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MULTICIRCUIT SHELLS OF REVOLUTION BY THE FIELD METHOD
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SUMMARY

Conventional methods of numerical analysis of the response of axisymmetric shell struc-
tures suffer from several practical difficulties. In the finite-difference methods one must choose
in advance the finite-difference mesh points. It need only be noted here that too few mesh
points result in excessive truncation error, whereas too many mesh points result in excessive
round-off error. In the superposition methods, which employ forward integration techniques,
the meridian of the shell must be artificially subdivided into a number of *“suitably small” sub-
intervals in order to circumvent the inherent instability of these methods. A shell subdi-
vision set up for one mode of response may fail for a different mode of response simply because
what is “suitably small” for one problem may be “too long” for another.

The method of analysis developed in this paper is designed to overcome these difficulties.
This method, which has been termed the ”. converts the

into Inthe

over the shell meridian is made for the ““field functions”’, which may be interpreted
physically as influence functions (plus additional functions to account for external loading) of
the structure. The second initial-value problem consists of a backward integration (i.e., in the
reverse direction) for the physical force and displacement functions, the differential equations
for which are dependent on the already calculated field functions. In this method, 19 artificial
subdivision of the meridian is necessary since both initial-value problems are numerically sta-
ble. Also, because the physical response functions are obtained directly from the backward in-
tegration, their storage points may be chosen automatically during execution to obtain a uni-
formly “dense” description of these functions.

Studies comparing the efficiency (i.e., execution time) of the field method with that of a
conventional superposition (Zarghamee) method have been made. For the simple case of the
linear static response of a clamped cylindrical shell with //r=1, r/t=10? subjected to uniform
pressure loading, the field method is as much as 2.7 times faster than the superposition method
when the circumferential wave number is increased to 500, at which point the superposition
method broke down due to insufficiently short subintervals. For //r=10 and axisymmetric uni-
form pressure loading, the field method is as much as 6 times faster when r/¢ is increased to
104, at which point the superposition method had broke down.

The field method has been presented previously for shells of revolution with open branched
meridians. The main purpose of the present paper is to extend this work to the case of me-
ridians which contain circuits. Also, a new method for the treatment of arbitrary kinematic
constraints is presented.
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1. Introduction

This paper is a sequel to an earlier paper [1] in which it is shown how even-order
linear boundary-value problems defined on trees (see [1] for definition of terms borrowed
from graph theory) may be formulated as two successive initial-value problems. In contrast
to conventional superposition methods of numerical integration of such problems, the
resulting initial-value problems are numerically stable, thereby eliminating the need for
artificial subdivision of tﬁe tree into a number of sufficiently small segments. This
method of solution has been termed the field method; however, it 1s known in disciplines
other than structural mechanics as one form of the technique of invariant imbedding [2].
Although there are alternate forms of invariant imbedding which eliminate the backward
integration of the field method [3], they suffer from the need of having to choose in
advance the set of response storage points. In the field method, since the response
functions are obtained directly from the backward integration, their storage points may be
chosen automatically so as to obtain a uniform description of these functions. Furthermore,
in many cases, the extra work done in the forward integration of the alternate methods
more than compensates for the elimination of the backward integration.

Whereas the analysis of [1] 1s limited to boundary-value problems defined on trees,
the present analysis treats a much broader class of connected graphs which may contain
multiple circuits. (In this paper, the term "circuit" will mean a simple, i. e., non-self-
intersecting, closed chain.) For each arc of the graph, the arc distance s will be used
as the independent variable. Let us assume that the arcs have been ordered and oriented
with respect to the direction of increasing s, but defer for the time being the manner in

which this 1s done.

2. Definition of Boundarv-Value Problem

A system of ordinary differential equations of order 2p may always be written as a
system of 2p first-order equations. If we group one-half of the dependent variables in the
p x 1 matrix y and the other half in the p x 1 matrix z, the system of first-order equations

may be written, for linear systems, as two matrix differential equatioms, viz.
y' +ay + bz =f (la)
z'+ecy +dz =g (1b)

where prime denotes differentiation with respect to s; a, b, ¢, d are p x p matrix
functions of 8; and f, g are p x 1 matrix functions of s.

Equations (1) are defined at every interior point of each arc of the graph. They are
supplemented by linear boundary conditions, defined at the vertices of the graph, of the
form

Bby + Dz = L (2)

where B and D are p x p matrices, [ is a p x 1 matrix, and
+ -
sy=1y -1y 3)
Here, y+ and yr represent the values of y at the vertex on exiting and entering arcs,
respectivély. As implied by the form of eq. (2), it 1s assumed that 3 1is continuous at

vertices. A vertex and its boundary conditlon are sald to be singular if the matrix B is

singular; otherwise they are called regular. (In structural mechanics problems, y is a
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force vector, 3 is a displacement vector, and a singular boundary condition corresponds to
kinematic constraint.)

The majority of boundary-value problems in mechanics are self-adjoint. Thils property
1s synonymous with being derivable from a variational principle. Physically, this
corresponds to systems which do not involve energy losses. For the system defined by eqs.

(1) and (2), the conditions of self-adjointness are known to be

b= bT, e = cT, d= " (4a)
€ =T (4b)
where
x = B1p (5)

and the superscript I' denotes matrix transpose. Although condition (4b) strictly applies
only to regular vertices, 1t may be used also for singular vertices if a singular vertex
1s viewed as a limiting case of a sequence of regular vertices. Thus, for self-adjoint
problems a singular vertex 1s the limit of a sequence of regular vertices, for each of

which eq. (4b) holds true.

3. Fileld Relations

An open branch arc is characterized by the fact that a cut at any of its points
disconnects the graph into two separate parts. Conversely, a (single) cut of a.closed
branch are, which, by definition, lies in a circuit, does not disconnect the graph.
However, in order to develop field relations, it 1s necessary to visualize disconnecting
the graph by a cut at a generic point. For this purpose, the concept of an initial point,
denoted henceforth by I.P., of a closed branch arc is introduced. For each closed branch
arc, the I.P. 1s chosen so that cuts at the I.P. and a generic point, denoted by G.P., of
the arc disconnect the graph into two separate parts. Note that the I.P, of a given closed
branch arc is located in a circuit containing the given arc but not necessarily in that arc
itself, and in fact several closed branch arcs lying in the same circuit may have the same
I.p. (Fig. 1).

Since cuts at the I.P. and G.P. of a closed branch arc disconnect the graph into two
separate parts, 1t i1s clear that the values z = 3 at the 7.P. and 2 = 3 at the G.P. can
serve as boundary conditions which, together with the differential equations (1) and glven
boundary conditions (2) over one of the parts, determine Y and 2 over that part independent-
ly of the corresponding data over the remaining part. In particular, the values 3 and z
determine the values of y at the cuts, which for linear problems is expressed by the matrix
relations

y =uz +vzg +w (6a)
yot = 85 + yag + 2 (6v)

where u, v, 8, v are p x p matrices and w, A are p x 1 matrices. Equations (6) are the
field relations for closed branch arcs, which generalize eq. (6) of [1] for open branch
arcs, viz.

Yy =uz +w 7)

In eq. (6b), y0+ represents the value of y at the I.P. on an exiting closed branch arc,

which shall be called an initial closed branch arc. [All nonsubscripted variables in egs.
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(6) are understood to be evaluated at the G.P.] Thus, by definition, the I.P. of an initial
closed branch arc coincides with its initial vertex. In order to obtain an initial-value
problem for the field functions u, v, w, §, v, A, closed branch arcs are ordered and
orlented so that for every cut pair all of one part of the disconnected graph is completely
described by e-values smaller than that at the G.P. (Fig. 1).

For self-adjoint problems, to which our attention is henceforth confined, the matrix X

defined by
_Juv

represents a stiffness matrix for the part of the disconnected graph which is fully
described by s-values smaller than & at the G.P. Since such a stiffness matrix is known to
be symmetric, its submatrices satisfy the following reciprocal relations

u = uT, Y = YT, =" (9)

Thus, for example, for eighth-order boundary-value problems, there are 44 independent scalar
fleld functions contained in eqs. (6). However; as shown below, only 30 of them (u, v, w)

need be stored.

4, Plan of Field Method

Before describing the differential equations and initial values for the field functions,
in order to put the discussion in context, a preview of the field method for a graph with
circuits is presented. The calculation procedure consists of the following three basic
steps (Fig. 2).

I A forward integration is performed over the graph for u, v on open branch arcs and
u, W, ¥, Y, A on closed branch arcs. On open branch arcs u, w are stored, and on closed
branch arcs u, W, v are stored.

II Upon reaching the final vertex, in principle, two cases must be distinguished.
If the final arc is an open branch arc or a closed branch arc whose I.P. coincides with its
terminal vertex, the field relations and boundary conditions at the final vertex are solved
simultaneously to give the value of 3z, say 2), at the final vertex. If, on the other hand,
the final arc is a closed branch arc whose I.P. is distinct from its terminal vertex, then
the field relations and boundary conditions at the I.P. and the final vertex are solved
simultanecusly to give 2z and the value of z at the I.P.

III Using 2, as a final value, and z-continuity at interior vertices, a backward

integration of the equation [cf. eqs. (1b) and (7)]
2"+ (cu +d)z =g - ow (10)

is performed over the graph. Before Integrating eq. (10) on a closed branch arc, w on that
arc is replaced by w + vz where 2 is the value of z at its I.P. [cf. egs. (6a) and (7)].
As shown in [4], 2( for each closed branch arc can be calculated prior to the backward
integration on that arc. When a response storage point 1s reached, y is calculated from

the field relation (7).

5. Differentiasl Equations for Field Functions

The differential equations for u, v, w are obtained by the same procedure used in [1]

for u, w on open branch arcs. That is, eq. (6a) is differentiated with respect to s, the
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differential equations (1) are used to eliminate y' and z’, and eq. (6a) is used again to

eliminate y. This gives
@' -ueu +au - ud + D)z + W' - uew + av)zg +w - uew taw +ug - £ = 0 (11)

Since eq. (11) must be satisfied identically with respect to z and 3 (which depend on data

at points of greater s, whereas u, v, w do not), it follows that

w' —ueu +au -ud +b =0 (12a)
w - ucw +aw +ug - f=0 (12b)
v!' - uev + av =0 (12¢)

Note that egqs. (12a, b) apply to both open and closed branch arcs, and that eq. (12¢) is
simply the homogeneous form of eq. (12b).
In a similar manner, to obtain the differential equations for y, A, differentiate eq.
(6b) with respect to s, and use eq. (1b) to eliminate z' and eq. (6a) to eliminate y.
This gives )
(6" = 8(eu + d)]z + (y' - Sev)zg + A + 8(g - cw) = 0 (13)

Since eq. (13) is also an identity in z and zg, it yields, in view of eqs. (4a) and (9),
y' - vTav =0 (1l4a)

X+ vT(g - cw)

0 (14b)

These are remarkably simple differential equations, which may be integrated by quadrature

after the iIntegration for v and w 1s made.

6. Initial Values of Field Functions

The derivation of the initial values of the field functionms, required\for each arc of
the graph, is presented in [4] and is not repeated here. In the derivation, it 1is necessary
to distinguish three different kinds of arcs. These are called: (1) ordinary arcs,
(2) initial closed branch arcs, and (3) continuation arcs. It will suffice here to simpl;
present a brief description of each of these arcs. For the associated initial values,
see [4].

6.1 Ordinary Arcs

An ordinary arc is either an open branch arc whose initial vertex is incident with

no closed branch arcs, or a closed branch arc whose initial vertex is incident with
precisely one other closed branch arc which precedes the ordinary arc and enters it initial
vertex. For example, in Fig. 1, arc 3 is an ordinary arc. In the case of dn ordinary
closed branch arc, its I,P. is also the I.P. of the preceding closed branch arc.

6.2 1Initdial Closed Branch Arcs

As mentioned earlier, an initial closed branch arc is characterized by the fact

that its I.P. coincides with its initial vertex. Since the use of a minimum number of
initial points leads to the simplest analysis, in general an initial closed branch arc will
be any cleosed branch arc for which no vertex preceding its initial vertex can serve as its
I.P. A sufficient condition for a closed branch arc to be an initial closed branch arc is
that its initial vertex is incident with another closed branch arc which lies in a common
circuit and 1s either an exiting arc or an entering but not preceding arc. For example,

in Fig. 1, arcs 1, 2, 4, and 6 are initial closed branch arcs.
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6.3 Continuation Arcs
A continuation arc is defined simply as any arc not of the preceding two types.
It is therefore either an open branch arc whose initial vertex is incident with a closed
branch arc, or a closed branch arc (other than an initial closed branch arc) whose initial
vertex is incldent with more than one other closed branch arc. For example, in Fig. 1,
arcs 5 and 7 are continuation arcs. (The name "continuation arc'" was chosen since such an
arc can be thought of as an arc which continues a path which has been interrupted by a

circult.)

7. Shells of Revolution

The computer program described in [1] for shells of revolution for which the reference
meridian 1s a tree has been extended to multicircuit meridians. This program calculates
the linear elastic response of ring-stiffened shells to mechanical and thermal loads which
vary harmonically in the circumferential direction. The differential equatiomns (1) are
eighth-order so that the response matrices y and 2 are 4-element column vectors. The
equations are ordered so that y and z are the force and displacement (amplitude) vectors

T
Y

2= (g, n, v, %) (15b)

r(P, q, S, M) (15a)

where P, @, S are forces per unit of circumferential length referred to fixed axlal, radial,
and circumferential coordinate directions, respectively; £, n, v are the corresponding
displacement components; M) is the meridional bending moment per unit of circumferential
length; x 1is the corresponding rotation; and r 1s the local small circle radius. The
matrices a, b, ¢, f, g of the differential equations, as well as k = B~!D and B™1L for ring
boundaries, are given in [4].
7.1 Example

A solution of the shell equations by the field method for a multicircuit meridian
(Fig. 3) is presented in this section. In order to have a quantitative check on the
accuracy of the numerical solution, the structure was devised to have a plane of symmetry
normal to the axis of revolution. (In practice, only one~half of a symmetrical structure
would be modeled.) Thus, the accuracy of the solution can be checked simply by comparing
the calculated response at symmetry points. Shown in Fig. 3 are harmonic pressure load
amplitudes (underlined) and entry, i. e., output station, numbers. Equally spaced output
stations corresponding to intervening integral entry numbers are not shown. As is shown,
the meridian consists of six arcs, the orientation and order of which are indicated by the
arrow on each arc and the adjacent number. In the calculation the circumferential harmonic
number of the pressure loading and response was #n = 1000, and the following homogeneous,
isotropic wall properties were assumed: E = 107, v = 0.25, t = 0.1. These properties and
the dimenslons and pressure amplitudes shown in Fig. 3 may be taken to be in any consistent
get of units.

This problem has been run in single precision on the UNIVAC 1108 computer {a 36-bit
word machine) with no degradation of accuracy relative to the CDC 6600 computer (a 60-bit
word machine). Therefore, it follows that the small numerical discrepancies which occur at
symmetry points (see Table I, reproduced from a computer print-out with an added column

labeled "SYM. POINT" giving the entry number of the symmetry point for each output station)
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are due essentlally to truncation error, which is controlled by an input truncation error
tolerance, and that round-off errors are negligible, In the calculation the truncation
erfor tolerance was set to 1079, which means that the size of each numerical integration
step was adjusted so that an estimate of the error introduced into each dependent variable
by that integration step was less than 0.00l of the value of the variable. Inspection of
the calculated response functions in Table I shows that, except in the immediate vicinity
of their zeroes, they retain this degree of accuracy, viz. three significant digits. The
UNIVAC 1108 central processor time expended in obtaining these results was 14.8 seconds.

7.2

In superposition methods, which employ forward integration techniques, the

truncation error is controlled automatically by the use of self-checking variable step-size
integration routines. However, since the auxiliary solutions exhibit exponential growth
characteristics, their superposition involves large round-off errors at points remote from
the initial point of integration. To circumvent this problem, the meridian of the shell is
artificially subdivided into a number of "sultably emall" segments. Nevertheless, a shell
subdivision set up for one mode of response may fall for a different mode of response simply
because what is "suftably small" for one problem may be "too long" for another.

The field method not only retains the feature of automatic control of truncation error,
but also produces stable initial-value problems whose solutions are not sensitive to small
numerical errors introduced at each integration step, Consequently, no artificial sub-
division of the shell meridian is required, leaving the user free from concerns of
numerical convergence or ill-conditioning. This 1s 1llustrated in Fig. 4, showing
computation times for the calculation of the linear elastic response of a pressurized
clamped cylinder by the field method and also by an efficient superposition method, known
as the Zarghamee-Robinson method [5-7]. The bar graph [Fig. 4(a)] compares the computa-
tional efficiencies of the two methods in terms of CDC 6600 CPU seconds for the
axisymmetric response for several radius-to-thickness ratios. In each case the field
method is significantly more efficient. More important is the fact that, even with 33
segments, the superposition method failed to give meaningful results at r/t = 10%, whereas
the field method experienced no difficulty with no subdivision. Similar results are

obtained when the circumferential wave number is varied, as shown in Fig. 4(b).

ACKNOWLEDGEMENT

This work was supported by the National Aeronautics and Space Administration under
Contract NAS1-12764. The author is indebted to Dr. Wendell B. Stephens of the NASA Langley
Research Center for providing the results shown in Fig. 4.



(11

(2]

[31

[4]

[5]

[é)

71

—8 —
M 3/3
REFERENCES

COHEN, G. A., "Numerical Integration of Shell Equations Using the Field Method,"
Journal of Applied Mechanice, Vol. 41, No. 1, Mar 1974, pp. 261-266.

SCOTT, M. R., "A Bibliography on Invariant Imbedding and Related Topics,"
Rep. SLA-74-0284, Sandia Laboratories, June 1974.

SCOTT, M. R., "On the Conversion of Boundary-Value Problems into Stable Initial-
Value Problems via Several Invariant Imbedding Algorithms,'- Rep. SAND74-0006,
Sandia Laboratories, July 1974,

COHEN, G. A., "Computer Analysis of Multicircuit Shells of Revolution by the
Fleld Method, NASA CR-2535, 1975.

GOLDBERG, J. E., SETLUR, A.V., ALSPAUGH, D. W.,'Computer Analysis of Non-Circular
Cylindrical Shells," Intl. Symp. on Shell Structures in Engineering Practice,
Budapest, Hungary, Aug 31 - Sept 3, 1965.

ZARGHAMEE, M. S., ROBINSON, A. R., "A Numerical Method for Analysis of Free
Vibrations of Spherical Shells," AIAA Journal, Vol. 5, No. 7, July 1967,
pp. 1256-1261.

COHEN, G. A., "Computer Analysis of Ring-Stiffened Shells of Revolution,"
NASA CR-2085, 1973.



M 3/3

o Lese’s
80=1@89°®

vo=gos2®
109888 °¢
P0=9RE9 s
rQ=2gLL®y
40=480v°L
0% 4400° g
rO=y0ge g~
vo=akEQ oL

PO"P945 w"
90=3gr2°i

r0=£088°y

Y0=poRg°Le
P0=yole°C=

Y0"§S4S Y
90°gerL’ i=
r0el 46 ye
ro=gofe L
P0sppLg’Le
ro=fpig’u=
40°9905°1

L1

So=lrpgec
50+2099°rs
90=C826°5e
60=6089°Pu
Sa=4PPe‘s
Bo=¢rre° e
So=lgiley
S0=L419°a
S0=0¢42°r
§0=p510°y
Bp=grretC
So=2¢6l e
Poagrrr°l
§0=-1492°9
Gu=rato*y
Go=¥slo°Y
$0=4068" P
Vo-19p
9=t ra

S0=G¢i0°
§0=lrrgeg
So=9viz°y
8026919°6

Eoe2rZo° 1l
Eo=gp2s’T
Loe0gL0°}
[{ZTTT VL
£0=2920°1
Co=2v23p°1
POo=ieZst
e0=L9pr°L
P0=052,°te
20e5p20°1a
£o=Zr2p°1

[ 1 TII ]

20=1020°2=
RO=T468°%¢m
05020 ta
Co=5020° =
Lo=g92s°1e
£oeopdo®ia
£0=(927°%a
£o=5rZo°Te
Eoe20r20°1

80°703L°,

2009282~
§0a2507° Lo
£o=50Z0°Ta
£0=ZpZ0° ]
Pom=ZoZy°t
#0=4902°¢

vo=gateet
ro=ZT(s’y
So=Toso*y
voertigere
vo=9giZ°le
rgeggl2eia
7026089°1
ro=Ts2p°e
P0~7069°}
y0=4912°1~
rpeggleeia
ro~e202°s=
P0=042T° 9=
?0=9L41° 5~
vo=¢912°ia
ro=(912°1le
LIS
domgodg i
Po=vLSS°Y
ro=got2°1
voegal2e |
ro=stoZ s
ro=9(22°9
Po=igel s
roegolEeT
70eg812°)
ro=ildpie
voosrer ge
Y0=0069°
ro=goiZ*1

Ix

000996449
00*0£02°2=
ooel2zget
00¢0L0222e
00eLraacs
00+GIlgega
Q0epT iyl
lo=0120°y
Q0eEpi et
O0epg29°ge
Toe9geget
Votry2giZe
lo=Tligez
00el22ge2a
loelppget
00eTgseeg
0oesrEle2a
00e0gIgeY
00ePpaleZa
00*EE4L8°9
loesongeta
00e8v2Qe2
Tomggigeds
voel22ge2
foe00ege 1=
00e9019%y
00esiT0 1=
To=68910°y=
00ePpiseta
Q0sPr29eg

L]

Zoes06( 1
20¢9450° 1~
20=99rk°1
2oeqs50°1
Zoegualtt
Toesroe°y
Toec2g0°s
ToeErsLeTa
foeopgo®ge
10+420p8°%pa
2oeRQTEeT
2044890°1
10=69r6° e
2099240° 1=
204561L° 1=
20evL00% e
2046750 T=
£0ei968°y
ZoeLos0° T
2o*«ros’t
SoervglLet
Zo¢s690°1
To=orve’le
20492403
20e96T1C T
1046209°y
Toeo2go s
lo=(015° 1

10422g0°5~

Toecore-ve
€ 472

To+09958 9=
10490928~
co-Igly e
ToeZlp2ts
Tosepese
To+0200°2
ToecZis%y
Taesls2%y
Tos2ris®y
10021192
Toeor9s°s
Tovssee 1=
Toe£06L 9=
Toe2lgt®la
100489°s
ToeessSie
ToseLs2%6
£0=gy22°s
Tosels2es=
To*6Tss g
Toesres’s
To+LgeL° 1=
Toe60sL 9=
ToesLlgL e
ToevEos’s
10+7209°2
ToeL2sL"r
10*8142°y
Tosorsser
Toesoloe2

SIANLITAWY LINIWEJVISIO ONY 39¥04 QILYINOTYD 1 3@Vl

To+o2os°t
Zo%ceoe°2
ZoeesTicog
Zosrgolel
Tossles e
Toesolets
To+5049°7
Lo=g2r9°L
Tos2529° e
10s6ppi8a
Toe(927%9a
Totree2® T
Lo=itareoga
-oocnnN.ml
Toe nfleg
Toree6s ta
20+1g99L°2a
2040801°Cm
ZpeysoL Za
To*6c68°C=
ToescZive
Torece2e 1=
Co=leLe g
Toeggs2el
toeprLlega
104560 /%6
Toss0L9°rs
£o=g(09°2e
Toegrsoer
toeictse

d

Tge2ap1=2
toslrgo®2
ToelgZe !t
tos021g°Y
“o.oooh.«
0+6004°

Toer229°T
Toeglrgel
YosceoreT

00+9p0g°®
00+6$6E° L
00°2e02°9
00e2LR2°9
00+0287°S
0ver2l "y
00+0£26°E
0009TPI L
00egTyi°g
00¢295€°2
mo.ookm.m
O0=0?S8°2

0000°0

L]

Nlde
ok 9z
13 (x4
(13 8z
e [14
92 [
6¢ S
ve y
[ €
ez z
iz 1
o2 0T
[ 6
el ]
41 L
[ 2} 9
8l 1T
Al 7t
1 €1
1] 41
I3 ST
[ 0z
° 6T
v 8T
‘ fas
v 91
. sz
[ vz
8 4
3 44
¥ 1z
A¥AINE  INIOG
“HAS



—10 —

M 3/3

Fig. 1 Illustration of initial points and arc ordering and orientation.

Vertex A is the I.P, for arcs 1, 5, and 7; vertex B (arc 2) is

the I.P. for ares 2 and 3; vertex B (arc 4) is the I,P. for arc 4;

for arc 6.

vertex C is the I.P.

poy3lsw PTSF3 FO 31EYD MOTd g *BTA

dois WILINI

M+ ZR = A 3LYINITVI *Z Y04 Y 3LWHSIINI

HINYIE

+ M A9 JdY NO M 30V1d3d NY J¥Y LXaN

(S39TLYIA YOTYIINI LY ALIANIINOD-Z 3SM)
SNOTLINNA 3SNOJSIY Y04 NOILVHDILNI Q¥vMAIvE

IIT d3ls

X3LY3A TUNI4 LV Z 404
AYVANNOG QNY SNOILVI3Y A0S
I1 d31S

dY YNI3
M ‘M JYOLS ONY M N Y04 JWY JLVY9IINI

M A N AOLS ONY ¥ HINvdd
3n>.:mOmum<uh<mwuth z<um<hxuz

SNOILONNS G13I4 HO4 NOILWY9AINI (QdvMu04
I d3ls



11—

M 3/3

STT3YS TBOTIPUITAd pszfansseid 10J sSpoylsm
uosuyqoy-aswey3iez puB PTSTJ JO Samrl uoriwindmop v 813

Y3GWNN IAYM TYILNIYISWNONID 40 193443 (q)

u
0001 009 oot 002 0

SINIW93S L “QOH1IW Q13I4

o
oL &
o
=
o
SINIWDIS €€ “QOHLIW ¥-Z 0z 3
0L = 3/4
QINOILIANOD-111x hYrs
o
OILYY SSINAIIHL-OL-SNIQWY 40 13443 (®)
EYA!
w0l
o
2
u =
0 /7 =
w
by
SINZWD3S €€ o
*QOHLIW ¥-Z
IN3N93S L
Q3NOILIGNOD . S
e QOHLIW 7314
AILIWHAS 03dWY19
+ —

e/r—

000T

woTleInSTIN00 TToYs afdmexy ¢ °*STJ

4 |I._ 00T








