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INTRODUCTION
A well known advantage of variational solution formulation to

boundary value problems is that the differentiability requirements of the
approximaté‘solutions can be relaxed. For initial value problems, however,
this aanntage is somewhat diminished by the complication due to the
appearance of the farther end condition. This complication can be eliminated
by the use of an adjoint variational principle as we have demonstrated for a
simple initial value problem in a previous paper.l The more involved anal-
ysis for the mixed initial-boundary value problem has also been worked out.

The purpose of this report is to employ the adjoint variational principle
in the form of finite element formulation for solving the stress wave
problems. The hyperbolic partial_differential equation governing tﬁe motion
is second order both in spatial and time domains.

Ly(x,t) + Q(x,t) = 0 @))

where
Ly - (QYt)t + (I'Yx)x (2)

We seek explicitly the numerical transient solutions of y, y¢, yx and yxy for
assigned boundary and initial conditions. The term'yk will give the stress
wave in a longitudinal bar. The study is the extension of previous work on

initial and boundary value problems.l

1Shen, C. N., "Method of Solution For Variational Principle Using Bicubic
Hermite Polynomial," presented at the 27th Conference of Army
Mathematicians, West Point, NY, June 1981.
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INTEGRAL OF BILINEAR EXPRESSION

The integral of a bilinear expression for a two-dimensional problenm

having second order partial derivatives in both space and time can be written

as
Xp tp -
I=/ [ aly(x,t),y(x,t)ldtdx S (3)
Xo to
where Q[y,y] is a given bilinear expression in the form
aly,y] = ayeye + Lyxyx (4)
The quantity y is the adjoint of y and the subscripts t and x indicate the
partial derivatives of the functions y and y.
Two different forms of integrals and end conditions can be obtained from

Eq. (4). The first form is obtained by integrating by parts on the adjoint

variable.

Xh tph - © Xp - tp thy Xb
I=-~ [ yLydtdx + [ ayey] dx+ [ 2yxy| dt (5)
Xo to Xo to to Xo

where Ly is given in Eq. (2). ,

In addition, we can perform integration on the original variable to give

Xp th = Xp -~ tp tp Xb
I=- [ yLydtdx + [ aypy| dx+ [ fygy| dt (6)
Xo to Xo to - to Xo
where
Ly = (aye)e + (Lyx)x (7)

In a previous paperl we show that the bilinear concomitant D has to be

identically zero, i.e.,

lShen, C. N., "Method of Solution For Variational Principle Using Bicubic
Hermite Polynomial," presented at the 27th Conference of Army ’
Mathematicians, West Point, NY, June 1981,
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o

Xp tp - Xp tp -
D= [ yLydtdx - [ | yLydtdx (8)
) Xo to Xo t

By equating Eqs. (5) and.(6) and solving for D in Eq. (8), we are converting

the double integral into two single integrals in terms of the initial and

boundary conditions.

We can express the quantity D as the sum of two parts for end conditions

as D) and D3, Thus one defines

D =D + D (9)

The terms in D)} involve the initial conditions of y and y as

Xp

=ty -
Dy = [ {ayey| - ayey| ldx
X t t

0 o

tb

0

Xp - - - -
= ] {ab(yebyb=yebyn) = co(yeo¥o-yrovo) Ydx (10)

0

The terms in Dy involve the boundary conditions of y and y as

t

b -Xp - Xp
D2 = [ {fyxy| - fyxy| Mt
t %o Xo

o
tb

= ft {1b(be;B';beb) - zo(Yxo;o‘;¥oYo)}dt (11)

(o]

In order that D = 0 in Eq. (9) it is sufficient that

D) =
and

D2

END CONDITIONS FOR THE ADJOINT SYSTEMS

0
0

(12a)
(12b)

In oruur to satisfy the two requirements in Eq. (12), we separate them in

two parts. Let us consider first the time domain and assume that the adjoint

variables are assigned as
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The above adjoint initial conditions satisfy tle requirement that U, i

L0

i

Eq. (10). Now we turn to the spatial domain and assume that the ad

variables are -

Yb = Byp Yo = BYo R
Yxb = Byxb Yxo ™ BYxo ii

4

The above adjoint boundary conditions satisfy the requirement tha:

o 2
A

neyet e
PR

PRVREY

Eq. (11), with 8 as a constant,

: T

By giving the appropriate values of these adjoint variables in to- -

the original variables, one may find that the requirement D = 0 can o ;f
e

satisfied. This leads to the result!l previously found as §f
- thy Xp - th Xp - =

Jdy,y) = [ | Qudtdx + | [ y(QHl_ dtdx = 0 - g:

to Xo to Xo £

FIRST VARIATION iy
By taking variation on Eq. (18) we have :ﬁ

8J = 8J[8y] + 6J[6y) =3

tp Xp - th XxXp - ;f

- ] y(Ly)tdx + [ [ y(Léy)drdx = 0 ( ;

to Xo to —

“

lShen, C. N., "Method of Solution For Variational Principle Using Bicubic :f
Hermite Polynomial,” presented at the 27th Conference of Army o
Mathematicians, West Point, NY, June 1981. v
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where
- th Xp -
§J[6yl = [ [ Sy(Ly+Q)dtdx (20)
' to Xo
and
th xp - -
8J[8y] = [ [ = 8y(Ly+Q)dedx (21)
to Xo

Since D = 0 in Eq. (8) the variation 8D should be zero
8D = 6D[8y] + &D[8y] = O (22)
Since the variations 8y and 8y are independent, then

th Xp - th Xp -
§D[8yl = [ [  y(LSy)dtdx - [ [ Sy(Ly)dedx = O (23)
to Xo to %o

which 1s the same as the last two terms in Eq. (19) which vanish. Thus
8§J = §J[S8y] + 8J[6y] = O . (24)

Since the variations §y and 8§y are independent
- th Xp -
8J[8y) = [ [ Sy(Ly+Q)dtdx = 0 (25)
to Xo

where Ly is given in Eq. (2) and contains higher derivatives than the first
pértials in y. It is intended to include only lower order partial
differentiation in y. This can be achieved by considering the variations of

the bilinear expression I given by Eqs. i3) and (4) as
- ty xp - -
6I{8y] = [ [ layeSye + LyxSyxldtdx (26)
to Xo A

A different form of the above variation can be obtained from Eq. (5) as

- Xp tp - Xp - tb thb - Xp
8I[Sy) = =] [  &yLydtdx + [ Syaye| dx + [ Sytyx| de  (27)
X0 to Xo to - to Xo
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Equating Eqs. (26) and (27), solving fo the term containing integral for B;Ly

and substituting into Eq. (25) we have

)

- Xb -ty rtb -~ Xp p

§J(8y] = [~ ayedy| dx + [ gygdy| 4t -

Xo to to Xo '

Xp tp - Xp tp - - . -

+ f f syqdtdx - [ f [ayeSye + LyxSyyldtdx = 0 (28) r:

"Xo o X0 bo X

i

This is the key equation which uses variational principle in sclving a mixed 1
initial and boundary value problem for a wave equation. ;;

DISCUSSION OF THE VARIATIONAL EQUATION ]

Let us discuss the various terms in Eq. (28), the variational formulation

of the wave equation, into three parts as follows.

(1) The initial conditions of the original variables are given and

variations of the adjoints at the far end are zero. The first term in Eq.

(28) contains the product of ytSy evaluated at the initial condition yro8yo
and at the final condition yyn8yp. Since the vaiue of yy is known by Egs.
(13) and (16), 6yp = O, That is, the variations of the adjoint variable at .
]
the far end are zero. :i
(2) The boundary conditions of - the original variables and variation of :E
the adjoints can be determined. The second term in Eq. (28) is the boundary SE
- -
term involving the variation S8y and the variable yx. For a longitudinal or a i_
torsional bar the end conditions are ;i
from Eq. (16) for the fixed end B
- . - s
= = Sy = O (29)
y y y | X
1
.
.
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from Eq. (17) for the free end

yx = 0 yx = 0 Syx = 0 (30)

The variations iﬁ the adjoint variables shown in the.iaat column coincide
with the saﬁé end conditions in the original variables given in the first
column,uwhether they are on the left or the right boundary.

(3) Interior Region - The last two terms in Eq. (28) give the interior
region where the forcing function Q, the adjoint variations 6;, G;t, and G;K
and the variables y;, and yx are shown. No second order partial of y with
respect to x is present. Thus the variables that are needed for the
computation are y, ¥y, and yy. This requires a ¢' continuity in botﬁ spatial

and time domain.

TRANSFORMATION OF COORDINATES
The integral signs in Eq. (28) can be converted into summation signs if
diaérete intervals for integration are used. We may take some scale factors
tq nondimensionalize the probleq by giving
| to=0 , tp=1 0<te<1 (31)
X% =0 , xp=1 0<x<1 (32)
Moreover, Eq. (28) can be discretized by letting
E = Ht-1+1 0 ; £ <1 1=1,2,00¢,H (33)
n = Kx=j+l 0<n<«<l 1=1,2,...,K (34)
where H and K are number of intervals for t and x respectively. Thus the

partial derivatives are:

Sy e e . , . .
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: et Y

| 5
3 LA (36)

- X" 3% an OO

Use of Eqs. (28), (31) through (36) then leads to

0 = 83(8y]
K 51 t
w3 B ey dan
J-l K 0 t:0
H g 1 Xb
I = ayn(Ld)ey(d,3)de|
1=] HO *o
K H ) 1 1 -
+ - sy(1,3)ded
i 1-14“1(]0 fon £€dn
15 G e ereinasan + £ 1 eyt snatdagan
- - o ’ ’ . ’ ’
A dd & JO 0 YE ye n i 70 n n n

(37)
SPLINE FUNCTION

We may express the varlables y{(1,3) and 6;(1».‘1) in Eq. (37) in terms of
the (1x16) spline function aT(£,n) and the (16x1) node point function Y(1,3)

as follows.

y{(1:3)(g,n) = aT(g,n)¥(1,]) (38)
where L
aT(g,n) = {[al(&,mIT [a2(&,m1T [a3(5,mIT [a*(£,n) 1T} (39) !,
and r}
8y(1:3)(g,n) = aT(g,n)6¥(1,3) (40) i
=
R
; ’
p
=
g » 1.'4'&'.-..;';"_...':;'_..".’4_.'.‘4“ e " e e PR OSSPy _L . . - _‘_‘"- Y _L' - . ’.‘LJ-.-._'_‘..'-A‘Q_;L;'.‘ -':-':.-'- .- -"-’—v‘—‘
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A typical term for a product can be written as

Sy(1,1)y(1,1) = [6¥(1,3)1Ta(g,n)aT(g,n)¥(1,:3) (41
Thus Eq. (37) becomes '
‘ §J(8y) = j§1 6;(tbaj)]TPog(tb)Y(tb’j)

K - T
- - 1 st »1)) Poe(to)Y(tos])
. j-l

H -
+ ) [5y(1.xb)]TPon(xb)Y(i»xb)
i=1

i - T
- 1 8Y(1,%0)] Pop(xo)¥(1sXo)
i=]

K H - T
+ Z Z [GY(iyj)] q(ioj)
i=1 i=]

K H - T
- 11 (evLD) LD ¥(1LY) - 0 42)
i=1 1=
where the coefficient P contains integrals involving the spline functions

a(E,n) and its partial derivatives as given in a previous paper.!l

GRID SYSTEMS FOR FINITE ELEMENT
We take a finite element represented by the (16x1) vector Y(1,J) which

has a grid of four (4xl) vectors Yl(iij) through Y4(1-3), thus
Y(1,3) = {[y(Le3))T [v(4, )T [y53(L, )T [y,(1,3))T} (43)

1Shen, C. N., "Method of Solution For Variational Principle Using Bicubic
Hermite Polynomial,” presented at the 27th Conference of Army
Mathematicians, West Point, NY, June 1981,
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Each of the (4x1) vectors has four components, consisting of the function, its
first partials in both directions, and its mixed partial, as shown in Figure
1.

These vectors are,

y(€1,n4) y(E1,n5+1)
(E1,n4) (&1, )
£ (19) = ye(£1,04 g3(L1) Ye(E1,Nj41
yn(E1isnjy) yn(E1sn§+1)
yen(E4,ny) yen(E4,n9+1)
¥(E1+1,n3) YL+, M+
Ei+1,n3) (Ei+1» )
gy(tg) - | TS (1,1 - | e
Yn(E1+1,03) yn(&4+15N§+1)
yEn(E1+1,74) yeEn(E4+1,0941)
(3)] Al En A C48)

We use the vertical direction for the temporal domain. If we increase the row
index from i to i+l, then the grid point shifts down by one step and the
following holds

Y1(1+1’J) = Yz(ioj)‘ Y3(i+1lj) - Y[.(ivj) (45)

If we increase the column index from j to j+l1, then the grid point shifts to

the right by one step and one obtains

- YA TR
A [
P o

- el e
B NN

v (1,3+1) = y4(1,9) Yo(1,3+1) - y,(1,3) (46) .
o
Figure 2 shows the relationship of the grid system by assembly of finite » j
elements in the horizontal direction, which 1is in the spatial domain. ll1
[ o]
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ASSEMBLY OF MATRICES

azp

In order to solve Eq. (42) by finite element method, assembly of matrices

I
ARSI
’ W g

from local form into global form is necessary. For instance, the last term of

5 e s

Eq. (42) id‘taken as -GJP(Gy). Then

[ BN ool R 2 7,4
v .l

X
>y

- K H - ,
. §Ip8y) = 1 1 (8¥(1,3))Tp(1,3)v(1,3) (47)
’ i=1 is=l

Since we know that the interval in time can be made as small as possible, with

T S tieasw
Sdd

H =1, we have

- K -
§Jp(8y) -'321 [67(1,3)]Tp(1,3)¥(1,3)
K - - _ . - - - -
= 7 {8 (1d) )T sy, ( 1) T sv3( L) | T 6y, (1,3) 1T} Ry ) Pyo P13 Pra| |v1€1s3)

i=1 , |
P21 P22 P23 P24 Yz(ltj)

P31 P32 P33 P34 |¥a(lsd)

P4l P42 P43 Pas| [Yal1s3)

. (48)
It 1is noteh from Figure 2 that the variables can be indexed as

Y3(1.J) = 7;(1,)+1) & Y23+1 (49) ‘

¥4(153) = yy(1,3+41) & Y2442 (50)

j;o,l,...k
ror 3= 0 LD ey, vl ey, (51)
For j =k =5
Y3(1s3) = vy, , v(1s3) = vy, (52)
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Also from Figure 2, the adjoint variations are

Ca¥3(1a1) = sYy (LD = sy (53)
59,(1:1) = 67,01,3+1) = 57,1+ (54)

For § =.0, - - - -
§Y,(1hd) = 8y; , ovp(lhD) = sy (55)

For § =k = 5, - - - -

Now the local matrices in Eq. (48) can be assembled into a global band matrix
shown in Figure 3. Those elements not explicitly written are zeroes in Figure
3.
Since the adjoint variable ;b at the far end 1s assigned in terms of the
known ianitial value y,, the variation is
- 8yp = 0 (57)
From Figure 2 we have
' 6;2 - 6;4 = 6;6 - 6;8 = 6;10 - 6;12 - GQEVEN =0 (58)
This 1s equivalent to deleting the even rows of the matrix in Figure 3. The
deletion is marked in Figure 4. The number of relationships is reduced to
half of the original dimension,
The variables Ygpp in Figure 2 are the initial values of the problem
which are supposed to be given. Th;s, Y;, Y3, Y5, Y7, Y9, Y|] are all knowns.
The coefficients related to these knowns should eventually be shifted to the

right side of the equation.
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FURTHER DELETIONS AND KNOWNS

Suppose we have a bar with the fixed end at the left. Then from Eq. (29)

one obtains

Yo = 0 (59)
and g -
8yo = O (60)
The above equations translate to be
y(ztl) =0 (k.nown) (61)
and -
6y(1,1) = 0 (deletion) (62)

On the other hand we have a free end at the right. Then Eq. (30) gives

" ¥xb = O (63)
and -
6yxp = O (64)
The above equations yield
¥n(2:6) = 0 (known) (65)
and
Gyn(1:6) » 0 (deletion) (66)

Figure 5 gives the variation of adjoint variables. It shows two extra
zero variatione at the first row, 6;(1:1) at the left and 5;n(1.6) at the
right. We have also all zero variations on the second row. Figure 6 shows
the known and unknown variables. There are two extra known variables in the
second row due to boundary conditionms, y(z»l) at the left and yn(2-6) at the

right. The first row gives all known initial conditions.

CONCLUSIONS 4

Direct computation of stress, i.e., numerical solution for first spatial

derivatives of the displacement can be obtained directly. This is important 3
1f the problem has noisy components in the solution of the displacement. 3
P
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Computation can be made successively, i.e., the final values of the solution

PR s

at the first stage in time can be used as the initial values of the second

PR )

Catm. s)a

period in time. The variations of the adjoint variables at the far end 1in
time for an initial-boundary value problem are zeroes. Deletion of many rows

in the assembled matrix is possible. The assembled matrix for computing is

\a 2 S A an o
M ASSDOAL ~ rh

reduced to less than half size in linear dimension, from (2nx2n) to (nxn).
Hence, a bigger number of intervals in the spatial dimension can be handled. 5'5..;
The reduced matrix is a band matrix which makes the storage requirement for

computation much easier. oy

OIS # * Sasacang
L S e ] - e 0 vt

Ty r[ 'w
v
vl e vorcecw o .
v aea ATARATARET
. R 3%y e e, e,y
’. PR .
AT N SR

S
» ..
x se "
. (25N
2 S
vl o
"_ S
& ais
- P
-’ LR
;. .,
& T
20

4o

~
Aocos s s gar

RS
ety N, TLLY
Cata ety

'

v
g r v e
AT
FTaels St
¥ e
)

[ P

i

.-
h )
[
eas 'y

r
g

@
A

14

CRT N |
N
v e
S g

"t . BORSREIRE AN . -
Tt e e St e T et e e e e e T T e ey e s G T e e e
P RAT 5P NP B N S BB B n bl S L bl B A e S a Al A a Al et e s e e N TN T T T s T e e

P e g syt g #ege s . vy = | = L L S . . . - L et -
: e e e et et e e e e e e e e e e e e 1
LR L A N




REFERENCES

l. Shen, C. N., "Method of Solution For Variational Principle Using Bicubic
Hermite Polynomial,” presented at the 27th Conference of Army

Mathenaticians. West Point, NY, June 1981.

,

YRR}
Pl 30

|
A

vorne metr s “ e e,
P 3 . o

R SRR e .
PN E T e ) > LA -

s
"
L,

15 —

......

P - . . - . R . L . .
DR AP  EP A EAr TRe a IR e ., “ e - S S PR P . - N . PR .
LTy Y PP I AP TP NP LI NP S0 - T S e Y 4 - - [ . S P U LA A S VU - 3 . P W . i ._....




" add DA tg T ’ e ] B G R ey y g Adad y e v - ety L s -
WA St g MMM DagD LHge T e e r 19 GRS S pnsriny
. . . <

-
|

A

G

g : *JU2WaTA IIFUFJ B UF 8103097 °T 9an8yg

; | | »WVM
A

|
{
]
d

Av N Ar e e

-

< o

Y

® m&\@bﬁ
“ - ® ? C\_mvnm

®

Q@

L Rl B

16

1

lags, = _ i
dooh o ag
| N -

&

[ Jdk T Sadh Yt )

Q

R

E s i Mae i o s of

v
-t

(x <

-
'n
Ay

d

R |
- w ™\
R

i,
. wlw v Q,*‘ \
. ’

B e e J . s
IRV PR




ﬂ A ;4!‘.3.?} X o gt Sk sl et Iﬂ
' .n
: ]
' L
3 ]
. *SIUsWRTE IFUFS JO LATquessy £q walsLg priy °*z 2andyy m._.
; o
: K
4 ' D.S%w Q\c%w ?.G > S «AS c._v v/w (1) 2Q \/W
- N A AL < A% A ]
! _ : X
) D.\cxlfw (+")) %W _ .m\c\u/.m (7’1 u% w (K] uvb ..w

|

i

tAe
AAS\{ ?5

"Ag

(3'n=

_%W
N

17

INEYE

. '.. --

3'n’= ?.o

.".'.'

et e
T TRt TR R YOI W SO WA Vgt 1

(s

b T o~
» mhév\—/ A..Tsc

+

4
@)

P
€y’

= ¥

<)

T =
N (' A

A

A

Q:L/

N

w

A

?éf |

&.

Am,:v/

A

s

(') uy/

A

m>

A.._Lf

(s

13

A

(s’ : ?;» ?3% m,

] —
Am\_wf A«._v* Au_

o

L
“ae¥ea T
Smedd o

T YA
b -\1'.-'-.".‘.-'.'.'-
- - EA I L I Y TP T WY
IR IR 1P, IV LA P TP P L PR IO P

»°,
L )




......

‘U104 T8qOT) ATqWeSSV XFIIey ‘¢ vanSyy
B =T ey vy
4
4+ =7

T )
_&M ¢ | 1 ;n* _ ._._%m

7 mm ik | “A

9 %1 g g 1y e
T 4s
_*._& m&_ﬁ& vy .%L _n& ! \..%hm

"'1""

r.l.ull _%m_lm@l AM_ ..3& _.m& I& l d./ i

lim&_q.mgn_ _N&_M_ uwk_
TR |y

AR LTI

TR Y | e
EREKK RPY

YHYY o

N 4 (77

18

P

w e e
“ e .

" R}

T

.

Y e e S

S

'Qf-.'n':‘ﬁ:"




eaw .

TRPLYD

2 L SACa - R S i ey e ey s Bas i Sl m o B T

*SUMOUY PUV UOFIITBQ M0y °y 2an8g

G O
'Y 4:5
T peRRg Moy 1
eIV IR I |
S S S I
| PRRRIRq Moy
EEREE KX
T PPyRRg Moy

‘7Y 7.9 7Yl
T T T TRy may |

—l"lT ''''' —

R

| E2PIPg Mt

e b em e e e = o

pen e
TS S P

« MIDUUE S U

MRE] -x-1.-l.-‘~‘- [N F3 ~ ¢ e
. vt e L)

0 L » . . E]
e .m......r......' I u




(]

LRGN e e i

°*S891qeTaeA UFO[PY Jo uOFIVIABA 0397 G 2anSyz
037 JON < -~ Q¥F7 JON x O¥3z «— 037 ©

.wZOF«aOm a3aLIrEq T
SHOYIZ Y IWI) V) SNOILYIRYA ONT yv .E.Q :MOY ANGO3L

Sdnmnw (7} uw (" aﬁwnw Qd@

=y, NN NN

7 ﬁ ’
(92) %w ¢ .a mw ?chn "ok hg &
.\, % A . )
. t
1 |

el “HRs fts

A

\ t
\ !

m}wﬁm-m: N .Q.cm%

| "\
L al.l‘la ——— oD /I

S.ar.mm .3\_\%% e . _ - ey -

SNO1LYMS T 7T <— SNOUMYYA AIWULISAY 2T

._.wzo_Zaam dIL3ITIA 2 <— SNOWVIAYA TINN 2 1Moy LSiA

ONZ mmu&




:
3
3
i

mm SNMONIND 22 T84e)

-.. . ~Nh

o)h . GFh

! \ }

/ { N\ _

la-lv%

Qabw, (9 a

aNT
33

‘umouyu[] 30 UMOUY ¢SOTqERTIBA

SNMONMINN) J3UL373J BT

*g 9an81g

NMONY N <——=
2202& ———

A

N, ! AN
/./_ //"
~—-2X B

NONON TN

wzz,oi Y ST

NMONAN() X

NMONY O

SNMONINO) GILITIJ 2 0§ Moy ANDIL

"y wﬁ X m,dmﬁ

¥ %
N !
..//_ € //_O
e e
?~Nw T ?.Q\W
ay* w;

(1')*h
|1 = Moy .5__,”_

an3
qIX¥

et tan” e e n o
..ﬁw-.‘ururnb.ﬁ | RPN

“ =TT . .
QN e e e ot e

ll SN "

e




'r.:1
"
TECHNICAL REPORT INTERNAL DISTRIBUTION LIST =
NO. OF U‘
COPIES -]
CHIEF, DEVELOPMENT ENGINEERING BRANCH 1 o
ATTN: DRDAR-LCB-DP 1 &
=DR 1 ]
-DS (SYSTEMS) 1 -
-DS (ICAS GROUP) 1 &
=DC 1 b
CHIEF, ENGINEERING SUPPORT BRANCH 1 .
ATTN: DRDAR-LCB-SE 1
CHIEF, RESEARCH BRANCH 2
ATTN: -DRDAR-LCB-R (ELLEN FOGARTY) 1
«RA S |
-RM 1
-RP 1
-RT 1
TECHNICAL LIBRARY 5
ATTN: DRDAR-LCB-TL
TECHNICAL PUBLICATIONS & EDITING UNIT 2
ATTN: DRDAR-LCB-TL
DIRECTOR, OPERATIONS DIRECTORATE
DIRECTOR, PROCUREMENT DIRECTORATE 1
DIRECTOR, PRODUCT ASSURANCE DIRECTORATE 1
B
F
.'.n
7
-
:.":.1
NOTE: PLEASE NOTIFY DIRECTOR, BENET WEAPONS LABORATORY, ATTN: DRDAR-LCB-TL, v
OF ANY REQUIRED CHANGES. =3
<
' )
. ., 4
o
)
PR
o




Rl Ul i syl i i G eyl e ey

[l Ytk 5

TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

ASST SEC OF THE ARMY
RESEARCH § DEVELOPMENT

ATTN: DEP FOR SCI & TECH
THE PENTAGON
WASHINGTON, D.C. 20315
COMMANDER

DEFENSE TECHNICAL INFO CENTER
ATTN: DTIC-DDA

- CAMERON STATION

ALEXANDRIA, VA 22314

COMMANDER

US ARMY MAT DEV § READ COMD
ATTN: DRCDE-SG

5001 EISENHOWER AVE
ALEXANDRIA, VA 22333

COMMANDER
US ARMY ARRADCOM
ATTN: DRDAR-LC
DRPAR-LCA (PLASTICS TECH
EVAL CEN)
- DRDAR- LCE
DRDAR-LCM (BLDG 321)
DRDAR-LCS
DRDAR-LCU
DRDAR-LCW °
DRDAR-TSS (STINFO)
DOVER, NJ 07801

' DIRECTOR
US ARMY BALLISTIC RESEARCH LABORATORY

ATTN: DRDAR-TSB-S (STINFO)
ABERDEEN PROVING GROUND, MD 21005
COMMANDER

US ARMY ARRCOM

ATTN: DRSAR-LEP-L

ROCK ISLAND ARSENAL

ROCK ISLAND, IL 61299

NO. OF
COPIES

COMMANDER
ROCK ISLAND ARSENAL

1 ATTN: SARRI-ENM (MAT SCI DIV)
ROCK ISLAND, IL 61299

DIRECTOR
US ARMY INDUSTRIAL BASE ENG ACT
ATTN: DRXIB-M
12 ROCK ISLAND, IL 61299
COMMANDER
US ARMY TANK-AUTMV R&D COMD
ATTN: TECH LIB - DRSTA-TSL
WARREN, MICHIGAN 48090

COMMANDER

US ARMY TANK-AUTMV COMD
ATTN: DRSTA-RC

WARREN, MICHIGAN 48090 -

COMMANDER

US MILITARY ACADEMY

ATTN: CHMN, MECH ENGR DEPT
WEST POINT, NY 10996

[y

US ARMY MISSILE COMD
REDSTONE SCIENTIFIC INFO CEN

N = b ot b i

REDSTONE ARSENAL, AL 35898

COMMANDER
US ARMY FGN SCIENCE § TECH CEN
ATTN: DRXST-SD

1 220 7TH STREET, N.E.
CHARLOTTESVILLE, VA 22901

COMMANDER :

US ARMY MATERIALS § MECHANICS
1 RESEARCH CENTER

ATTN: TECH LIB - DRXMR-PL

WATERTOWN, MASS 02172

NOTE: PLEASE NOTIFY COMMANDER, ARRADCOM, ATTN: BENET WEAPONS LABORATORY,
DRDAR-LCB-TL, WATERVLIET ARSENAL, WATERVLIET, N.Y. 12189, OF ANY

REQUIRED CHANGES.

ATTN: DOCUMENTS SECT, BLDG 4484

NO. OF 7
COPIES “
- r
-3
1 f::;
"-d
=
1 %
1 :
. .
1 o
' p-
SX
2 o
B
Do
C A
T
Se
f.‘jj
2 X
£
L
=
'_'f'!'.‘
7
. i...'

e A

......
~~~~~~~~




MENAN
PR
B

oA

L o s 4

fr-
U A

.3171'Ii?;.

n am

......
......

TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT.)

COMMANDER

US ARMY RESEARCH OFFICE

ATTN: CHIEF, IPC

P.0. BOX 12211

RESEARCH TRIANGLE PARK, NC 27709

COMMANDER _
US ARMY HARRY DIAMOND LAB
ATTN: TECH LIB

2800 POWDER MILL ROAD
ADELPHIA, MD 20783

COMMANDER

NAVAL SURFACE WEAPONS CEN

ATTN: TECHNICAL LIBRARY
CODE X212

"DAHLGREN, VA 22448

NO. OF
COPIES

DIRECTOR
US NAVAL RESEARCH LAB
ATTN: DIR, MECH DIV

CODE 26-27 (DOC LIB)
WASHINGTON, D.C. 20375

METALS § CERAMICS INFO CEN
BATTELLE COLUMBUS LAB

505 KING AVE

COLUMBUS, OHIO 43201

MATERIEL SYSTEMS ANALYSIS ACTV
ATTN: DRSXY-MP

ABERDEEN PROVING GROUND
MARYLAND 21005

NOTE: PLEASE NOTIFY COMMANDER, ARRADCOM, ATTN: BENET WEAPONS LABORATORY,
DRDAR-LCB-TL, WATERVLIET ARSENAL, WATERVLIET, N.Y, 12189, OF ANY

REQUIRED CHANGES.

.............................

TN, s s
. LS AI n .

[ 2
~
Y -
af

-

o

X ’15.

2yt 0y

AT

2

Yo s .
Dy fedi .t
FEVE R

U
Aanas

e TR

L AT LA




'FILMED
2-83

) DTIC

P QM
[ J




