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INTRODUCTION

In the present study, we are interested in investigating the ability of
fiber reinforced composite material structures to resist handling and impact
loading. Indeed, these problems represent an important element in assessing
the suitability of such structures for long term service utilization. Accord-
ingly, the present investigation is directed toward the development of a technique
to predict the strains in plates which are induced by relatively low speed ( 0 to
30 m/s), hard object, transverse normal impact.

We have considered the problem of the low velocity impact of a beam in
several of our previous papers, references (1) and (2). Specifically reference (1)
showed that the adoption of a finite impact width considerably reduced the
number of terms of the 5eriesneeded in the numerical evaluation. Unfortunately
the work of Chou and Flis, reference (3), indicated that the theoretical solution
tended to overpredict the strain response by approximately 20 to 30 percent.
Thus, in reference (2) the authors considered the introduction of a damping
mechanism, i.e., a viscoelastic effect, to improve the correlation between
theory and experiment. In view of the above comments, it 1s seen that all of
our previous efforts have been confined to one dimensional problems. To remove
this deficiency from our investigations we shall consider the analysis of a
special orthotropic plate, i.e., we shall investigate a region of two dimensional
extent.

Recalling the complexity of the damped beam problem, reference (3), i.e., the
computations required approximately one hundred pages, we questioned the advisa-
bility of proceeding directly to the solution of a damped plate problem. In
addition, it was our considered opinion that we, as yet, do not have a complete
physical understanding of the damping mechanisms which occur in graphite-epoxy
systems. Thus, since a sufficient experimental basis does not exist for the
damping mechanism investigated in reference (2), it does not appear reasonable
to expend the additional effort required to produce such a complex analysis.

To correct for this inadequacy in the theoretical development, the time varia-
tion of the mode shapes would be corrected in accord with the results determined
in the damped beam investigation, reference (2). Since the undamped theoretical
solution tends to form an upper bound for the experimental data, the adoption

of any dauping mechanism will improve the correlation between theory and
experiment. Therefore, in view of the previous discussion, it was decided

that we would limit the extent of our theoretical investigation by omitting

any consideration of damping from this portion of the task.

It was discovered that the theoretical solution, as initially formulated,
exhibited poor numerical characteristics. Indeed, one of the subcases of the
analysis was particularly subject to numerical instability. The reformulation
of the equations expanded the computational work to approximately three hundred
pages so that none of this latter work will be included in the present work.
Thus, one should proceed with caution when attempting to work in this area.
Indeed, it is the authors' opinion that duplication of the equations listed
in this report should not proceed under any circumstances. Additional results
which avoid the numerical instabilities are obtainable by regrouping terms
and employing asymptotic expansions.
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This report extends the analysis of composite structural impact damage
by considering a body of two dimensional extent. We envision that the theore-
tical solution coincides with the following physical problem. A mass of small
dimensions, possessing a given velocity, is approaching a plate which is
initially at rest. During impact the mass transfers its momentum to the region
of the plate with which it is in contact. This information is utilized to
ascertain initial conditions for the vibrating system. The plate and impactor
remain in contact, over a fixed rectangular area, during the remainder of the . E
first quarter of the first cycle of the motion. However, the theoretical 1
solution, since it considers no damping mechanism, must be empirically corrected, !
on the basis of damped beam theory, to account for the effects of damping. Thus,
the solution presented in this report accounts for off-central impact, provides
the exact eigenvalues and eigenfunctions for a simply supported plate carrying
a distributed impactor mass, and it is empirically altered to account for
material damping.

ANALYSIS

From Timoshenko and Woinowsky-krieger,reference (4), we recall that the
differential equation for the transverse deflection of a special orthotropic
plate and the normal moment-curvature relations are given by,

DuWixax + lHN’uyy + Dgw'”'l'j =9
My==(DsWix + D,Wiy)
M\!‘ -(D\’Vr\” + D.W'“ ) )

where Dx, Dy = flexural rigidities in the x and y directions

D; = flexural rigidity associated with Poisson's effect

flexural rigidity associated with Poisson's effect and shear
My, My = bending moment per unit length in x and y directionms

q = transverse load per unit area

w = transverse deflection of the plate

X,y = distances measured along the x and y coordinate axes.

Note that in the previous equation, subscripts are utilized to denote differen-

tiation with respect to the variable so indicated. In accord with our previous

work, references (1) and (2), it is assumed that the impacting mass remains in {4
contact with the plate during the initial phase of its motion; thus, in view
of equation (1) the equation of motion for a plate carrying a distributed mass
may be written,
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Dewixax + 2 H Wiaxyy + Dc, Wiyyyy 2)
PR o [U(x-ce,) - Ulx-c- &) [U(y-d+&)-Uly-d-€)] }u;

=0

where c,d = distance to impact point in x and y directions
h = thickness of plate
M = mass of impactor

t = time

1, x20

U(x), unit step function = i

€15€2 = half width of impact zone in x and y directions

p = mass density of plate material.,

It is convenient to introduce the Laplace time transform, i.e.,

! 5 Noo
% w- (x,4,P) =j CTP W (x,y,¢) dt 3
(‘]

where p = time transform parameter

W = time transform of deflection.

Recalling from our original discussion that the plate is initially confined to
the x-y plane, i.e., w(x,y,0) = 0, and noting our previous work, references (1)
and (2), we assume,

w(%,4,0) = V[U(x=c+&) - Ux-c-€)][U(y-d+€2) ~Uly-d-€a)] (4)

where V = impact corrected velocity of impactor and plate.

Applying the Laplace transform, i.e., equation (3), to equation (2), utilizing |
our previous observation and equation (4), we obtain, E
D Wisx +1Hw'uq\,+ D-,V"““ (5)

g {fh+ Fea [Utx-cre)-Ulx-c-€))[Uly-d+¢,)- Ua,-d-cz)]} w
=C\[U(x-c+£&)=U(x-c=E)N)[Uly-d+E2) = U(y-d-¢&;)]

where C, = (PK rvs CP)V
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Noting that the functions [U(x-cte;) - U(x-c-€;)] and [U(y-d+e;y) - U(y-d-e;)]
effectively limit the contribution of W to the neighborhood of the impact
point (c,d) in accord with our previous work, references (1) and (2), we shall
assume that,

[Ulx-c+en) - Utx-c-€))[Uly-44&;) - Uly-d-€2)]w
2 W(c,d,p)[U(x-c+é&,)-U(x-c-&,)|[U(y-d+€)-Uly-d-¢; )]
Introducing the previous approximation into equation (5), we find,
D Winex + 2 HWiouyy + Dy Woygyy + oW P*WF (6)
=[C,~G AW (€,4,P)][U(x-c+£,)- U(x-c-€))[U(y- 3+€2)-Uly-~d-£2)]

where C3= ——

M
4‘«52

Next we define the finite-sine transform by,

o &
Foomy = [ $x4,6) s 2P dy

where f(x,m,t) = finite-sine transform of the arbitrary function f.

m = finite-sine transform parameter

Further, we recall that for the problem of a simply supported plate the boundary
conditions along the edges y = o and y = b, i.e., equation (1), may be written,

W(*,O“‘-) - W (xgb)t‘ =0
Mg(!,o,‘k) = M.,(x,b,t) =0

However, since we have adopted a sine solution, i.e., equation (7), it may be
shown that the deflection function satisfies the following conditionms,

W’(X,O,t) = W(x,o,t)=0
Wi (X,O,‘E) = W'.ﬁ(x,o,t) -0
Wix “.b)t) i af W'.ﬁ(x,b,t) =0

These latter results imply, in view of equation (1), that My(x,0,t) = My(x,b,t) =0
and therefore, a sine expansion of our function satisfies the boundary conditions
imposed along the lines y = 0 and y = b. Thus, it is admissible to employ the
finite-sine transform, i.e., equation (7), on the equation of motion, i.e.,
equation (6), to obtain,
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ren e @I ‘r'r-w:‘.‘)‘m =

. oo =2 2 (‘"‘) Wi & (&5 P+ 8 (—gs)‘\w-
’ = Cn[C3-C4P‘W"(c,d,p}l[U(X-C*f.\-U(x—c-e‘)] @)
| whece Cy = (4 + 15,2, Dx)v

B
(:¥- ‘*‘n‘il‘>x

2b -, TME o Twd
Cm = SW =52 sw 5~
Finally, we introduce the Laplace space transform by,

"x
w(s,ut) = L C""vr(x,q,t)dx 9
where s = space transform parameter

a(s,y,t) = gpace transform of transverse deflectionm.

Utilizing the Laplace space transform, i.e., equation (9), on the basic system
equation, i.e., equation (8), we discover that,

s‘wg'-s"vnf’(O.M,P)-s’%‘i(o,m’)-sﬁ"u (0,,P) = Wxx (O, P)
—24 (TP [52% - sW (0,m, ) - Wx(Oym, P))
(AR P+ Be (YW "’

= Gu[Cy-Cap' W (e d Pl 5 ™ (e-e™%) o

However, it may be shown that the boundary conditions along the edges x = o
and x = a, i.e., w(o,y,t) = Mx(o,y,t) = w(a,y,t) = Mx(a,y,t) = 0, are equivalent
to the conditions,

QS g RPN LTV

#("»":P) o ?(Q)‘“:P) =0
o2 a2
Wict ,",P) = Wix(a,m,p) =0 (1)

MIWETAN I TN i e

Applying this set of boundary conditions to the equation of motion, i.e.,
equation (10), and performing some algebraic reduction, we have,
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o5
w s

i'—Li h e saa.'.a. l%".‘”“»?)
+( 3ma = 597 ) W (002)
+ Gu[Cs - Cp*Wic,d,p)):
§l3 - B0 (eSS -
wmere = . (Y4 Lo/ 4L pra 2R ()¢
T= 5 (- B e B ()

Inverting the equation of motion, i.e., equation (12), with respect to x, we
obtain,

f~4

W = e
3 i[b«(-w‘+su')c.d¢»xs;us;x+u(s»‘-u‘) Sedtiyx Coslax W ( o,m,p)
+ [br conltvx gin X~ Sucleler x s x| Wikax (O, ¢, P)
+ g [Ca-Cep*F(c,d,p))-
. < [(012) sk by (x—€+ &) su by (X~C+E,)
$2hbi { 1- eoshin(x-cté)) Cos i (x-c+&) } JU(x-c +¢,)
= [(W-0?) stk by (x-c- € ) s b (X< -4;)
$ 2kt { 1- otk e (x-C-) cesta (-6, ] U(x-c-e.))}(n)

where b = 3[4 P4 F2 (R4 L B (TS

s ={alaeets g ()Y S R ("

In accord with our previous discussion, the solution represented by equation (13)
must satisfy the boundary conditions along the edge x = a expressed in equation
(11). Differentiating equation (13) twice with respect to x and utilizing the
results in the boundary conditions along edge x = a, it is possible to determine

expressions for %*{o,m,p) and ﬁxxx(o.m,p). Substituting the results of these
calculations into equation (13), we conclude that,

|
" s it e T — T — B -»-m~i“
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W= TR ) LG Capt W(Cd, )

¥ ‘ L]
' ! {" Suklaa + 32k
(0o (b 4367 ) 4 &, (w4 13)] Cosle X, sl X |

+o (o (30 0) - o, (0 2407) ) suddebrx sl x )

+ 20k ([(W-12) sudeby(X=CH ) Sucy; (X-CE,)
+zb&_{l— cash b (x—c-\»e‘)mu,[x-c%c,)ﬂ U(x-cte,)
[0 02)sudk w(x-c-€,) smbi(x-c-€,)

+zb\£{l-mkb(x-c-4)c.sb;(x-c-e.) ﬂ U( x-c-q))‘ua)

vhere f3 = Sukbr(a-C4€:) 3w (a-C+€)) = sl lap(h~C-¢, ) 3ic b (a-C-¢,)
Qe = Cosle by (@-€38) casl (a-che,)—osk (a-C-¢,) Coslo (a-¢-¢))
Ro = (R g~Wde) Sudeh dosh @ = (Wiksthrdle) Cosle by @ e by d (
Ry (b g ¥ fe ) Sukt b Cosna (kg ~lordte ) Cosl b d 5 0 O 1

Inverting equation (14) with respect to y, we note that,

w =z (cs-ap'wicd,p)

] ¢ x .
Z e eTET ™ et s T s .

1
i i’ Sakibrdt 5004

-(b, [ (=4 30?) Ro 4 (41 ) S, ] conle by x s o X

-G w
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o [0 -7 R = (W R N, | sudd by xcsX )
b ( [O0-WY) Sude b (X-C 4 £) S by [X-C £,)
+20 {1 - el bvln-cre)) coswilx-c +6) | | U (x-cae.)

S ((SX ) P NI-A EVA NS 2T A

2200 1= eatle e (x-c-,) eastili-c-8)} ]« (15)

‘u‘l"c- €|) >
To continue our solution, we evaluate equation (15) at the impact point, i.e.,
X =c and y = d, and solve the resulting expression for w(c,d,p). Introducing

the result of this computation into equation (15) we finally obtain the time
transform of the transverse displacement, or,

\ C —
- (x:‘\bf) == 1L C% 3.; f 2 L ?"‘ s
' ar 'y o 4 ¢”‘ ey

{ . .
vhere Fiy= W betai (hi4+n2)3 s..._ﬂ“ﬁ; 3%% Sw.!a-“'

$ |
|~ ShTwa tomine

o Cor [0 4301 B + (W4 bR, ] cash by X sl X,
o[ (w03 e -(h‘-\»k‘)&]ﬂbx%ﬁi)
2 20\ {[0-03) suk b lK-C A £)) 3 W (A= 6,
20w {1 - Cotebelx-c ¥4 o (x-c e } ] U(x-c ey
= [ Oor-u?) st el x-C= ) e W (X~ &)

42 {1 coe b 4-c-6) e (x-c= 83 | U ix-c-€) ) 2
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\ ;. XMy 2 wd
M= iR (W hwd) % T W

\
) o Sl G TRy

. i W [0 F30Y) R ¥ (w4 By | etk Tudy €
R [0 Re = (VR ) suh W c s € }
du = 2§ (00T e € i
4 20 (1- sy £, coshi & ) }
P = Mo (pmt-9a)

To complete this investigation we must invert equation (16), i.e., the
Laplace transform of the transverse deflection, and obtain the time response
of the system. In reality we are concerned with the curvatures of the plate
and not the displacement; however, since the technique to ascertain either is
identical, we shall consolidate our considerations and only discuss the simplest
of these quantities. To accomplish the above stated purpose we must utilize
the complex inversion theorem for Laplace transforms. However, an inspection
of equation (16) indicates that it is necessary to extend our discussion beyond
the time transform parameter p and include the variables br and bj, where the
relations connecting by and bj with p are recorded at the end of equation (13).
To assist in this process the correspondence between the usual indented path
of integration in the p-plane and the corresponding paths in the b, and bj -
planes are indicated in figures 1 and 2. It is of particular importance to

‘observe that figure 1 declares that the path of integration in the by-plane

is dependent upon the flexural rigidities of the plate. Therefore, in view of
the different paths indicated in these two figures it is necessary to subdivide
the general solution into the following three cases:

1) both by and by are imaginary.

2) by is real and by is imaginary.

3) by =a + iB and by = B + ia

e 2m OB 1042508 (9 R

« 11 =

i
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Figure 1 - Mapping from the P Plane to the BR Plane
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Next, we require the location of all of the singularities which lie within
and on the contours depicted in figures 1 and 2. Since the present analysis
neglects damping, the singularities should lie along the y axis of the p-plane,
thus, we need only consider points on the contours depicted on the various dia-

grams. The frequency equation is obtained from the denominator of equation
(16) ’ ioet ']

L=1+%e! g. P a8)

where x = frequency equation.

Zeros of the frequency equation, i.e., equation (18), were determined by writing
a computer program which reflected the correspondence between the p-plane and
the b, and bj-planes as expressed in the three previously defined cases. A sum-
mary of all of the equations needed to perform such computations is included in
appendix A.

In order to terminate our investigation, it is necessary to determine the
residue of the function W, i.e., equation (16), at each of the zeros of the
frequency equation, equation (18). To determine the residue of W requires the
derivative of x, hence, recalling the results of equations (16) and (18), we find,

N'= %.%ia‘,i‘h (19)
apt g[ 2 (e P ) e (463 4 2 )]}

For the convenience of the reader all of the expressions recorded in the above
equation are summarized in appendix A. Specifically, this appendix includes the
general expressions for all of the derivatives in addition to the transformation
of all the functions and their derivatives to the forms required by the three
previously defined cases.

Finally, utilizing the complex inversion integral for Laplace transforms

and suitably correcting for the transformation between the p and by, by variables,
we obtain,

wix,y,t)=2 ;.?-

T T syt (20)
N d
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where py = imaginary part of p

- = *
422 g -t B {5 i) (5" (45))

Note that although all of the equations between equation (16) and equation (19)
are complex expressions, equation (20) is presented in real form, i.e., in the
form in which it is employed in the numerical processes. Values for the real

functions
* *
(&)-(5)
may be found in appendix A corresponding to the three different cases.

Although equation (20) represents our solution of the plate impact problem,
in view of our previous work (reference (2)), we recognize its insufficiencies
because of the neglect of damping. Since the present work required approximately
three hundred pages of computation it is unlikely that the extension to include
damping will be attempted. However, since equation (20) appears to act as an
upper bound solution, we shall modify it by the inclusion of an exponential
v factor which decreases with time in an attempt to include the effect of damping.
: Thus, we shall modify equation (20), in accord with the results recorded in
' E reference (2), to obtain,

= 1
wWi(x,y,t) =2 % %2 -‘Elq{i e-ﬁkht Sud f"lt (21)
b

where k = constant reflecting the equivalent damping of the vibrating system.

The solution represented by equation (21) and all of its similarly
corrected second partial derivatives was programmed for numerical evaluation on
a digital computer. However, it is important to record that the equations pre-
sented in this report are not numerically stable and considerable additional
effect is required to construct numerically stable equivalences. In particular,
case 2 is subject to considerable difficulty so that one should contact either
of the authors before attempting to employ any of the equations listed in this
report. Computational data were obtained from the experimental results presented
by P.C. Chou and W. J. Flis (reference (3)). The results of the experimental
tests and the theoretical calculations are presented in tables I through III
and figures 3 through 17.

It is of general interest to observe that the correlation between the
exponentially corrected solutions and the experimental results are reasonably
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good. Indeed, most of the empirical information lies between or near the
solutions corresponding to the two selected values of damping indicated in

the figures. Only in the case of plate series B7 is there an obvious disagree-
ment between the two sets of results. Fortunately, Chou (reference (3)) has
published the photographic record of the strain response for this particular
investigation and it may be seen from these results that the experimental data
exhibits a behavior that is incompatible with the theoretical characteristics
of our model. Thus, it would appear that an agency of unknown, but dissipative,
origin was operative during this particular set of tests.
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TABL: I - Experimental and Theoretical Values
of the Strain/Unit Velocity for B Plate Series

: / £xx/V x 10 =3 Sec/H Eyy/V x 10-3,Sec/M
‘ & & ,;3“; / K, Damping Constaty / K, Damping Constant
: & o ~§<&$ 47

: S /¥

; o4 0 /25x10%00x15% 25x1077 100x10~°
§ _B1 10.228| 1,73 1.01 | 1,53 ) 1,01 | o0.88) 1.50| 2,49 | 1,54 | 1.34

{ 2.45 | 1.10 1.62

§ 2.99 | 1.24 1.79

: 0.453| 1.73 ] 1.58 | 2.01 | 1.49 | 1.37] 2.33 | 3.22 | 2.28 | 2.10

: 2.45 | 1.54 2.18

; 2.99 | 1.74 2.34

E ¢ 0.907| 1.73| 2.57 | 2.72 | 2,19 | 2.06| 3.71 | 4.32 | 3.37 | 3.16

i B2 0.228) 1.73 ] 0.90 1.23 ]} 1.02 0.87) 1.11 ] 1.69 1.37 1.12

: 2.45 | 0.90 1.31

i 2,991 1.01 1,34 |
5 0.453| 1.73 | 1.57 | 1.85 ) 1.51 | 1.36| 2.04 | 2,52 | 2.04 | 1.78

: 2,451 1,52 1.96

i 2,99 | 1.54 2,21

0.907 | 1.73 | 2.23 2.66 | 2.26 2,111 3.19 | 3.66 3.01 2.78

B3 0.228 | 1.73 | 0.72 1.08 | 0.79 0.60 | 1.33 | 2.01 1.47 1.19
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TABLE I - Experimental and Theoretical Values of the
Strain/Unit Velocity for B Plate Series (Continued)

£ xx/V x 10 e Sec/M

Eyy/V x 10~3,sec/M

K, Damping Constant K, Damping Constant
;5

0 /25x10%00x10° 25x107 100x10~°
1.39 1 1,06 | 0.82| 1,421 2.23 | 1,68 | 1.25
1.44
1,48
0.907] 1.73| 1.49 | 1.96 ] 1.47 | 1.25] 2.23] 3.09 | 2.29 | 1.90
_B5 | 0.228] 1.73) 0.99 | 1.30) 0.94 | 0.85] 1.34] 1.66 | 1.10 | 0.99
2.45] 1.08 1.33
2.99| 1.08 1.32
0.453] 1.73| 1.76 | 1.79| 1.564 | 1.39) 2.10) 2.37 | 1.93] 1.70
2.45| 1.79 2.15
2.99 | 1.76 1.98
0.907| 1.73] 2.50 | 2.48
86 | 0.228] 1.73| 0.68 | 0.80
2.45| 0.65
2.99| 0.70
0.453] 1.73] 1.16 | 1.20
2.45] 1.21
2.99 | 1.20
0.907] 1.73] 1.89 | 1.57
87 | 0.228] 1.73] 0.43 | o0.68
2.45| 0.41
2.99 | 0.42
0.453] 1.73| o0.58 | 1.23
2.45| 0.65
2.99| 0.67
0.907 1.73| o0.98 | 1.70
2.45| 0.98




; | 4

& o ‘.,:,‘.‘:o / K, Damping Constant / K, Damping Constant r
« /.09 ! 3
$ [T & ZT |
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TABLE II - Experimental and Theoretical Values 1 3
of the Strain/Unit Velocity for F Plate Series | 1

/

-3

Exx/V x 10 .Sec/M E yy/V x 1073,5ec/M |

.3

<
ééé? oy f
o 0 /25x10%400x169 25x107/ 100x107% §
F1 | 0.228| 1.73 | 0.47 | 1.10 | 0.58 | 0.42| 0.67 | 1.77 | 0.85 | o0.62 2
2.45 | 0.48 0.79 ;
2.99 | 0.54 0.87 é
0.453] 1.73 | 0.74 | 1.52 | 0.93 | o0.72| 1.18 | 2.42 | 1.38 | 1.08 !
2.45 | 0.82 1.20 ! §
2.99 | 0.87 1.23 |
0.907| 1.73| 1.16 | 1.98 | 1.41 | 1.17| 1.74 | 3.13 | 2.11 | 1.76 t
2.45 | 1.21 1.75 |
;
0.228| 1.73 | 0.49 | 0.82 ] 0.49 | 0.40| 0.67 | 1.08 | 0.59 | 0.48 :
2.45 | 0.49 0.69 %
2.99 | 0.48 0.69
0.453] 1.73] 0.64 | 1.20 ] 0.91 | 0.72| 1.01 | 1.63 | 1.17 | 0.91
2.45 | 0.69 1.22
2.99 | 0.70 1.01
0.907| 1.73| 1.18 | 1.88] 1.39 | 1.17] 1.69| 2.52 | 1.82 | 1.50
2.45 | 1.21 1.62
J
F3 | 0.,228] 1.73) 0.46 | 0.83] 0.39 | 0.27] o0.70| 1.47 | 0.75 | o0.55
2.45 | 0.48 0.70
2.99 | 0.47 0.73
0.453| 1.73] 0.58 | 1.05] 0.66 | 0.50] 1.04| 1.91 | 1.25 | 0.99
2.45 | 0.65 1.23
2.99 | 0.69 1.24
0.907| 1.73| 1.06 | 1.31] 0.95 | 0.84| 1.82| 2.43 | 1.84 | 1.62
2.45 | 1.06 1.79

et <~ R A B
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TABLE II - Experimental and Theoretical Values of the
Strain/Unit Velocity for F Plate Series (Continued)

/ € xx/V x 10 o Sec/M Eyy/V x 10-3,sec/M
4 0 -,,‘,'A & K, Damping Constant , Damping Constant
S )58 ) &
SE /T
§¥ /8 6, -6 -6
b 0 /25x10%00x10 0 /25x107100x10
F4 0.228f 1.73| 0.51 0.77 (| 0.38 0.23{ 0.66 1.26 0.61 0.37
2.451 0.50 0.67
2.991 0.51 0.66
_0.453! 1.731 0.59 l.10! 0,60 0.42! 0,811 1.76 0.91 0.60
2.45] 0,61 0.77
2.99] 0.57 0.79
0.907) 1.73] 0.93 1.38] 0.90 0.71] 1l.24) 2.18 1.38 1.05
2.451 0.98 1.35

«30 =
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TABLE III - Experimental and Theoretical Values
of the Strain/Unit Velocity for H Plate Series

LA R TR S s

: / £ xx/V x 10 =3 Sec/M §'yy/V x 10~3,Sec/M
% : 3" & f;o / K, Damping Constaty / K, Damping Constant
F - i 0 /25x10%00x16° 0 /25x107100x1076
} g | o0.228] 1.730 o571 1,41 0.7 0.56] 0.47] 1.36 | 0.72] o0.54
| 2.45| 0.60 0.49
2.99| o0.68 0.55
0.453| 1.73] 1.05| 1.92| 1.18| o0.95) o0.91] 1.86 | 1.15| o.92
2.45] 1.10 0.96
2.99| 1.11 0.92
0.907] 1.73| 1.62 | 2.48| 1.78| 1.s2| 1.39] 2.41 | 1.74| 1.48
2.45] 1.62 1.42

H2 0.228] 1.73] 0.59 1.23| 0.70 0.53] 0.55| 1.03 0.54 0.39

2.45| 0.63 0.57
: 2.99] 0.64 0.59
: 0.453| 1.73] 0.75| 1.63| 1.16| 0.93] o0.67] 1.35 | 0.91| o0.71
: _2.45] 0.94 0.78
; 2.99| 1.04 0.87

- 0.907] 1.73] 1.40 2.18| 1.68 1.51] 1.10}| 1.85 1.29 1.16

t B3 | 0.228] 1.73| o0.58| 1.01| 0.54| o0.41| 0.56| 1.08 | 0.64| 0.51
: 2.45] 0.59 0.56
g 2.99| 0.60 0.55
i 0.453) 1.73] 0.70| 1.36] 0.95| 0.74] 0.75] 1.47 | 1.11] 0.89
: 2.45| 0.78 0.86
g 2.9 0.79 0,87
0.907] 1.73] 1.26 | 1.91] 1.40] 1.22] 1.39] 2.30| 1.63| 1.44
2.45] 1.3 1.47

ot IS D

- 2] -
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TABLE III - Experimental and Theoretical Values of the
Strain/Unit Velocity for H Plate Series (Cortinued)

/ Cxx/V x 10 o Sec/M Cyy/V x 107~ Sec/M

‘9& o f;o / K, Damping Constar/ / K, Damping Constant 5

- 0 /25x10%00x16% 25x10~/'100x107° ‘

u6 | 0.228] 1.73] 0.65 | 1.09 | 0.51 | 0.33| 0.54 | 1.010 | 0.46 | 0.31 i

2.45 | 0.65 0.54 ]

2.99 | 0.66 0.53 E

0.453| 1.73| 0.80 | 1.48] 0.81 | o0.55| 0.71 | 1.38 | 0.77 | 0.52 %

2.45 | 0.84 0.73 E

2.99 | 0.87 0.76 ;

0.907| 1.73| 1.37 | 1.77| 1.17 { o0.92 1.19| 1.67 | 1.11{ o0.88 |
2.45 ] 1.31 1.04
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APPENDIX A

FUNCTIONS NEEDED FOR THE EVALUATION OF THE SOLUTION

A-1
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GENERAL REPRESENTATION OF TIME TRANSFORMED FUNCTIONS

Note that functions defined in the text are not repeated in this appendix.

e AR P .
= A&[ P R(F T p ;
E %‘%"-( -C*G.)[Coshbf(a.-c;shsub;u-cl-e.)%’ '

+sulbe(a-cte) cosu(a.-clfe.)%%] 5

~(a-c-€)| sl be(a-c-€) sl a-c-e.ﬁi‘: ;

¥ sude by (4-€-€) cos b (4-c- &) 53 ] |

%‘J‘?ﬁ =(a-c+€){ s bela-ct€) c»sb.;(a-cxe\)%b’ |

- coshor (A-CH €) Su e (a-C+€)) S ]

-(a-c -6\)[su4.\ah,(a—c-e.\wsh';(a-c-ét\ 3p
-mb,m.c_mmu(a-c-e\s‘%}
[a—JLs %&ﬁbﬁ% bt‘%‘]swkl.,acosh;a
#a(»&s-kdu_‘)(Wbamkagb-wbamua%%)
- [SE st PN g e 5 ] eodeea dulia ' |
= (aRs+br e ) (subbea sw o a?*rcas\u,acoshag%‘)

i i e i e S 3
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[rJLs %—*chw;— ‘%}m\(wwsud

F & (s bide) (et ctin B - sl snbia §)
+[#.ns ;—Jt&u w%%—‘lcoswaam

¥ alo s -hfdzc\(s»uh Bed S\l %‘%’4- cos\ e d coska%% )

éi‘-‘-s— 2 C T 2 fud,
CEaR T T e TS

[ (02 ) B e (207 55 )
dvm

E-Y—-z

34 [ owwt S (23 B3 ) s sweme,
o (W ";’;—,ﬂ-w Y)(\-Oos\lbf. cose )
€0l (o -6 o wee, sw g€, d:\?‘r sudc b€, oslag ?‘?’]
4—153\,2&;‘[-5“«14&,6.@:\6,%{“04&6 w o € %%] %
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Ay _ a ‘ 3o,
-g%’l i o e (s 2002 X b swmaba -}Y)

{ b([( \' 3\.‘)&0 ‘\’(H?"'b.,l)\ﬂ-\] t‘.os\l b.C ﬁut)O;C
v [ (36— (034 A0, ) Sudebrc cos i ?

\
(sithiy 2 + 5o d)

: {[(-3»‘ 35 ORI Fuek %%)%

+(w§—"£+w‘ Hwﬁé)a ] ot b suchiC
ddu

+o (-2 +aha‘)‘% +(a+ ) Io
> [(“,\,-\‘%if -\-5\3 ' -su’%%)dlo

+(-20 6 & d? \3& 5&"%5)\1. J suddbec easiic
P [V WD -l m‘)“?‘]:«hwc 0056 C
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REPRESENTATION OF TIME TRANSFORMED FUNCTIONS CORRESPONDING TO SPECIFIC SUBCASES:

Case 1 -
b = Ll

=Ll

Ls=-{ suht(a-c ¥ &) sud W (a-cr€) -sm* (a-c - ) sudt l.'&(bc-g‘)]

Re= Coslat (d-ch € ) o b (a-C+€)) - coso*(a- - ) o \¥ (a-c-¢)

Jo = = [ (o' s -0 ) 5wt Coda ¥ - (s Hor*re ) os WP sudn ¥ |
A, = = (ot s HeX e ) suc W o WPa b (W ALs -t e ) cosra sudt b¥a )
| . Tme - & .
gsif='hnh}‘\4}1(54p1*4‘?2)1'5“1'-:E73 au*:!%%. 5“‘:E%?a'
\
; 3&lahﬁlp*$udlluﬁd,.

.(u[(-\:‘% 3b?) Ro + " H 6 L, ) cosletx s i x

X (3060 R, - (W23 1, ) s'wth?xcnhh;‘\‘x>
- 2 ([ ) s b ) s - vey)
-2\:\'3 i |- cosler (x-ch€; ) cob¥(x-ch &) f ] Ulx-c*e,)

~ [0 u32) su P (x-c- ) it ¥ (x-c-€)

- { |~ e (x~c - ) Coshlo ¥ x-C- ) S ] U(x=c-¢, )>§

\ o OTW S . 3 Twd
M= T o gy M o oW 5"




NADC-79215-60

\
P = Suile e e sudidnra,

. f bt [ (a3t 2 + (W kP L, ] cos late swle ¥
£ [ (3% 122 g - (0* 2+ W 0, | s e Cosl e }
D = -2t § (W) s auibe,
-3t (1 ash e aSans)) |
S A e+ R (B
f——;—{;%{(-r& Ryt 3 (%) l ?1
)
(%‘%’Y— a—c#e.)[ous\.?(t—c-te\\suhk*‘(a-c%-e.\%%‘
Fsi b ta-che) cosleb¥ (a-che) %%]

-(a-c-€) [cash,"(a-c-s.)mhk*(a-oﬁ)%'
F sk (a-c-€) exlht(a-c-€) ‘%]
a8
(‘3%)* = (a-c+&)[ sl (a-ch ) cosi Wr(a-c +€) 3—%’
— cosh(a-che) sud bt (A-ch ) 3-?’ ]
-(a~c-6) [sul"(e-c-€) toske ¥ (a-c-€) 3?-{
~ts*(a-c-§)sud w¥(a-c-¢€) 3% )




NADC-79215-60 -

(1%9) ,[;;«k-dgfm (80 6 (3" st oeiita
1 + a0t ) (05 WP cos Wb 5 F sinle’a st §5)
b —(%%a&%%m -ﬁ*(%‘-")“-h-‘ )] bl suhiita
o - & (shRs Ho e X - s i wmgh costa c-shh"a%?
sp- 15 |
(397 = (20 - ) - st it
4 0. (8" Hofe Y coswho cos bida, %!{ + 3w b e sukighe, %% )
+{3 a~ B e - 4+ 00 (45)") st suieiha
F a0 0 e )(- s b sude i T+ e b osle Wb 2 S )

-1 (45

(%é‘;) ¥ re (1 T LT s;uzw_b_-}d ‘
JRonnen ety |
 p |

‘-’;ﬂ )'=2 i [o¥(3ut? QZ)?\; Yal( u"-ak“\%%] su e, sudwe, f
g (W %‘ ‘o' %%]( 1- coste '€, aosh ¥, )
FEWR (W i) s w'q sk i, da‘% tsu e, cosate, ?‘T ]
£266" 0" = s Ve, sk e 3%'-\- s W€, sude e, %!? ] }

A-7




NADC-79215-60

e ()

(du.u.) a

£ [smimta+sunivia]?
3 0 (-0 3 ) o + (24 042) 1, ) eosie®e sudeiite

(e 2vte 3F +udeaita §8)-

(36590 ¥2) de - (W24 4" R, ) suwte cose ke E
\
+ .
Suia ¥ subdnta

-latutdr e e radidgha,

+(3* 4%4-5‘”‘ +2°0 &—"‘).1 ]cp;bfcank&"

P e {0 () 0 e (48) | s sude e
* [3(:»"@3&“:‘%5-&“3% Jo

(-2 "%%‘ b}"ﬁ% 3&“3%)%] awt ot s wtc
+ B[R ()" - ) 5] s e cod e

—ch [ (- 339 do H W2 et )

{-siuite et B + s whe cosbe 3]
—ch'[(3 - ") o - (Wit 1, )
[ cosW¥e sk b¥e g FauLbtesuhn'e %?] }




NADC-79215-60

Case 2 -

b=1b

E | Rs = 'l.JL:
JE = Sl (a-c+6) suh b (a-cre) - sudre (a-c-) sk ¥ (a-c-, )

Qe = Cosvla(a-C+ € ) cosk b¥(a-C + € ) = coshbr(a-C- € ) eshn® (a-c-¢, )

Jo = L

23 = (w08 =W Ne ) gt o, coslt 0% — (68 + bor e ) cocle by 4. stk kit ’
J= ‘.J.?
A = (ne R ) sutly @ cosh w¥a - (5 4 JLe) codt b e ¥a

\ TME © T™]d . | Tw
Su=" Wt B2 o ) W "'5_1 s‘“’"ﬁ"""‘“"ﬁ'

|
® 3 = 3“k‘» “”h‘v\"t‘
(= [- (3130t DR (W) R ] coskiy x sude P
- (30 4 M) U8 - (W ) A ) swltier X cose H“x>

~ :zuf‘([(h,ﬁ W) sub e (x-c+€) amhn*(x-cte,)
ta ¥ ] |- coshbp(x-c+q) e k¥ (x-c+ )} JU (x-ct e,
- [ 063+ 2% sudn b (x-c-€) st (x-c-€))
+ 20} {1 - eosl by (k-c- ) eosl W (x-c-€)} ] Ulx-c -s.)> ‘

A-9




NADC-79215-60
x X ! 3 TUE; Maﬂ'nd
3 ek Mbl\“(\r‘ RWTIFY e Y ®
|

M= Shiea- sinkindy,
5 h-[-l@‘*-au“‘)dub*-lw‘-h*‘) A ] eotl ¢ sk b¥e
R 0 - () ¥ sl sk e }
,,'(g-;\,,hg-{m o) audel, € sude b 42 4% (1 caskw.cos\mﬁ)}
dbe _ -"(dlv)"
il
] =2 B Lo v+ 2 (BT,
3%5’4:&' AR e Py R (3 )]vz
= (a-che)- Coskh(a-ﬁq)a'wh\“(a-c#e,)( #‘
+auhh(a-c+e.)®s\1k*(a-c+s,) ]
-(a-c-e,)[-eosuu,(a.-c-ei)aah&"(k-c-ﬂ)(f‘-?
taudew(a-c-¢) coskbL*(a-C-s.)gr%]
-t

(f'g) =l«-cw.)(Suhhu-cwu)coshh*(«—cl-ﬁ)(a-)
- ot (d-c e, auhh"(ﬁ-ﬂéﬂ ]
~(a-c-6) subr(a-c-g) ms\.um-c-ﬁ)(%;r )
= sl (4-c-€;) swh a¥ (a-c- ) '5? ]

A-10




NADC-79215-60

= (-8 - S+ b2 ()] cdva cotenba
- (e s~ ) [ cosktra cost b;"a.('%' ) - suibva sutita %‘?’]
+[4 Jz_,a.(%*).;zcu*gﬂw )*] cosebra sude W,
—a (eud v s sudubta () ot macoteita 8
‘%}a[_( +;$.xc+br - (%3) ) sulebea cotate,
—alwad s ooélmcos\m*a(z%’) -su\masu\m‘aa-f]
= (850 () 2 W -w ()] cdrva i
— a (62 voe e ) ~suth k,aauhhl"&(%%)‘-\-as\m caska’a %% ]

Aw d)«\)
r
2 : - d
(57) = ey = W
t -u"(a»*-bd“)(%%'\“x-w(w’~sk\“)%’% X
v
-

a-\r) =2 i [-6* (2 u.i"\(‘-‘é{)*»b,(b% 3\.3")%%]:«& b€ sutbi¥e,
F bkt (o E5) e 8 ) (1 eodhbe coe®e)
* 6 b b (0 46*) [ - cogbes sudr e, (5)"'&:& e ol W6 %%l
~ 260w [~ sl crlvde (% )*+c&h-e.auh&*ﬁ %%1 2




NADC-79215-60

ii?«"t?

- ;
[su.k‘\,q wawﬂa [‘Wlb&(%\ + 3uh1h“¢‘%%)- |
. 3 b [(h1+3\,f'1)d° -(".r:‘b'\h)ﬁtlﬁﬁ\tme\q H.)‘C ‘ ’

Fu [~ (o0t it R4 (0 432) ) sudtleec cash ¥ }

|
T SRk - swnlnta

'f[%(br'(‘“")" wW2(B) -2 e |
ok () -( ?r*) uw' 2 YY) codtbec sk bbe |
+b[-(w‘»sw‘)a§+(w‘-&*‘)¥§]cﬂs\zbcwkk*c
SEIGINC A S RS
P (Bt ) 0 ) sl cashde
+u* [(sw‘ﬂé“)“‘ - lod- ) T ] Sl o ¢ ot
el [~ (v #3&”’)&0 - wh) g} (g
o [~ sulterc swhinfc (:\"s) 4 e C Cosilate § v -3
N ERCVRIRE DR S SRR UK A |
-{m»,cmwc(%g)"-w»cwwc%%]§ 8




e ] 3
|

NADC-79215-60

i 3 -
b=+ L\b

b, = \H-Lx

Qs = L 04

A¥ = s (a-cbe) #s'm‘?(a-c\-e\\ - sudi’x (a-c-€)) &s’m‘?(a-(- €)]
\_n¢=auk’x(«—cu,\-w‘?(a-c+e\)-Lauh*x(a-c-e\)-@*F(a-c-c.)]
do= Lo
A = o (28 -0c) swheawa - ?(&: +J1c)s§uzrq

&, = ga(-dl?*m.e;)ukua-x(ﬂg‘#dlc)slna?k

| mue', Twd o T
Bu= Sutaint (u’-a-‘s'-)‘ sun 5 s TG0 sw I

3 Suwkeaq sw.ara
( ?Jo CETVELT *—‘ssiuz?x)

_{x?a‘-\-(-.m. Vl\%*l(«s'ux?x-em\uxx)>
-2(0&? )<[ sl P(x—c*q\ ?’smh‘x(x-c»e‘ﬂ Ulx-c+€)
[ e ?(x Cc-€)- ?zswm(x-c -6))U(x-c-¢ )>

A-13




NADC-79215-60

o l | MME - 3 Tud
)\M- \“M [“P(““’F:)]a W, T’ s .-s-.

4
MMT T S 10{4.»11‘54 g

-{(«éua‘sc-Psmkzxc)[“?&;-(nz-p’)xl |
-“Pﬂ(uwk e+ pamapc) % : '
=-g(u2+P“ *azwﬁ?e -?‘wk‘acs,} 5
~TeT ) e (48 pi- BT Py
“3"w-~r>
%‘f? Cu (p-ix)
%5?’-4 & 3(&—c-&e,}[xsi&z?(a-t:*ﬂ\'\'\'-‘3“*"“““"C“‘n
—(a-c-e,)[xs&u?(a.—C-en)“{-‘*MMN(¢~C-‘-‘lﬂ}
ity
(%s)*’-.-c: i (a-cte)[x aa?(a-cw,)-ywu(a-&ﬁﬂ
_(Q-c-s‘)[xs«u?(a— -e,\-Pmkax(«-c-e;)] )I
%‘39 i[J\_, ac}vsmhm {Jls ¥.ﬂc]asua?a.}
%4. c‘{-’15 ) | suh 2¢a - [%‘% %‘ ?SMQF&

-4&&«{5{% |+ s a - sl (M

-Jz:(axk‘xa #-&;Aara) j




NADC-79215-60

i)
(%Y”‘C: 3 (\Rsb-‘x-c\ xsuthau (\R:*JOVSM zFA }
& [%’? -(%'?‘)*] %S 2pa + [‘-f;"? + (%)*]?mkau

'\'-‘N-Cq&{ [Cae- ?‘)ch by P‘) Jl," 1(v +auk*«a-sin“>c)

- [ (o () R+ (- 805" ) (it s ) t
Ty
('%‘;t)‘, 8"["P?':'*P')‘]T (atroaplept) s T2 st T
57
(%"ff')b= sl { Z«F[(#-Pl)(mk‘qu-ah‘fe\)
=2(w p) (s - sucpy )|

te, («’+?‘)(x’a’ure. ~prakawe ) f




NADC-79215-60

-4

«
(""A%')*' 52 M'z::::q‘sa’( X doklt 200 Co3 AP A+ b eashe 2e0a st 2pa):

. { - (%35 afc i-?’s'utk 2«C N-:

v uplxdnzpe - paudezec) 2 |
4

T s'nk:zxasuapa.'

'i-saf u‘s(xa{nzrcl-\swk 2«c )R

rad [x(x‘&z?*)shzrc. - placte pt) sk 2uc |,
~ (s apet F‘s’mksz)%
-uP(xa'uaPc -Pwhzxc)(g%‘)*
t2ale <-[(u4+\5")(l+awh‘xc-sdt"rc)
~ (- pY)(sudhwc + sw'pc)) 854

+«P[(¢‘-F‘)(l+mh‘xc-m"sc)
- (¥ r‘\(sw.k‘xc + a'u‘Pc)] JL.> }




DISTRIBUTION LIST (Continued)

Non-Government Agencies (Continued)

No. of Copies

- Ryan Aeronautical Company, San Diego, CA 92112

(Attn: Hr. R- Im) 000 000000000000 000 0000000000000 000000000c0nsc
Sikorsky Aircraft, Stratford, CT 06497 (Attn: Mr. J. Ray) eccecececcos
University of Oklahoma, Norman, OK 93069 (Attn: Dr.G.M. Nordby) .....
Union Carbide Corporation, Cleveland, OH 44101

(Atm: m. a.r. volk) 00 000 000000 000 000000000 00%OCFOC0RROIOIOINOINOIOOIORNOOIROIOREOIES

o




? DISTRIBUTION LIST (Continued)
i Non-Government Agencies (Continued)

No. of Copies

Grumman Aerospace Corporation, Bethpage, L.I., NY 11714 ...cococececss 2

(1 for Mr. R. Hadcock)

(1 for Mr. S. Dastin)

Hercules Powder Company, Inc., Cumberland, MD 21501

(‘:m: ur. D. m) 00 0 00 00 00 000000 000000000 000 00O SONOSPSNSISEONBLOEONNOLESOSS
H.I. Thompson Fiber Glass Company, Gardena, CA 92049

(Atm: ur’ N. mer.) P00 000000 0000 00 000 000000000 V0O RNBBLOLOLEOPLOIBNOIEPOIOIEOSNOSIPODS
ITT Research Institute, Chicago, IL 60616 (Attn: Mr. K. Hofar) ......
J. P. Stevens & Co., Inc., NY, NY 10036 (Attn: Mr. H.I. Shulock) .....
Kaman Aircraft Corporation, Bloomfield, CT 06002

(Attn: Tach. LIDIATY) cvce: ittt svonsscovntssansnosenssonssisnonsss
Lehigh University, Bethlehem, PA 18015 (Attn: Dr. G.C. Sih) ....cccc..
Ilockhm-c‘lifomu mmy, Butb‘nk’ CA 91520 00 0 000000000 OCOOSOEBLOIOSPONSETPSDS

(1 for Mr. E.K. Walker)

(1 for Mr. R.L. Vaughn) ;
Lockheed-Georgia Company, Marietta, GA 30063 (Attn: Technical |

Infomtion D‘Pto. D‘pto’ 72-34’ zone 26) 90 essveeeserereecsossvcsa e 1 {3
LTV Aerospace Corporation, Dallas, TX 75222 ..cccccccosceccocccccoccss 2

. (1 for Mr. 0. E. Dhonau/2-53442)

(1 for Mr. C.R. Foreman)

Martin Company, Baltimore, MD 21203 (Attn: Mr. J.E. Pawken) ..cccecees 1
H‘tum' sci‘nc“ cotp.’ Bl“e ull’ PA 19‘22 900000000 OGOSINOSINBSOLOBTOLOEBDTPONOPNDONORDS 1
McDonnell Douglas Corporation, St. Louis, MO 63166 .ccccccoccccccacess 3

(1 for Mr. 0.B. McBee)

(1 for Mr.C. Stenberg)

(1 for Mr. R. Garret)

McDonnell Douglas Corporation, Long Beach, CA 90801 ...cccoccccececescs 2

(1 for H.C. Schjulderup)

(1 for G. Lelman) s
Minnesota Mining and Mfg. Co., St. Paul, MN 55104 (Attn: Mr.W.Davis).. 1
Northrop Aircraft Corp., Norair Div., Hawthorne, CA 90250 .cccceeccees 4 4

(2 for Mr. Ralph Verritte, Zone 82)

(2 for Mr. Brian Butler, Dept. 3855, Zone 82)

Roculll htmtml’ Collﬂbul, OH 43216 00000 ccececc000s0000000 00000 2 3

(1 for Mr. 0.G. Acker)

(1 for Mr. R. Gehring)

Rockwell International, Los Angeles, CA 90053 .ccccoecvcocccccccccssne 1l
mml mt‘mt‘ml’ m“’ “ 74151 00 0 000 000 GO SOOI OGOSIOSEOILOIOEDPOLEOEPOEOSEDLPODS 2
(1 for Mr. E. Sanders)
(1 for Mr. J.H. Powell)
Owens Corning Fiberglass, Granville, OH 43023 (Attn: Mr.D.Mettes) .... 1
bk “mr.tim' nv.r‘“.’ cA925°3 G0 0 0 V0 0 S0 000000 RSBSOS RNOOEPOLOESOBIORNODS 2
(1 for Dr. F. Riel)
(1 for Mr. R.Elkin)

N e

CONTINUED




r",wlvv‘w—w-w~ T TR T T T T

R Y5 B30, S

DISTRIBUTION LIST (Continued)

R —

Government Activities (Continued) 5

No. of Copies

ONR, Washington, DC 20362 (Attn: Dr. N. Perrone) cccccccceoccccecs 1
PLASTEC, Picatinny Arsenal, Dover, NJ 07801 ..cccccccocccccccccss 2
g (1 for Librarian, Bldg. 176, SARPA-FR~M-D)
(1 for Mr. H. Pebly)
Scientific and Technical Information Facility, College
. Park, MD (Attn: NASA RepresentativVe) ...cccccececcccscsccesss
USAAVMATLAB, Fort Eustis, VA 23603 (Attn: Mr. R. Beresford) ....
USAHATRBSAG, ‘htettm, m (Atm: Dt- Eo L.no.) IEE R R R R RN RN NN N
usmsorc. mhn’ uc 27701 00 00000 000 0000000000000 0ORQIGIOIOIOOIONPORIOIEOES

TR

Non-Government Agencies

Avco Aero Structures Division, Nashville, TN 37202
(Atm: Hr‘ w. ottmiu‘) 00 00 0000 00 000000 000000000000 0000000
Battelle Columbus Laboratories, Metals and Ceramics
Information Center, 505 King Avenue, OH 43201 ..cccccecccccsce
Bell Aerospace Company, Buffalo, NY 14240
(Attn: zme 1-85. Ht. P.H. Anthony) See0 0000000000000 0000 000
Bell Helicopter Company, Fort Worth, TX 76100
(“m: &. Ml‘. m.y) 00 0000 000000 000000000000 000000000
Bendix Products Aerospace Division, South Bend, IN 46619
(Attn: m. R.vc c‘rv‘lu) 00 000000 0990000000000 000000000000 000
Boeing Aerospace Company, P.0. Box 3999, Seattle, WA 98124
(Atm: m‘ 206. m. n.!. mrton) 00 00 000000000000 00000000 OIS
Boeing Company, Renton, Washington 98055 (Attn: Dr. R. June) ..
mm my’ v.ttol Divi'ion. ml‘.. PA 191‘2 000000000 PO NS
(1 for Mr. R.L. Pinckney)
(1 for Mr. D. Hoffstedt)
k.in‘ w” wichiu’us67zlo ..'....O.'..........'...........
Cabot Corporation, Billerica Research Center,
H Bm‘ric"molszl 00 0 00 000 000 000000000000 000OCORLOIOIOBIOIOLBOIEONONOIBSOIOLS
‘l Drexel Unim.ity. Phillo, PA 19104 (Attn: Dr. P.C. Chou) XEEEEX)
E.I. DuPont Company, Wilmington, DE 19898
(Attn: Dr. J. Pigoiacampi) Bldg. 701, Chestnut Run Site ......
¢ Fairchild Industries, Hagerstown, MD 21740 (Attn: Mr. D.Buck) ....
Georgia Institute of Technology, Atlanta, GA
“tm: PrOf- w.no norton) 0000000000 300000000000000000000000OC
. General Dynamics/Convair, San Diego, CA 92138 ..ccoccovssccccsscse
(1 for Mr. D.R. Dunbar)
(1 for Mr. W.G. Scheck)
General Dynamics, Fort Worth, TX 76101
(‘tm: ho P.D. sl”ck.’. D.pto 23. Hlil m. P“G) ®ceccscvvsccee 1
General Electric Company, Phila., PA 19101
(Atm: Hr. L. HcCr.itht) (AR AN E N R AR ENENENNEMNENNENNEMNE-RNENMNENENRMNENNEH} ] 1
Great Lakes Carbon Corp., NY, NY 10017
(Attn: Mr. W.R. Benn, Mgr., Market Development) ...cccecoccces 1

O o o I ~ R — R S S SR

N e e

CONTINUED




DISTRIBUTION LIST

REPORT NO. NADC-79215-60

Governmment Activities No. of Copies

nvmscw’ uR.gsoD..l'.........'.Q.........0......0..'.....'.

(2 for retention)

(2 for AIR-530)

(1 for AIR-320B)

(1 for AIR-52032D)

(1 for AIR-5302)

(1 for AIR-53021)

(1 for AIR-530215)

mL. “Pm, on 45633 .........'......C.........l......l.,...'..

(1 for FBE/Mr. P.A. Parmley)

(1 for FBS/Mr. L. Kelly)

(1 for FBC/Mr. J. Wood)

Am. “m, ou 45“33 B0 00000 PO OOOOPOPIOOLONOOOILOIOSOIOSOIOEOLOEONONOILOLOOIOPEOSTOEBDYS
..(1 for MBM/Dr. S. Tsal)

(1 for LIN/Mr. R.L. Rapson)
AFOSR, Washington, DC 20333 (Attn: Dr. W. Walker) .ccccocecccccee
m 00 0 T 0 000 000 PP 000D VOO0 OO NRRNNRLNOTIOEOSNEOINALEIOEOIEOTDBODOEOPLOSEOIENINBDBOIOBDROEOSEOSNOLLDS
FAA, Airframes Branch, ES-120, Washington, DC 20553

(Actn: m. J. w‘tt’) 00 000 0000 00000000000 00OPOCONOIOINSIONOIONONOIOLOLLS
NAEC, Lakehurst, NJ 08753

(Attn: Ht. Do". l“tltok/Cod‘ 92713) 9000000 cccsve00cs00evvoee
NASA (ADM), Washington, DC 20546 (Attn: Secretary) .cccccececcccee
NASA, George C. Marshall Space Flight Center, Huntsville,

“ 35812 00 S 000 000000000000 00000 PP P0 RSOSSN RNOIOSINONOIOEONOLEOSEONOROTOLOOBOLOEOEOSNOIEOLDS

(1 for S&E-ASTN-ES/Mr. E.E. Engler)

(1 for S&E-ASTN-M/Mr. R. Schwinghamer)

(1 for S&E-ASTM-MNM/Dr. J.M.Stuckey)

MASA, Langley Research Center, n-pton, VA 23365 cvecssnvnencinosse

(1 for Mr. J.P. Peterson)

(1 for Mr. R. Pride)

(1 for Dr. M. Card)

NASA, Lewis Research Center, Cleveland, OH 44153 ...ccccececccece

(1 for Technical Library)

(1 for M. Hershberg)

NAVSEASYSCOM, Washington, DC 20362

(Atu: w. 035. &. c‘ Pohl.r) 90 0 000 000 800 COOCQROSIOOPONOSIOLOLOLPOIOOSTODS
NAVSEC, Hyattsville, MD 20782

(Atn: M. 6101”3, k. w. Grmr) (AR AR EEEEENNENNERENNENENNENRMNHNEN]
NAVSHIPRANDCEN, Bethesda, MD 20034

(‘tm’ m‘ 173.2’ m. w.r. c“ch) 00 000000 0" "000OCOOOIOIOINOLOIOSIOOLDS
NAVSHIPRANDCEN, Annapolis, MD 21402

(‘tm: M‘ 2‘70’ k. n. m‘l.t.in) 000 00000000 COROOCOIOLOIOIORNOIOSONONDOLDS
m. mt‘ o.k. m 20910 (Attn: k. '.n. B‘n.t) 900 80000 OOOOONDS
m. w“hmm. m 20375 (A:tn: Drl Ilmlock) 0000000000000 0OD

9

W e = N

i e s e

CONTINUED ON INSIDE




