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A quarter-wavelength ring antenna was developed to telemeter
active fuzes in flight with a minimum modification to fuse or
artillery round., Using principles of strip transmission line
theory, general design criteria were established to maximize ra-
diation efficiency within a fixed form factor, Electroplating
and selective machining provided for economical, accurate pro-
duction, Antenna field strength measurements verified expecta-
tions as to adequate radiation efficiency and a highly symmetric,
ring-shaped pattern. This type antenna provides the ability, for
the first time, to telemeter in-flight active fuses without major
shell modification,

1, INTRODUCTION

The need for a fuze telemetry system that would require min-
imum modification to either fuze or its artillery round provided
the impetus for the development of a new antenna system, The
concept of a ring antenna mounted on the sleeve between fuse
and artillery shell (fig. 1) was deemed most suitable for the
above requiremsnts, Of primary concern was the requirement
that the radiated energy from this antenna cause no interference
with fuze operation, Cost and convenience comsiderations dic-
tated the need for an antenna compatible with the different
standard artillery rounds, i.e., antenna performance should be
relatively independent of the body upon which it is mounted and
withstand the maximum conditions of a gun~launched, projectile
environment, The quarter-wavelength ring antenna was devdlloped
to meet all of these requirements and provided a reasonable radia-
tion efficiency.

An empirical approach was taken in the development of a pro-
totype antenna, After basic, qualitative guidelines were estab-
lished from strip transmission line theory, it was found that
the most expedient approach was that of construction and measure-
ment. A hybrid theory involving strip transmission line radia-
tors in the VHF range is practically nonexistent and mathemati-
cally overwvhelaing for nonidealizmed goemetries.

2. DESIGN BACKGROUND
An understanding of the quarter-wavelength ring antenns can
be best achieved through a study of strip transmission line
theory. The specific antenna under study may be considered as
a shorted-termination strip transmission line, At a frequency
whose wavelength is four times the electrical length of the trans-
mission line, a parallel resonsnt situation exists. The input
impedance of the line is high and purely real, consisting of the
sum of line losses and a resistance that represents the radiated
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Figure 1. Ring antenna mounted on 8lmm mortar shell,
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power dissipation factor., Moving the driving point away from
the input lowers the impedance mesasured at the driving point,
This value, relative to the high value of input impedance, is
a function of the ratio of driving point length (measured from
the shorted end) to total line length. Thus a variety of real
impedance values is available by the proper selection of driv-
ing point locations., Yor the specific antenna under study, an
impedance of 850 ohms was chosen since tiais value was ocompatible
with the widest range of laboratory instruments and ocoaxial
cables., The length of an epoxy-fiberglass, 237-Mizx unit was
7.30 in, wvhile the driving point on this . unit was appraximately
0.8 in, from the shorted end.

Consideration of an idealized, theoretical, strip trans-
mission line yields several important concepts that may be util-
ised in the adaptation of a strip transmission line to an antemna
systemn, Figure 3 illustrates the idealised case of two infin-
ite parallel conducting planes separated by distance h and of
width a, A right-handed, Cartesian ocordinate system is util-
ized with s being the direction of propagation of a steady-state,
sinusoidal, electromasgnetic wave of angular frequency @. In
this first amalysis, the remainder of the x-s planes will be re-
tained as guard plates to simplify the geometry. From Maxwell
equations the following relationships are obtaineds:

AL = - Juwee (a/M)V
oV/3% = - Jouo(b/s)l

I = longitudinal curreat
= yoltage between plates

By = 4x10™7 X/m

€ = (1/38) x 10°° ¥/n

(-]

where

From these equations, the inductance L and capacitance C per unit
length are established as

L-p.oh/l.

C= €, a/h
vhere h = separation between:plates
a = strip width

€ = relative dielectric constant of material between
plates

*W. Watson, "The Physical Principles of Wave Guide Transmission

and Antenns Systems,"” Oxford at the Clarendon Press, 1947, p 3.
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Figure 2 - Theoretical, infinite conducting planes.
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Figure 3 - Illustration of transverse coupling effects.




Neither separation between plates nor the strip width determine
the resonant frequency w, of a fixed-length line since cancel-
lation of the a and h terms occurs in the following relation:
ws= 1/ -J'IE. Strip length solely determines the resonant fre-
quency of a line at a frequency whose wavelength may be expressed
as A = 231 v/w_, where v = velocity of propagation v = 1A TR
By selecting € material with a suitable dielectric constant <€,

a fixed physical dimension may be made compatible with a desired
electrical length since the dielectric-loaded line length may be

shortened by a factor of llf € relative to ar air dielectric line.

The radiation of energy from a transmission line can be
analyzed in an effort to maximize this phenomenon for antenna
applications. In the ideal case, only the TEM mode is present
(true 12 specing between conducting strip and ground plane is
less than one-half wavelength)., Under these conditions, radiated
power P, relative to power transmitted in the line P is ex-
pressed as*:

P/P= (x,/Z,) (ma/2)8

Pl/P = ‘3 (ha)/()8)

Z, = characteristic line impedance
h = height of conducting strip above the ground plane

a = conducting strip width

where

kl & xz = constants

A = wavolength of propagated wave in the strip
transmission line.

It can therefore be stated that a change in either strip width
or spacing will cause a directly proportional change in radiated
power relative to input power.

Power flow between conducting and ground planes is restricted
to an area in the immediate vicinity of the transmission line.**

*D, Grieg and H. Engelmann, "Microstrip—A New Transmission Tech-
nique for the Kilomegacycle Range,” IRE Proceedings, Vol 40, Dec
1952, pp 1644-1651,

**F, Assadourian and E. Rimai, "Simplified Theory of Microstrip
Iransmission Systems," IRE Proceedings, Vol 40, Dec 1982, pp
1651-57,
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It 4s standard practice in analysis of strip transmission lines
to oconsider a ground plane infinite in width if it is greater
than three times the width of the conducting strip. This implies
thét a strip transmission line radiator is virtually indepsndent
of

the body wpon mch 11: is mounted is characteristic ox this fam—

‘dly of antennas,

Consideration must be given to the power loss that ocours
due to transverse coupling effects. The proximity of the ocon-
ducting strip to either ground or other oconducting strips leads
to ocoupling of the transverse components of radiated energy.
Attenuation of transvevsely radiated energy is expressed as*:

a . attenuation in db/unit distance

b = distance of conducting strip from transverse con-
ducting plane

By maximising the distance of the conducting strip from conduc-
tors parallel to the direction of propagation, the transverse
coupling effect may be made negligible.(fig. 3).

From the above considerations one may draw several basic
oconclusions in the adaptation of strip transmission lines to an
antenns system. Wavelength and resonance are strictly functions
of strip length and dielectric. Radiated power increases di-
rectly with increasing dimensions of strip width and spacing
above the ground plane., Power flow is restricted to the area
in the immediate vicinity of the line, implying that only lim-
ited excitation of the surroundings occur. 8Spacing of the
ocenter .onductor with respect to conducting areas running par-
allel to the plane of the center conductor should be adequate
to avoid transverse coupling effects.

3. FABRICATION

The fabrication of a prototype that could be cheaply yet
accurately reproduced in large quantities was achieved through
the technique of electroplating. Figure 4 illustrates an
epoxy-fiberglass ring completely plated with a 0.002-in, copper
layer, then machined to create a circuler strip transmission

"W, Fromm, "Chanctor:llticl and Some Applications of Stripline
Components,” IRE Transactions on Kicrowave Theory and Technique,
Vol MTTS #3, March 1985, pp 13-17,
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Figure 5. Antenna mounted on fuze hardware, °/2~96



1ine. The machining process was made extremely simple in the
following manner: Before plating, a circular groove is machined
around the center of the ring while a second, lateral groove is
machined perpendicular to the first. After plating, the raised
edges bordering the circular groove are removed in a lathe, A
continuous circular strip of copper, grounded by the lateral
groove, remains on the ring. A 1/16-in, break in the lateral
groove is cut in the copper, creating a strip transmission line
with a ground plane comprising the back, top and bottom sides

of the nn‘o

Semirigid coaxial cable is connected to the appropriate
driving point through a hole drilled in the wall of the ring.
With epoxy encapsulation to ruggedize this joint, the antenna
assembly is made sturdy enough for most present artillery en-
vironments. Figure 8 illustrates a unit fitted in this manner.

4. EVALUATION

The quarter-wavelength ring antenna was evaluated in two
ways, through a study of impedance and reflection parameters
and by a comparison with standard dipoles and gimilar reference
radiators. Presented in figures 6 and 7 are the impedance and
VSWR versus frequency characteristics of an epoxy-fiberglass-
dielectric ring antenna, Figure 8 shows the antenna mounted for
test measurements. A nsable bandwidth of approximately 6 MHz
at a frequency of 227 MHz is well within the limits of existing
telemetry transmitters. While first units evaluated were ap-
proaximately 14 dB below a reference dipole, further studies in-
dicate & 10~dB figure is entirely feasible using the theoretical
guidelines presented in this report. The achievement of this
10-dB value represents a high figure of merit for an antenna
of this physical size and frequency range. The relatively nar-
row bandwidth of this antenna can be utilized advantageously
by using the antenna as the tuned circuit of a coaxial oscil-~
lator whose bandwidth will consequently be narrow, It should
be noted that by decreasing line losses, through the use of
lower-loss dielectrics, a proportional decrease in bandwidth
occurs.,

Antenna field strength patterns illustrated in figure 9
indicate the symmetrical pattern characteristic of this type
antenna, The very uniform circular azimuthal Lfield strength
pattern is of major significance in both telemetry and fuze
considerations, Of particular interest is the fact that no
radiation of power occurs in the nose region of the shell,
implying that telemetry transmission should not interfere
with the active fuze, The wide 3-dB angle of dispersion (60°)
of this antenna is of great value for telemetry applications

12
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since it permits greater flexibility in the positioning of
receiving stations while maintaining uniform received signal

levels,
8. ADAPTATION OF THE QUARTER-WAVELENGTH RING ANTENNA AS A
ANTENNA

The physical and serodynamic characteristics of fuze-carry-
ing missiles usually impose strict limitations upon the fuse
antenna, The antenna must be small, rugged enough to withstand
high velocities and temperatures, and still give a radiation
pattern that will produce the desired target sensitivity. The
fuse antenna should also require no modification when used on
various projectiles. The doppler fuze depends on the inter-
ference between an incident wave and a wave reflected from the
target. This interference is analytically equivalent to a load
variation on the transmitting oscillator caused by a changing
antenna impedance. This principle is applied in adapting the
ring antenna for fuze use.

Two common fuze antenna types are the loop antenna and
the cap antenna, Use of the cap antenna for vehicle excitation .
results in satisfactory radiation, but the size and shape of the ’
vehicle have & great influence upon the radiation pattern and :
the frequency used. Loop antennas operate as part of the tank
circuit of the oscillator as well as the radiating elements. :
Design problems are complicated since the use of a loop antenna '
requires suitable loop dimensions and an operating frequency
must be chosen for efficient operation and desired impedance
values. The ring antenna, however, is independent of vehicle
length and can be tuned to the frequency desired. The use of
the quarter-wave ring antenna means it is possible to choose
the antenna impedance and operating frequency desired and then
tune the antenna to these parameters,

P P,

—

The quarter-wave ring antenna has a considerable mechanical
advantage over a loop antenna, Whereas the loop antenna is placed
with its axis parallel to the axis of the missile and requires
a certain amount of height, the ring antenna is mounted in a plane
perpendicular to the missile axis, as shown in figure 1., This
results in a large saving in space, For a fixed frequency, sev-
eral ring diameters sre also possible by choosing materials with
different dielectric constants, since the physical length is in-
versely proportional to the square root of the dielectric constant.

The ring antenna produces a typical longitudinal pattern as

shown in figure 9, when the antenna is mounted on the missile as
shown in figure 1., This radiation pattern is very similar to

16



that produced by the loop antenna, As is true for the loop an~
tenna, the small size of the quarter-wave ring antenna means a
relatively inefficient radiation system., The missile, however,
is relatively free from vehicle excitation when the quarter-wave
ring antenna is used. 8ince any impedance values are available,
the phasing of two or more rings can be accomplished to give more
pattern flexibility.

The quarter-wave ring antenna may be applied to the devel-
opment of a short intrusion fuzge. This type antenna provides
various new mounting contigurations along the missile axis,

6. CONCLUSION

A quarter-wavelength ring antenna for telemetering artillery
fuze functions has been developed., The design is such that it
may be mounted without modifying the shell and offers consider-
adle leeway in locating the receiver, because of its wide beam
angle. This type antenna will provide the ability, for the first
time, to telemeter in-flight, active fuzes without major shell
modification, The application of the ring antenna for use as a
fuze antenna is also suggested,

17
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