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FOUR-SQUARE PHASED ARRAYS BY

COMTEK SYSTEMS

P.O. Box 470565
Charlotte, NC 28247-0565

Congratulations! You're now the proud owner of a COMTEK ACB-4 Array Switch. COMTEK has manufactured this
product to guarantee you reliable communications for many years. These arrays have proven to be a powerful weapon in
the DXer’s arsenal.

Instructions
Phased Array Controls
The essence of the array system is the ACB-4 switch matrix. But the radiators themselves are vitally important. The
following types of antennas have all been used successfully with the ACB-4:

1) ground mounted 1/4-wave verticals
2) 1/4-wave elevated ground plane verticals
3) 1/2-wave center-fed vertical dipoles

4) folded unipoles (grounded verticals)

The ACB-4 contains two hybrids and the necessary switching matrix to provide correct phasing to each of the four
elements--0°& -90°& -180°& -90°. Two element arrays can also use the ACB-4 by simply using the 0°and -90°ports.
Power division is also accomplished with the ACB-4 so all ports get an equal power split. Due to mutal coupling within the
array, each element will present a different impedance--different from the impedance of a single element.

If all of your elemeats are not the same (or very similar) your system will not be symmetrical and an imbalance will result. Be
careful to make each radiator as much alike as possible. The physical layout of the array is also important. Elements shouid
be symmetrical in placement. The 4-square vertical array is directional across its diagonals. So, when laying out your array,
make certain you know the difference between true north and magnetic north (using a compass) for your QTH and place
the elements accordingly. Remember...you will be beaming across the diagonals. (see Note 2) Spacing along the sides
of the square should be determined by 246/f (Mhz) for best pattern results. This means the diagonal distance will be 1.41
X 246/ (MHz). Other spacings around this value will work, but the characteristics of the main lobe will change somewhat--
gain and directivity and the front-to-back. Time spent in laying out a symmetrical installation will pay solid dividends. The
system is forgiving, but the best front-to-back is obtained when symmetry is maintained and with each element resonant
on the same frequency.

The ACB-4 use a quadrature hybrid in toroid form to obtain a 90°phase shift. The phase shift is extremely constant over a
wide frequency range. This device is a four port hybrid and must be terminated with a 50 ohm dummy load. This
termination is vital. When the array is working well, with all elements resonant, there is typically less than 5% power
dissipated by this load. However, when an element is open, shorted or not resonnant at the same frequency as other
elements, power will be dissipated by this load. A test for your system is to measure the power between the ACB-4 and
this dummy load. The lower the power reading, the better your system is performing. Coax between the ACB-4 and the
dummy load may be any convenient length of 50 ohm cable.

Front-to-back is affected by an unequal balance between elements. If you want good front-to-back, pay attention to the
details of making each element the same and symmetrical. Using the 4-square vertical array, you will notice the best front-
to-back on low angle signals. Signals arrving at high angles see all elements in the array at the same time (no phase delay is
possible) and therefore display no apparent front-to-back. (.Don't worry if this happens; just wait for low angle signals to test
your system.)
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Tuning the radiators (use this procedure with an y type element)

1) Put up one radiator and install the ground system

2) Connect a 50 ohm feedline to the radiator

3) Tune radiator to lowest VSWR at desired frequency (.95 X frequency desired) For example: for 3.800 MHz, tune
for about 3.600 MHz. Divide by 1.88 for 40: multiply by 2.07 for 160

4) Disconnect 50 ohm feedline

5) Make remaining radiators identical to the first radiator

6) Connect all radiators with 1/4-wave 75 ohm FOAM coax to their respective ports on the ACB-4. (see Notes) Use
labels to identify coax from each radiator

7) Connect 50 ohm dummy load to ACB-4 port using a convenient length of cable. (Ten Tec's 300-watt load has
worked well)

8) Connect 50 ohm feedline and control cables to ACB-4

9) Check VSWR across the band. Plot the power going into the dummy load across the whole band. Adjust ALL
element lengths the same amount, if required, to minimize the power going into the dummy load at the desired frequency.
10) By now, you should be working DX

Hooking up the ACB-4

Connection is very simple. Just refer to the drawing and run the coax from each element as it is labeled in the drawing to
each of the SO-239 connectors on the switchbox. Then run your 3-conductor control cable to the control box in your
shack. The numbers of the switchbox (ground, #1, #2) correspond to the numbers on the control box itself (ground, #1,
#2). Ignore the unused terminals on the control box.

We recommend you install the coax cables so position 2 on the control box is your most favored beam direction. Position
2 does not supply any power to the relays inside the switchbox and is the default direction. This means that when the
control box is powered off you are actually beaming in the direction of position 2.

You should already know about ground radials--that ground planes with a few elevated radials will probably perform better
than ground-mounted verticals with many radials. Recent expsriments have shown reasonable performance with 4-
elevated radials on each vertcial, with the base of the vertical elevated above ground. We recommend 20 radials minimum
for ground-mounted verticals. It is not necessary to bury the radials, unless you need to for traffic purposes.

Warranty

COMTEK guarantees any products to be free from defects in materials and workmanship for 90 days after purchase,
provided the product is used under normal conditions. COMTEK will repair, replace or refund as we deem necessary any
part found to be defective when operated within the guidelines of COMTEK and normal usage. Notice of any malfunction
must be made in writing within 90 days from the date of purchase. Items should be returned via prepaid shipping.
COMTEK will repair or replace any items it finds to be defective under the terms of this warranty, and will return prepaid to
the customer. COMTEK assumes no responsibility for any claim or damage arising out of Joss of use, or any other related
damages, and shall be held harmless by the buyer. This warranty applies only to the original buyer of COMTEK products.
This warranty is the complete obligation of COMTEK and specifically denies any other expressed or implied warranty.

Notes

1) As an example, most types of RG-11 foam coax have a velocity factor of .78. The formula for a specific frequency
is: 246/f(MHz) X .78 = the length in feet. For instance, this works out to 50.5 feet at 3.800 MHz, or 50 feet, 6 inches of
RG-11. If you choose to have 3.5 to 3.8 MHz coverage, cut your RG-11 for a frequency of 3.650 MHz. With a velocity
factor of .78, this will come out to be 52 feet, 6 inches. Your SWR should be 2:1 from 3.5-3.8 MHz. (Please remember,
you must use FOAM coax when making these phasing lines. Poly coax with a .66 velocity factor will not reach your
antennas.)

2) See the ARRL’s Antenna Handbook chapter on “Antenna Orientation” for details on how to determine true
north. Using only a reguiar compass to lay out your system can cause your array to be off by as much as 30 degrees.
WARNING

DO NOT INSTALL ANTENNAS NEAR POWER LINES! METAL OBJECTS
TOUCHING HIGH VOLTAGE LINES CAN CAUSE SERIOUS OR FATAL
INJURIES!
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ACB-4 TROUBLESHOOTING

ONE OF THE MOST COMMONLY REPORTED PROBLEMS IS LACK OF FRONT TO BACK
OR WORKING A STATION IN THE OPPOSITE DIRECTION. THE CONTROL CABLE
TERMINAL STRIP SEQUENCE ON THE REAR OF THE POWER SUPPLY FOLLOWS THIS
ORDER FROM LEFT TO RIGHT; ground-one(1)-two(2).

On the hybrid relay unit, facing the terminal strip, the sequence is
Ground-two(2 in the center)-one (1)on the right end.If the control
cable leads are reversed, symptoms described above will result. If
this occurs, simply reverse #2 and #1.

The following chart describes which relays are active (closed) in

selected positions, and the voltage applicable to the respective
terminals on the rear of the ACB-4 power supply switch.

POSITION  TERMINAL #1 TERMINAL #2  RELAY K1 RELAY K2 RELAY K3

1 12+VDC 124VDC Closed Closed Closed
2 (Default) Zero v Zero v Open Open Open
3 12+VDC Zero v Open Closed Closed
4 Zero 12+VDC Closed Open Open

ACB-4 POWER SUPPLY PARTS LIST: (EFFECTIVE FEBRUARY 17,1995)

TRANSFORMER, 12vdc CT, one amp

Fuse, one amp (2 each)

LED Jumbo T1-3/4 NOTE; Light Emitting Diode Failure will result in
voltage placed on Terminals 1 & 2 in Position 2,
and should be replaced immediately.

Resistor, 470 ohm 1/2 w

Switch,ON-OFF, SPDT toggle

Rectifier,Full Wave Bridge, 1.5 amp @ 200piv

DIODES, IN4002

HYBRID RELAY:
CAPACITOR, RF BYPASS, .01 mf @ 1000vdc
Toroid with 5kv TEFLON silver stranded wire

RELAY, DPDT, 15 amp gold contacts
Capacitor, 90 degree circuit, selected values,frequency dependent
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