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INTRODUCTION

We are conducting analytical studies of “mast-cable-hoop-membrane"
type antennae, using a transfer-matrix (Ref. 1) numerical analysis approach.
This metholology has been chosen as particularly well-suited for handling
a large number of antenna configurations of a generic type. While not
capable of providing, in principle, more information than a proper NASTRAN
formulation, 2 dedicated transfer matrix analysis, both by virtue of its
specialization and the inherently easy compartmentalization of the formula-
tion and numerical procedures, can be significantly mbre efficient not only
in computer time required but, wore importantly, in the time needed to

review and interpret the results.



TRANSFER OF STATS VARTABLES AROUND THE HOOP
The analys.s begins with the formulation of the typical element of
the hoop assembly. Assumptions in this formulation are as follows:
1. The hoop is polygonal,
2. the hoop support cables ‘altcmato up and down with each segment
of the hoop,
3. mass effects are approximated by a series of concentrated masses and
mass moments of inertia,

" 4., stiffness transfer matrices account for the flexibility of hoop
segments, which are modelled as equivalent beam-column-torsion uﬁbeu. including
shear deflections, and

S. dnitial tensicns in the cables and hoop are negligible compared to

spring rates, (these tensions will be represented in subsequent analysis).

The typical hoop element model is conceived «s beginning and ending in

the middle of an upper cable positionon the hoop, as shown below
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‘Note that for hoop element #1 (ie 1 = 1) the right-hand most station is "O"

and the left-hand most station is "2%.
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With a transformatica of the state variables around the hoop, as follows:
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DEFINITION OF TRANSFER MATRICES
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" THE (T] TRANSFER MATRIX /S AN AXIS TRONSFoRMATY
MATRIx, ACcOUTING FOR CIANGES IN . ORIENTATION OF Hool
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 SEGMENT AXES MooN'A. THE HeoP ABIMATH.
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INTRODUCING THE EFPXCT OF CABLE FORC

The analysis proceeds by accounting for the transverse motions of

the mast as they affect cable forces. Note that axial motions of the umast

are neglected.

4, (uPrez Brarcw PT.)
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The azimuthal direction corzesponding to station "0" on the hoop is
chosen as the reference direction; and state variables on the mast at the

upper branch point, Uo. and the lower dbranch point, Lo' are referred to
that direction.

A cable force on the hoop is equal and opposite to that on the mast.

Thus, e dafine ['%_‘_] - ;.f %‘4] ~ [I]} |
IR EIRE

Here, subtracting the unit matrix from IE%'-] and [f_l;] insures
2

that in calculating cable forces only transverse displacements come into .play.



?

| ll - [EEEEEs|

,CO@/ TE

. — = o

_ : \d€ AR NOW

STATE VARINBLES . FoR THE LEFT & OF A Trocs Hoob

. ELEMENT wITK T#E ALGo R/ THM '8£Locd ;

" fo& 'frl’lcm. /foof ELepenT HNO, “N°

s w’ﬁl =1,
{0 [87( I ‘"R B mm[ 771 I




Tﬁz AL GorLTHM IS. FORTHER REFNEDL ,SETING :
ij -. [_“][§7 [—kj[s ][g'][&] e s
| a1 [EEEEBEIE
@ - [BmpEE [a‘]( 1

. We ‘Ga-r (‘;,_l
N
[w}
4 i{[v] LT
)

A Gauezn FoRM F‘o& THE MIDDLE DisP A CEMENT oF A

T}’PICM Ho eumem WooLs THEN BE;

1@ 3047
g ][4][ S«Yfr] Z {(«a CIRHC] -“]ﬁ” ]3}5 “




© -10- |
VAL PAGE 1S
ORIG ALITY .

) U
NUMBER OF OF POOR @

LET M= TorAt Hoob ELemenTts (WHERE WE fEcsc..
A : :

! oo . : e

THaT AN s.n.emeow?r 1S DEFNEL AS THE se.c#:o& OF THE Hoop Berwees

RO a0 M A

Two ADTIENT OPPEL CABLES). S/NCE THE Mook CLoSK&S,
WE KNOW THtT THE STATE VARIF-GLES AT Hcop  STATION
BERO Are THE SAME AS THOSE AT HooP STATION R, SO

. We canv wriTe Tn sm—rs YARIpBLES P T. STATION BELD A ! J

- {0 {[ZE]; ”

.

J
..° A ' . ' _anN an-t.

‘UEACﬁ’M WRITE THESE .#5 FUNCTIONS OF ¢|

) -2

-] -

[ERPRY § s Py

SUBSTITOTING

InTe PREVieus é’.&PRE.&Slo_»S F°k| ¢ ‘

Uy LO

AN Rl h L 2N )

AND

. 2




W o pmemias o

=11

‘TRANSFER OF STATE VARIABLES ALONG THE MAST

The analysis now focuses on the transfer of statc variables along the
mast. The following assumptions are made for the mast configuration:

1. The feed assenbly has its unique mass,

2. the feed mast has & uniforn mass distribution,

3. the upper mast has a mass distribution that increases in sections
as we proceed down the mast,

4. the hud haf s mi:quo mass,

5. the lover mast has a mass distribution that decreases in sections
as we proceed down the mast, |

6. the botton mast has a uniform mass distribution, and

7. the mast may be assumed infinitely stiff in the axial direction.

The transfer of state variables from the feed assembly to just before

the upper branch point takes the form:

B e

£ A,



To obtain the state variables at the dbranch point weadd the cadble forces

from zil the upper cables.
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SUMMARY

Note that in free vibration, the forces and moments at the extremes of

the antenna asseubly are zero. So those state variable vectors are
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The matrix 3(0\.) consists of elements of D(ﬂ‘) at the intersections of

its 3rd, 4th, 7th, 8th, 10th & 12th columms and its lst, 2nd, 5th, 6th, 9th

& 11th rows. For a non-trivial solution the determinant of D (uw,) must

equal zero. Given values for the geometrical and physical characteristics of

the system, we can now determine natural frequencies of the structure, by

trial and error, seeking those values of &)y, which make the determinant zero.



FINALIZING THE FORMULATION OF THE ANALYSIS

The mast and hoop structure are, in one sense, the skeleton on which the
antenna reflecting surface is hung. It now remains to represent the mass and
stiffness characteristics of the antenna surface in the analysis. We anticipate
doing this by dealing with the antenna reflecting surfsce as a series of pie-

shaped segments supported at state-variable stations un the hoop and mast.
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