Yagi triangular array

Somewhat unconventional
stack performs well
mechanically and electrically

Inspired by recent articles on stacking Yagis, |
decided to improve my 2-meter antenna system, which
consisted of a single 19-element, horizontally polarized
Yagi. Before long, | had installed another 19-element
antenna above it — and with great anticipation, began
making comparative checks with the new system.

Because my primary interest is in terrestrial com-
munications, the 2.5- to 3-dB increase in gain didn’t
overly impress me. With a 2 x 2 array in mind, | bought
two more antennas and started designing an H-frame
structure. Very quickly, however, | realized how large
and heavy the completed array would be. | weighed
the possibilities: a tilt-over tower, with block and
tackle, would allow access to the array, but would
probably be unfeasible because of the antennas’ size
and weight. After much soul searching, | decided that
a stack of four antennas, with the required H-frame,
would be out of the question.
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alternate stacking methods

| have, from time to time, heard mention of the dia-
mond stacking configuration and claims of improved
performance when compared with conventional
rectangular stacking. Assuming reports on the
diamond'’s performance to be correct, and seeing a
triangle as half of a diamond, | concluded that a
triangle would be likely to offer better performance
than an inline stacked array.

Unfortunately, oddball stacking geometry such as
the triangle or diamond has received little or no
publicity; I've yet to find informative literature on
anything but the inline stacking methods. (It would
almost seem that the numeral 3 simply doesn’t exist
in the world of antennas. Instead, the philosophy of
“double or nothing”’ seems to prevail.) Nevertheless,
after due consideration of weight distribution on the
mast and tower, | concluded that a triangle stack
configuration — with two horizontally stacked
antennas located at the lower level of the mast and
a third Yagi mounted at the top of the mast — would
best suit my needs.

Theoretically, three Yagis would provide an addi-
tional 1.75-dB gain over a pair. Subtracting the phas-
ing harness loss from the theoretical value, a realistic
gain of 4.5 dB over a single antenna should be pos-
sible. What was more important to me at this time,
however, was what the plotted antenna pattern would
be. How would it differ from a rectangular stack of
four antennas?? The only way to find out would be
to build the triangular array and compare the results
with published articles on a four-antenna array.

optimum stacking distances

The first problem was to determine the optimum
spacing required between antennas. Available stacking
data apply only to a pair of antennas stacked in either
of two unique locations with respect to each other.
Both antennas must be located on the axis of either
the E or H plane. Polarization and phasing of both
must also be the same.’? With triangular stacking,
the two lower antennas would satisfy the above con-

John C. Cichowski, W2IKP, 167 Emeline Drive,
Hawthorne, New Jersey 07506
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DRAWING NOT TO SCALE.

fig. 3. The Yagi triangle.

spacing.! The one feature all Yagis seem to have in
common is greater beamwidth in the H plane than in
the E plane. Consequently, H plane spacing will be less
than the E plane’s. The locus in this case is an arc of
an ellipse. (To visualize an ellipse, picture a hoop
rotated about its diameter and viewed at an angle.)
Put into usable terms, E plane spacing is the value
recommended by Joe Reisert, W1JR' and Steve Pow-
lishen, K1FO.2 Their tabulated data includes the most
popular antennas in use today. The vertical stacking
dimension is 86.6 percent of the optimum H plane
dimension or S = 0.866 Sy where Sy is the optimum
H plane stacking dimension recommended for inline
stacking.'?

horizontal H-frame construction

Horizontal stacking of horizontally polarized
antennas requires the use of dielectric material in the

immediate vicinity of the Yagi elements. A minimum
distance of 1/2 wavelength of metal-free structure is
recommended, or 1/4 wavelength beyond the active
element tips.? Detail drawings for the structural parts
used to assemble the H-frame are shown in fig. 2. The
Cushcraft A32-19 antennas used in the Yagi triangle
normally require boom supports supplied by the
manufacturer; these are not necessary when mounted
on this horizontal H-frame. The upper antenna, how-
ever, must be mounted in accordance with the
manufacturer’s recommendations (see fig. 3). Within
reasonable limits, variations in frame design are
certainly permissible.

If antennas other than those shown are used,
changes in the overall length of items 1 and 2 might
be required. Should it be necessary to make such
adjustments, remember that the fiberglass support
arms of the H-frame must be located midway between
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fig. 4A. Sectional view, 144-MHz three-way power divider.

—1/2-28 LOCKNUT

the director elements of the antennas as shown
in fig. 3.

material sources

1 made use of readily available material. A local metal
fence supply dealer stocked aluminum pipe and was
also equipped with Heliarc welding facilities, which
became very useful while constructing the H-frame.
The 1-1/2 inch diameter fiberglass tubing, available in
5-foot lengths and used for satellite antenna work, was
purchased from my local Amateur Radio dealer.

Because the inside diameter of the 1-1/2 inch
aluminum pipe measures slightly more than 1-1/2
inches, it was necessary to shim the fiberglass tubing
with glass filament tape to achieve a tight fit. The
assembled frame and the three Yagis mounted on top
of the tower are shown in fig. 3. All that remained
at this point was choosing a feedline and deciding on
a power divider method. A 50-ohm impedance,
7/8-inch hardline had already been installed with the
previous array. The phasing harness and feedline
around the rotator used more flexible RG-8U.

Use good quality cable for the harness. Each leg
must be cut to equal electrical lengths, preferably from
the same run of cable. Each antenna must be parallel
to the others — elements as well as booms — and the
most forward director element of all three Yagis must
be located within the same vertical plane. Otherwise,
the wavefront launched by any one individual antenna
will be out of phase with the others, resulting in lower
gain, greater sidelobes, and passible multipath
propagation. Phasing lines, besides being equal in
length, should be kept as short as possible, especially
at higher frequencies. Mounting the power divider as
shown in fig. 3 allows shorter harness leads.

three-way power divider

Obtaining a three-way power divider meant build-
ing one from scratch, because | couldn’t locate any
commerical units. So | went back to the books and
set off on a thorough search of local supply houses:
for appropriate hardware.

To my knowledge, two methods for power splitting
are commonly used. Most popular is the trans-
formation of impedance by the use of a single 1/4
wavelength of coaxial transmission line. A common
input port is located at one end and the required num-
ber of output ports at the other end. The characteris-
tic surge impedance is determined as the mean value
between transmitter output impedance and the parallel
combined load impedance presented by the three an-
tennas. Manufacturers of communications equipment
have standardized their products for use with 50-ohm
coaxial line. This simplifies the mathematics to deter-
mine power divider impedance when using more than
one Yagi. Reduced to its simplest form, the equation
for characteristic surge impedance for the above pow-
er divider becomes:*#

VA

7 = ‘f = _'i(_)_ 1
Vn N

where n = number of antennas in array, Z, =

impedance of each antenna and equals the transmit-
ter output impedance of 50 ohms.
Using eqn. 1, the characteristic impedance is:

Z = —5—0— = 28.9 ohms

V3

To determine the proper diameter ratio for coaxial line
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The above diameter ratio (a/b) can be closely satis-
fied by using standard 3/4-inch diameter copper
plumbing tubing (which actually measures 7/8 inch di-
ameter) and 1-1/2 inch diameter brass tubing with
0.02-inch wall, normally used for kitchen sink drains.
It can be purchased without the usual nickel plating
at most plumbing supply stores.

To cap each end of the 1/4-wavelength line, it's
necessary to machine 1-1/4 inch NPT brass cleanout
plugs and end caps to the dimensions shown in the
detail and assembly drawing for the three-way power
divider (fig. 4).

Suitable connectors for this application are the
familiar UHF type with 1/2-28 thread mounting capa-
bility. Amphenol 83-875 or equivalent can be used. By
removing the snap ring, the connector can be disman-
tled and soldered to the body of the divider. Other-
wise, excessive heat will destroy the insulator insert.
To simplify assembly, it was necessary to include what
at first would seem to be two unnecessary steps: first,
the addition of a banana plug and jack at the input
end of the line, to allow for adjusting the position of
the inner conductor when you're soldering to output
ports; and second, the drilling of three tapped holes
(1/2-28) at the output end to hold coax connectors
in place while you solder them to the 1-1/2 inch di-
ameter brass tubing.

The power divider shown in figs. 5 and 6 is the 432
MHz version of the above. Also, a scaled-down H-
frame for a 432-MHz Yagi triangle is shown in fig. 7.
(Although the antennas shown aren’t representative
of 144-MHz proportions, the reader may find the
photos helpful nevertheless.) For further harness de-
tail, see fig. 8A. The alternate power divider method
(fig. 8B) requires 86.7-ohm impedance transformation
sections of coaxial line in each leg of harness to the
antennas.

Z = Zyn (3)

A 1/4 wavelength of RG-62/U cable whose impedance
is 93 ohms should work well. However, transmitter
power must be limited to a couple of hundred watts.
With higher power, use of RG-63/U is recommend-
ed. The velocity factor for both cables is 86 percent,
which makes the overall length (including connectors)
of the 1/4-wavelength sections 17 inches.

A three-way "'T"" junction must be used at the feed
point. A weathertight metal junction box with closely
spaced coaxial connectors will easily satisfy the short
junction lead lengths required at the distribution point.
A variation of the above division method is shown in
fig. 8C. The three 1/4-wavelength sections as well as
the three 50-ohm harness cables are replaced with
equal lengths of RG-62/U. The three lengths,
however, must be odd multiples of 1/4 wavelength
each.

fig. 5A. Three-way power divider before assembly.

fig. 5B. Three-way power divider output ports.

fig. 5C. Dismantled Amphenol coax connector.

Before connecting the harness to the power divider,
best results will be obtained if each antenna is
separately adjusted for best SWR using that leg (i.e,
the same length) of feedline intended for the harness.

After adjustments have been made, connect the
power divider to the antennas and feedline. Measure
the SWR of the assembled array. In some cases, the
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fig. 6. Assembled three-way power divider.

fig. 7. Horizontal H-frame for 432-MHz Yagi triangle.

final SWR measurement will appear to be better than
that of the individual Yagis. Offhand this would seem
to indicate an improvement to the system; however,
this may not necessarily be so since the SWR
measurements, other than 1:1, simply indicate the
presence of a reactive load. The reactance, which can
be either inductive or capacitive, depends upon how
far the operating frequency is from the center
frequency of the antenna and on the adjustment of
the matching device at the individual antennas.® The
inductive reactance of one antenna can cancel out,
in part or completely, the capacitive reactance of
another so that the resulting sum can be less than that
of the individual antenna. Other than becoming more
broadband (i.e., having lower Q), this does not imply
that gain performance of the stacked array will be
enhanced in any way. The SWR, as previously
measured at the /ndividual antennas, still exists and
should be adjusted for the lowest ratio attainable or
the maximum forward gain will be degraded
accordingly. Once assured that the individual as well
as the overall system SWR measurements are
satisfactory, the Yagi triangle is ready for use.

E plane plot

The E plane plot shown in fig. 9 indicates a half-
power, 15-degree beamwidth. This was determined
by the 48.5-percent method described by Gunther
Hoch, DLEWU.2? A comparison of the E plane plot of
four stacked NBS-17 antennas with that of the Yagi
triangle shows very little variation.? In fact, the front-
to-back response seems to be better with the triangle.
This might be attributed to the trigon reflectors on the
Cushcraft A32-19 antennas used in the Yagi triangle.

e
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fig. 8. Alternate power divider and harness methods.
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PERFORMANCE KRP-5000

AND VALUE
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“Nothing matches the KRP-5000 ;
for total performance and value. Not GE, not even Motorola.” N

RF performance really counts Enjoy high performance opera- AN
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ments, so the KRP-5000 ity, sequential tone paging, /300 /
receiver gives you 7 helical autopatch, reverse autopatch, /
resonators, 12-poles of IF 200-number autodial, remote

filtering. and a precise squelch setting, status inputs,
Schmitt trigger squelch with  control outputs, and field-
automatic threshold switch-  programmable Morse messages

ing. The transmitter gives 270
you ctean TMOS FET power Call or write for the full 1
SEEUS AT DAYTON performance story . .. and
BOOTH 106, 107 & 108 the super value price!

Micro Control Specialties
23 Elm Park, Groveland. MA 01834

(617) 372-3442 240
TELEX: 4932256 Kendecom
FAX: 6173737304

The first choice in
Transmitters - Receivers fig. 9. E plane plot.
Repeaters
KRP-5000 Repeater shown Repeater Controllers N
o attempt was m lot the H
with PA-100 Amplifier Power Amplifiers ' pt was ade to plot e pla'ne pattern,
Voice Mail Systems since no facilities to do so were available. It's my guess
that the pattern would very much resemble that of two
» 138 vertically stacked A32-19 antennas. Since | expect to

duplicate the Yagi triangle at higher frequencies in the
near future, a smaller array will be more manageable
for the setup required to make H plane measurements.

antenna rotators and resolution

As the gain of a beam antenna system is increased,
the beamwidth gets smaller until the point at which

HERE’'S ANEAT GIFT IDEA the resolving capability of the rotating system reaches

a practical limit.

When we first saw the Casio PQ-40U Portable World Time Most rotators available for Amateur use are geared
Clock, we knew instantly that Ham Radio Bookstore cus- v g .
tommmswotid [6be iinons. .to rotate at 1 rpm. 'The indicator on thej control unit
This time piece is more than a simple clock. Besides all the is graduated in divisions of 5 degrees. This means that
standard features, alarm, snooze, lightweight portable2 rotation occurs at a rate of 6 degrees per second, or
design and digital readout, this clock gives you time at 21 s . :
different locations around the world at the twist of a dial. toput it 'P.more dramatic terms, /ess than o.n.e'.sec
DX’ers will delight at being able to get rid of their cumber- ond per division. A 15-degree segment (three divisions)
some manual time calculators: determining band_ and path will be scanned in 2.5 seconds.
to use wal be greatly simplified. Comesters can s_umultan- To fix a beam heading, the antenna rotation
eously display both local and UTC times for logging pur- . X 4 )
poses. In fact, every Amateur will find at least a dozen uses between first nulls on either side of the main lobe
for this nifty clock. You can take it with you when you go on shouldn’t take less than 5 to 6 seconds. A main lobe
vacation—business trips—set the alarm and get out of . : 3 s :
meetings early—anywhere you need a clock, the PQ-40U with 15-degree begmwndth will have approximately 30
can go with you. Get a couple of them and give them as gifts, degrees between first nulls. Therefore, 1-rpm rotators
one for the h:ase.lcjaf. office, just aboan anywhere you need will perform at the limit of their resolution capability.
a clock, the PQ-40U can go with you. Quantities are . .
limited—order now and avoid disappointment. Antennas with bea_mwndths less than‘ 15 dggrees
should be rotated with slower-speed devices. Aircraft
(1PQ-40U $29 .95 prop-pitch motors are often used for this purpose.
Please enclose $3.50 shipping and handling Manufacturers of one or two commercial rotators

available for Amateur use claim dual speed, but the

”%n&io N BOOKS"'ORE load capability of these units isn’t sufficient for the size
magarmne =

GREENVILLE, NH 03048 603-878-1441
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of the 144-MHz antenna array that would require the
lower speed.

Used with 1-rpm rotators, antennas with less than
15-degree beamwidth require rocking the rotation back
and forth several times to attain true beam heading.
The problem is further compounded because of play
(backlash) inherent in all such devices.

Still another resolution gremlin is the inertia that
builds up during antenna rotation, causing long-boom
Yagis to whip laterally when rotation is suddenly
stopped. Many of these antennas have boom braces
to keep them from sagging. However, the brace does
little or nothing for the side motion. Heavy gusts of
wind will also cause lateral flexing with these antennas.
Though the two lower antennas of the Yagi triangle
aren’t prone to this problem because of the H-frame
construction, the upper antenna does occasionally do
a little dancing. Polypropylene guys from the upper
antenna to the H-frame should remedy this problem.

Rotation at 1 rpm seems like a long enough period
of time for a complete 360-degree turn of the antenna,
and many of us — myself included — wouldn’t relish
the thought of extending the time. Therefore, antenna
arrays with beamwidths of 15 degrees, or perhaps by
stretching a point or two, even 14 degrees, should
satisfy the resolution capability limits of 1-rpm rotators.
This Yagi triangle is such an antenna.

performance

The triangle-stacked Cushcraft A32-19 antennas
certainly perform better than the original dual stack.
The theoretical 1.75-dB increase in signal seems to
mock the theoretical 3 dB originally obtained while
using the dual stack. QRP signals, unheard before, are
now Q5 copy. Reports on my signal are almost always
complimentary.

Raising or lowering the tower with the triangle stack
is a one-man operation. Repeated inquiries about the
triangle stack seem to indicate that others would like
to give it a try. Anyone interested in a totally different
approach for stacking Yagis will find building the Yagi
triangle a worthy and rewarding effort.
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HIGH PERFORMANCE

PRESELECTOR-PREAMP

The solution to most interference, intermod, and desense
problems in AMATEUR and COMMERCIAL systems.

B ° 40 to 1000 Mhz - tuned to your frequency
=« 5 large helical resonators

* Low noise - High overload resistance

e 8 dB gain - ultimate rejection)> 80 dB

e 10 to 15 volts DC operation

e Size - 1.6 x 2.6 x 4.75" exc. connectors
* FANTASTIC REJECTION!

w7,

Typical rejection: Price - CALL bipolar w/RCA jacks
+600 Khz@144 Mhz: —28dB Connector options: BCN $5, UHF $6,
+1.6 Mhz@?220 Mhz: —40dB N §10

+5 Mhz@450 Mhz: - 50dB SUPER HOT! GaAs Fet option $20

B S
® For transceivers and repeaters - AMATEUR and COMMERCIAL
* Automatic operation - adjustable speed and amplitude
e Small size - easy nstallation - 7 to 15 volts DC
* § selectable, reprogrammable messages - each up 1o 2 min_ long
* Wired, tested, and programmed with your message(s)
Mode! ID-1 - $49.95 Model ID-2 w/2 to 10 minute timer - $69.95

We offer a complete line of transmitter and receiver strips

and synthesizers for amateur and commercial use
Request our free catalog Allow 82 for UPS shipping - Mastercard and VISA welcome

GLB ELECTRONICS,INC.

151 Commerce Pkwy., Buffalo, NY 14224
716-675-6740 9to 4

SEE US AT
DAYTON
BOOTH 318

Dept H,

Subscribe Today To The
World’s Leading Magazine For
Shortwave & Scanner Listeners!

International Broadcasting
Utility Monitoring
Scanners

Shortwave and Longwave
Satellites

Electronic Projects
Listening Tips

Frequency Lists
Equipment Reviews
News-breaking Articles
Feature Articles

Exclusive Interviews
Insights by the Experts
New Products

Each month MONITORING TIMES, the first wide-
spectrum listener's publication and still the best, brings
you 64 giant tabloid pages of late-breaking information
on every aspect of monitoring the radio spectrum.

Fast-paced and information-packed, MONITORING
TIMES consistently scoops the publishing industry.

ORDER YOUR SUBSCRIPTION TODAY before
another issue goes by: only $15 per year (U.S. and
Canada), $22 per year (foreign) or send $1 for a sample
issue (foreign send 2 IRCs).

MONITORING TIMES

P.O. Box 98 Brasstown, N.C. 28902

v 13 May 1987 [l 53





