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ABSTRACT

~An L—band cylindrical array has been assembled for demonstration purposes.
The array is 6 ft in diameter and contains 48 4—ft columns. It was fabricated
using novel, low—cost and lightweight techniques. Measurements indicate that this
array is usable at least from 1.0 to 1.4 GHz. Plans for implementing the scanning
matrix and other design options are indicated .
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1. INTRODUCTION

For some time Lincoln Laboratory has advocated the use of cylindrical arrays

in fulfilling the needs of a number of radar or even communications applications .

While the specific reasons have tended to vary with each application and are

beyond the scope of this repor t, the fundamental attribute of the cylindrical
arra y is tha t it is unique in combining inertialess scanning and constant per-

for mance over 3600.

I ts trad itional competitors have been the electronically scanned , planar
array and the mechanically rotating an tenna , bo th of which fea ture one of the
above attribu tes , but not both. In spite of this, cylindrical arrays have no t
been widely utilized principally because they were not found cost—effective. In

the tact ical applica tions the added problem of size and weight has been a fur ther

deterrent. The Lincoln Laboratory cylindrical array technology development program

was form ula ted to specifically address both problem areas as its primary concern .
The design decisions made throughout the program reflect this fundamental goal.

As the first step of what appeared likely to be an evolutionary process , it

was decided to assemble an L—band array capable of supporting both radar (1.2 to

1.4 GHz) and ATC beacon/IFF (1.03 and 1.09 GHz). The essential parameters of

this array are shown in Table 1.1. The size of the array was chosen on the basis

of handling convenience and the level of effort.

This document is intended to provide a summary of the overall development .

Section 2 is devo ted to the design and fabrication of the vertical columns and

Section 3 to the structure. Together they describe the array aperture. The beam

forming design is discussed in Section 4. The range measured performance of the

array is described in Section 5. While a beam—scanning unit has not yet been

imp lemen ted , its design is discussed in Section 6. Possible variations on the

current design are described in Section 7. This report ends with several comments

providing some perspective on this effort.

2. COLUMN ARRAY DEVELOPMENT

A monolithic assembly using stripline dipoles and integral power dividers

was selected as best suited for our stated purposes. This section describes the

1
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TABLE 1.1

DEMONSTRATION CYLINDRICAL ARRAY PARAMETERS

Frequency 1.0 to 1.4 CHz

Diameter 6 f t

Height 4 ft

Number of Columns 48

Azimuth Beainwidth 9
0 (@ 1.3 GHz)

Elevation Beamwidth 12° (@ 1.3 GHz)

Number of Beams 48

Beam Separa tion 7 •50

I
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entire development process from materials selection to experimental evaluation

of a modest production run.

2.1 Materials Selection and Properties

At L—band and even the higher frequencies , the use of conven tional microwave

materials is out of the question from both weight and cost viewpoints. The

mater ials which were f inally selec ted to form the basic str ip transmission line

(“tn —plate”) are shown in Figure 2.1 (also see ref. 1). The center skin carries

the photo—etched printed circuit. It is the only element commonly used in elec—
tron ics and also , maybe no t coinciden tally , the most expensive . The others are

used in a variety of commercial applications. Surlyn 1652 is a thermoplas tic
which has the appearance of Saran Wrap . The honeycomb spacer is typically used

to make lightweight structural panels. It is readily available in 8—f t sheets ,

and up to 12—ft sheets on special order . This particular overall laminate weighs

1/3 lb/f t
2 
and costs $3.50/ft

2 
for raw materials. Bulk proper ties of this medium

used as a 5O~ transmission line were measured at 1.3 GHz to be e = 1.17 and
= 0.08 db/A.

Extensive environmental tests were also performed . Under thermal cycling from

—40°F to +130°F we found tha t the lamina ted test p ieces re tained the ir mechanical
integrity, but some moisture absorption was detected . This effect was intentionally

magnified by leaving test pieces in a chamber at 95 percen t rela tive humid ity and
150°F from 24 hours. Results of electrical measurements indicate a 50 percent in—

j crease in loss factor but little change in dielectric constant . Given the severity

of the environment this was judged acceptable.

Recen tly,  for other app lica tions , we have worked with different laminates in-
volving several types of honeycombs (see Figure 2.2) including the lower loss HRH—

• 310 material and thinner center skin (3 mil . (110) and outer ground planes (2 mil.

Al.).

2.2 Column Design

For demonstration purposes the array columns were selected to be 4 ft tall

and con tain eight radiating elements. These elements were to be excited so as

to provide a 25—dB sidelobe Tchebycheff pattern. The complete RF printed 
circuit3
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is shown in Figure 2.3. A column is itself a linear array consisting of an in-

put connector , a power divider , and rad ia ti ng dipoles.

A standard type—N tn —p late end launcher was modified to be compatible

with the measured medium dielectric constant and the parameters of a 50Q Jine.

An input VSWR of 1.07 was achieved . The selected power divider was of the binary

split type with equal path lengths to achieve broadband operation . rherefore ,

matched power dividers with the necessary split ra tios were designed ac co rd ing
to the principles described in r ef erence 2 . Figure 2.4 shows typical experimental
results for an unequal ratio power divider . This represents a “first—cut ” design

and could probably be improved with more iterations. The dipoles were excited by

a defor med r ing hybrid balun which is particularly suitable for tn —plate construc-

tion since the combination can be printed on the same side of the center skin. The

d ipoles were ma tched in a waveguide simula tor desi gned for 300 scan angle (see
Figure 2.5). This corresponds to the average effective active environment of the

dipoles for co—phasal excitation of a 1200 arc. The achieved VSWR is shown in

Figure 2.6.

2.3 Column Fabrication

A total of 56 column arrays were fabricated (48 + 8 spares). Figure 2.7 shows

a typical column with the various layers fanned out , ready f or assembly . Lamina-

tion takes place in a thermal press at a temperature of 280°F. One such typical

press is shown in Figure 2.8. This is the Lincoln Laboratory facility used for

small test pieces; it is capable of laminating two units at a time, one in

each opening. The 4—ft columns were laminated at Polyply Corp., New Bedfo rd ,

Mass., in a larger press. All units were laminated in one day , eight at a time .

The total fabrica tion cost was under $300 per column , this included all materials ,
outside serv ices , tooling and in—house labor assessed at a burdened rate. The

weight of each column is a little over one pound. This type of construction

results in a structural panel which is unusually stiff for its weight , and which

can be handled with relative ease. A photograph of a laminated 4—ft column is

shown in Figure 2.9. Note that no special mode—suppression devices were found

necessary,  excep t for the use of a symmetrical end launcher.

_ _ _ _  ~~~~~~~~~~~~~~~~~~
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Fig. 2.3. Array column printed circuit
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2.4 Column Performance Evaluation

Two different types of tests were performed on the fabricated columns :

similarity tests and pattern tests.

The similarity tests consisted of measuring the relative amplitude and

phase of each array column installed in the array structure (see Section 3 for

description) at the same frequency and the same angle. We found these measure—

ments to be difficult to make reliably beca use of the con t inuously chang ing
environmental conditions . The best assessment at this point is that , in the

array environment, the varia tions are at the mos t ±5
0 

in phase and +0.2 dB

in amplitude.

Pattern tests were performed on a single column , again in the array environ—

men t, chosen at random. All other columns are match—terminated , hence normal

mutual coupling effects are inherently included . Measured amplitude patterns

in both azimuth and eleva tion planes as well as gain are shown in Figures 2.10
through 2.14. The sharpening of the azimuth pa ttern as freq uency goes up is as
expected since the element spacing to wavelength ratio also increases. By design

this spacing is X/2 at 1.3 GHz. The elevation pattern is nearly identical to

the 25—dB Tchebycheff design at the l.3—GHz center frequency , sidelobes are be—

low 20 dB over the entire 1.0 to l.4—GHz frequency band .

The phase pattern of the element was also measured since it enters into the

specification of the phase correction for collimation . Results indicate that

over ±60
0 

this phase pattern was nearly identical to that of an isotrop ic element

loca ted sligh tly in front of the actual dipoles. The difference between the

actual measured values and those predicted on the basis of this effective phase

cen ter is within ±4
0 across the f req uency band .

3. STRUCTURE DESIGN AND FABRICATION

The array support structure was designed with the same cost and weight

considerations given to the array column . An overview of the basic concept is

provided by the photograph in Figure 3.1 which shows the structure in progressive

states of assembly. Excep t for the four rings which were rolled and welded , a l l
other pieces are riveted to one another. The vertical members are 0.020” sheets

14
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ben t on ed ge to f orm guiding , flexible grooves into which the array column s arc

inserted . The columns are further locked into position by ny lon loca ting sc rews

going through the laminate. The completely assembled structure weighs sl ightl y less

than 110 lbs , exclusive of the stand designed to inte r f a c e  with a pedes tal fo r

measurements purposes. Fabrication cost of the structure was $5K. This fi gure

agains consists of materials , tooling , manfacturing and assembly assessed at

burdened labor rate. The completely assembled a r ray  aper ture is shown in Figure

3.2. It weighs about 160 lbs.

4. AZIMUTH POWER DIVIDER AND PATTERN SYNTHESIS

In the complete cylindrical ar ray system , the azim uth pa ttern is de termined

by a power divider which controls the relative amplitude of each element in the

excited arc. This power divider appears at the input to the system as depicted

in Figure 4.1. The switch matrix merely controls which beam/arc is excited .

In pr inciple , the specif ication of a cy lindrical array excitation to produce

a particular pattern requires the knowledge of the element pattern . The power

divider which was actually implemented was based on an assumed cosine—shaped

element pattern which d i f f e r s  signif ican tly f r om the subseq uently measured pattern.
Figure 4.2 shows the two predicted patterns corresponding to each element pattern.

It may be possible , by optimizing the power divider for the actual element pattern ,

to synthesize an azimuth pattern with lower sidelobes.

The monopulse power divider was implemented in the same stripline medium as

the columns by two identical tapered 8:1 power dividers (see printed circuit on
Figure 4.3) connected together by a 3—dB hybr id to pr oduce a sum and d i f f e rence

output . The final product is shown in Figure 4.4. The difference thus obtained

is cl early no t op timized f or monopulse dire ction f ind ing , bu t could have bee n with
a more complica ted design.

5. ARRAY PATTERN MEASUREMENTS

By direc tly connecting the azimuth power divider and collimating cables to

various arc s of 16 consecutive el ement s , beams C~ln be formed even though :i scanning

matrix was not available.

21

—— . _ - -

~

_

~

--

~ 

.-. . -



1 P4I ~~
4 3 4

~

- 

~ I 
I

I
~~~~ I I 

.
1 ir !’~~~’ 

I

~1 1  I. 
~! 

J ;,:i

2 
7 7 I

..

i:

. _q.
, 

~~~~~~ 
I 

.

.

.-

.

.--- 

.

~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~ .p
~~~~~~.

p 

Ifl~~~~ _

- 
___ _ _ _ _

FIg. 3.2. Assembled array.

22 



-- --T~:I:. T7TT 7

TO 48 COLUMNS 118- Do-1 321 o 1

~H1UUU 
,
,

~
,
. 16 SP3T

CONTROL SWITCH MATRIX

— - “
~~32 DPDT

/ \

PMONOPULSE POWER DIVIDER7

I 16:1 I

Fig. 4.1. Array beam forming and scann ing.

_ _



--~ -- —- - - -.-_~
-—--- -~

- --

L~1_

~~I IEY II 1 I :+: : :::~

- - -  —~~~~c~j -
~~~

-
~~
-
~~~~~~~~~ ~~ a

— — — — _ Io_ _ ~~~, __ i 
~ .~~ 

. _ _ : : I :  ::~~~~~~~~~~~~
-
~~

- — -:
S

I i c n ~~~ .‘.- -  
- 

-~~~~~~

I 
~
_. I l~•— .~~~~~. — -

~~-r-~~— —

I I Mod-~~~a_~~ - - -  - -

~T~I~~~~~~~
111 : z :~~:::~- I  I-~~~ -~~~~~~~~:-

-

~~

~ w . .:~ -~ - .

~.~~848
~ ?

~~ ~ I__ I.

24

. - .- -.---- ~~~=~~~~~~
-----,“ --—- — —. . .- .— —-



-~~~~ Ia ~~~ . 1 ;  ~ :~~
1 .  . 1 I 0 (_) 2 4 4

I ~~~. . ~ . Pr i I E L ~~I . I - i l  I -~~~~ . 1 /  I~~~W 1 Ii V hhr.



— —- -. - - .

- - 

,

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 4.4. Assembled monopulse power divider.

26

- - -

~

_ . .



~ 

~~~~~~~~~~~~~~~~~~~~~

The patterns of the array were measured at two different sites at the

Lincoln Laboratory An tenna Tes t Range (Bedf ord , Mass.). At the first location ,

as shown in Figure 5.1, diff iculties were experienced in reliably measuring side—

lobes because of the proximity of trees at the same height as the array . The

second loca tion , as shown in Figure 5.2, was a high tower on top of the ATR

building . This location proved to be considerably be tter , although not corn—

pletely satisfactory. Sample results of pattern measurements at that site are

shown in Figures 5.3 through 5.6.

Figure 5.3 shows a comparison of the predicted and measured patterns at the -

design frequency. The discrepancy in the first sidelobe level is still unresolved .

It could not be accounted for by measured errors in the azimuth feeding network.

It may be due to re—radiation of mutually coup led ene rgy no t absorbed in the

power divider as a result of mismatches. The asymmetry in the far ang ie sidelobes

still leads one to suspect range effects. Note that these l evels are less than

—10 dBi and would be expected to require a very clean range for reliable

measurements.

Figure 5.4 shows the associated elevation pattern through the peak of the

beam at the same frequency. Note that the —25 dB sidelobe level is very nearly

achieved . This should not be too surprising since the individual column i~ were

measured to have a similar behavior (see Figure 2.12) and since azimuth errors

do no t , in princip le , affect the array elevation pattern.

Figure 5.5 shows azimuth patterns taken across the frequency band. The shape

and gain of these pa tterns vary only slightly beyond what is expected on the basis

of normal frequency effects. Sum and difference monopulse pattern pairs are

shown in Figure 5.6. As mentioned earlier , the difference pattern exhibits hi gh

sidelobes whi ch may be undesirable when rnonopulse azimuth estimation is attempted

but are necessary if used in a sidelobe suppression mode. As the antenna is

presen tly conf igured , both functions can be accommodated.

6. SCANNING MATRIX

L 

As mentioned earlier the array, whose performance is being reported in this

documen t , did not include a beam—scanning unit. A block dia~ ram of the beam

27 
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forming and scanning unit to be completed at a further date is shown in Figure 6.1.

The scanning matrix consists of 32 transfer switches grouped in eight four—

switch modules and 16 single—pole triple—throw switches. This scheme is one of

several possible ways of scanning a cylindr ical array beam . Its principal advantage

is that it is frequency independent (limited only by the inheren t bandwid th of the

switches), and that it allows full control of the ampli tude and phase of each

excited element.

As part of a related effort , a switch component design study is be ing carried

out by Microwave Associates under Lincoln Laboratory sponsorship. The current

status of this effort is summarized by the achieved parame ters of an ind iv idual
transfer switch shown in Table 6.1. A switch matrix for the 48—element array

made up from such switches would have a loss of about 2—1/2 dB, and could handle

between 1/2 and 1 kW overall input peak power . Acquisition cost of the individual

switches on the basis of the $100 unit cost for production would be $5K.

7. DESIGN VARIATIONS

7.1 Elevation Pattern Shaping

Although the elevation pattern of the demonstration array is a simple narrow

beam , other beam shapes (see Figure 7.1) can be accommodated easily by the binary

type power divider while retaining sufficient bandwidth for , as an example , com-
bined radar/beacon operation.

Alternatively , some app lications require the generation of multiple eleva t ion

beams. When only a few beams are suff ic ient , a Blass ladder network (reference 3)
is a commonly used implementation. Couplers of the type required for such networks

have been Implemen ted in the expanded multiple layer honeycomb med ium as shown in
Figure 7.2.

7.2 Extension to Other Frequencies

Use of the honeycomb supported stripline technology appears possible for

much of the microwave frequency range. It should find app lications at lower -

frequencies, down to UHF, since large , structurally self—sufficient panels (up to
12 ft) can be implemented with minimal weight. Extension to higher frequenc ies

is limited by the thickness of the honeycomb . Currently, the thinnest available
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TABLE 6.1

TRANSFER SWITCH CHARACTERISTICS (from Micr ‘wave Associates)

Frequency 1.0 — 1 . 4  GHz

Insertion Loss 0.5 dB

Isolation >4 0 dB

Power Handling 30 to 50 watts  peak
(l00— ~isec pulse)

Size 8 cm x 8 cm

Switching Speed 5 ~isec

Driver Power 1/2 watt

Estimated Production Cost $100
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material is 1/16”. A 50Q transmission line, with a 1/8” total thickness, has

been measured to have a loss of 0.5 to 0.75 dB/ft depending on materials. At

higher frequencies the loss increases but , more importantly, component design

becomes in tolerably difficult because the line width represents a significant

fraction of a wavelength. If and when honeycomb materials become available in

1/32” thickness , extension to X— and even Ku_band may be contemplated .

8. DISCUSSION

It is hoped that the results of this effort will serve to demonstrate that

cylindrical  arrays can be built to perform as designed and at a cost which makes
them competitive with other types of antenna systems. A few observations warrant

special attention because of their impact on the perspective of the overall results.

This effort was carried out with no definite set of requirements other than a

loosely expressed desire for low cost/weight. As a result, the design was allowed

to evolve along its most natural path and was not biased or distorted by artificial
constraints.

The selection of the materials shown in Figure 2.1 set the tone for the entire

system. It was, in e f fec t , a cost and weight reference against which all other

aspects of the design (structure, assembly processes , switches, etc.) were com-

pared to and driven to be commensurate with. The suggested low cost of the system

is not based on a poten tial , postulated large volume production as is often done
to amor tize high initial start—up costs. The materials and processes which have

been used are readily available and tooling is very modest. As such, this tech—

nology should be easily transferrable to industry .
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