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Dislocations and Plastic Waves

1. Introduction

The mathematical theory for plastic wave propagation provides the
essential basis for understanding the machinability and formability of
materials at high rates of strain. All theories of plastic wave propagation
are contéined in, or aré extensions of, the classical theory that was
developed independently by von Karmanl and Taylorz. Since the time of the
original formulation of this theory in 1942, substantial strides have been
made'in our understanding of the role of dislocations in the plastic deforma-~
tion of crysﬁalline materials. It is the purpose of this review to swmarize
some of the major contributions of dislocation concepts tq the understanding

of plastic waveiphenomena.

2. Von Karman and Taylor Theory for

Plastic Wave Propagation

All mathematical theories for ﬁlastic wave propagation are based on the
equations for conservation of momentum and the conditions for continuity.
For the simplest eiample of a plastic wave moving down a very thin rod, these.
equations sare:

Continuous Hugoniot Shock
Variations Conditions

Condition for

Continuity .)_g- - ?..!.- ?...;‘2. _
. =™ 5 (1) fel 52 =. Lvl (1o)
Conservation of
Momentum
RN v z-p L) 2%
703X @ PO EREIST (o)
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where

= axial engineering strain

o™

= time

particle velocity

Lagrangian coordinate along axis of rod

axial engineering stress

DART

density
C 'J = & shock in the bracketed var‘ia.ble

Equations '1b and 2b reieal'tha.t the velocity, g—%, of a shock along the rod

is
d4, _ | L [0
= P [e (3)
AT ) |
"Since Eqs. 1 and 2 contain three dependent variables (7, € andlJ, the
solution of the problem requires a third equation representing the plastie
behavior of the material of the rod. In their classical development of

plastic wave theory, von Karman and Taylor assumed that the stress was ex-

clusively a function of the tofal strain according to

T= 0(¢) Ol

Conseﬁuently, assuming a large shock to be composed of a series of small

shocks, [o.%e]zdze, and the velocity of propagation of the stress is

da | [ 4w .
0
AT de 14 |

E
When the stress level is below the yield strength, J—oz ¢ = |—==, namely
T e

given by

the velocity of an elastic wave. But when the strains are plastic, the

velocity of propagation is dependent on the slope of the stress-gtrain curve.
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Although good agreement b?tween the experimental facts and predictions
based on the von Karman and Taylor assumption is obtained occasionally, most
of the availablé evidence suggests that the assumption is not always valid:

(1) The flow stress of most materials increases as the strain rate is increased
suggesting that = W(gjé))where é is the strain rate, (2) Duwez and Clza.rk5
noted that the stress-time records at the end of iﬁpacted rods gave more rapid
rates of propagation of stress than those deduced from theory. (3) Leeh also
pointed out that strains near the impacted end of the bar did not éxhibit the
unifofm meximum strain, as demanded by theory, but rather showed decreasing
strains with increasing distance from the impacted end, as would be expected
when the flow stress 1s sensitive to the strain rate,‘(h) Se&éral investiga-
torss’6’7 independently demonstrated that even when rods were preloaded well
into the plastic range,the stress resulting from a superimposed impact moved
down the bar not as dictated by the slope of the stress-strain curve but rather
with the velocity of an elastic wave, (5) Using Kolsky's thin wafer technique,
Hauser, Simmons and Dorn8 showed that the flow stress of pure polycrystalline
Al is sensitive to the strain rate.

On the other hand, some investigators‘appear to have demonstrated the
validity of the von Karman and Taylor assumptions. In his recent summary,
Cristiescu9 has shown that a sharp dicotomy of opinion exists between
Buropean investigators as to the possible importance of strain;rate sensitivity
of the flow stress to plastic wave theory. It will be shown in the following

sections that some of these issues can be resolved in terms of dislocation

concepts.
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3. Dislocations and Shocks in Strain

Crystalline materials deform plasticaliy by means of motion of dis;‘
locations. In order to obtain & shock in strain as a result of a shock
in stress, dislocations must Jump instantly from one position to ﬁndther. o
B This, of'coursé, is theoretically impossible. The same conclusion follows

10 gna Eshelbyll, who have

from the more sophisticated developments of Frank
shown that the energy, r’,.per unit length of a dislocation moving at a

constant velocity,'\rz is given by the relativistic equation

P“E(\“%;_ 2, e
wherer‘o is the rest energy and c¢ is the velocity of sopnd. Fo? this reason
dislocations have inertias. A dislocation initially at'rest will, the in-

;tant it is subjected'to a shock in stress, retain zero velocity. It Qill,
however, accelerdte as it moveg, and, in the absence of otger velocity

sensitive energy dissipative mechanisms it will eventually approach the velocity
of sound. No shock in strain is induced as a result of a shock in stréss and
therefore the von Karman and iaylor assumption appears to be invalidated.

This suggests that Eq. 4 should be replaced by
dé = P5e,e)dr+g(Tee)de +/1L¢,£,£)o(t (™

in oxrder to.account for the acceleration of dislocations.

The inertia of dislocations, however, is very small and dislocations
accelerate very rapidly. If no velocity dependent dissipative forces are
operative, the accelerative period can be established by equating the rate at

which work 18 done to the rate of increase in energy of a moving dislocation.

(8)

Accordingly . o 0{ P
- = T
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whereTis the applied shear stress and’f" is the velocity independent

back stress acting on the dislocation. Integrating Eq. 8 gives

(7 v
-1V eT = =% F-,. . (9)
Vo \...._g__& . -

As an illustration, we take the values appropriate of Al of £ = 5.05 x lO5 cm/sec,
‘ 2 .

A= 2.86 R, and -2 -11x 107t SZBS, where G is the shear modulus of

elasticity. Then for a very small stress of "'--'])x = lO8 dynes/cm2 a dis-

location will reach a velocity of .98 in T = 2:(10'11 sec. The shear strain at

this time is given by T ‘ q
¥ = S PLrvdT = b =10 ,/Ms
where P, the density of the dislocations, is taken to be 10 per cm2. A more

sophisticated analysis of the behavior of a Frank Read source under :Impa.ct:l'2

gives about the same general answer: Inertias of dislocations are so shgll

that they reach almost their relativistic velocities in 1.0"lO sec.yeven for low
stresses. At this time the plastic strain is yet very small. Therefore,

except for problems where very short times and very small plastic strains are
significant, the acceleration of dislocations can be neglected”in formulating
the mathematical theory for plastic wave propégation. Consequently the material
behavior for plastic wave theory can most frequently be déscribed in terms of

the empirical relationship

&Q :J\@;Q)AO‘ -r%@}?-\ AT .

(10)

The function h refers to the ratio of a small shock in strain as a result
of a small shock in stress and g gives the plastic strain rate under a constant

stress. The detailed functions to be employed in Eq. 10, however, should be
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rationalized in terms of dislocation theory.

As shown in Table I, dislocation mechanisms are conveniently classified

into three major categories:

Table I

Classes of Dislocation Mechanisms

Characteristics

Class Class Name Examples
I Athermal 1. Long Range Flow stresses that are in-
(activation energies Stresses sensitive to temperature and
greager than 2. High Local independent of strain rate.
S50kT Stresses
3. Short Range %-o c:- ‘? (’6‘\
Order Alloys
b. Sumki Lookea (O = Shear Modulus)
Alloys
II Thermally Activated 1. Peierls Process Flow stress that decreases
Processes . 2+ Intersection rapidly with an increase in
(activation energies3. Cross slip temperature or a decrease in
less than SOkT) ., Motion of Jogged strain rate. ‘
Screws ’ (_, :L&;
5. Climb of Edges ¥ < ENP RT
6. Viscous creep '
e to solute  ¥BeTe U= U( T, AT
Atom Interactions str = structure and 5
T = absolute temperature
III Phonon Liebfried U *
Scattering % o< ’l“-’t’

- Other veloecity
sensitive processes ~--
“that are not

thermally acti-
vated

Reaction
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The value of this classification arises from the differences in the effect

of strain rate and temperature on the flow stress as shown in the last

column of‘the table. Occasionally only one process in one class is opera-
tive. But.often under dynamic test conditions several athermal processes,
several thermally activated processes, as well as the phonon scattering mechan-
ism, etc., may simultaneously contribute to the observed mechanical behavior
of crystalline materials. The only generalizétion that can be made, here;
concerns the fact that the creep mechanisms that depend on diffusion such

as the motion of Jogged screw dislocations, climb of edge dislocations and
the viscous drag of solute atom atmospheres are usually so slow that they

do not play & role in the dynamic behavior of materials at high strain rates.
In the following sections of this report several special cases of dislocation

processes under dynamic conditions will be discussed.

4. Behavior of a Suzuki Locked Alloy

| A typical resolved shear stress-shear strain diagram for basal slip on
siﬁgle crystals of the hexagonal phase containing 67 atomic percent Ag an&
33 atomic percent Al, when tested in slow tension, is shown in Fig; 1. /The
yielding begins gradually at a well-rounded upper yield point, at which a
.single Luder's band having the exceptionally large Luder's strain of !f= 1.35
is formed. Following migration of the Luder's strain over the gage section
only modest amounts of strain hardening are obtained. The.upper and lower
yield points that were obtainéd in & series of slow and dynamic tests are
shown in Fig. 2. These data reveal that, within the experimental accuracy,
the upper and lower yiela stresses are insensitive to the strain rate; further-

more, they increase with an increase in temperature even as the temperature

approaches the melting poimt. Obviousty the dislocation mechanism that is
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involved is not thermally activated, and the only non-thermally activated pro-
cess known that can exhibit a yield point is Suzuki locking. The increase
in flow stress with temperature can arise from one or from both of two in-
dependent factors; under certain conditions the effectiveness of Suzuki
locking can increase with an increase in temperature and, under all cenditions,
high speed dislocations will interact with phonons.

Suzuki has shown that for regular solid solutions at sufficlently hlgh
femperatures (above about 0.4 of the melting temperature), where an equili-
brium distribution ef solute atoms between the stacking fault and the sur-

rounding crystal is obtained, the flow stress;’rl, is given by

N = ‘3‘“}" = H ¢, (1-¢) %D('RT)
where l - co(‘ \

\-\?'3'\{’[<X‘a'\6‘}rx | | (12)

b = the Burger's vector

V = the molar volume of the alloy

h = the height of one atomic layer

}§b= the stacking fault energy of pure b
xgé the stacking fault energy of pure a
Co= the mole fraction of solute atoms

R = the gas conepant

T = the absolute temperature

Below about Ty, = 0.4 of the melting temperature, the composition in
the atacking fault becomes frozen in. Therefore for 0 £ T £ T, the value of

T must be replaced by the constant temperature Toe In this range 'r acquires

a constant value independent of temperature. If the difference in stacking
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fault energy & -x‘a does not change much with temperature, or if it

decreases as the temperature increases ,f(u will decrease sdm,ewha.t as the
temperaturg increases above Tf. But ifxb -8\ a increases sufficiently rapidly
with an increage in temperature ,/r will also increase as the temperatue |
increases above Tf. If all of the variation in the upper yield strength

with temperature is attributed to Suzukil locking, the values of &b -va

shown in Fig. 3 are obtained. Thermodynamic data are not available to
ascertain which one of the two possible sets of values forx\b -vé is valid,
but stacking fault energies can amount to several hundred ergs/cm?. Conse-
quently either ofv the sets of observed data are consistent with the c0nce§t

of Suzuki locking.

The upper yield strength for bé.sal slip of an HCP Suzuki-locked crystal
should take place when the applied stress is slightly.greater than the locking
stress, ’TI Unlocked dislocations, in the absence of any velocity sex;xsitive
dissipative mechanism, will travel at a speed that eapproaches that of sound.
Those mechanisms for the multiplication of dislocations, suchb as cross sl:lp,
which are operative in BCC .a.nd high stacking fault energy FCC metals are not
expected to be operative for b'asal slip in the hexé.gona.l sjste_m.

At the higher temperatures of test, however, phonon scaftering should
serve to limit the velocity of the liberated dislocations. Attempts by
Liebfried, 15 Naibarro16 and Eshe.lbyl7 to rationalize the effect pf phonon
scattering .on the velocities of dislocations have served to reveal the com-
plexity of the problem. Liebfried, however, has suggested that the dislocation

velocity, v, in the absence of relativistic complexities, might be approximated

by 3 /is’
10 A~ L

Ut o=
IART 0 (13)

provided v/ec £ 1.
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A Iﬁ-Qiew-of thé'very large Luder's strain that isvobtaiﬁed‘in slow fenéibﬁ
f'tests,'it musﬁ be assumed that the back stresses on released dislocations'iS: 3
. very small and the dislocations are subjected to a net stress that is only |
f slightly less than the upper yield strength. Introducing the experimentally' 
._determined vaiues of‘qvhnd T for the uppef yield stress into Eq. 13, we .
o obtain v/b 106. Thus we Judge that damping due to 1nteraction of phonons _"
and dislécations is not-significant'in this e#ample.' | o
If Q is the density of moving diﬁlocations,
¥ = (3/(;- U
‘(.v . . (lh)
Aq‘suming U' Y, ) for the released dislocations we- estimate that Q at the upper
yield strength has the reasonable values ranging from P-— 2x10 /cm at
"5"3001:0() 5x106at‘€ 60,000/ate. * o |
:_ We now attempt to ascertain how Eq. lO, for use in pléstic wave theory, |
f.migﬁt be formulated for this casz. We will aésume that the least time that “
cén be measured experimentally 15.10-6 sec. »In this interval of time at the
‘f stréin rate of 10“ pexr sec. the plastic strain is only 0.0l. If our interest
is in much larger plastic strains, we might neglect this small plaétic straih.
In that event we might write Eq. 10 as |
de = —é-g- 4 er,& AT
(15).
where P, the density of the released dislocations, is somewhét undetermined
function of the stress and strain. If howéver Q is larger than‘106 per cm2,
a strain larger than 0.0l will be obtained within the_selected least time
" count of 10-6 sec. Although Eq. 15 will still be wvalid, the data will appear to
indicate an instantaneous plastic strain as suggested by the von Karman and

Taylof assumption.
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5. Peierls Process

When single crystals of the 67 atomic percent Ag and 33 atomic pércent
‘Al ‘are so oriented;as to slip.on the prismatic plane, they no longer show a
| yield point and exhibit qnly a modest rate of strain hardening. The initial
flow stresses that are obtained depend on temperature as shown in Fig. L. Fof
~ slow tension tests, three regions are clearly delineated: (I) A region from .
‘00 to about lSOOK over which the flow stress decreases precipitously with an
increasé in temperature. Since the activation volume was observed to be about
.leB, this thermally activatéd process 1s thought to be the Peierls process;
(II) Over the region from 150o to about h75°K, prisﬁatic slip takes place by
séme athermal process. Since dislocations on the.priSm plane are undissociated,
this athermal process cannot be ascribed to(Suzuki locking. As demonstrated
pfeviously,l5 the only athermal process'that can account for the high flow
stress is that due to short range ordering;‘.(III) In a detailed investigation
it has been demgnstrated that the thermally activated process taking place
above h750K is diffusion controlled disordering.

As shoﬁn by the dynamic test-data,rrecorded in Fig. 4, prismatic slip
appears to be contfolled by a singie thermally activated mechanism, namely
the Peierls mechanism over the entire. range of temperatures. As thé strain
rate is increased, higher flow stresses are obtained and the Peierls process
becomes operative over the range of temperatures of Region II; where the de-
formation vas controlled at much lower strain rates by the athermal process
due to short range ordering. Furthermore, diffusion is so slow -that it can
only function as a possible mechahism for low strain rates. Cdnsequently,

vhen some critical strain rate is exceeded in Range III, slip can no longer
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be controlled by diffusional processes and other mechanisms of deformation
become rate contrqlling. A change of strain rate from lO'h to 55 x 103/sec at
600°K caused the ;ateaCOntrolling mechanism of slip to change from a diffusional
process to a modified Peierls mechanism. This change in strain rate was |
accompanied by an increase in flow stress by a factor of 30.

The exact formulation of the Peierls mechanism is yet -under development.
For the purpose of the preseht objectives, however, & quasi-empirical formu-
lation of the mechanisﬁ is justified. We assume that the activation energy
to nucleate a pair of kinks of opposite sign is given by v - (1'- T’3 wb2,

where w is the sepération of the pair of kinks. Thus the frequency of forma-

tion of a kink'pair‘\C%Q‘is given by

N - (’ ‘1&‘3 -'(§ﬁ'1~’ﬂll1f$‘:})
Py N RT J(26)

i
\)”‘Z’Em' 2

where \,is afproximately the Debye frequency. If no other factors are in-'
volved the strain rate is given by

0= ag (MU L

2L N (17)

where - TM’ and ,Q is the free length of travel of each kink of the pair
formed.' This formulation is in agreement with the slow tension test data. -
On the other hand, it predicts too low flow stresses for the high strain.rateé.
The Lothe-Hirth modelé.2 for the Peierls process gives only very slightly
better agreement with the high strain rate data.

In the above formulétion it was assumed that the kinks moved so rapidly
once they were formed that the time,‘zgkn, it toék for each to move a distance,
,2 , was small. If the motion of each kink is determined by some velocity
sepsitive diséipative process, this time need no longer be negligible especialiy

. ! : '
at the higher strain rates. "Under these circumstances better agreement with
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the experimental data can be expected.

Two viscous process were investigated. According to the Leibfried

equation for dislocation-phonon interactions,
3 *
J) 10420 -¢ )
Ams——— - . [ J
Tom 3RT (18)

Therefore I'of Eq. 17 is 'C =t0\+1::”" But introducing this value reveals that

the viscous damping as a result of phonon interaction is not great enough to
account for the observed results. Stronger viscous-like damping is eXpected

when the kink motion is thermally activated. Under these conditions we ex-

pect that

2 - Um A3
X VAT R’T . AW
¢ iy LI:F—_‘ o (9)

where‘u VA o Again using reasonable values for‘u the predicted values
PR i
did not agree well with the experimental results. This suggests that some

as yet unknown strong viscous-demping mechanism is operative.

6. Thermally Activated Intersection

1 ,
Seeger 2 has shown that when the plastic shear strain rate is controlled

by the rate of intersection of dislocations,

‘§=NAL-\)€.‘% y (=)
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where

N = the number of points per unit volume of contact between the
forest dislocations that are being cut and the glide dislocations
A = the average area swept out per intersection
‘\L= the average energy that must be supplied by a thermal fluctuation

to complete intersection.

For Al, where the dislocations are dissociated slightly into Shockley
partials, the average force versus displacemént diagram at the absolute zero
for intersection is given by.the solid intersecting curve of.Fig. 5;20 As the
dislocations are brought together /}l.decreases and 'FO increases: As A decreases
the dislocations first constrict, the constriction being completed at(ﬂ.= b.
BetweenAl = b andAfb = O jogs are produced.

At temperatures above ﬁhe absolute zero, the force is givén by

F = Fo _G'—— )

[ (21)
where G and GO are the shear moduli at the test temperature and the absolute
2ero respectively., Both the cbnstriction energy and the jog energy are
linearly dependent on the shear modulus of elasticity.

If L is the mean spacing of the forest dislocations, a force

I 3@’-4‘*)\-# (2)

will act at the point of intersection where’r’is %he externally applied shear
stress, and’?x% is the back stress due to local interactions and long range
stress fields. For our present objectives it will not be necessary to separate
these two effects. If a force F less than Fm is applied, the energy that must

be supplied by a thermal fluctuation in order to complete intersection is
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given by the modified Basinski equation

{.‘/ﬁ’\
U = A Ci‘F: -
AL

‘Equations 20 to 23 plus the data of the F_ -A} curve given in Fig. 5

(23)

then completely describe the intersectian mechanism. It is significant that
none of these gquations contain explicitly the plastic shear strain. This
arises because the shear' strain itself is never a physically significant vari-
able. Rather the physically important variables, at least for the intersection
mechanisms, are the structurally significant quantities of l'r&=4"o G/Go

and L. In general these are not simply related to the strain but are also
dependent on the tempei'é.ture and strain-rate history of straining. As deduced
from slow tensile tests for 8‘= lO-b'/sec. a.nd T = 9OOK, they are given in

Fig. 6.20 When thé métal is strained, L decreases and ‘)’” inéreases, both
factors contributing to strain hardening.

It will prove instructive to first formulate the intersection mechanism
in terms of Seeger's approximation which neglects the effects of constriction
and is therefore appropriate for intersection of undissociated dislocations.
For this simplification |

qY = ‘U, (‘“" Vo \\'A" )
o (24)
where the subscripts zero refer to the values at the absolute zero. This
simplification arises because the F -Af diagram no longer contains the curved
part of Fig. 5 due to the constriction force and is then represented by a
q .

rectangular area from O L F & Fm and 0 A A L b. Introducing Eg. 24 into Eq. 20

gives

G - e T A uﬁ 5 ST (@)
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" \ /‘J “ +_«>R» T 7 Te R

6

where Tc is defined by (26)
AL = hTe Ly MREV

(27)

The critical‘ temperature, 'I'c » 1s that temperature at'which the necessary
thermal fluctuations needed to assist the appliéd_ stress in'o'rvdér ’c;o complete
-intersection occur practically instantaneously. Below that temperature, .as |
shown by Eq. 25 the flow stressv decreases linearly wi_th an ihcrease in the |
absolute temperature. These trends are shown in Fig. 7 fér the case of a |
mlldly strain hardened metal where, as given in Fig. 6 l/L was selected to
‘ be T.3 x 10 5 1/cm and'r’twas taken as 4.8 x 108 dynes/cm . For a glvenv

T‘ is known to remain insensitive to all accessible strain hardened states.
Therefore NAbY is substantially a constant. In order to complete the app;oxi-
mation, NAbW was estimaf,ed to about 120 /sec. ahd UO was approximated to

be about 1.45 x lO_l3 dyne-cm from Fig. 5 by neglecting the constriction energy.
For O ('f S /r the behav1or is entirely elastic. ‘And over the range

,‘, 3‘ 'V.—ﬁ-é '—i}* /Yo plastic deformation occurs by thermally assisted
1ntersect10n, the flow stress being dependent on the strain rate. As shown

by Eq. 25 the higher the test temperature, the more rapidly does the flow
stress in this range increase with an increase in strain rate. Therefore tests
conducted at low temperatures on only mildly strain'hardened metals may have
flow stresses that are substantially insensitive to the strain rate, whereas
the same metal tested in a severely strain-hardened state and at higher tem-
peratures may exhibit significantly sensitive variations of flow stress with

strain rate.
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An example of tﬁe effect of straining on increasing the strain-rate
sensivity of dynamically tested high purity Al is shown in'Fig.;8.8 The
logé versus §° curves, which were obtained using a modification of Kolskey
thin wafer technique, are less steep for the material at highér-strain hardened
states over the lower ranges of é where,QMé 1s linear with §°, as dictated
by Eq. 25; . '

When T-—gﬂ—7 -%:Tg- + '?' :", thermal activation is no longer required to
assist intersection'becausé the force F at the point of intersectionh now
exceeds Fm and the applied stress alone is more thah sufficient to effect in-
tersecﬁion. |

The dynamic behavior of Al can now be preaicted up to the limit of the
intersection mechanism from the data recorded in Figs. 5 éhd 6 and the inter-
section theory. Since these predictions follow directly from the previdus
discussion, the details will not given here except to state that the aésump-
tion was made that the material obeyed a mechanical equation of state. The
predicted behavior is compared with the experimental results in Fig. 9. The
correlation between the predicted values based on data obtained from slow |
tension tests and the dynamic data is excellent. The maximum point on the
predicted curves corresponds to that point at which the stress is sufficient
to insure intersection without waiting for a thermal fluctuation. And it‘is
Just at this point that an ébrupt cgange in‘slopé of the curves 1s obtained.
Obviously the plastic strain rate above about loz/sec is controlied by some
alternate mechanism. Deformation in this region might bg,due, fqr gxample,
to the thermally aided production of vacancies as a result of the motion of
Jogged screw dislocations. It is a simple mattér to show, .however, that for
this mechanism also,.ﬂa\éwo‘uld_ bevpr0portional to G‘, albeit with a different

slope than that for the experimental facts shown in Fig. 8. It becomes obvious
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that the high_strain-rate effects shoﬁn in Fig. 8 cannot be ascribed

exclusively to the thermally activated motion of jogged screw dislocation.
When the data is replotted on a linear graph, as shown in Fig. 10,

the strain rate is seen to increase almost linearly with the stress. But

the slope of this curve is at least an order of magnitude below that which

would be expected_in terms of the dislocation-phonon interaction mechanism.

It therefore appears thgt other unknown velocity sensitive energy dissipative

mechanisms must yet be uncovered to account for these fesults. This could

be due to the plucking of dislocations as they move past barriers.
Summary

The major problem that is encountered in formulating'a realistic
mathematical theory for plastic wave propagation in crystalline materials
concerns their actual plastic behavior. if times less than lO'lo sec and
plastic strains of less than 0.001 are significant to the problem, it will
be necessary to formulate the equation for plastic deformation rates in terms:
of the acceleration of dislocations as well as other strain rate cbntrollihg
mechanisms. If longer times and larger stfains are of interest'héWever, simpie
formulations based on the veloqity of dislocations become feasible. In this
event, Eq. 10 can be written as

de = Lde + qladT

' ' i
similar to the formulation first suggested on an empirical basis by Malvern.(23)

The assumed functional dependence of % on the variables, however, wili have
to agree with the dictates of the rate controlling dislocation mechanisms.
For moderate to low stresses and strain rates, the motion of dislocations.

is often dictated by one or several thermally activated processes. As we have
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seen, some of these are well enough understood to pefmit estimates of 9 .
IWhen, however;, the stress level 1s sufficiently high, so as to obviatevthe
waitAfor thermal activation or when the process is athermal, other velocity
sensitive ‘energy dissipative mechanisms control the rate of deformation. The
phonon iﬁteraction mechanism is among these, but the experimental data now
available suggest that other mechanisms, such as perhaps the plucking of dis- .
locations as they move over potential hills, are also significant. If for
these cases, the s§rain rate decreases precipitously with strain, within the
least count of time of the experimental instrumentation that is employed; it
will appear ss if the von Karman and Taylor assumptions are valid insofar as
shock in strain will appear to have fesulted from a éhock in stress, within

the period of least count of the instrumentation.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
imp]ied, with respect to the accuracy, completeness,
or:usefulness of the information contained in this
reﬁort, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report. ‘ v

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commissien, or employee
‘of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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