor,-carbon composites who have the facilities to

supply targets with thickness below 500,r. It appears that the

specifications of our targets pose special difficulties for their

production , nevertheless the producers believe that these targets can

be supFied. At present, the producers o, the 2D and 3D C-C comrosites
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are checking in more detail the possibility of making targets which

meet our specifications both as to dimensions and the material

properties ('specifi.c gravity and fiber orientation).

2. Experiments with graphite epoxy targets.

Graphite - epoxy targets of 450 pm thickness were irradiated with

Nd: glass laser pulses ( = 1.06p,,) of 3.5 nsec width. The aim of these

preliminary experiments was to get some initial information about the

a .nage threshold and mechanism in composite materials. The targets

were composed of three layers of graphite fibers reinforced by epo. y.

The fiber orientation in neighboring layers is perpendicular to each

other. A thin protective cloth covers the front surface (facing the

laser) of the target.

The targets were irradiated by 80 3 energy laser pulses focussed

down to spots having diamEters of 0.1 and 1.0 mm, thereby producing 6

power densities on the target of Z.1011 and 3.1010 W/cm2 respectively. %

Figures 1-5 show the results. Figure 1 shows the front surface dzmage

p oduceC by the laser shots. The burrthrough of the cloth and the

damage tc, te fror~t-sc, rfzcF f t,er_ ere clearly seen.

In r 2 the baL.-L-f ace daIage is showI . As ca-, te seen fror,

Sthe iCt_.?, t, principal da,.a,;e is the detach.ent of the fibers from

the ta-,et &lcrg their original direction. While the transverse

dirmensicns cif the damA-gE are o the order of the laser induced shock

: wa\e divroete-r , i.e abo't lIm, the 1crgtudinal dimensions are ty a

factor c-- 2f, lortger ard c-;tend to about 15-20 m.m ir, length. ThIs_
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behaviour is substantially di4ferent 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 3 and 4 the enlarged

details o the backsurface damage are shown, as photographed by SEM

(Scanning Electron Microscope). These photographs give information of

the general properties of the damage. The damage in Fig. 3 is Froduced

by 3.1011 W/cm2 irradiation intensity, whereas in Fig. 4 the intensity

was 3.1014 W/cm - The quantitative difference between the two damage

p.tterns requires further analysis .Finally, in fig. 5 we shoK the

target after sectioning. It is interesting to note that the nature of

the bactsurface damage is characteristic of that produced by

backreflected tensile waves from the bacKsurface, namely., to

spal lation.

3. Future Flzns

The e,:perimernts described in section 2 will serve as guideline

for the mainstream of the suggested research.

Experiments will be carried out in accordance with the SjW in the

original p apca. As a first step, tae-gcts of graphite-epc.:' as wEl

as 2D a-.C ZD cart-on-cart.r, con, Fos tes will be irrediated b'r OLF laser

beaa, to 4.rJ tr-e threshcld laser ifnters,_ty fco ta-I.sktrrFac e danAje. 'i-,

targets -j i LE secticred tc eVlft -th. nItUre of the camagE o the

backsur4&cuo and to serch fo- pcssiLle lrtErr-al damage, in a manner

similar to the .,er~n-,ts presented n this report.
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Sutsequentally, we intend to measure threshold energies versus

target parameters sich aE specific gravity or fiber oriertatior. The,

order aid timing of these experiments will be decided upon the receipt

of the targets.
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Fig. 5
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