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j In POT, the difference equation for Newton's 2nd Law uses the x-component of
compressive stress Py The equations of state for POT provide Py for Newton's 2nd

Law. p, can be resolved into hydrostatic pressure, p, and principal shear stress:
= 4
P - p+3T . (])

The hydrostatic pressure is assumed to be given by a Murnaghan equation of state:

p = 2L, mP - (2)
where
a,b are emperical constants
V 1is specific volume
Vo is specific volume at room temperature and atmospheric pressure.(])
Principal shear stress for a cubic solid is , : \
T T *%(n 1208, = glegy ey el (3)
where -

C17:€12 are the secqnd order elastic constants
Ae, is the elastic strain increment
Ae;) is the b]astic strain increment.

Allowance for nonlinear elasticity means chéngihg Eq. (3) to include third order
elastic constants or, equivalently, to let the second order constants depend linearly
on p. The latter will be done.

The plastic strain increment can be computed from the dislocation dynamics.

Equations (1)-(3) and the formulae for the dislocation dynamics turn out to be
interdependent and can be solved simu]taneous]y in the following manner.

Values of p, V, Q, T obtained at the previous time t are assumed to have been
stored as P., V R Q s Ts and we are to compute new values for time t+At. Denote the

J J
n 0

new values by P", V", Q", 1", and the old values by P°, v°, Q°, <. V" and Q" have




2T

already been computed, so we enter the equation of state routine with Vn, VO, PO, TO,

Q", Qo in storage.

Two quantities may be calculated immediately: the natural strain increment
pe, = =2(V7-v%)/ (vH°)
and the hydrostatic pressure, using Eq. (2),
n _ a nb
po= 3 Ly /v)" - 1]

Since the elastic constants only enter into the calculation as a difference,

(see Eq. (3)), this will be calculated and stored for future use:

_ 1 S s SRR
¢ = glegy-cp )+ (eqy - cqplp] - ,
where
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ci1sci2 are their pressure derivatives.

are the adiabatic second order elastic constants

(2)
Finally we can calculate the first two terms of Eq. (3)

0
' = T + che .
%

To find the plastic contribution to the shear stress, use the dislocation dynamics.
To use the dislocation dynamics, however, we will need the shear stress. To circumvent

this difficulty we will take advantage of Aa;) being small and iterate a solution for

p
ME
To initiate the iteration we assume

T and Ae



e

The first step of the iteration is to calculate the average dislocation velocity
v from . (The program listing uses Gilman's formula.) The Orowan relation for a
cubic solid with the LiF slip system gives the absolute value of the plastic strain

(3)

increment.

| 2P| = 3N bt
where o
| Nm is the mobile dislocation density

b is the Burger vector
At is the time increment of the calculation.

Next we must find the sign of_Aei). Note that the change in plastic strain must
decrease the absolute value of the shear stress, i.e., dislocation motion relaxes shear
stress. There are six cases, each represented in the diagram below. (The solid and
the dashed arrows represent total and plastic strain increment contributions .to the

shear stress, respectively.)
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In summary, the sign of the plastic strain increment is the same as that of ', (See

Eq. (3)). If the shear stress changes sign due to the plastic strain, then the shear



stress should be set equal to zero. This way the increment will not increase the
shear stress.

The program implements the aboﬁe-by finding the sign of t', then assigning the
same sign t0'|Ae;w . The calculation of shear stress is then made.

The: final step in the iteration is the calculation of the dis]ocation density.

The multiplied dislocation density is

n _ .0
Ny = Nm

p
+ 3M|ae |
where M is the multiplication constant. Next some tests must be made to see if any
dislocations are nucleated. The conditions for nucleation are T must be greater than

zero and increasing or T must be less than zero and decreasing. If either is true

then,
N; = N£ + f(1)AT
(4)

where f(t) is the nucleation function.

At this point the compressive stress is computed

- N, 4 n
Py P +3T

and the program loops back to the first step of the iteration, unless the desired

accuracy has been reached. The following flow chart results.

4



Calculate Aex, pn, &, T

N

Initiate Iteration Loop
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~ Calculate v, Asj’
Set sign of Aep = ]
IF T'</o yes >
Set sign of Asp = -]
no{, ; X
Compute Tn

TAUPRI T.<i0
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Compute Multiplied
Dislocation Density

T>0and dt <0
or

yes N
. -
r < 0and dt > 0

Compute Nucleated Dislocation Density

: |

no [
Compute pg

Test to see if p, hasTo~ yes

N\

changed more than the*tolerance

Write new values in arrays RETURN




ANM
ANNUC
CNST
DANNUC
DELEX
DELEXP
DELT
DTAU
FLAG
HPN

IT

PN

PNO
P(J)
SIGN
TAUABS
TAUN
TAUPRI
VBAR
VN
V(J)
VO(K)
Y1(J)
Y2(J)
Y3(J)
Y4(J)
Y5(J)
Z1(K)
Z2(K)

-6-

Nomenclature for FORTRAN Program

h;
total nucleated dislocation denisty
g
increase in dislocation density due to nucleation
Aex
|ae P
R
At
change in T over one time step

change in p, over one iteration, used to test convergence of iteration

pn

number of iterations
n

Py

previous iterated value of PN, used to test convergence of iteration
0

Py

: p

sign of Aex

|

N

—

o =

A T <= = = <I|
o oo

dislocation velocity during previous time step
N
nucleated dislocation density during previous time step

Nmo

M

The program follows.
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C LITHIUM FLUGRIDE EQUATION OF STATE
DELEX=-2.*(VN-V(J))/(Vii+V(J))
HPN=.,1193519*((VO(K)/VN)**5.4-1.)
CNST=.3315+2, 79*HPN
TAUPRI=Y2(J)+CNST*DELEX
TAUABS=ABS(Y2(J))

PH=P(J)
PNO=PH
IF(Y4(J).LT.Z1(K)) Y4(J)=Z1(K)
DO 203 IT=1,16
SIGN=1.
IF(TAUABS.LE.0.0001) TAUABS=0.0001
VBAR=0.328*EXP(-0.004501/TAUABS)
IF(TAUABS.LE.0.0001) VBAR=0.0
DELEXP=4,75E-09*DELT* (ANM*VBAR+Y4(J)*Y3(J))
IF(TAUPRI.LE.0.0) SIGN=-1.
TAUN=TAUPRI-1.5*CAST*SIGN*DELEXP
IF(TAUPRI*TAUN.LE.0.0) TAUN=0.0
TAUABS=ABS( TAUN)
ANM=Y4 (J)+3.0*Z2(K)*DELEXP
DTAU=TAUN-Y2(J)
ANNUC=Y5(J)
IF(TAUABS.LE.0.0033239) GO TO 202
F(TAUN.GE.0.0.AND.DTAU.LE.0.0) GO TO 202
IF(TAUN.LE.0.0.AND.DTAU.GE.0.0) GO TO 202
F(TAUABS.GT.0.0033239) ANNUC=2.531487E+10*(TAUABS-0.0033239)
IF(TAUABS.GT.0.0066974) ANNUC=8.540E+07
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202

DANHUC=ANNUC-Y5(J)
IF(DANNUC.GT.0.0) GO TO 207
DANNUC=0.0
ANNUC=Y5(J)
CONTINUE

ANHM=ANM+DANNUC

PHN=HPN+1.333333*TAUN

FLAG=ABS (PN-PN0)

IF(FLAG.LE.0.000001)60 TO 206
PNO=PY
CONTINUE
CONTINUE

WRITE(6,205)

FORMAT(2X,'TOO MANY ITERATIONS')
GO TO 36
CONTINUE
P(J)=PN
Q( )=ON



The preceding program uses the dislocation velocity formula I calculated
for my boule #'s 1136 and 1167. The nucleation function was calculated from

the shock decay data I've collected on those boules.

This internal report was written from notes by G.E. Duvall.
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