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A Portable 2-Meter

Repeater for Emergency
Communications

Thinking of assembling a repeater? Perhaps some of the
ideas presented here may well suit your needs. The complete
unit is geared for maximum emergency preparedness.

By Everett L. Beall,* KEYHK

{

P ortability of equipment, low cost and
gencral freedom from noise have made
2-meter fm a popular means of com-
munication. This popularity and the
operational characteristics of the band
make it a ‘‘natural’’ for amateurs who
engage in public service or who provide
emergency communications during
periods of real or simulated disaster. If
hand-held transceivers are used to com-
municate over an appreciable area,
another item is necessary — a suitably
located repeater.

The group of amateurs who supported
fire-fighting efforts during the 1977 Marble
Cone fire in California discovered the
desirability of a precisely located repeater.
For{unately, a 28/88 ‘‘machine’’ happened
to be ready to go and was waiting for a
hilltop home. It was installed quickly to
provide communications coverage of the
fire area, and it really paid off!

The significance of the occurrence was
not forgotten when a group of Santa Bar-
bara County amateurs met to assess our
emergency-preparedness  status. We
learned a most important lesson — the ex-
cellent repeater facilities normally enjoyed
could be lost easily as a consequence of
the very disaster for which its use would
be required. Local repeaters that afforded
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the best coverage were dependent on com-
mercial power, were not designed for por-
tability and, in fact, were located in rather
high-risk fire areas. A need existed for a
portable repeater; an emergency com-
munications tool to be used as a backup
for, or supplement to, a local fixed
repeater. It would be a minimal facility
maintained in a ready condition, but not
kept on the air. The machine should have
the following features: (1) be truly por-
table, no more than 1 or 2 cubic feet in
size (which ruled out a large-cavity
duplexer system); (2) operate from a 12-V
dc source, unattended, for several days
(this dictated a power output in the vicini-
ty of 5 watts); and (3) break down into ap-
proximately three packages — repeater,
power source and antenna system. Each
package would be of a weight and size
that would allow the entire system to be
hand carried or backpacked almost
anywhere by a few people. It should
operate on a repeater pair for which local
amateurs had crystals. Yes, crystals! Not
many amateurs own hand-helds or small
portable rigs that are synthesized. Finally,
the package must function as a repeater
only, or as a net-control base station with
built-in repeater capability to ‘‘tie the
hand-helds together.”

These goals mandated that power con-
sumption be kept to a minimum, especial-

ly when the repeater was to be operated
unattended. Therefore, steps were taken
to reduce power drain to a low, practical
limit; turn off the local audio amplifier
when the repeater was unattended; and in-
clude an automatic cw i-d timer system
and a minimal remote-control system.
(The FCC requires that one be able to turn
the machine off.) When the repeater is to
be used as a net-control or base station,
provisions should be made to allow it to
operate as a base-station transceiver while
retaining simultaneous repeat capability.
It should also be able to turn off the
automatic i-d system and use whatever
12-V dc source is available — battery or
ac-operated supply. Included in the
package should be battery clamps,
alligator clips, banana plugs and other
items that afford flexibility.

Question: If a cavity duplexer system
were not used, how would receiver desens-
ing be avoided? Some ‘‘digging”’ led to a
QST article by Ed Tilton, WIHDQ.' In-
trigued, we built one of the ‘‘trap filters”
and were amazed at the degree of isolation
this small unit was capable of providing.
Perhaps two filter systems would permit
the use of one antenna for duplex opera-
tion. Although we were skeptical of
satisfactory operation using one antenna,

'Notes appear on page 36.
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Fig. 1 — Mechanical details of the 2-meter
ground-plane antenna. See text,

the two-filter system offered the promise
of allowing the use of two closely stacked
vertical antennas.

Initial Tests

Two trap filters were constructed and a
few tests confirmed our suspicions: It is
both wiser and easier to use two ground-
plane antennas, closely stacked, than to
devise a method of using a single antenna.
Next, two quarter-wavelength ground-
plane antennas were constructed and
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The input/foutput end of the filter assemblies.
The two units shown here are bolted together
using 6-32 hardware making a rigid and com-
pact duplexer package. The tuning-capacitor
adjustment screws and loading plates are at
the opposite end of the assemblies and not
visible in this photograph. Note the use of
aluminum channel stock for unit construction.

mounted so the vertical separation could
be altered for test purposes. We stopped
just short of ‘“‘nesting’’ the vertical ele-
ment of the lower (receive) antenna into
the ground-plane radials of the upper
(transmit) antenna, and still had no trace
of receiver desensing! This degree of spac-
ing might not be sufficient if higher
transmitted power levels are used. The
antenna system adopted for K6YHK/rpt
consists of two quarter-wavelength,
ground-plane antennas stacked vertically
40 inches (102 mm) between feed points
and mounted on a support of schedule-40
PVC pipe, as shown in Fig. 1.

This antenna system is almost as com-
pact as one J or 5/8-wavelength antenna.
The receiver bandpass filter is tuned to the
center of the received frequency, while the
trap filters are tuned to notch out the
transmit frequency. The transmit band-
pass filter is tuned to the transmit fre-
quency, and the trap filters are tuned to
the receive frequency. Adjustment may be
accomplished as outlined in the Tilton ar-
ticle.

The Filters

The trap filters are the heart of the
system. Therefore, they will be examined
in detail.

Tilton stressed the need for a
mechanically rigid assembly. For this pro-
ject, 2- X 1/2- x 1/8-inch web-extruded
aluminum-channel stock was used for the
frame.? Typical construction may be seen
in the accompanying photograph. The
work involved may be easily handled us-
ing ordinary hand tools. Holes through
the 1/2-inch lip may be drilled and tap-
ped, a procedure that is necessary in the
aperture-forming partitions and other
places. In some areas, 4-40 machine
screws and nuts may be used for most of
the assembly (buy the hardware in boxes
of 100s to save some money). The filter
length is 18 inches on the inside with tuned
lines 17-1/2 inches long. This length of
line requires less capacitance to tune the
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ADJUSTABLE CAPACITOR PLATE ASSEMBLY
(FULL SIZE)

Fig. 2 — This drawing shows the assembly of
the adjustable capacitor plate. The “loading”
plate is provided to eliminate sloppiness in the
capacitor plate adjusting the screw.

filter to the desired frequency. This allows
the use of wider capacitor-plate spacing,
which mean less chance of flash-over in
the transmit filter. Wide spacing also
tends to minimize detuning caused by
temperature changes. The voltage present
at the tuned end of these high-Q lines can
be very high at resonance, even when used
with a low-power transmitter. The plates
on the end of the tuned lines were in-
creased to 1-1/4 inches square in size and
the discs on the capacitance-adjustment
screws were made 1-1/4 inches in
diameter. Tests indicated the transmit line
filter had an insertion loss in excess of 3
dB when the notch of the series traps was
tuned to the receive frequency, 600 kHz
away. Reducing the aperture between the
bandpass section and the series traps
decreased the insertion loss caused by
over-coupling, but with some sacrifice in
notch depth. As adjusted, the aperture at
5-1/2 inches produced an insertion loss of
under 2 dB with a notch depth of more
than 60 dB. No changes were made in
Tilton’s aperture dimensions for the
receive filter. Two frames and four aper-
ture partitions may be made from a single
16-foot length of aluminum channel. The
aperture-forming partitions between the
bandpass lines are fashioned from two
pieces of 2-x 3/16-inch aluminum bar
stock. The cross section of each filter ele-
ment is 2 X 2 inches. Thus, the overall in-
side width of each enclosure is 8 inches
plus the thickness of the three partitions.
A 2- X B-11/16- x 1/16-inch thick brass
plate inside the input end of the filter has
5/8-inch holes (made with a chassis
punch), into which the tuned lines were
press-fit and soldered. The lines were
made from 1/2-inch copper water pipe.
The top and bottom plates are made of
aluminum stock 0.040- to 0.050-inch
thick,

Some Hints

There must be absolutely no looseness
in the capacitor-adjustment-screw
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The drill press is being used as a clamp to aid
in the assembly of the filter lines. To prevent
the drill press table from acting as a heat sink
during soldering, scrap aluminum, asbestos
sheet and a block of wood are used between
the table and the brass end plate of the filter
line assembly.

assemblies. A change of even 0.001 inch in
the position of the tuning-capacitor disc
associated with a trap line will change the
notch depth many dB. Locknuts are not
an answer to the problem. A method of
“loading’’ the 10-32 adjustment screws is
needed since conventional threading
results in far too much play.

One solution is shown in the detailed
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Fig. 3 — At A, the layout of the KEYHK
repeater using a GE "Master" receiver. A sug-
gested layout for use with the VHF Engineer-
ing equipment is shown at B.

The interior of the repeater with the covers removed. The audio/control board is raised to the top
of the card guides within the auxiliary equipment enclosure which also houses the i-d board at
the front and the COR board near the center. Two LM309K regulators are mounted outside this
enclosure. The box to the left contains the 2-meter exciter in the front compartment and the
power amplifier on the back wall. The PA heat sink is mounted outside this back wall.

drawing of Fig. 2. Make two plates from
brass or hard aluminum cut to the dimen-
sions shown. Center one of these plates
over the spot where the capacitor-
adjustment screw comes through the end
channel. Drill two holes through the
loading plate and end channel using a no.
43 drill. Drill out the holes in the loading
plate to clear 4-40 screws (no. 33 drill) and
tap the holes in the end plate for 4-40
machine screws. Temporarily shim the
loading plate from the end channel with
metal strips approximately 0.010-inch
thick. Tighten the 4-40 screws. Drill a
small pilot hole through the loading plate
and the end channel at the center of the
2- % 2-inch cross section of the filter.
(This hole should line up with the center
of the square plate on the end of the tuned
line.) Enlarge the pilot hole by means of a
no. 21 drill. Use a 10-32 tap to tap a hole
all the way through both the loading plate
and the end channel. The loading-plate
shims are removed after final assembly.
The 4-40 screws are then used to provide
the desired amount of loading for the
capacitor-adjustment screw.

A drill press is helpful in making the
tunable capacitor disc assemblies. Discs
are cut from heavy sheet brass or copper
(0.020-inch thick) with a diameter slightly
larger than 1-1/4 inches. Cut a screw-
driver slot in the threaded end of a 1-inch
long, 10-32 flat head, brass machine
screw. Secure the screw in the drill press
and place the flat head of the screw
against the center of one of the discs and
lock the drill-press feed. Solder the disc
and screw using a propane torch or high-
wattage soldering iron. When the work

has cooled, unlock the feed and, with the
drill press running, place a file against the
edge of the rotating disc to round it out. A
fine-grade sandpaper may be used to
finish the disc.

Two useful jigs may be fashioned from
a scrap of aluminum and a piece of
lumber measuring 2 X 4 X 12 inches.
Cut an aluminum plate the size and shape
of the brass end plate. Lay out the loca-
tion of the 5/8-inch holes, clamp the two
plates to the piece of wood, and drill four
small pilot holes through both metal
plates and into the edge of the wood. The
holes in the metal plates may be enlarged
with a 5/8-inch chassis punch. A 5/8-inch
high-speed wood bit in the drill press (with
the depth stop set for approximately an
inch) will make all four holes in the
wooden piece of equal depth. Now the
brass plate with four 17-1/2 inch copper
lines is press fit into the four holes. The jig
on the opposite end of the lines is
mounted in the drill press which is used as
a clamp. Check for alignment of the four
copper lines and then solder them to the
brass end plate. The 5/8-inch holes in the
aluminum jig are reamed to permit sliding
the jig on the lines. The jig maintains cor-
rect spacing of the lines while drilling
through them and the bottom plate of the
enclosure, where the 3/4-inch ceramic
standoff insulators will be installed. The
drill press may be used as a clamp while
soldering the square end plates to the cop-
per lines, (Note: Remember to remove the
aluminum jig before soldering!)

Packaging
The minimum size of the repeater
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Fig. 4 — The audio processing and control section of the repeater. All fixed-value resistors are 1/4 W.

enclosure was dictated primarily by the
size and shape of the filters. Each filter
assembly is approximately 2-1/2 x 19 x
9-1/2 inches (HWD). The repeater proper
is 4 inches high. The enclosure, made of
1/2-inch plywood covered with sheet
aluminum, is 10 X 22 X 12 inches
(HWD) — just over 1.5 cubic feet of
repeater! Fig. 3 is a sketch of the layout of
the repeater electronic packages. A shelf
was cut from 3/8-inch plywood and
covered with a sheet of aluminum on the
top side. This makes a good ground plate
on which to mount the modules. The
3-1/2 inch front panel was placed 1 inch
back from the front edge of the shelf to
allow for clearance between the control
knobs and switches and the closed front
door of the package. This is shown in the
accompanying photograph.

An article by George Allen, WI1HCI,
and Bob Brown, W2EDN, will be
valuable to anyone constructing a
repeater.” Allen and Brown stressed the
necessity of adequate rf shielding and
bypassing, and suggested that cast-
aluminum enclosures be used for both the
transmitter and receiver modules. LMB
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no. 753 chassis boxes provide adequate rf
shielding. Do not forget to use feed-
through capacitors for all dc and audio
lines into and out of the chassis boxes.

Other Considerations

The machine was intended to be used as
a command post net-control station while
it was simultancously operated as a
repeater. This meant that a fixed level of
audio must be used for the transmitter
while providing a local audio-gain control
for the base station. A method of ac-
complishing this by means of L or T pads
is shown in Allen and Brown’s article.

The system used here (see Fig. 4) was
designed to allow the use of a tone
decoder for the remote-control system
and with the hope of conserving power.
The audio for the transmitter and the con-
trol decoders is taken from the high end of
the audio-gain control potentiometer.
This way, the audio-gain control affects
only the local audio level and permits
turning off the audio-power amplifier
when the unit is operated as an unat-
tended repeater. With this arrangement,
however, the repeater audio was obtained

from a point ahead of the squelch system
in the receiver, so an additional squelch
system had to be incorporated. This was
done by using the receiver COR (carrier-
operated relay) voltage to switch the
repeater audio on and off. One section of
a CD4016 does this nicely, but since the
COR voltage must be raised to +12 V, a
two-transistor dc amplifier was added to
the COR line. A 741 op amp following the
switch also derives its input from the iden-
tifier (i-d) board and furnishes repeater
audio to the transmitter. The 741 loaded
the audio amplifier in the transmitter ex-
citer and made it impossible to use the
local microphone. A 4.,7-kQ isolation
resistor was installed at the line input of
the transmitter to correct this problem.
The output of the first 741 feeds a second
741, whose output goes to the control-
system-level potentiometer. Here, it was
necessary to incorporate de-emphasis at
the output of the second op amp to
balance the level of the tones going to the
NE-567 tone decoders,

The control system is straightforward.
When using the asterisk (*) for on and
the pound sign (#) for inhibit, the
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configuration is as shown. If a different transmit-inhibit transistor on. While this
code is desired, select one tone common to  control system works perfectly, the total
both tone pad pushbutton switches. The savings in battery drain while operating
output of the tone decoder is low when the system as an unattended repeater
locked. With a low at the output of the turned out to be quite small.

two decoders, the output of the associated The audio/control circuitry is built on
7402 gate goes high and it is necessary to  0.1-inch spacing Vector board having the
invert the signal again with another 7402  same dimensions as the VHF Engineering
gate. To shut down the transmitter, a high  cw i-d board. The layout is shown in Fig.
from the 74C74 is used to bias the 5. It is necessary to use wire-wrap sockets
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» VHF Engineering COR 2 cir-
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of this circuit diagram. The
contacts of K1 are wired in
parallel to provide an extra
measure of reliability. All
fixed-value resistors are 1/4
W.
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