

















Mechanical and Assembly Details

Figures 5 and 6 show interior views of the power supply. As shown in Figure 6, the front
panel removes and tilts out of the way to enable easy access to components, should servicing
ever be required. The power supply enclosure measures 12”W x 10"H x 21.5”D (the second
power supply is only 20”D) and is fabricated around a frame made from 1/2 inch square
aluminum stock. Figure 7 shows the frame detail at the corners. The bottom plate is made from
3/16” aluminum plate, while the front, rear, and top panels are fabricated from 1/8” aluminum
plate. The side panels are 1/16” aluminum. An aluminum subpanel (Figures 8 and 9) divides the
power supply into two compartments. The front compartment houses the control logic and
switching circuitry, with the printed circuit board (Figure 10), step-start components, and 12.6
VAC low voltage transformer mounted on the front side of the subpanel.

Figure 5: The 67 Ib plate transformer, filter capacitor and bleeder resistors mount behind a subpanel that
isolates the high voltage components from the control circuitry.

The printed circuit board was designed using Circad 98, a commercial schematic capture
and PCB layout package (www.holophase.com) that the author has used for many projects.
“Gerber” files for the completed layout were then uploaded to Advanced Circuits
(www.4pcb.com), which manufactures high quality printed circuit boards in small quantities at
very reasonable cost. Figure 11 shows a breadboard lashup used to debug the logic circuitry
before committing the design to a printed circuit board. The small plastic enclosure with the
LEDs and momentary-action lever switches simulate three remote RF decks. Interested readers
can view a short video demonstration of the breadboard logic circuitry at
www.youtube.com/w8zr/HVPS.




Figure 6: The front panel detaches and tilts forward for servicing and access to the logic and control
circuitry.

All point-to-point wiring in the power supply uses silicone insulated high voltage wire or
color-coded PTFE (Teflon) insulated wire. PTFE is a very durable insulator and has excellent
heat resistance and dielectric strength. The wire is costly, but can frequently be found at bargain-
basement prices at hamfests and on-line auction and swap sites.

Figure 7: The rectangular frame is constructed from 1/2 in. square aluminum stock. A single 10-32 flathead
screw secures the three interlocking pieces that form each corner.

The HV diode blocks are heatsinked to a 4.5 in. x 5.75 in. x 0.125 in. aluminum plate,
which is mounted on 0.5 in. metal standoffs on the rear side of the subpanel. The rear subpanel
also holds the bleeder resistors, HV/LV—select relay, and miscellaneous other components, some
of which are mounted on silver/ceramic terminal strips scavenged from old Tektronix
oscilloscopes. “Pem” type threaded fasteners are used instead of nuts in order to facilitate
component removal. All other hardware is stainless steel, using pan-head phillips screws. A 4.75
in. “whisper” muffin fan mounted on the right side of the enclosure silently exhausts warm air
drawn through a ventilation cutout on the opposite side. The large oil-filled capacitor sits on a
rubber pad and is secured to the base plate by clamps fabricated by 3/8” square aluminum stock.



Figure 8: The front side of the subpanel houses the controller printed circuit board, the low voltage
transformer, and the step-start circuits.

The enclosure panels are powder coated with a smooth black satin finish. The front panel
is similarly finished, and was custom made by Front Panel Express
(www.frontpanelexpress.com) from a CAD file supplied by the author. The panel lettering and
other markings are engraved and backfilled with red and yellow paint (white paint for the lower
voltage supply). Each power supply sits on two inch casters and weighs about 90 1bs.

Figure 9: The bleeder resistors, metering components and HV- select relay mount on the rear of the
subpanel. PTFE spacers insulate the bleeder resistors from the chassis, while the HV diode blocks are
heatsinked to a 1/8 in. aluminum plate.

The most tedious part of construction was fabricating the frame for the aluminum
enclosure. In order for the frame to be square, tolerances for the individual pieces had to be
maintained to within 0.015 in. After the frame was completed, sixty precisely spaced holes had
to be drilled and tapped into it for attaching the six panels. Obviously, other builders will likely
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have more sense than the author and will spare themselves this ordeal by building the power

supply into a commercial enclosure!
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Figure 10: The double-sided printed circuit board houses the logic and control functions, the over-current
protection circuit, and the control relays. A plastic shield covers the Gigavac HV relays to keep nearby wires

and cables at a safe distance.
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Figure 11: The logic and control circuitry waé tested éhd debugged with this breadboard mockup, before

laying out the printed circuit board.
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There are many reasons why amateurs enjoy building their own equipment. Saving
money, experimenting with new circuits, learning new skills, and experiencing the satisfaction
that comes from creating something innovative and useful have always motivated amateur radio
homebrewers. For some, including the author, there is also a strong esthetic pleasure that comes
from designing and building a unique piece of equipment that cuts no corners, and cannot be
purchased commercially. But all builders, no matter how skilled or experienced, quickly learn
that there is no design that cannot be improved upon and no level of workmanship that cannot be
executed more carefully. Because perfection always remains out of reach, every new project thus
represents an irresistible challenge to improve one’s skills and advance the state of the art. That
spirit of innovation has infused amateur radio since its earliest days, more than a century ago,
and is still alive and well today.

Author Information: The author holds an Amateur Extra Class license and is a former Ohio
State University physics professor and president of Miami University (Ohio). He is a life
member of the ARRL, a member of the ARRL Diamond Club and Maxim Society, and currently
lives in Santa Fe, NM. His amateur radio website is www.w8zr.net, and additional information
about the high voltage power supply in this article may be found at www.w8zr.net/hvps. The
author may be contacted at w8zr @arrl.net.
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Sidebar

High Voltage Safety Considerations

We are all so besieged these days with verbose safety warnings on mostly harmless consumer
goods that it is easy to forget that some things really are dangerous. High voltage power supplies
definitely fall into this category, especially since many amateurs are accustomed to solid state
circuits and seldom encounter any d.c. voltage higher than 12V. This power supply produces
voltages that are highly lethal. So please take to heart the following ten precautions.
Furthermore, don’t expect to learn from your mistakes, because if you don’t exercise proper
precautions the first time, you’re unlikely ever to have a second chance.

1. Don’t let your reach exceed your grasp. This is not a project for beginners. You should not
attempt to build this power supply unless you’re a seasoned builder who has experience with
high voltage circuitry.

2. Young amateurs should not attempt this project. Working with high voltages requires the
maturity and patience that comes with age and experience.

3. Never work around high voltage when you are tired, stressed, or in a hurry.

4. Never work around high voltage after drinking alcohol. Even one beer or glass of wine can
impair your judgment and make you careless.

5. Before working on a high voltage power supply, always follow these three steps: Unplug
(the AC power cord), discharge (the filter capacitors) and verify (that the output voltage is
truly zero). Time-honored practice is to use a “chicken stick” (a wooden dowel or PVC tube,
with one end attached to a grounded wire) to make sure filter capacitors are completely
discharged.

6. When working on a high voltage power supply, remember that a dangerous time is after
the power supply has just been turned off, but before the filter capacitors have fully
discharged. A 50 pF capacitor charged to 4000 V holds a potentially deadly 400 Joules of
energy. Even with bleeder resistors, it can take a minute or more to discharge fully.

7. When removing a recently discharged filter capacitor from a power supply, tie the two
terminals together with wire. Large high voltage capacitors can self-charge to dangerous
levels if the terminals are left floating.

8. Don’t stake your life on the expectation that bleeder resistors, fuses, circuit breakers,
relays, and switches are always going to do their job. Even though modern components are
very reliable, it is safe practice always to assume the worst.

9. Don’t build this power supply if you don’t understand how the circuit works. High power
amplifiers and power supplies are not “plug-and-play” projects with step-by-step
instructions. Builders must be knowledgeable enough to improvise, make component
substitutions, and implement design changes.



13

10. With high voltage projects, it doesn’t pay to be “penny wise and pound foolish.” Use
high quality components throughout and save your forty-year-old junk box parts for projects
where safety and reliability are not paramount requirements.
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