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ABSTRACT

The strain rvate osensitivity 4n »
variety of weotals 1o koown to increase
‘uuuu}!y en the etrain rate exceeds
about 10’ ', 1n copper, this behavior
19 snalyzed in terms of the transition in
rcte controlling deform.tion wmechanism
fros thermal activation to dislocation
drag. Lxperiments]l results can be made
to agree with a model of this trensition,
which leads to eseveral observatione
regarding dislocation wodility at these
high strain rates. The wobdile
dislocation density is estimated to e o
mildly {facressing fuoction of etress or
strain rete at any one astrain and f{g
roughly dndependent of oetrain for
0.08 €« ¢ < 0,20,

1. INTRODUCTION

The wobile dislocation density assumes on
isportant role in deformstion processes, but
deteraination of $te value has not been possidle
with divect experimental procedures. Although
1t 40 sov claimed that such a wseasurement 4
possidle wusing nuclear wmagnetic resonance
techuiques (Tamler et al, 1981), determination
of the modbile dielocation density previously has
velied on indirect wmeasurements such as the
anslyais of oetrass relaration dete (for o
veviev, oee Aifantis snd GCerberich, 1973),
quantitative ipvestigetion eof the Portevin-le
Chatelier effect (Mayer et al, 1980), and direct
observations in the trensmfssion electron
sicroscope of dislocation generation and wmotion
during in eitu deformation (Orlove, 1981).

The resulte of measurenments st high strain
rates aleo have been dnterprered in terwms of
dislocation wodility. This has resulred from
the obeerved incrasse 4in rate sensitivity 4n o
variety _of matale vhen the strain rate exceeds
sbout 107 ¢!, (Bee, for emasple, Rauser ot al,




1961, for experimentsal results on alusinua and
Xumar and Rumble, 1969, for results on copper.)
The change 4p rate ossnsitivity has been
interpeted aso 3 transition in rate controlling
deformation wmechaniss with {ncreseing etrain
rate, eond the facreased strain rate sensitivity
bas been thought to indicste the esergencey of
dielocation drag as the rvate controlling
deformation mechaniem. That s, whan the
spplied stress O 1p vaised sbove some critical
level, therual activation 1e mo longer necessary
to assist 8 dtislocation past s barrier and
dislocation wotion becoses limited only by
diseipative forces during continuous glice. The
contimuous wmotion of o diglocstion woving
through & lattice 1s resisted by the lattice
potentia) itself, ss wall as by interactions
with phonone, electrons, radiation and point
defects. Theee dissipstive processss, vhich
hove been descrided in detail by Oranato (1973),
are viscous in mature and Jead to s ifnear
dependence of the dislocetion veloecity V on the
set driving force 0 b sccording to

v = o b/ Q)

vhere B 1s the drag coefficient, 0, 10 gome
effective stress on the dislocation (yet to be
more closely defined), N 1o the average Taylor
factor, @aud b 1s the Burgers vector. In copper
st room temperature phonon drag is thought to
provide the dominant resietance to dislocetion
motion., The drag coefficient 19 availadle froe
fadapendent weasuresents; . value of
D= 4,3210% Py g represents an average of
values reportad is the litersture for copper at
m,tmornuu (see, for exmample, Vreelend,

1f the average dislocation velocity {o
known from £q. (1) then the modile dfslocation
deneity con be deduced from the kinematic
relation betvean eotrain rate ¢, wmobile
dislocation deneity o, and aversge dislocation
veloeity,
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Lqustions (:) ond (1) combine to yleldd
[

»
Lo »
Provious fInvestigators have taken o, 85 the
ovaratress (Kumar ot al, 1963),

t e

where Y 1s & threshold stress. Substituting
Be. (4) 1nto (3) alves

0 =0y 4 b, %)
where
oy ® 1 , aod (6)
b - ‘"!J“‘ . "
Ve

Wheon the poabile ¢flelocation density 1e constant,
Eqg. (3) indicates that the flov etress sheuld
vary linasrly with etrain rate. Thie 1o {indeed
what 18 woually obeerved 1p high etreic rate
seasuresants on copper and aluminum, which has
led to setipates of Pg from Rg. (7). There aleo
has besn evidence (Rumar et al, 1968) that %
snd 1tes vgriation with etrain were consietent
with the expected bahavior of the back stress.

Thera have been, hovwever, sarfous
objections to BRq. (4) on theoreticel grounds;
theae vill be revieved 1o the waxt osection.
Toteneive easperimental results on coppar
deforwed at high etrsin ratee are presented in
sectfion 3} s0d the dynamic flov wstress 1{»
compared vith the value of the threshold strees
measured {indepsnden:ly. A dislocation modal of
the deformation kinetice {s used 1n eectlon 4
and cen be aade to sgree gquite well with the
dste. 1o eection 3 the wobile dislocation
deneity consletent with the model {s discuseed;
{t 1o spprox{mataly constant with etrainp, but
incresses with o smal]l power of otress at
constant structvre. These results ere dincuseed
in 1ight of the current vunderstanding of
afcrostructural deformstion mechanisms in
copper.

2. TAE KINETICS OF GLIDE

The {nconeietency 1in the intetpratation
prasented above 1ies ‘o the assuaption desrribed
»y Ig. (4). 1o eorder to esee this 1t e
uecesgary to reviev deformation machaniems 1in
copper st lov atralams. Ie thie marerial,
deforwation proceads by the w@otioen of
dielocatioas. Seeger (1933) suggested that at
7008 temperature the irtersection of gliesile
dislocations wi:h eaesile foreet dieiscations
reatricte Jeformat{on asd that the overcoaing ef
such an ebatacle 18 a thermally activated
procr-s. It {5 ell kpowm that dielocations
rapidly muliiply vith tocrossed otrain, and that
woet of the dislocations evenriually become tied
wp o intesve tangles which can fore cell-like
structuras. According to one w®model (Kocks,



1978), the walle of tangled diplocations meke wp

hard vegions that can mot e panetrsted by the
sobile dislocations and that asparste the soft
faner regions. Continued deformation proceeds
by the motion of dislocetions through these soft
reglons. A ochemstic of osueh a tangled
structute, 8s proposed by Shioiri et a)l (197R),
fe oshotrn 4n Pig. 1. It 1s proposed that the
applicstion of otress, asseisted by thermel
activation, forces the gxpansion of loops froe
the tangles, as shown in Pig. 1. These loops
will wove through the soZt vegions unti® their
sotion becomes fmpeded by another tanmgle.

The dislocation interactions in an emsendle
such as thst shown in Pig. 1 are complicated and
highly stetistical. TNowever, the resistance
felt by & oeingle, average dislocation ss it
woves slong te glide plane an be summatized by
the rvesistance profile shown 4n Pig. 2 which g

taken from Rocks, Argon, and Ashdy (1975). The
tvo large excursions im this f.gure upuunt
barriere of width A, saparsted by s distance A
The height of tl\c barrier 1s the thruhoid
siross which fs the flov oetress ot T =0 K,
Betvasn the bdarriers the glide resistence 1o
emall; 1t S8 on the average nvon-3ero by no more
than the rate of energy storsge with plastic
strain. Por simplicity it 1s sesused during the
remaining discussion that the glide resistance
1s sero in this region. As has been diocussed,
thermal activation is rate controlling when the
applied strass (0;) s lass then the threshold
stress, vhereas u a strese (97) grester than
this critical value dislocations sre wno longer
hald up st darriers and the dislocstion wvelocity
4s deterasin: J golely by drag phenomens. At eny
position y along the glide plane the drivimg
force on the qolocotlon is (spsrt from a
resolving factor)

Oo(y) b = foT(y)) B . (8)

It {0 clear from Bq. (8) and Pig. 2 that Bq. (4)
only spplies when the dislocation d4s directly
over au ohstacle; the majority of tise during
continuous giide the driving foice is simply Oh.
The actual dislocation velocity is determined by
averaging tises spent at sll positions along the
slide plens. When A, 4a wuch grester than 1,
the average oeffective unn vaduces to the
applind stress.

The average dislocstion velocity 1p
expected to follov that ehown schemstically in
Pig. 3 (Clifton, 1971, Kocka et al, 1973). At
appltied stresses belov the threshold stress the
velocity 1s lov ae s diglocation spends most of
the tise awviiting thermal activetioen. At
stresses above the threshold stress the
dislocation wvelocity approaches the drag
controlled 1imit. The dashed curves 1o Pig. 3
shov that the rate at which this limit ¢
spprosched depends on the ratio l,ll,. The

“Noth the threshold stress T and the applied
stress © are used here as tensile otresses.



wpacing detween darriers in the model shown 0
Pig. 1 Ss empacted to be en the order of
nicrons, whareas the wideth of the odstacle $so
sxpected to be on the erder of & fov Burpere
vectors. Thus Ay/A, 2o expected to be & lerge
acadber and, when t’n applied stress exceeds the
threshold etress, the dreg controlled 1liatt
should be spproached rapidly.

Reletivistie effects restrict the
dislocation velocizy to the spead of eound C,
and, as 1s shown in Pig. 3, thie 2isit should be
spprosched asymptotically. Although there n o
sbaolute rule 89 to when these effects wust he
considered, Weertmen (1973) has sugrested thet
deviations from BEq. (1) may begin at one-third
of the shear wave velocity, which from Rg. (1)
corrasponds to a stress of ~400 NPa for copper.

Another wmechaniss that 410 expected ¢o
affect the 4nteraction Detween & woving
dislocation and aen c¢bdatacle 1s inertias.
Inertial effects can influence the transiticn in
two ways: first, they prevent the dislocation
from 4instantsnecusly reaching 1{te drag-
controlled walocity when & strees 4o suddenly
spplied. This effect is probdadly negligible for
the sodel considered here oince the
characteristic time for the dislocation te reach
fte 1limiting velocity 1s approximately 107! ¢
(Rocks ot al, 1975) which is several orders of
sagnitude less than the tise epent running
betvwesn two obstacles. 1Inertis aleo can prevent
s éislocation from instantaneously etopping vhen
the driving force suddenly drops to mero. This
effect can asoiet the dislocation in overcosing
an obstacle, and its 4nfluence can bde easily
evalusted through the dimensionless retio (Rocks
et al, 1973)

Yatop _ 0o H? , 9
»

vhere P 16 the density of the material snd y, op
is the stopping distance of s dielocation lovtn]
st ite drag controlled velocity under s ostress
of 0. Por the case of copper the ratio is
computed to be ~4. This Salue %s an upper limit
since 1t considers an instantsneous change in
the ériving force. As shosn $n Pig, 2, the
driving force decreases to sero over a distence
A,/2 which, as has been noted, 1s on the order
of & fev Burger’s wvectorsi thus, it s not
expected that inertia influences the transition
regise in copper deforsed st ToOB temperature.
At lov tempersture, vhere the value of the Arep
coefficient decreases significantly, it is well
knovn that obstacles can be overcowe Iinertislly
(Cranato, 1971).

Vhen the wmobile dislocation denaity f{s
constant the ovdinate of Pig. 3 4s directly
proportional to the ostrain rate from Rg. (3).
This implies that 1f the experimantal resulte
referred to aesrifer are truly in the dreg
controlled regime then the linsar plot of etrain
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rate versws otress Should aentrapolate throwph
the origin. This fs {n contrast te the shserved
behavier fu which o, fa Eq. (3) 48 & large
fraction of @ fcself. RKlahn et e} (1970) and
Frost and Ashdy (1971) woted thie dlscrepancy
batween the arxperisental reswlts Snd predicted
behsvior. Imn the latter vreferemcs it wes
suggested thet » woblle dislocotion density that
incresased vwith strain rate could provide the
lisk between the obesrvations and theory. This
wotivated the series of oxperiments oa copper
that are described 4n the next section. In
particular, & wmeasurament of the thrashold
strees ot dynamicelly deforwed wsaterial s
reported which enadbles a comparison of the test
results with the behavior predicted from the
dependence of dislocstion welocity with applied
stress ehown im Pig. 3.

3. EXPIRIMENTAL PROCEDURES AND RESULTS

Righ conductivity alectrolytic copper (ASTH
C10100) was chosen as & test material.
Cylindricel eamples for cosprassfion tests vere
machiped snd annenled at 600 C for one hour to
yield the desired recrystallined grain structure
with equiszed grains of approximstely 37 us f{n
sverage diwension. Low-strain-rate teats were
performed with apscimens 5.1 wm {n both diameter
and length in s standard scrav-driven mechanical
test machine with a subpress to imsure ‘unllo]
-u[heu. Tests at otrain cates of 1 s~ and 30
a”! ware parformed, sleo wslng & subpress, in o
hydravliic testiop mschins. Righ~strain-rate
tests were performed §n s eplit Nophinson
pressure dar (SMPB) wping an experimental
techuique similar to that described by Liodhole
(19#71). Three paire of pressure bars (9.} mm,
6.3 mm, and 4.7 mm diamstar) ware amployed ro
~over the straip renge of 10° o~ o 310" &~!.
The experiwmental procedures have bdeen described
in wore detail by Pollansbee, Regazzoni, and
Kocke (1984) awd by VPrentz, Follansbee, and
Vright (1984).

Stress otrain curves at etrain rates of
2107 o7, 1 07F, ex10' o™i gnd 2.4x10° 87! gre
shown 1o Pig. A. The oscillations in the two
curves st the highest strain rates sre due to
elastic wave dispersior ip ihe prassure bars; a
vuserical correction procedure (Follansbee snd
Prants, 198)) haa been applied to minimise these
effects. Deta at lov strains fn the two high
strain rate curves 4s oot 4ncluded 1in thie
figure since {nftfally the specimen does not
defors uniforaly.

The stTasp strain curves in Pig. 4 indicate
that the strain rate ssnpitivity “;‘“'r' vhen
the etrain rate is raissd abdove ~10’ s™', This
is evep more evident in Pig. 3, which s s plot
of flow strese at s constant true strain of 0.13
versws the logarithe of straip rate for all of
the wmassuraments. The results at strains of
0.03, 0.10, and 0.20 are qualitatively identicsl
to those shown fm Pig. 3. Typlcal of previous



experimentsl results, the strein rate
sensitivity &5 relatively wmiléd ot lov strain
rates but incresies dramaticelly when the stratin
rate i3 rafsed above approximetely 107 s~!,

A plot of the high strain rpte dsta on o
1inesr strain rete axic 1s showm 1n Pig. 6.
(The oignificence of the dsshed line in thie
figure 1o descrided in the following section.)
Wote in this figure that different symbols asre
weed to vepresent vesults from pressure bars of
different digmeter. The genersl asgrecaent
betveen the fesults from these bdars provides
confidence 4n the wmessurements. As found
previously, the date closely follow BRq. (2).
The wvalues of O, and B for strains of 0.05 to
0.20 are 1listed delow.

¢ Oy, MPa 8, Mra » )
0.05 114 0.00353
0.10 188 0.00356
0.15 248 0.00312
0.20 290 0.00263

3.1 MEASUREMENT OF THE THRESROLD STRESS -~
The {nterpretation of the experimental results
shown 4a Pig. 5 4o terms of the contimuous glide
mode]l requires s comparison of the dynamic flow
stress with the threshold stress, the value of
wvhich was estimated in the following sanner.
Ten specimens were deformed 1identically at o
strain rate of 5.5x10° s~} to s true strain of
0.144. The specimens were stored at liquid RN
temperature until esch could bde nlo-dui
statically at various temperatures as indicated
in Pi3. 7. The etress at which plastic flow
resuned was recorded at esch tempersture. The
thrarhold stress 4s the flow setress at 0 K,
which requires an extrapolation of the
experimentsl results. Cousistent with an
sppropriate thersal activation law for jerky
glide (RKocks et sl, 1978),

€ =€ expl ~F /T [1{0/F)

the dats were plotted as 0!/2 wyersus T2’} and @
1inear extrapolation was made as 1llustrated in
Fig. 8; the thresho) oetress is approximately
350 MPa at & true strain of O0.144, A small
correction 4s required to refer the threshold
stress to a true strain of 0.15., The threshold
stress should vary with the square root of the
totsl dislocation density which {increases
roughly 1inearly with plastic strain (Edington,
1969). This trivial correction yielde
threshold stress of 35% MPa at & true sirain of
0.185,

32
Y97, aoy

This value of the threshold etress {s
i{ocluded 41n Pig. v as & dashad lime. Although
the measuresent of the threshcld stress strictly
applies to the rtruct-m produced at a etrain
vate of 5.5%10° s™!, 1t 4s sasumed here that o
comparison at constant etrain approximates a



conparison at comstent structeure. That fe, 1t
19 osesuned in the resaining discwssien that the
thresheld etrees {0 independent of otrein rate.
This s on fisportant asswsption which 1a
d1scuosed in more detail later.

The comparison of the experiseate) rvesults
fa Pig. ¢ with the predicted bdehavior as
described in Pig. ) leads to twr ebservatiens.
The first fs that 81l of the experimental
resulte lie below the measure’ threshold strees.
The second ebssrvatien fs that the apparent
transition occure at s stress that is 731 to 80X
of the threshold etress. PFxpisnations for these
findiugs will be explorsd with g model of the
deformation kinetice which 1s described in the
next section.

;1. DEFORMATION KINETICE IR THE TRANSITION AEGIME

Previous investigators have wmodelled with
various degreas of coarlexity the trensition
fros thermally activates to dislocation drag
controlled deforsation by osusming the tises
spent avaiting thermal activation energy teo
overcome & barrier and that epent aoviamg to the
next barrier. Models that consider an ensemdle
of barriers and actusl dislocetion
configurations betwaen these barriers have Ddaen
proposed by Prost and Ashby (1971) and Klaho et
al (1970) while simpler models that consider
only the interaction of & eingle straight
dialocation with s barrier have been described
by Kumar and Rumble (1969), Clifton (1971) and
Shioiri et al (1978). The latter approach {is
sdopted here to compare with the experimental
results presented above.

Following these previous investigatore, the
dielocation welocity is

-

T
wvhere t, 1s the waiting time giver by the
thermal acti{vation equation

Ve

ty = Vg exp 8G/KT a2)
s 80 =r1-{or) ], a3
The running tise t. 1s given by

ty = MBA, /0D . 14)
Combining Eqs. (3) and (11) through (14) gives

i ¢ o as)

1 47 o/; exp 4G/RT
- bzo.;
vhere € = T (16)
|

snd 1s the strain rate at wvhich the transition
ie complete,

Y V;lb; (17
snd - . 17)
L Py



Tre varfadles in Eqs. (13) threugh (17) are A,
[] end TP stteapt frequemncy v_ ma
t:kon Y] 1Bf' .Ert the average Tayler f.:tot, 1
3.1, and @ !:lu of 3 e been guoted previcuwrly
(» = 4.3x10 Pa »). The dimensionless quantity
F,/AT can be relsted to the comsteat—structure
strain rete sensitivity patameter s, where

- 'ln;1
* ey an

The slope of the low strein rate reoslte in
Pig. 35 yilelds & w-valoe of 70 which corresnonds
to F_/mT ®* 220. Thie 10 a higher strais rate
lcn'?tlvlty than 1s typical for dislecation -
obetacle 1leteractione 1in pure fce satale
(Mecking and Rocks, 1980). Owve mechanies that
could be respopsible for ®» = 70 {1 dynsaic
recovery. Whan dynasic reccvery 1s importest,
the threchold etreess at & unifore etrain should
vary with oetrain rate. Then the constant
structure mnde]l ueed here should mot Se strictly
applicable to the constant etrain gxperisantal
compsrison shown {n Fige. 5 and 6. Ve have
neglected this effect 1in thie paper and will
proceed wnder this assumption.

Tredictions of the pode]l for various valuaes
of 1, and o_ are illgetrated in Pig. ¥ which 1e
s plot of o/? versus €- 1t 1o evident in Pig. 9
that, withie the transition regime, the model 1o
sore sansitive to the value of °n than 1t {s to
 y.  Purthermore, Fig. 9 shows thst p_ and )
are not independent; 1if Pg 18 chosen to -atcg
results ip the traneition regime, then the vsive
of 1, 1e¢ constrelned by the low strsin rate
rnnuit-.

A constent wobile dislocation density of
5.7x10'} w2 yields the predicted curve shown {n
Fig. 10 which also includes the experimentsl
data polote_at s strain of 0.1% and the messured
value of T, The deduced value of 12 1o 40 np.
(We consider this estimate of i; to he too
large; this also could e s result of the
orcharacterietic s—value at lov ctrain rates.)
The coamparison in Fig. 10 verifies that the
trsnaition begios at @ stress balow the
threshold stress, as found experimantally.
flovever, the model clearly fudicates an
inflection point 1t the vicinity of 1, wheress
the experimental resulte continue to foilov the
trend of Eq. (2). This divergencey betwvean the
predictions of the wode]l end the exparimantal
results could be due to the sssumption regarding
the modbile diplocetion density and will be
diecuseed in the following sectiun.

S. THF MOBILY DISLOCATION DENSITY

5.1 TATL STRAIN DEPENDENCE OF Pa " 1o the
wode) developed in the previcus section 1t has
bean  explicitly assumed that the wmobdile
dielocstion density 18 {odependent of oetrain
rate (or stress) at constant structure. Perhaps
an explanation for the lack of an finflection



sear the threshold stress 1s that, as proposed
by Prost end Aehdy (1971), the wmohile
dislocation denaity 1o an increasing functic of
stress. One way to introdur [ stress
depandence of the mobile dislocat.oun density 19
to write .

o, = e (0/)". Qae)

The predictions of the model for n e 2 (solid
1ine) and n = 3 (dashed 1line) are shovn in
Pig. 11 along with the experimental resulte.
Yor these comparisons the valus of ¢S 14 teken
88 the fonlt;nt value of p_ found previously
(5.7210') 27?),  The agresment fmproves in the
transition regime ovar that ghown n Pig. '),
The solid 1line In Pig. 5 demonstrates the
comparison with o = 2 over the entire strain
rate range.

In these measuresents, there are
{neufficient data at stresses sbove the
threshold stress to further seveluate the stress
dependance of the mobile dislocation density.
Bovevar, Cliften, Gilat and L1 (198)) have made
seasurenents at higher strain rates vueing the
preassure-shear experisent on similar material.
A data point st s unfaxial str in of 0.CG3 (the
highest etrain reached e this experiment) s
cosbined with the Mopkineon bar measurements at
tha sase eotrajn 4. Fig. 12. 1Included in thie
figure 1s the p-ediction of the model for n = 2,
which givas good agreement with the higher
strain rate data puint. (The determination of 1
at a otruin of 0.05 fa describad balow.) 1t s
thus concluded that en  increas."g wobile
d{slocstion density could explain the deviation
betwean thy observed snd predicted bahavior near
and above T,

5.2 THE GETRAIN DEPENDENCE OF D‘ = The
results presented fn Pigs. 10 and 11 referred to
only one straiv (£ = 0.15). To investigate the
strain dependence of Pp the following nor-
malizstion scheme 1is used. 1Introducing Bq. (19)
for the aotress dependence of the wobile
dislotation density } PN £q. (1%) and
rearvanging yields

. - g+l
LI (o /_1) \ (20)
¢ 1 +Y 0/t exp 4G/%T

vhere . bzp: :

[ -

. (21)
° Ty

Inppection of Eq, (20) suggeste that a plot of
llto varsus 0/t varies vith strain only to the
axtent that Y does (asesuming that PF_/kT i
icdepeandent of oetrain, which is true ?or thie
material). Movever, when Y s osmsll with
respect to one, the plot should be spproxisgptaly
invagpisnt vith strain. Thus, by choostng € (¢)
and t(t) to give the beat correletion of all the
experimantal results, the ¢_(t) dependente cun
be extracted diractly !ro..!q. f21). Pigure 13

]



shows the fit ohtained ot straine of 0.03, O0.12,
0.19, and 0.20 and the theoretical rrnd!stlon
(n0)1¢ 1ime) for o = 2 and p° « 8, 7;510'¢ o= gg
Bq. (19). (A doshed 1ine 1o drawn at the drep
controllad 1imit.) The fitting parameters and
the deduced wmodile dislocation density are
l1isted in the following tabdble.

t T :o a.(; = 1.5710% o701y
o g
0.05% 170 1.6 S
0.10 273 2.9 4.6
0.13 L1 3. 4.1
0.20 413 .9 3.7

Th2 1(¢) depandance 1o seen to de elightly
strongar than the oquare-root - dependence
estimsted In mection 3.1. It alsoc 1s evident
that Pg Temains approximstely constant, or even
decresses elightly, over the oeotrain range
investigated. (The omall decrease noted in ¢
By not be outeide the uncertainty in the ubove
porsalization procedurs.) This result 4s {n
contrast to that expected for the total
dislocation density which increspes by a factor
of four within the same otrain range (Edingten,
1969). Thus, the ratio of the mobile to the
total Afslocation density decreases with
increasing ctrain. In fact, from Edington”e
seasurements of the total dislocation density
sud its wvariation with etrais, the ratio
decresses from ~1x107% e ~2210"' when the
strain iIncreases from 0.05 to 0.20 at a etrain
rate of 1.%3x10" 77,

$.3 DISCUSSION - The observationse
regarding the stresrs and strain dependence of
the mobile dislocation denaity noted above are
compatible with each other and with the
microstructural modal of deformation in ecopper
proposgd im section 2. We note that since both
0 and T are found to increass roughly vwith the
square-root of ostrain, their ratio remains
approximately constent,

; ]- " constant. (22)
T ¢

(As shown abdove, T {ncregses slightly wmore
rapidly; thus, the ratio 0/1 actually decreases
slightly witli incressing strain.) Equation 22 {e
typical for thermally activated controlled
deforuatien (Mecking and Rocks, 1981). Mowever,
it 1e not obviocus why BEq. (22) should persiet as
dislocation drag bacomes rate controlling.

Uoder the assusption that /1  resaine
constant, the stLrain dependence of Pa 10 eanily
seen by eimplifying Eq. (13) to rasd

€ep (yTee) 1), (23)

vhere the function f waries with T by culy as
guch as dees the denominator of Bq. (15). Since
T dncraases from 170 MPa to 413 M when the
strain s increaned from 0.05 to 0.20, Rq. (23)

&



sugpests thet o ohould decrease by the ratic
170/415. The actug] decresse in fa 18 less than
thie since both 0/ and f decresse plightly with
incresning otrain.

The observetion that ths ratib o/t renaing
approximately constant with cir:in aleo enxplaine
why Eq. (19) was an appropriate cholce for the
strese dependence of L An incresse in t4e
wobile dislocation density with ostresse ¢
consistent with the microstructural wmodel of
deformation proposed in Fig. 1. To see thie,
note that the etrese to operete a dielecation
source {s related to the dislocation 1ime
tansion T and the spacing betwean pinned points
(or the loop length) L by

o= T/bL . ()

Thus, higher etresses will yield @wore
dislocations according to the distribution eof
loop lengths. The osuggestion of such a
distribution fs compatible with tha observation
that only a emall fraction of dislocations are
sctually sobile at sny inestant.

6. CONCLNSIONS

In this paper we have examined dislocation
sobility through the self=consistent analysis of
neasuramenta st high strain rates. We have
shown that the d{ncresss in Trate sensitivity
fourd in copper when the etrain rate aexceeds
~107 #”! can be toterpreted as a traoeition in
rate controlling deformation mechanien. A modal
of the deformation kipetice has been combined
vith & msessuresant of the threshold ostress to
investigate this transition. The experimentsl
results shov close agresoent with predictions of
the wodel vhan the mobile dislocation deneity 1s
alloved to vary with etrees raised to a emll
povar. The mobile dislocarion denaity is feund
to be relatively independent of etrain. Theee
findinge are compatible with a simple
sicrostructural wsodel that considers the
majority of dislocations to be tied up 1in
tangles separatiog soft foner regions whiesh are
easily travarsed by the mobile dislocations.

The {influence of dynamic recovery on these
conclusions regardicg dislocation mobility and
on the deformation mechanisms in general remains
a question for further {nvestigation.
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Pig. 1 8chematic of tanpgled dislocations
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wall, vhich is one possidle mechanism for
generating modile dislocations.
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Pig. 2 Typical glide resistance profile.
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Fig. ) Stress deoendance of the diselocatior
velocity.
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Pig. 7 Measurement of the thrashold etress
loading his'.ory.
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stress: extrapolation to D K.
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?4g. 10 Comparison of the model with
the exparimental results.
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Pig. 12 Comparison of the aodel with
data point from pressure~shaar exper-
feent (Clifion et al, 198)).

Fig. 9 Predictions of the model a3 2
function of 12 and o,
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?ig. 11 Comparison of tha exparimental
rasults with predictions ¢f the model
vhen p_ 1e varied according to Rq. (19).
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Pig. 1} Ezperimental results for etrafns
of .03 to .20 and prediction of the wolel
for normalination given in REq. (20).



