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T
he exact size of the PC board is
120×272 mm (4.72×10.71 inches).
It must be made from good qual-
ity, single-sided glass epoxy

board—don’t try to use a cheaper grade of
board. The heavy components would stress
it too much and the copper adhesion is not
good enough for the heavy soldering re-
quired. A circuit board is available from
FAR Circuits.1

Building the Magnetic Components
The biggest challenge for most home

builders will be the magnetic components.
To keep things simple, I used Amidon
cores. The only exceptions are L1 and L3,
which were made from materials found in
my junk box. Both of these inductors are
not critical, and suitable Amidon part num-
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A 13.8-V, 40-A Switching
Power Supply

Figure 2—Larry Wolfgang, WR1B, using a
4-foot straightedge designed as a guide for
hand-held circular saws to clamp the copper
foil tape to a board on a tabletop. After
carefully measuring to ensure a uniform 22
mm width, he cut the foil tape using a
Fiskars rotary cutter. Be careful to keep the
cutter wheel against the straightedge for the
entire length. Move the tape in 4-foot
intervals to cut the entire length.

Figure 3—Winding the foil tape tightly on the
epoxy-coated paper bobbin on the wooden
block. The Mylar tape is unrolled and
positioned over the foil layer as you wind.

Figure 4—Primary 15 turns on bobbin,
with start of 4-turn, center-tapped
secondary winding.
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bers are included in the parts list.
T1, the main power transformer, is the

heart of this circuit. I built T1 using a tape-
winding technique, stacking four pairs of
ferrite E cores to obtain the necessary mag-
netic capabilities. [Comments from HQ
staffer Larry Wolfgang, WR1B, as he con-
structed the transformers and inductors are
included in the construction details below.]

Making T1
Because four cores are stacked there is

no factory-made bobbin available for this
transformer, so I made a paper bobbin. I
wound the transformer using 0.1-mm thick
copper strips interleaved with Mylar sheets,
because a thick wire needed for the heavy
current would be impossible to bend around
the sharp corners of the bobbin. Instead of
using a lot of thin wires in parallel, it is better
to use copper strips. The whole assembly is
sealed in epoxy resin, with the magnetic
cores glued in place with epoxy.

Cut a piece of hardwood to serve as a
form when making the bobbin. As the cen-
ter legs of the four stacked cores measure
62×12 mm (2.44×0.47 inches), the wood
block must be 63 mm (2.5 inches) wide and
12.5 mm (0.5 inch) thick, to allow for some
play. The length of the block should be
around 100 mm (4 inches). The height of
the bobbin will be 28 mm (1.10 inches), so
make your block long enough to hold it with

the bobbin in place with room for holding
on to it. I used a belt sander to trim this
wood block to the exact dimensions. Try to
be precise—if the bobbin is too big you will
waste valuable winding space, running the
risk of not being able to fit the windings. If
the bobbin comes out too small, your fin-
ished winding assembly may not fit the
ferrite cores, making it unusable.

Now wrap the wood block with one layer
of plastic film, such as “Saran Wrap” used
in the kitchen to preserve food. This mate-
rial allows you to remove the bobbin from
the wood block easily. Cut a strip of strong
packing paper, 28 mm (1.10 inches) wide
and about 1 m (39.4 inches) long. A brown-
paper grocery bag is a good source of suit-
able paper. Mix some 5-minute epoxy glue
(I used the type sold in airplane modeling
shops, which comes in good-sized bottles)
and apply a layer of epoxy to the paper strip.
Now wind 6 layers of the paper strip very
tightly around the plastic-wrapped wood
block. Wrap another sheet of Saran Wrap

Part 2—This month we describe
construction details and pull all
the loose ends together.

1Circuit boards for this project are available for
$19 each plus $1.50 shipping per board. VISA
and MasterCard accepted. Orders may be
mailed to FAR Circuits, 18N640 Field Ct,
Dundee, IL 60118, or faxed to 847-836-9148.
A circuit board template for this project  may be
downloaded from the ARRL Web at http://
www.arrl.org/notes/1816/#correx. Note: The
template included in The 1999 ARRL Hand-
book is incorrect. Use this template instead.

http://www.arrl.org/notes/1816/#correx
http://www.arrl.org/notes/1816/#correx
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around your work and press it between two
wooden blocks held together with strong
rubber bands or wood clamps, so the long
sides of the bobbin are flat and smooth
against the wood. Now place the bobbin
assembly in an oven for about 15 minutes at
50°C (122° F). The epoxy sets much more
quickly and becomes somewhat stronger at
that temperature.

[Comments from Larry Wolfgang, WR1B:
The paper I used for my T1 bobbin was cut
from a 36-inch-wide length of “craft paper.”
This had been used to wrap some paper my
wife had purchased at an art-supply store. It
was about as heavy as the paper used for
grocery bags. I used 30-minute epoxy for
this step, providing a bit more “working
time” than 5-minute epoxy allows. It takes
lots of epoxy, because so much soaks into
the paper. My epoxy was the kind with the
double plunger, and equal amounts come out
of both tubes as you push in the plunger.
Wear rubber or plastic gloves to protect your
hands. I squeezed out an amount that made
a puddle of resin and a puddle of hardener
each about 11/2 inches across and 1/8 inch or
so deep. This was not enough, and I had to
mix more. I used a spring clamp to hold the
paper to my workbench and then held the
paper in one hand while spreading epoxy
with a heavy toothpick. I coated the entire
length and then wrapped my plastic-covered
wooden block. My electronic-controlled gas
oven only allows me to set the temperature
as low as 170ºF, so I had to watch the tem-
perature and shut the oven off as the temp
rose to about 150ºF, then let it cool down. I
ran it twice this way to “cure” the 30-minute
epoxy I used for the bobbin.—WR1B]

Now you will need some 0.1 mm (0.004
inch = 4 mils) thick copper tape, and some
Mylar sheet of a similar thickness. Cut the
copper in strips 22 mm (0.87 inch) wide,
and the Mylar in strips 28 mm (1.10 inches)
wide. If you can make long strips, say 2 m
(6.56 feet), this is an advantage. Otherwise,
you will have to solder individual copper
strips together. In total, you will need about
7 m (23 feet) of copper tape and slightly
less Mylar tape. [I made 7 meters of
“double-thickness” tape, using two 3-mil
thick, sticky-backed copper tapes that we
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Figure 6—Clamping the T1 assembly and
filling with epoxy.

Figure 5—Photo showing how the core
halves must fit into the completed
transformer after it is removed from the
wooden block. You will have to file off the
rough edges of epoxy to allow the cores to
meet properly.

had in the ARRL Lab. After making the
15-turn winding, I cut the leftovers in four
equal lengths to make the “four-layer tape”
used in the secondary. There was less than
a foot of left-over tape after the transformer
was completed. The Mylar tape I used was
made by 3M and was 2-mil thick and 1-inch
wide with adhesive backing. This thickness
is sufficient for the voltages involved, pro-
vided that care is taken so that the Mylar
isn’t punctured by accident. If like the au-
thor, you cut strips from a sheet of copper,
you should file down the edges to remove
burrs. See Figure 2.—WR1B]

Once the epoxy has had ample time to
harden and has cooled, remove the rubber
bands, the outer wood blocks, and the outer
plastic wrapping (don’t worry if it doesn’t
come off completely). Do not remove the
plastic wrapping that separates the bobbin
from the wood. You now have your
wrapped wooden core and the epoxy-paper
bobbin on it.

Take a 60 mm (2.36 inches) length of
#12 bare copper wire. Wrap the end of one
of your copper strips around the wire, so
that the wire protrudes out from one side of
the copper loop. Use a big soldering iron to
flow some solder into the junction. Try to
avoid getting solder on the outside, because
this could later puncture the Mylar insula-
tion. [I scraped the adhesive off the back of
the sticky-backed tape where I soldered the
wire. Otherwise, the solder won’t stick to
the back of the copper, and the layers may
not have good conductivity between
them.—WR1B]

Now place the copper wire on one of the
narrow sides of the bobbin, so that the cop-
per strip is centered on the width of the
bobbin, leaving 3 mm (0.12 inch) room on
each side. Stick the start of the copper strip
to the bobbin with some thin adhesive tape.
See Figure 3.

Position the start of a Mylar strip so that

it covers all the copper and is centered on
the bobbin, and then tape it in place. Now
wind 15 turns of this copper-Mylar sand-
wich, as tightly as you can, keeping the
Mylar aligned with the bobbin sides and the
copper nicely centered. Don’t lose your
grip, or the whole thing will spring apart! If
your copper strip is not long enough, fix
everything with strong rubber bands or a
clamp and solder another copper strip to the
end of the first one, allowing 2 mm of over-
lap. Before doing this, cut the first copper
sheet so that the joint will be on one of the
narrow sides of the bobbin, because here you
have space, while the wide sides will have
to fit inside the ferrite core’s window. If the
Mylar strip runs out, just use adhesive tape
to add another strip. Make the overlap 5 mm
to avoid risk of creepage between the sheets
and also try to locate the joint on one of the
narrow sides of the bobbin. See Figure 4.

When the 15 turns are complete, cut the
copper strip so that the second terminal will
be on the same narrow side of the bobbin as
the first terminal. Solder the second termi-
nal (another 60 mm piece of bare copper
wire) to the strip, position it and wind three
or four layers of Mylar to make the insula-
tion safe between the primary and second-
ary. [I started my primary winding with the
bulge of the wire on the corner, so that I was
immediately winding along the wide side.
When I finished the 15 turns, I positioned
the end wire so it is on the narrow side, just
short of the corner of the long side. This
way, the two bulges meet at the middle, but
don’t cross each other.—WR1B]

If you think this is a messy business,
you are right. But it’s fun too! The second-
ary is just a little bit messier: It is wound
with a five-layer sandwich—four layers of
copper and the Mylar topping layer. But
it’s only four turns total, so take a deep
breath and do it. Solder the four copper
strips together around a piece of #12 cop-
per wire. Don’t be overly worried if the
outcome is not very clean; mine was quite
a mess too, yet it worked well on the first
try. Just be sure you don’t create sharp
edges or pointed solder mounds, because
these may damage the insulation. See Fig-
ure 4 for details.

Now position the start of your secondary
conductor so the terminal wire will come out
on the same side as those of the primary, but
on the other narrow side of the coil assem-
bly. The goal is to end up with a transformer
with its primary leads on one extreme and
the secondary on the other, and that will also
fit the printed circuit board nicely. Wind two
turns, solder the center tap wire between the
four copper strips, wind the other two turns,
solder the last terminal wire and then wind a
finishing layer of Mylar and fix it in place
with adhesive tape. This finishes the worst
part of making T1.

What you have now is a springy, messy
coil assembly that will fall apart if you let it
go. You have to seal it, but this is easy to do.
Temporarily hold things together with some
stout rubber bands. Wrap your two wooden
blocks, the same you used to press together
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Figure 7—Cross-sectional view of T3 (not
to scale), showing distribution of windings.

Photo of top of ARRL HQ version, showing PCB mounted in cabinet.the bobbin, in plastic film. Place them
against the sides of the coil assembly, and
apply hard pressure, using a clamp or a lot
of rubber bands, so that the long sides of the
coil straighten out completely, and any slack
is displaced to the narrow sides. Now mix a
fair quantity of epoxy glue, place the coil
assembly so that the pins face up, and let the
epoxy run into the coil. Continue supplying
epoxy until it starts to set. If it drips out from
the other side, no problem. (Just don’t do
this work over your best rug!) When the
epoxy doesn’t flow any longer, turn over the
coil assembly, mix a new batch of epoxy
and fill the other side completely, forming a
smooth surface. As the lower side is now
sealed, the epoxy will not flow out there.
When this epoxy has set, turn the assembly
over again, mix some more epoxy and apply
it to form a smooth surface there. The idea
is to replace all the air between copper and
Mylar sheets by epoxy, and especially to fill
the room left by the copper strip, which is
narrower than the Mylar. This filling is nec-
essary both for mechanical and for electric
safety reasons. See Figure 6. [My wooden
“screw clamp” worked well for applying
strong even pressure to the sides. I don’t
think rubber bands would apply enough
pressure to minimize the air space inside the
transformer.—WR1B]

Now place the assembly in the oven
again. Let the epoxy harden completely,
then remove the coil from the oven, remove
the clamp, rubber bands, wooden blocks,
wooden core and all remains of plastic film.
You will be surprised how your messy and
springy assembly changed into a very ro-
bust, hard, strong and nice coil. Now test-
fit the ferrite cores. See if they can be in-
stalled easily, so that each pair of facing
E-cores comes together in intimate contact,
without pressing on the winding. If every-
thing is right, the winding should have
some play room in the assembled core. But
it is easy to get too much epoxy on the coil.
If this happens to you, just take a file and
work the epoxy down so that it doesn’t dis-
turb the ferrite. The ferrite core must close
properly; otherwise you will later burn out
the power transistors.

When the sides fit, prepare some more
epoxy, apply a very thin layer to all contact

faces of the ferrite cores and mount them
onto the coil assembly. You can hold them
in place with adhesive tape until the epoxy
sets. Again, use the oven to speed up the
hardening. The last thing you have to do is
bend the copper wires into the proper shape
to fit the printed circuit board holes. Be sure
that on the secondary winding the center
tap is actually in the center position. The
polarity of the other pins doesn’t matter.
This completes the manufacture of T1. All
the other transformers and coils are just
child’s play after making T1!

Making T2
The current sense transformer T2 has a

lot of turns but they needn’t be wound
nicely side-by-side. You can use a winding
machine with a turns counter or you can
just wind T2 by hand. Get some #36 or other
thin enameled wire, solder the end to one of
the outer pins of the EE24-25-B bobbin,
and wind 100 turns. Don’t worry if your
winding is criss-crossed and ugly, and
don’t feel guilty if you lose count and wind
a few turns more or less. As long as you
don’t overdo it, it will just affect the posi-
tion of VR1 when you adjust the completed
power supply later. Solder the wire to the
center pin on the same side, then wind an-
other 100 turns in the same sense. Solder to
the other outer pin on the same bobbin side
and apply one or two layers of Mylar, just
to protect the thin wire.

Now take a piece of #14 plastic insu-
lated wire, wind one single turn over the
Mylar and solder the two ends to the two
outer pins of the other side of the bobbin. It
doesn’t matter which end goes to which
side. Install the EA77-250 core with a
small amount of epoxy cement and T2 is
finished. [I used AWG #14 house wire here.
The insulation made it a bit tight for the
core, but it fit.—WR1B]

Making T3
T3 is made using the same type of bob-

bin and core as T2. Wind 26 turns of #28
enameled wire. The 26 turns should fit

nicely in a single layer. Study the schematic
diagram to see how the windings connect
to the bobbin pins. Bring the wire back to
the starting side over the last half turn, for
connection to the center-tap pin. Wind one
layer of Mylar sheet, then put on the next
26 turns. Again, bring the wire back to the
starting side over the last half turn, for con-
nection to the bobbin pin.

Wind 3 layers of Mylar tape, to insulate
the primary and secondary properly. Wind
8 turns of #20 wire, and solder the ends to
the bobbin pins. Look at the printed circuit
board drawing to see which wire is soldered
to which pin. Wind a single layer of Mylar,
then wind the other 8-turn winding over the
first one. This will leave a space at one side
of the bobbin big enough to take the single
turn of #14 plastic insulated wire. This
completes the assembly. See Figure 7 for a
cross-sectional view of the windings. Now
glue the core in place with epoxy cement
and T3 is finished.

Making L2
L2 is wound on an Amidon T-200-26

iron-powder toroid core. As it is too diffi-
cult to bend thick wire through a toroid,
and tape winding it is not practical either, I
chose to make this coil with 10 pieces of
#16 enameled wire in parallel.

Cut the wires to about 1.5 m (59 inches)
in length and lightly twist them together.
Then insert the bundle into the core, and
starting from the middle of the wire bundle,
wind 8 turns, using half of the core’s cir-
cumference. Now wind another 7 turns,
starting from the middle toward the other
end of the wire bundle. The 16th turn is the
one you made when you inserted the wire
bundle into the core to start.

Making L3
To make L3 you must first find a suit-

able rod. I used a part of an old ferrite
antenna rod about 10 mm (0.39 inch) in di-
ameter and 50 mm long (1.97 inches). (An
Amidon number 33-050-200 rod can be
used.) Wind 10 bifilar turns of #12 enam-
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eled wire. This wire is quite stiff, but it is
still no problem to handle. You should wind
the coil on a properly sized drill bit, allow
it to spring open and place it on the ferrite
core. Otherwise you could crack the ferrite
trying to wind directly on it. A tapered
“drift punch” helped open the turns just
enough to fit the core. Fix the core to the
winding with some epoxy. Bend the wires
so that all four of them point down with the
core pointing straight up. That’s the posi-
tion L3 is mounted on the PCB.

Putting It All Together
Install and solder all parts except for Q1,

Q2, and D6 to D9. Before installing D1,
fashion a simple heat sink from a 30×80 mm
(1.18×3.15 inch) piece of 1 mm (0.039
inches) thick aluminum sheet, bent into a U
shape. Drill a hole and screw the rectifier
bridge onto the heat sink together with a
lock washer. Then solder D1 to the board.

I made my own enclosure, using two
3-mm (0.12 inch) aluminum plates, measur-
ing 300×120 mm (11.81×4.72 inches) for
the front and rear walls. They are screwed to
the fan, the PCB and to a 120-mm (4.72-
inch) long spreader tube of 6-mm (0.24-
inch) diameter, so that these parts become
integral to the structure. The connections
between the PCB, aluminum plates and fan
were made with small pieces of 10×10 mm
(0.39×0.39 inch) aluminum angle stock. The
assembly is surprisingly rigid.

The top and bottom covers were made
from 1 mm (0.04 inch) aluminum sheet and
measure 126×300 mm (4.96×11.81 inches).
The bottom cover has a hole for the PCB’s
center mount. The side covers were cut
from wire mesh to allow unrestricted air-
flow, and measure 122×126 mm (4.80×
4.96 inches). The panels are held together
with 10×10 mm (0.3×0.39 inch) aluminum
angle stock, running along all edges and
held with small sheet-metal screws. These
covers are not installed until the power
supply is complete, tested and adjusted.

I painted all the panels flat black on the
outside, which looks nice together with the
anodized aluminum angle stock. The edges
and insides were kept free of paint, in order
to get proper electrical contact between the
panels for good shielding.

[The version made by WR1B used a
Hammond Manufacturing ventilated, low-
profile instrument case, catalog number
1426Y-B. This is a rugged case that also
looks very nice. Larry mounted the circuit
board inside the case using a pair of steel
mounting rails, also from Hammond, cata-
log number 1448R12.]

The components external to the PCB
(P1, SW1, C3, the LED and the output screw
terminal block) are mounted to the front and
rear panels. Q1 and Q2 are mounted to the
rear panel, using M3 nylon screws and 3
mm (0.12-inch) thick ceramic insulators.
These thick insulators were used not only
for safety reasons but also because they
reduce the capacitive coupling of the tran-
sistors to the enclosure. Do not use metal
screws with plastic washers, because this

approach does not give enough safety mar-
gin to operate at the input line voltage. [The
author’s junk-box ceramic insulators
proved difficult to duplicate for the supply
we built in the ARRL Lab. Equivalent new
parts would have nearly doubled the cost of
the supply! Instead, for good heat-transfer
properties, we used thin rubber insulators
manufactured by Wakefield Engineering as
PN 175-6-250-P, available from Newark
Electronics as PN 46F7884. Individual alu-
minum spacers milled from aluminum
blocks were used between Q1, Q2 and the
Schottky diodes and the metal chassis. Care
must be taken to make sure the surfaces of
the spacers are parallel and free of burrs to
ensure low thermal resistance.]

The Schottky diodes are mounted using
the same kind of insulators and screws, but
there is a heat spreader made from 6-mm
(0.24-inch) aluminum plate between those
insulators and the case. All surfaces requir-
ing thermal contact are covered with heat-
transfer compound before assembly. When
installing the diodes and transistors, first
do all the mechanical assembly and then
solder the pins. Otherwise you could stress
them too much while fastening the screws.

All wire connections are made next and
the output filter is assembled by sliding the
ferrite beads over the output cables and
soldering the bypass capacitors C25
through C30. Be sure to use a nice thick
wire for the output. A 40 A continuous-duty
current is no joke.

The tracks on the PCB cannot be trusted
to carry 40 A without some help. Use a big
soldering iron (100 to 150 W) to solder
lengths of #12 bare copper wire cut and
bent to fit the shape of all the high-current
paths. To prevent any failures due to vibra-
tion from the fan, place some drops of hot-
melt glue anywhere a wire is connected to
the board. Hot-melt glue is also excellent
for fixing anything that would otherwise
rattle, like ferrite beads.

Testing and Adjusting
Make sure you do a thorough visual

check. Set the three potentiometers to mid
position. Check that there is no continuity
between the ac input and ground, between
the ac input and the dc output or between
the dc output and chassis ground.

Connect a variable voltage supply (you
need 12 to 15 V for the tests) to the output
leads, without plugging the switcher into
the ac line. You should see the LED light
up. Change the voltage fed into your project
to see how the LED changes color. If you
have a dual-channel oscilloscope, connect
its two channels to the base-emitter junctions
of the power transistors. [Since you are not
connected to the ac power line, you will not
be grounding it through the oscilloscope’s
ground leads connected to the emitter
leads.—Ed.] With the external voltage at
about 12 V, you should see small pulses. As
you increase the voltage suddenly the pulses
will disappear. If you want, you can
preadjust VR2 by setting your lab power
supply to exactly 13.8 V and then setting

VR2 to where the pulses just disappear.
Now it’s time to start up the switcher.

Remove your lab supply and the oscillo-
scope leads and connect the supply to the
ac line in series with a 60-W light bulb.
This will avoid most or all damage if some-
thing is really wrong. Connect a voltmeter
to the output and switch on your supply. If
everything is right, the bulb will light up,
then slowly dim while the power supply
starts up and delivers about 13.8 V.

Now, connect a load of about 2 A to the
output—a car brake light makes a good load.
At 2 A output, the bulb in the ac line will
probably glow, with 13.8 V dc at the output.
If everything is okay so far, now comes the
big moment. Remove the series bulb from
the ac circuit. Startup of the supply should
now be fast and you can now connect a
heavier load to it. With a load of 2 to 10 A
connected (the value is uncritical, given the
good regulation of this supply), adjust VR2
so that you have exactly 13.8 V at the output.

Next adjust the current shutdown point.
For this you need a load that can handle
40 A. You could make one by connecting a
lot of car headlamps in parallel or you could
use some resistance wire to build a big
power resistor. I made a 13.8 V, 550 W
heater for testing my supply. Connect the
load and adjust VR1 so that the output volt-
age is just at the limit of shutting down.

The last adjustment is for the fan trigger
point. Connect a 65-W car headlamp or simi-
lar load that consumes about 5 A. Let the
supply run for several minutes, then move VR3
to the point where the fan switches on. Now
check out the trigger function by changing
the load several times between about 2 and
10 A. The fan should switch off and on be-
tween 30 to 60 seconds after each load change.
You may have to readjust VR3 until you get
the fan to switch on at no more than 7 A con-
tinuous load and switch off at about 4 A.

And If It Doesn’t Work?
If you are building this project, you prob-

ably already have some experience in
troubleshooting, so I don’t need to teach you
the basics. If you used substitute parts for
the magnetic cores and made a bad choice,
the results could be dramatic. If either T1 or
L2 saturates, the power transistors could
burn out before the fuse has a chance to
open. The protective light bulb in the ac line
will avoid damage in this case, so by all
means use that bulb for initial testing!

Another possible error is reversing the
phase of a winding in T3. If you get one of
the 8-turn windings reversed, the results will
be explosive unless you have the light bulb
in series. If you reverse the 1-turn winding,
the power supply will simply not start.

Please note that several resistors are
shown with incorrect values in the Hand-
book schematic diagram. The schematic
shown in last month’s QST, however, is
correct. A corrected schematic is also avail-
able on the ARRL Web site.
You can contact Manfred at Buenaventura
Osorio 720 DptoI, La Serena, 112 Chile;
mmornhin@eso.org.

mailto:mmornhin@eso.org

