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This paper describes the design, construction and performance of a
famly of antennas for mlitary point-to-point |inks. The antennas
are currently in service with the British Arny as part of Triffid
the radio-relay elenent of the Ptarm gan conmuni cations system and
have now been adopted for the US Arny.

| nt r oducti on

Modern mlitary field conmunicati ons nmake use of networks of VHF and
UHF links joining switching nodes. The system provides the full
facilities of a direct-dial telephone/data network; it has the
characteristic that as nobile nodes are added (or renoved) fromthe
system the network reconfigures to optimse the routing of
comuni cations traffic. The antennas described in this paper support
the principal radio |links between the system nodes.

The main design problens were presented by the large operating
bandw dths required and the famliar mlitary requirenents for |ight,
easi | y- handl ed equi pnent which will survive severe conditions of use.
Operating frequency bands are indicated in Table 1 which sets out the
nost i nportant design objectives.

The antennas are erected on pneunmatically-operated tel escopic nasts
nmount ed on the vehicles which carry the conmuni cations equi pnent. The
mechani cal design nust have low mass and wind |oading and nust
preferably result in m ninum bending and tw sting nonents at the mast
head. For canoufl age purposes the antennas are often erected through
foliage; they nust not becone entangled or bent. The antennas nust
not present a conspicuous plane area or outline.

El ectri cal Design

Band 1 The use of a corner reflector was di scounted because of the
| arge size and wi ndl oaded area of the reflector, and the difficulty
of obtaining stable gain and VSWR over the operating band. The centre
of gravity of the assenbly cannot easily be kept close to the |line of
the supporting mast; this results in large bending nonents at the
nount i ng poi nt.

A log periodic dipole design was seriously considered, but conpact
desi gns have widely different beamwi dths in E and H pl anes.

A plane grid reflector supporting an array of tw dipoles was
exam ned. The use of full-wave dipoles with a suitably conpensated
feed configuration could provide suitable electrical character-
isitics, but the projecting dipole ends and conplexity of the
transm ssion |line feed system were undesirable.

The use of a skeleton slot radiating element supported in front of a



pl ane reflector provided the advantage that only a single feed point
is required for the entire structure. The configuration had pre-
viously been used for broadband television transmtting antennas and
was known to provide significant advantages for mlitary use:

Stabl e radi ation patterns, gain and i nput inpedance over a w de
band;

Al nost identical beammdths in E and H planes; Low side and
rear | obes;

Conpact nechani cal configuration, with no cantilevered nmenbers
or structural insulators.

The operation of the skeleton slot elenent may be understood by
reference to Figure 1. This illustrates a transition between
structures which produce very simlar radiation pattern character-
istics. The skeleton slot at (d) is the nbst conpact structure and
has a typical input inpedance of 200 ohns.

A prototype was nocked-up in tinber to examne the handling
characteristics of the antenna. This l|led to the adoption of
rectangul ar tube for the screen franme and slot. A split-tube balun
provides a 4:1 inpedance transformation and is entirely orthodox
except for the position adopted for the input connector. This was
chosen to avoid danage to the connector if the antenna is dropped on
the ground or laid on its back in nmud. This decision typifies the way
in which designers of mlitary equipnent need to identify uncon-
ventional nodifications which inprove the handling characteristics of
the product. The reflector was deliberately nmade exactly the sane
width as the slot so the antenna would stand stably on the ground.

Bands 2 and 3 The first designs assessed for use on these bands were
pl anar di pole and Chiriex-Msny arrays nmounted over nesh reflectors.
At Band 3 the antenna has 8 or 16 elenent feed points and this
inplied the need for an extensive feed system constructed from
coaxial line, stripline or simlar fabricated line. Such arrangenents
wer e expensive and conplex; they contribute substantially to wei ght
and w ndl oadi ng.

The use of a front-fed reflector was examned as a way in which to
reduce the conplexity of the feed system It was seen that rea
econom es of weight and stowage space could be achieved if a single
reflector could be

Band desi gnati on 1 2 3
Frequency band (MHz) 225 - 400 610 - 960 1350 - 1850
Gain (dBi) >9 13.5 - 16 20 - 21

Si del obes (rel. main beam -16 -9 -9
Front/back ratio (dB) -14 - 20 - 20

Pol ari sation Li near, horizontal or vertical

VSVWR ( Maxi mum 2 2 2

Table 1. Electrical design paraneters.



used for both bands. A check of the reflector dianeter required to
produce the required gain at Band 3 (about 1 netre) is only about 2

wavel engths at the lower edge of Band 2 (610MH#z). It was unclear
whet her an adequate feed could be designed to operate properly in
such a small reflector; an elaborate feed mght produce better
reflector illumnation at the expense of |arge bl ocking |oss.

The use of a single log-periodic feed covering both bands was
considered; it was discounted because of the conparatively |large size
of a twin-row LPDA capable of providing suitable illumnation, and
the conprom se introduced by the instability of the position of the
phase centre of an LPDA. It was observed that if the f/D ratio of the
reflector were chosen suitably and the two bands regarded separately,
the specification for the feed units (in ternms of relative bandw dth,
beammi dth and i npedance bandwi dth) |ooked very simlar to the
performance al ready achieved fromthe Band 1 antenna descri bed above.
It was already known that the phase centre of such a feed would be
very stable (fromthe use of the skeleton slot/ reflector panel for
TV broadcast arrays).

Trials were enbarked on, using skeleton slot/reflector feeds fitted
to a grid reflector 1050mm in dianeter. Al though the Band 3 feed was
very successful, the input inpedance of the Band 2 feed was unstabl e;
it varied very rapidly wth frequency and also with the exact
position of the feed in the reflector. After experinents it was found
that the use of a reflecting plate positioned in front of the
reflector vertex could much reduce the inpedance variation. The
probl em was caused by direct reflection of energy fromthe refl ector
back to the feed unit. The reflecting plate required is clearly a
classical vertex plate in its function, but as it is so close to the
feed (in its near field) the usual fornulae for its size and position
are inadequate and these paranmeters were determ ned by experinent.

The vertex plate for the Band 2 feed is attached to the stem of the
feed, ensuring that it is renoved wth the feed and is always
correctly located once the feed is fitted. OMng to the manner in
which the input inpedance of the skeleton slot is nodified by the
unusual environment in which it operates, an inprovenment in input
VSWR was achi eved by replacing the split-tube balun by a transm ssion
| i ne design executed in strip line.

Measured radiation patterns for Band 2 (figure 5) exhibit high first
si del obes, indicating the hole in aperture illum nation caused by the
central subreflector.

The design of the reflector was heavily influenced by the physical
conditions in which the antenna was to be used. The use of an open
mesh or grid reflector is an obvious way of reducing w ndl oaded area.
Exam nation of nost perforated or expanded neshes show that only a
very small reduction of true wind |oaded area is achieved - snall
hol es do not have nmuch effect in this respect, and fail conpletely
under icing conditions. An open grid was chosen, the rod spacing
being sufficient to limt rearward |eakage at 1.85GH#. Wl ded
al um ni um construction provides high strength wwth | ow weight. A deep
refl ector was chosen to reduce the nechanical exposure of the feed
unit in the event that the antenna is knocked over onto its face. The
unort hodox truncated shape was adopted to reduce the stowage space
required for the reflector. The feed units are stored separately from
the reflector and the <chosen wunit |ocked into place before
depl oynent. Feed units are sealed and all internal voids filled with



pol yuret hane foam to control water ingress even if the dealing is
breached by physi cal damage.

All the antennas are required to operate using vertical or horizontal
polarisation and |ocking nechanisnms have been fitted to permt
rotation of the antennas between positions which are fixed to ensure
that the cross-polar discrimnation specification is always net.

Testi ng

The antennas were subjected to severe environnental tests which
i ncluded vibration, drop and bunp tests as well as the nore usua

climatic and corrosion requirenments. Electrical tests were orthodox.
The main problemidentified in production was the control of the foam
injection technique for the Band 3 unit; this has been solved by
careful specification of process and net hod.

Reliability

The prediction of the reliability of an essentially mechanica

assenbly such as an antenna presents major difficulties. The frequent
specification of ML-HDBK 217D or simlar docunents is of doubtful

rel evance, especially as failure is usually related to accidental

damage (to transportable equipnent) or corrosion. Large nunbers of
each antenna are in service with the British Arny and a very |ow
| evel of failures is evident, representing an MIBF of at |east one
mllion hours.

Concl usi on

The design of field equipnent nust not only provide the electrical
performance required by the system designer, but nust also have
attributes of nmechanics, reliability , ease of handling and sinple
repair. An optinmum design requires a careful distinction to be nade
between the essential and inessential features of traditiona
desi gns.
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Array of two A/2 dipoles spaced
laterally 0.7 A’

Conventional centre feeds with
cophased currents.

Array as at (b) with physical
transformation of feed line
geometry.
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{b) Array of two A/2 dipoles spaced
laterally 0.7 A
Delta-match feed from common input.

(d) Array as at (c) with dipoles shortened
to terminate at ends of feed line :
a skeleton slot.

The gain and radiation patterns of all the
configurations above are closely similar.
Each may be mounted A/4 above a reflecting
screen to form a panel antenna.

Figure 1: Derivation of Skeleton Sl ot

Bapd 1 Aptenna

FIG. 1 Band 2 and 3 Antennas



dB below main beam

dB below main beam

———— 300 MHz
e
1 = = — 400 MHz
— 025 MHZ
@
I
1
¥
o
—
i
O
]
i
-
o
I
o
o™
1
it

- T T T T ¥ ! \ ¢
160 120 8o 4o o 4 8 12  1eo

Azimuth (Degreesg)

Figure 4: Radiation patterns, Band 1
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Figure 5. Radiation patterns, Band 2
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Figure 6: Radiation patterns, Band 3
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Figure 7. Return | oss on each operating frequency band



