LA-UR- 93-2276

Title: | MEASUREMENT AND ANALYSIS OF THREE 1.5-GPA

SHOCK~-WAVE PROFILES IN COPPER

Author(s): | Richard H. Warnes, M-7

pavis L. Tonks, X-4

Submittedto: | Joint AIRAPT/APS Conference on High-Preassure

Science and Technology, Colorado Springs, (O
American Physical Socicly

DISTRIGUTION OF T111S DOCUMENT IS UNLIMITED
N

Los Alamos

NATIONAL TABRORATONRY

Lim Alsnoa Nanonal | st story, st affiemahve s iunvaguat g ity siphiyse 8 ogmeated by e Loveeouty of Caktoniva for W 1) 4 Diepacinent ol L aegy
awdel roriact W 7408 1 NG 38 Hy soveptark'e of fus il o, Wi pubhiale e ogriczes that M 1020 L ive sl reisnn @ tonseciusive, 1oyaly 1ee ke eonse b
mtrsh or teodhuce tha pubished formi of this L, i i slow oihes koo s, o 12 Govenvinen puorposas 1w L us Algcos Naetipsal 1 ateiain.y
iqpianta ihal the publiahier idenify thin arcie oy wrk petied e e mugnecen ol the 1) 1 Depamnent ol 1 negy

Tiwm AN B 1IN
C1P, % REL ]


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


MEASUREMENT AND ANALYSIS OF THREE 1.5-GPA SHOCK-WAVE PROFILES
IN COPPER

Richard H. Wames and Davls 1.. Tonks
Los Almuos Nahonal Labovatory
Los Alamos, NM 87545 UISA

Three wave-prolile experiments were performed on OFE fully annealed (600 "C tor one hour) copper us
g a 101.6-mm-diam gas gun al mpact veloclties of 86 m/s. A symmetric impact produced a 1.5.Gl'%a
shock v:ave in the target. A sapphire window was bonded to the front (ni.n-timpact) faer of the target,
and a four-detector push-pull velocity interferometer (VISAR) measured the velocity of the cop-
per/sapphire hterface. The impactor thickness (4 1) was the same in all ~xperiments; the furpel
thicknesses were 10, 20, and 30 mm. ‘'he stresses and strains, inciuding the devitorte stresses and
strains, have been extracted tiom these data using a quast Lagrangtan analysts.  (The waves are not
steady.) The use of three separate shots In Lagrangian analysls yields only approxtmale results Tor the
devlatorice stresses: but the resnlts for the normal siresses, and lor the stralns, are lalrly accenrate,
Even though the straln rates fall in the Hopkinson bar reglhne. the mechantsm ot dislocatlon wotton ay.
pears 1o be dislocatlon drag. as s the case for stronger shock waves tn Cu.
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The three experhnents presented here are H1207
part af a serles ol experhiments to measure and 5 4°r T
nodel the clastle-plasliie response of OFFE Tully ~
annealed capper snbjeeted to shock and reshock E 30 &
and shock and release loading ot nttial pres- o
sures of L5 and 3 Gl Some ol e 3 Gl'a ex - 20} ]
perlmerts and analyses have alveady breen e ]
povied [ This paper preseats the very lowest °
pressare exprrehneid s inud junlyses, » 10 7
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(mon tapacet) fnee ol the capper target,

The hmpactor veloclty was vasiord with an
arvay of elevivieal contact plas vecanding on dig
Hzers with o resolntiton of H ns. Fhe velocty of
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dpthizing asctlinscopes sonpitog o etther oo 2
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Table 2. Impact veloclties and VISAR setup.

impactor Fringe
Experiment Veloclty Tilt Constant
No. (m/s) (mrad) (m/s)
H1207 85.7 10.1 0.85 49.07
H1208 85.2 0.2 0.66 39.07
111230 86.2 10.1 1.21 39.07
50 e =T T | EE— | T T
]
_ 4o} H1208 |
o
S i L
B 3o} -
> | ‘
S 20 .
g4
; lOvL- -
o y - L} ) . - L
O 03 1 18 2 28 3 38 4

Time (ns)

Figure 2. Experiment H1208: 20-mm target.
The velocity is al the Cu/sapphire luterdace,
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Flgare 3. Experhinent THE230; 30 nnn Garget,
The veloelty 1s al the Co/sapphine tnterinee,

THEORETH AL ANALYNES

The parttet= velnetty bt were smoothel by
cal least squares g (o ethubate loeal
vinghngg that vlun gal the styn ol the acecelrdion
This vesutied ha vo doostie vlanges 1o e dafa,

Theorrtivally, tngeangtan analdvats vegilies
proguesstve smmpshots ob the sine wies the

data avallable hcre, however, are from three dil-
ferent experiments with 1hree dilfercin sample
thicknesses. (See Table 1.) Shot-to-shot varia-
ttons cloud 1he stralghtforward applicatton of the
technique to these data. For example, as seen in
Flgs. 1-3. experiment 11230 has a somewhat
larger peak vetocity than the others. In order to
apply the Lagrangian method. these varlations
must be eliminated In some fashlon. Therelore,
the pretliles for experiments H1207 and 111208
were scaled In veloclity 1o make thelr peak ve-
loclites Identical to that of shot H1230. (The
adjustmenis were minor, less than eight per-
cent.) The method of analysis used here con-
slsta ol a Lagranglan analysis 10gether with this
and other methods of ellminating shot-to-=hn
varlattons (1o be described shortly). 1t will be
called a pscudo-Lagranglan analysts,

To estimate the extent of the error. each wave
was analyzed using the steady wave analysls of
Wiallace [4] and 1he results were comparced p
that of the pseudo-Lagrangian method nsed
here. The stcady wave results are  wely not
correct, bul provide some sort of bounl on the
correct resull. As seen In Flgs, 4-7. the results
from both analyses compared falrly closely for all
quantlties except the deviatorie stress, which is
the quumitlly most senstitve 10 error. Neverthe:
less, the two versions of the devilorte stress,
Fig. 5. are stmllar, difertng at most by abont
0%,
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mate the tn situ Cu particle veloetty withoat the
presence of the sapphire. For a correction this
small, the elasiice theory s adegnate, |5].

The tagrangian method of paths was used,
171. Each protile was divided tnto three mono-
tonic panis separated by the peak of the first
rise. the following dlp, and the top of the plastic
wave. Points with the same relative veloetty in
corresponding parts tn the three proliles were
connecied 1o form paths.

The cquattons nsed lor the psendo-Lagrang-
fan analysls are

(T(l) . ---I)“J-((?;']’u”l (1)
and
(M :
‘= I(r)h),‘”,, (2)

where v s the partielr veloclty, o 18 the nonmat

stress dellned postlive in compresston, v 18 the
vompresston or volimuetrie stram, hots the La

frangtan posttion, pg s the mtital densty, smd o
18 the thne. Phe normal stress soind compression
were lomnd al the siaple thickness (20 mm) cor
respondlng 1o shot 111208 nstg these Imnalas.
Eq. (1) was infegraded along i e of aomstanld
thne e the bt plane mwant fcam an nndis
behed posttlon I front of the shock wave, K.
12) was Integraved atong o e of constant hoenr
vesponding (o the HHE208 sinnple thickness, The
H208 postiion s Inthe center ol the data ind,
thos, extrapolatlons therve ave minhmlzed.

Oner v and ¢ werr abtatned, the thermoelas
itle equations ol Witlllicee (] were used o nbitidn
the devitote stress and plastie status. the
unatertal pacimeters nsed e given e 14561

The steady wave procedim e nsel o nbtato the
steady wicve sty e also descrtbnal o these
vehiternces. a the cabenbttons boeve, the olse 1o
the Hest peak was assamed elastie and tiee we
ety of potit “¢? nsed i the atvsts 4] was
fuken to be 10 /s,

The (hsolote thintog o ementy ob the
transtt thine oe the thaee podtles poovell o b
tan tseenate o abtatn physteabiy oeasonable
veantis; negative deviitm e athvesnes wree ah
tatporl Plntng the potnts ot st imetion (o atd (o
aliguing the thoer vecora s me o alse bed 1
negative alevicdmite stiesses fooaet (e cetatieye
it ol the three prafides, vhe pesdens ol thee i
e were inken (o have coorcad e ol

thicknesses at the bogitadinal sond velocity,
This assumptlon, together with the velochy ver:
sns 1me record for each prelile, establisheit the
timing tor all profile points.
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corresponding 1o The other two experiments the
quadralle fit gave reglons ol imvgative deviatore
stress. These results are not shawn here. Stice
the lnear fit did not produce 1this problem, oanly
the linear resnlls are glven here,  One would
think that the gnadratic fit would give betler re-
sults becanse It was hased on all of the data,
The reason 1 did not may he due to the shot to
shot varations,

An additlonal restriction I8 that only data
from shots H1208 and 111230 were used In the
lincar fit.  Using data from shots 111207 and
11208 In the lnear fit also produced negative
devintore stregses,
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Flgure 7. Calenlaled plastle stram rate ver
sns plaslie st for the 1208 gange posttion,

We nnfe that the deviddarte stoerss used here
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Ir" rw]. wheve T oaud T, e
the stresses alang, and normal tn, the shiock
diverthim, vrespreetively.

The rieves ol the deviiloner sess versns
plastle stvalu, Fl G, and af the shudn cinie vin
s plasthe stoun, Kl 7, elasely vesembile those
ha shhonger va shack wave proflles it are
thmtted hy disloeation deag THL The very st
vise I plastle steatm oate with plastle steaim ad
the peaking al theleslatorte stvess almnt mnl
wiy i plastle stindn ue typleal of shock waer
dislnealion dug pracesses e whivi thee inlilal
ahvess Taading 1y Digheer than any indttal ooy
sand aster than sy Tathinp of internal wink
lindentng,  thenee, the werhaal:an ot planthe
tHaw hiere I peolahly intlnencead by dishnation
g alm

Evidencee for this was obtalned by calentaining,
for the rnd of the shock path af Fig_ 6, the we
chamtcal threshold stress nsing The model of [8].
Decange ol the small strains havolved, the mesnlis
of this model shoald be consldered latrly rongh,
accuripte 1o, say, 10%. The resulling valne of 20
Ml lor the mechanicat threshold siress shonld
be compared with the final devintorie stvess of
Fig. 6. Due 1o The uncertaintles tnvolved, these
two valuies nre ronghly the same.  As can be
seen, after the firsl rise the deviatore stresses of
the shock path lle above this value, which is an
upper bonnd for ihe evolving threshold stress,
Indicating thal the dislocallons are bhelug diven
by stresscs grealer than the opposttion ol later
mal harvters. Henee, even though the strain
riies here lall in the range ol Hopkiuson har
data, which 1s dominated oy thermally activated
distocallon mollon, the stress loading aeve Is
higher Than Intemat harmers and so abrupt thil
dislocatlon drag I8 the wmectumisim of dislocitum
moflon.
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