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The =oft phase

The hard phase Cofl samples supplied wers: 203 prac-
tice hbicrystals: PT-1 and &8 mingle crystal targebs,
F=1 Ehfounh T-&,

=

As veceseived, the wmamples  hard an  unacceptablie  edge

s Gs. % - g 3 . . o - g
rounding. fhis wag eliminsted by lapping afier mounting in
the cusrd ring. Ffor this reas;on the target thicknescses
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the samplie, densities and sound speeds wers seasuwred for the

several samples of the ftwo alloyvs.  From these data a linear

1l

Hugoniot relation wass estimabted, i.e., 2 relation betwesen
the final pressure and the particle velocity oblainsd in LThe
shock procecss.
The Hugoniot will have the foarm
P = 1l0pcCU
where F im the final presswre in kbarg
P is the density in geioos
C iz the appropriate scound speesd in mn/micrasecs
it is the particle velocity in sm/microsec.

described in the Appendix. It hes a probables grror of §.0035
grico. Ulirasonic sowwd spepds were measursed by the pulse
overliap method of Papadabkic, Ll Sopl Fhvs., ooD. 1474
(194643 3. iLongitudinal spund speede  are probably good o
plus or minus 0.0 am/microsecond and shear waves speeds are

in the shear speed is doe to the difficulty of estimating



Data for the Hard Phase Dofl are:

p = 6.197 gr/cc

= 7.355 mm/usec
= 4,689 mm/usec
c! = 3,671 mm/usec

The avaerags of the density assasurements given on the

MTU data sheest sent August 17, 1980 is

p=6.113 gr/cc

Lemar {(Lemar and Duvall, 1773) has reporited a density

for this alloy of &£.914 gr/ce. Assuming he was using the

same material supplied for this work;
Camparison with the above figures suggests the second and
third digits were transposed. A corrected  linear Hugonioct

peed and the above dencity is

be made by combining the ultrasonic dats for this alloy and

the Hugoniot points  measursed by Lemar. In the elastic



min

regime  the ma

Hugoniot whose =

The slope o
2 short distance
and the density.
Hugoniot poinis
Hugoniot will be
the data from

Hugoniot elastic

Hugoniot,

erial eSS0

lope iz the

¥ the plasti

by the product of the

Jimit of 4

a  graph

tic Hugoniot, and the correoc

a simpl

i= evaluated from Vﬁ

2 averaage of

i
]

e C an

i)

Tonoitudinal

P =

density and must . of cour

455

o Hugeniotb

=howing

Hugoni

of noin

e

=
F

U
P

oy
e

=R

(ke

nlots

character

(i}

ted Hugoniot of

It

ohta
CZ -4V
=he

the two

i ks

SR

1
i
Tt
o

he es

SO0

of

o

o

[

snead



Pata Ffor the Soft phace Todfll are:

A linear Hugoniot from these data For  the {fully relarec

nlastic state i

i}

i
il
ng

where F iz the final pressur

kbar and i im the wrhicie velority in mm/microseconds.

2]
b1l

Thizs is very clozse to the Hugonict found by Lemar {(Lemar and
Duvall, 1973} viz F = Z8BD U . Estimates of impsct pressure
reported in the various correspondences on this project were
based on a copper Hugoniob: pressures staeted in this report

are based on the above data and will be somewhst higher.
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estimated by the folliowing reiation

P = 188 UPS

where UpS ig the proisciiie vaelooliyw,
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SPALL EXPERTHMENTS

The basic geomstry for all of the spall experiments was
the =zame. The sample was mounted in 3 close fitting coppse
guard ring which was the =ame thickness as the sample. This
copper ring alsg ssrved  as the sample mounting. It was
attached with spots of glus to an adjustable target plate.

’

This assembly was then adivsted antbil the impact surface was

e

perpendicular to the axis of the launch  fube. Alignment

could be made to better then 0.5 miliiradian

The flyer was supported near i1s  edge by an aluminum
plate glued to a fgam projectils. The flver face was made
nerpendicular to the sides of the foam proisctile by bending
the aluminum plate. This could e donsg to an accuracy of

about 2 miliiradians. The configuration of the expesriment




SOFT PHASE
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&, were cut in the direction of the shock with 5 slow  speed

diamond  saw. This =surface was polishsd and stched with
Mitol ({(Ethanni and 10% Mitric Acidl. Migroscopic e2vwamina—
tion of this swface was made for evidence of spall, ususlly
at 30x and 100n. Experiments wereg done at pressurss up o
44.8 kbar {sample A) using thick and thin flvers: in no case

5]

an experiment was tried at EZN.%F khar using a thicker flver.
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This also did not spasll.
the 4" gas gun, was not sectioned bot wulftrasonic testing
showed no separation had occurred. Fhe target arrangsment
is shown in Fig. 3, tilt inm this eyperiment was not meas-—
ured, but it is presumed to have heen less than 0.5 millira-—

dians on the basis of other meassurementis. This test had

i

been intended to alsc producs dats from 2 Hugoniobt point

using the YVISAEE

¥ VISAR = V elaocity I interfeorometer § ystem for A ny B
eflector. Spe  BRBarker and Holienbach., J. fppl. Phys.
B, . 4667 {(197Z2).



Standard 4" Projectile

7

Copper Guard Ring

| «—Flyer Support (Aluminum)
/F'YGT

Sample—i

Figure 3. Experimental arrangement for spall experiment
using 4" gas gun. Projectile shown just prior
to impact.



1
-

Due to timing difficulties, ithis part o the euperiment

failed.

A series of evperiments was undertaken to test the
geometry af  the exaperimental arrangenent . substitubing

Same. The results of this series are found in Table I7.
Spall in copper was found to aoowr hebtwesn 21,1 and 24,8

khar as exdxpected {(letter Auoust 11, 19821,



e
waly

WAVE PROFILES
Two experiments wers done with ot nhaze CToidl:d to
deiermine Hugoniot points. Thess were both sysomeiric
impacts using the shorted guartsz gauge {Ionps and Halping
Fev. Sci. Instr. 39, (194681 to measuwre shocok pressure.
Pressure history at the rear surface of sample T-4,

inferred +From the current outpnt of 2 guartz gauge affixed

to the sample, iz shown in Fig. 4a. Rise time was large, as
8]

=hiowr the mayximum rate of rise hsing aboogt 41,5
Lbh/microsecond. Peal pressure in the sample, inferred From

the aubtput of the guart: gauge wa=s P72 kbhar. Calculated

impact pressure was 17 kbars a z=ketch of the experiment in
the x-%t plane is shown in Fig. 44 it was assumed in draw-

ing +this Figuwe that fhe material work-hardens during
compression to produce a compressicon fam, as shown, The
rarefaction from the back of the flysr then overitabkes the

compressinn fan in the target, as shown, nrodoacing attfenua-

tion of the impact induced peak and limiting the marimum
tensile stress  induced in the =pocimen. Guantitative

difficult to carey oul without specimens of greater diameter

than those available.,



HARD PHABE

A& summary of the ispact espsriments on the hard phase
Cofl specimens is found in Table IT1. Thesse shots were done
with the same recovery technigue used for the =zsoft phase

Co{hl) shown in Fig. 2.

=

These recovered samples were not sectioned cinre in all
cases spall was obvious. The brittle pnature of the allaoy

made a dramatic difference in  ihe manifestation of spall

aver a narrow range of oressure.

The original estimate of zpall stress was 20 to 24

ihar . This was very much above spall threshald and shots
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were done with successivelwy

apparent separation occwrred at X5 kbar. Two more shot

i

were done at higher pressives to more closely bracket  the
spail  threshold. The spall threshold is apparently between
3.3 and 4.3 kbar. It is prabahly not nractical fo  Ffurther

narrow those limits with material available and using this

technique,
Tahle IV is the callected uwltrasonic and depsity daiaz
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+

feud
L]

an



DENSITY MEASUREMENTS BY DISPI ACEMENT METHOD

Density measurement of =olids is based on measiprament

of the sample weight and bthe weight of the amount of water

i

dic Xuf Lo 0 The denzity iz the foroer divided by the latier
- t L ?’ - 5 TR ¥ & b 5 ¥ | ey 2 G o 5 W e

= A L% 3
times the relative density of waler. Since the experiment
iz not wusually conducted 2t the temperaturs where the den-—

a correction must be made for this
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i zample whose density 18 to he totormined  should
have a smooth and clean surface which sust be wet easily by
water . It should nob hasve holes or an dreegular surdface

i

which will frap air bubbhles.

The water uszed for the displacement part of the npro-
cedure should he ss opure as prachtical,. at Ileast distilled.
Dissplved air is removed From  the water hy troiling
vigorously in a narrow necksd flask for several minutes.
The water must then bhe allowed to come to the ambient tem-—

perature of the balance used for the measuvrement. usually

left over night.

A small amount of household detergent  added to the

i

fda

water dass nopt materially change the density of the water

but greatly increases 1tg wetiing ability reducinag  the
g } ‘3 + 3 =]

a clean glass rod after 5 smart shake iz about right for 250
a g



copper "hook up? wire works well.

=

varnish, dos ot wet well and

The hock should be designed so as to

any broad, Flat sides  veriical,

under the sample. The thinags to avoid

any coils wonnd closs bogether below the
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rise by capil hetwween

erratic

The

allowed

E

begins.

one  tenth of for

correction

Mext, the displac

water raised to submerge

bubbhles on  the sampls or

Weigh the sample and hook in

more of the hook or changing viat e

ple off the hook into the ves=zel for th

il

the weight of the hook in the water

original weighing.

The density is found by the foliowing
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