Elegant Rotating

K9AZG did it right. W4RNL makes it better.
For sightless and sighted hams alike, this update

L. B. Cebik W4RNL
2514 Dereck Drive, Apt. H-1
Knoxville TN 37912

simple and elegant so-

lution to setting beam
headings for both blind and
sighted hams is the K9AZG
automatic beam aimer (73,
November, 1982). With a
few voltage comparators,
transistors, and relays (plus

to a 1982 article will be revealing.

the usual passive and pow-
er-supply components), the
device controls CDE and
similar rotator control boxes
so that by setting a single
potentiometer, the operator
can step back and relax as
the beam turns to the de-
sired heading and stops.
Sightless hams now have an
easy way to determine
beam headings reliably,
while the sighted ham can
use the beam-turning time

Photo A. The completed beam aimer sits atop the rotator
control box at the W4RNL operating position. The ac switch
and power LED are to the left and the clockwise and counter-
clockwise LEDs are to the right. The center knob is the direc-
tion control prior to the addition of calibration markings.
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for tune-up, logging, and
other activities.
The original automatic

beam aimer used two sec-
tions of an LM339 quad volt-
age comparator to detect
the desired change of direc-
tion, as shown in Fig. 1. (Fig.
1 is redrawn from the origi-
nal to show the individual
comparators.) Each compar-
ator controls a transistor
switch and relay which in
turn control the clockwise

and counterclockwise switch-
es of the CDE box. Like any
good idea, we can improve
upon the original and over-
come some potential prob-
lems. This article describes
some improvements which
will prevent a few problems
that some CDE rotator own-
ers may encounter with the
original design.

The Basic ldea
The basic idea behind the

Photo B. An interior view of the quick-fixed beam aimer with
the improvement board to the right. The front perfboard con-
tains the power supply and circuitry, while the rear board
contains the relays (only two needed for the CD-44).



automatic beam aimer ap-
pears in Fig. 2. The 500-Ohm
potentiometer in the rotator
head changes value with di
rection, standing at mid-
scale when the beam points
north and at one of the ex-
tremes as the beam points
south. Fed by an unground-
ed 13-volt supply, the rotat-
ing arm creates a ground,
thus changing the voltage
across the left and right legs
of the pot as the beam
moves. From extreme point
A to center we get a nega-
tive voltage; from point B to
center we get a positive vol-
tage; and the absolute val-
ues of the two add up to 13
volts.

A second potentiometer
across the rotator pot (say,
about 25k) will read 13 volts
across its extremes. More
significant for beam aiming,
the voltage between the
moving arm and ground will
be zero when the arm and
the rotator pot arm are equal
percentages away from the
same extreme point. If the
beam points north and the
second pot is mid-scale, the
voltage at the second pot
arm will be zero. If we move
the second pot counter-
clockwise, leaving the beam
north, we will show a posi-
tive voltage. We get a nega-
tive voltage if the second
pot arm is clockwise with
respect to the beam head-
ing. Together, these voltages
allow us to tumn on one of
two relays that close in par-
allel to the CDE switches,
thus activating the rotator.
That is the function of the
K9AZQC circuit.

The maximum voltage
that the comparators in Fig.
1 can see is either plus or mi-
nus 13 volts. When the an-
tenna is counterclockwise
south and we move the sec-
ond pot arm clockwise to
the other extreme, the arm
shows —13 volts to ground.
In the opposite condition,
when the antenna is clock-
wise south and the pot is ful-
ly counterclockwise, the arm
shows +13 volts. If both the
antenna and the second pot
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Fig. 1. The original K9AZG automatic beam aimer (redrawn).

are at either extreme, the
pot arm ideally shows zero
volts.

Design Limits and
Quick Fixes

Unfortunately, only some-
times can we achieve the
ideal conditions noted above.
There are two design limits
to the original beam aimer
that may present problems
to some hams. First, the CDE
rotators have limit switches
to shut off either clockwise
or counterclockwise rota-
tion at the south heading.
Among other functions, the
limit switches serve to keep
us from wrapping antenna
cables like vines around the
rotator and mast stub. The
limit switches may leave
some residual voltage at ei-
ther end of the scale. Imag-
ine that the limit switches
cut off the rotator at posi-
tions X and Y in Fig. 2. If the
second pot is at its extreme,
some small voltage will exist
and the relay will not open.
K9AZG counters this at one
end of the scale with a cal
bration pot, but the other
end of the scale goes to
ground.

The quick fix for this
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Fig. 2. The basic elements of beam aiming.

problem is the substitution of
a low negative-voltage cir-
cuit to replace the ground

connection of pin 7 of the

LM339. Fig. 3 shows a suit-
able circuit using minimal

Photo C. An interior view of the improved beam aimer shown
from the opposite side of the case. The new input board
stands on half-inch pillars over the LM339 socket and tran-
sistors. The feedthrough barrier strip for rotator-control-box
connections is visible at the rear of the cabinet.
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components. The 20k pot
trims the clockwise limit
voltage to match the rotator
cutoff point.

The second design limit
concerns the LM339. This
quad voltage comparator is
not designed for negative in-
put voltages on either the
signal or reference lines.
National Semiconductor lim-
its negative excursions to
—0.3 volts in their rating
sheets. Experiments on half
a dozen 339s in the shack
showed that between 6 and
8 volts negative input, the
comparator would cut off.
There was no permanent
damage, and the 339 sec-
tion would come back on
when the negative voltage

PCH
POT

c0K TaK

dropped below the limit
toward zero.

The effect of this limita-
tion is that when the anten-
na is fully counterclockwise
and the second pot arm
goes fully clockwise, the
comparator and its relay
open up as the second pot
passes east (i.e, about —7.5
volts). Thus, a rapid excur-
sion from southwest to
southeast might result in
nothing happening or might
require directional adjust-
ments in small steps.

The quick fix for this de-
sign limit is to keep the sec-
ond pot arm voltage less
than the comparator limit.
Adding a 470k resistor be-

tween the 22-uF capacitor
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Fig 4. Input changes to reduce excessive negative voltage.

and the branching 100k re-
sistors to the comparator in-
puts, as shown in Fig. 4, will
keep the maximum voltage
below 7. The beam aimer
becomes a bit less sensitive
since now each volt repre-
sents around 50 degrees of
rotation rather than 28 de-
grees. However, control is
positive, and precision re-
mains quite adequate.

For those hams using the
CD-44 and similar rotators,
the third relay in the K9AZG
design is unnecessary since
there is no separate brake-
solenoid circuit to control
and no required delay be-
tween the direction switch
and brake-switch release. To
discover whether your rota-
tor requires the third relay,
check the rotator schematic
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Fig. 5. A simplified beam aimer for the CD44 and similar rotators.
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in the operator's manual. If
pin 2 in the rotator is not
connected to a brake cir-
cuit, then the unit uses an
automatically-engaging disc
brake. For this class of rota-
tor, the extra relay contacts
in the clockwise and coun-
terclockwise switch relays
may be connected in paral-
lel and used to control di-
rectly the “brake” switch,
which actually is a master
ac switch for the rotator.
Use K9AZG'’s precautions of
bringing the ac to a female
socket on the CDE control
box rear panel and then to
the beam-aimer cabinet.

Fig. 5 shows all the modi-
fications combined in a unit
that works well with the
CD-44 rotator. These quick
fixes, however, are not the
best possible design for the
beam aimer.

Improving the
Beam-Aimer Design

The automatic beam aim-
er can be more generally im-
proved by a little redesign.
Fig. 6 shows the full set of
improvements. First, using
LM311s with a dual supply
from one 12-volt transform-
er is simple enough, and it
provides for both positive
and negative trimming of
the voltage-comparator ref-
erence lines as well as per-
mitting the 311 to accept a
+13- to —13-volt excursion.
The uncommitted collector
of the 311 output allows for
a zero-to-positive output
swing to control the switch-
ing transistors. This design
thus overcomes both limita-
tions of the original.

Second, a slight redesign
of the delay circuit for the
brake control (which s



needed for larger rotators
using brake solenoids) will
overcome a further poten-
tial problem. The slow de-
cay of the base voltage in
the orginal brake-relay cir-
cuit can create contact
chatter and possible arcing
as the coil voltage drops in
the transistor-collector cir-
cuit. Additionally, the tran-
sistor may draw an excessive
load while the base voltage
drops through the linear
range toward cutoff. To cre-
ate a very positive switching
action, we need add only
one more LM311, using it to
set the delay. Its output
switches rapidly, turning the
transistor on and off with
equal speed. In addition, we
can add a variable delay to
the 311 circuit and choose a
value with the printed-cir-
cuit-board pot during initial
adjustment.

Construction

Construction of the beam
aimer in any version is
straightforward and well
covered by K9AZGC. Perf-
board works well for proto-
types, although printed-cir-
cuitboard versions would
make an excellent club proj-
ect. The photos show the
WA4RNL layout. In both pho-
tographs, the rear board

Part

Transformer, 12 V, 300 mA
Ac switch, SPST toggle
Fuse, 3AG, 1/8to 1/4 A
Fuse holder, clip-in
1N4001, 50-piv power diode
7812 12-V regulator

7912 —12-V regulator

6V zener diode, 1 W

1000-«F, 25-V electrolytic capacitor

470-«F, 16-V electrolytic capacitor
22-uF, 16-V electrolytic capacitor
5uF, 16-V electrolytic capacitor
1-uF, 50-V tantalum capacitor
.1-4F, 50-V tantalum capacitor
LM339 quad comparator
14-pin DIP socket
LM311 voltage comparator
2N2222 NPN switching
transistor, TO-92
8-pin DIP socket
1N914 silicon signal diodes
LEDs, colors to suit
Relay, 12-V, 75-mA coil,
DPDT 3-A contacts, socket
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Fig. 6. An improved automatic-beam-aimer design.

containing the relays for a
CD-44 rotator is mounted a
full inch above the case bot-
tom to clear the socket pins.
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cuitry was omitted. The for-
ward board containing the
power supply and compara-
tor circuit rests on half-inch
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connections. Almost any oth-
er configuration will work as
well. Follow K9AZG's cau-
tions with respect to ac con-
nections to the rotator-con-
trol-unit brake switch, wheth-
er or not it actually controls
the brake in your unit.

One photograph shows
the beam aimer with quick
fixes prior to modifications
for the LM311 comparators.
To one side of the LM339
board is the LM311 circuitry
board which supplanted the
quick-fix version of the aim-

For the CD-44, the delay cir- pillars to ease front-panel er in the case. The new
Parts List
Quantity Radio Shack  Terminal strip, barrier or
Fig.5 Fig.6 Number feedthrough, 8 contact 1 1 274653
1 1 273-1385 25-kilohm potentiometer,
1 1 275612 panel mount, and knob 1 1 "
1 1 170-1270 20-kilohm PCB potentiometer 2 2 217-336
1 1 270-739 1-megohm PCB potentiometer 1 217-338
2 2 276-1101 220-Ohm, 1/4-W resistor 1
1 1 276-1771 1-kilohm, 1/4-W resistor 5 6
1 . 2-kilohm, 1/4-W resistor 1
1 276-561 10-kilohm, 1/4-W resistor 3 5
1 2 272-1032 15-kilohm, 1/4-W resistor 2
1 2721030 75-kilohm, 1/4-W resistor 2 2
1 1 272-1026 100-kilohm, 1/4-W resistor 2 2
1 2721024 470-kilohm, 1/4-W resistor 1
1 1 . 1-megohm, 1/4-W resistor 2 2
1 . Case, about 5° wide, 6
1 276-1712 deep, 3" high 1 1 270-253
1 276-1999 Perfboard (cut from 4%z *
3 - by 67, or make PCB) 1 1 276-1394
Miscellaneous wire, rotator cable, solder, terminal pins, ac cord,
2 3 276-1617 grommet, etc.
2 5 276-1995
2 4 276-1820 *Note: Parts not listed with R.S. numbers are available from DigiKey,
3 3 2761622 Jameco, and other mail-order sources; or experiment with the
nearest available value.
2 3 275-206 Total estimated cost with new parts: $25 to $35.

73 Magazine = June, 1984 63



HI-Q BALUN

* For dipoles, yagis, inverted
vees and doublets
Heplaces center insulator
Puts power in antenna
Broadbanded 3-40 MHz.
Small, lightweight and
weatherproof

1:1 Impedance ratio

For full legal power and more
Helps eliminate TV!

With SO 239 connector
Buiit-in DC ground helps
protect against lightning

Only $14.95
HI-Q ANTENNA CENTER INSULATOR

* Small, rugged, light-
weight, weatherproof
* Replaces center insulator
il : . s

Handles full legal power

\ and more
d_ ‘ * With SO 239 connector
> $6.95

HE ALL-BANDER DIPOLE

THE PERFECT MATCH FOR
ANTENNA TUNERS WITH
A BALANCED OUTPUT

* Completely factory assembled ready to use

* Heavy 14 (7/22) gauge stranded copper antenna
wire to survive those severe storms

* Center fed with 100 feet of low loss PVC covered
450 ohm balanced transmission line

* Includes center insulator with an eye hook for
center support

* Includes custom molded insulators molded of top
quality material with high dielectric qualities and
excellent weatherability

* Complete installation instructions included

* Overall length 135 feet, less when erected as an
inverted vee or sloper

* Handles 2 kw PEP & covers 160 through 10 meters

* May be trimmed to fit small city lots

Only $29.95

DIPOLES

MODEL BANDS LENGTH PRICE
Dipoles

D-80 BOI7S 130° $31.95
D-40 40115 66 28.95
D-20 20 33 2795
D-15 15 22° 26.95
D-10 10 16° 2595
Shortened dipoles

SD-80 BOI7S a0 35.95
SD-40 40 45 33.95
Parallel dipoles

PD-8010 B0.40.20,10/15 130° 43.95
PD-4010 40,20,1015 66 37.95
PD-8040 B0.40/15 130 39.95
PD-4020 4020015 66’ 33.95
Dipole shorteners — only, same as included in SD models
S-80 8OI75 $13.95/pr.
S-40 40 12.95/pr

All antennas are complete with a HI-Q Balun, No. 14 antenna
wire, insulators, 100" nylon antenna support rope (SD models
enly 50°), rated for full legal power. Antennas may be used as
an inverted V, and may also be used by MARS or SWLs.
Antenna accessories — avallable with antenna orders

Nylon guy rope, 450 1b. test, 100 feet $4.49
Molded Dogbone Type antenna insulators 1.00/pr,
50-239 coax connectors 55

No. 14 7122 Stranded hard drawn copper antenna wire 08/t
ALI__ PRICES ARE UPS PAID CONTINENTAL USA

Available at your favorite dealer or order direct from

Van Gorden Engineering
P.O. Box 21305 « South Euclid, Ohio 44121

Dealer Inquiries Invited

—= ==

64 73 Magazine = June, 1984

board contains its own nega-
tive regulator, replacing the
low-voltage zener used in
the quick-fix versions, as
well as the 311 comparators
and new input resistors.
Removing the IC from the
original version permitted
easy substitution of the im-
proved circuit. Except for a
power lead to the negative
supply and an input lead
from the direction potenti
ometer, all other connec-
tions go through a DIP cable
and plug into the vacated
LM339 socket. As the sec-
ond interior photo shows,
the new board mounts
above the 339 socket and
transistors on half-inch pil-
lars. The increased sensitivi-
ty to small knob rotations,
with preservation of all of
the quick-fix benefits, made
the installation well worth
the effort.

The mode of construction
illustrated in the photo-
graphs resulted from contin-
uing experimentation with
the circuitry. | do not recom-

GLB

Now you can get
in on the fun on
packet radio!

s Ready o operate—wired & lested
—LOW COST
» Easy to learn. easy 10 use
* Byilt-in packet Modem
& [Jse with computers, lerminals
teietype machines
e R5232 senal interface— 45 10 9600 baud
» Uses both ASCI and Baudo!

» Programmed for both AX.25 & VADC at 1200 or 600 baud
* Automancally recognizes protocol of inComing messages

* {ver 60 commands
» Cusiom cal! sign option

mend it except as an exam-
ple of how noncritical dc cir-
cuits are with respect to
layout. Any convenient lay-
out will do, including possi
ble installations inside the
CDE rotator cabinet.

These design improve-
ments are slight overall but
they may serve to keep a
first-time builder from grow-
ing discouraged in the pro-
cess of trying the automatic
beam aimer. Without know-
ing where to look for clues,
the source of anomalies can
be frustrating. However,
K9AZG's basic idea is both
sound and elegant in its sim-
plicity. So too were his mo-
tives. If you know a sightless
ham who needs a better way
to control his or her beam
direction, follow K9AZG's
lead and build a version of
the automatic beam aimer.
The satisfaction of helping a
fellow ham get additional
fun out of operating will
more than repay the small
investment in easily-avail-

able components.

PACKET RADIO

GONTROLLER

MODEL PK1

(shown with 14K RAM
and 8K ROM)

» Stores recesved messages until reguested at a later time

» “"Block " mode for transternng computer data

» Dperates 35 an unafiended repeater
» Activates leietype molor o print messages
e Board accepls up to 14K of RAM

e Can be customized for LANS and up to 56K RAM

MODEL PK-1 wired & tested w/4K RAM
Additional memory (up to 14K total)

Manual only—credited with purchase

(add $2.00 for shipping)
RTTY adapter board

$149.95
10.00/2K

8.95
12.99

Custom cabinet—includes installation of TNC, on/off

switch, LED pwr indicator, reset button & pwr jack

24.95

Dimensions: 4.5 x 9.5 x 1.5 inches
Pwr required: +12 VDC, approx. 200 ma.
Contact GLB for additional info and available options.

We offer a complete line of transmitters and receivers, sirips,
preselector preamps, CWID'ers & synthesizers for amateur & commercial use.
Request our FREE catalog. MC & Visa welcome.

GLB ELECTRONICS

1952 Clinton St

-
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/16-824-7936. 9 to 4

NY 14206
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