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Often the DIY builder will require a specia power transformer for a project that’s just
not available off the shdf from aloca supplier. The only solution isto custom order an
expengve prototype from some commercia winder or make a severe compromise by
using severd transformers together to obtain the required voltages. This article will
describe amethod of taking a new or used transformer with the required primary and VA
rating And rewind the secondaries to obtain the proper voltages required for your project.

1. Obtain asacrificid transformer with known specs. In my case it was a 120 vac
primary and a24 vac secondary @ 2 amps. Power the transformer up and measure and
write down the unloaded secondary voltage. Start loading the secondary with some big
power resistors until the open circuit voltage drops by 30% or as close as you can get to
30%. Use ohms law to determine how much current the load has flowing throughit.
Multiply the current by the loaded voltage to obtain the CORE VA. Thiswill verify the
VA rding. Make surethis VA isequd to or alittle larger than VA required in your new
design.

2. 1f dl iswdl with your new requirements, start disassembling your sacrificid victim.
Remove the mounting brackets and any other hardware. Using axacto or carpet knife,
separate the laminations that are probably coated with shellac or wax so they can be
removed from the core. (try not to bend them up too much) Put the laminations aside for
now. We'll clean them up and re-use them later.

3. You should now have in you hands just the coil with the primary and secondary leads
gill attached. Carry it with you to the refrigerator, get a beer and show your wife or
girlfriend what you've been doing for the last hour. Now, return to your bench and open
the beer and sip dowly.

4. Secure the primary leads out of the way by stuffing them in center core to protect
them. Now, remove the outer wrappings of the core down to where the secondary leads
are atached. Y ou need to make alittle sketch of what you now see before the beer kicks
in. Specifically make note of where the start and finish of the coils are and how they are
routed in and out of the bobbin. Also note how the leads are attached and secured to the
coil. They should be soldered and covered with severd layers of tape and or paper.

5. Now here' sthe part you need to be careful with. Locate the “END” of the secondary
winding. Thisisthe wire that disappears into the OUTER mogt part of the cail. Follow
and remove any tape or paper to expose the first layer of secondary windings.

6. Start unwinding very carefully counting each full turn of wire removed. When you've
unwound the first layer WRITE DOWN the totd turnson THAT layer. Y ou will need to
know this later. Now, remove the next layer of paper to expose the next layer of wire.
Continue unwinding thet layer counting the number of turns. If you run into a center tap,
write down how many turns down into the secondary it was located. Also note how it was
attached and insulated from the rest of the windings. Continue unwinding until you resch
the “START” of the secondary. Go get another beer and say Hi to the wife unless she's
watching American Idal. If sheis, don't bother her. She hasn’t missed you anyway.



7. Now, with NIN playing in the background, let’s ook at our notes. Add up al the turns
you' ve unwound. The total number of turns divided by the RATED LOADED voltage
will bethe* TURNS PER VOLT” (TPV) on this particular core. If there was a center tap
it should have been at pretty close to one haf of the number of turnsinto the secondary.
For example, if the transformer was a 120 volt primary with a 24 volt secondary, we
know theturn’'sratiois:

“Ratio = Ep divided by ES’

Thisturned out to be 5:1. on my project. If the secondary current was rated at 2 amps
continuous, then the current that flows through the primary with a2 amp load is about
Isdivided by 5 or .250 amps. There are some losses that occur due to winding resistance
and the qudity of the laminations that we won't go into here. Thiswill be discussed in
another paper. Back to my design | had 192 turns or 8 TPV for my core in the secondary.
Thismeansthere are X 5 or gpproximately 960 turnsin the il intact primary.

8. In my design, | needed one secondary at 160 volts at .050 amps and another one of 15
voltsat 1 amp. Using the data I’ ve collected, | know that the 15 volt winding will require:

8TPV X 15V =120 turnsto make 15 valts.
and
8 TPV X 160V = 1280 turns to make 160 volts. Whew!!

From the RDH 4™ edition wire chart and the required current for each winding, I can
determine the required wire gauge required for each winding. For the 15 volt @ 1 amp
winding, | can use 20 ga wirewhich israted a 1.46 amps, or | could amost use 22 ga
whichisrated at .996 amps. but aways use the larger and be on the safe side. For the 160
volt @ .050 amps | need the 34 ga. that’ srated at .057 amps. I’ ve included awire chart
on the next page that you can reference for your project. | decided to wind the 15 volt
winding first because it' s the larger gauge and will use lesswire being the turn’slength is
shorter. Also it will provide a more even surface for the 34 ga. winding that’ s to follow.

Winding

9. | useasmal drill press clamped horizontaly in avice and the foot pedd from the

wife' s sawing machine to control the speed (don't tell her this). | also have attached to
the pulley on the drill press, areflective tape dot and a Banner™ photo optical sensor to
count the turns of the drill press. The open collector Banner™ sensor output is connected
10K pull-up resistor with a9 volt battery and then to an old HP frequency counter et to
the “accumulate’ mode. This make a greet turns counter that’s good up to 3000 RPM.



Wire Chart

10. | decided at this point to add an electrogtatic shield between the primary and secondary.
on my project. Thiswill help filter out dl the RF noise and trangents that are running

around in the primary. | used .005 copper foil cut 1/8” smaller than the primary coil height.
Y ou must neatly solder a12” length of 20 ga. stranded wire to the part of the foil that will

be on the same side as the secondary wires exit on. Make sure the solder flows smoothly
with no sharp points and wrap around the existing primary core. Trim the foil leaving about
a3/16” gap on the Sde the primary wires exit from. We must leave this gep to prevent
creating a shorted turn in our transformer. If this gap in the dectrogtatic shield becomes
shorted, it will become extremedy hot and eventualy cause afailure or worse, fire! Add
severd turns of Kraft paper or Kapton® tape (available from any motor re-winder) around
the copper shidd to secure it tightly. Wrap the shield with asingle layer of craft paper and
nestly tape in place. Route thislead out of the way for now. Y ou should now have a
smooth even surface around your core to start winding your secondary on.

11. Attached one end of the first winding to the bobbin on the opposite side of the
primary leaving about 3" tucked over the edge and out of the way. Seefigure 1.



Starting 1/8” from the edge of the coil | wound thefirst few turns by hand to get every
thing Started off correctly.

Y our turns should lay touching each other Sde by sde as you wind. When your reach
1/8" from the end of the first layer, wrap that layer with alayer Kraft paper cut to the
width of the exigting coil form. Start under the last turn, and tape firmly in place as

shown in figure 2a. below. Continue winding back in the oppaosite direction keegping your
windings neet and astight as possible. Continue winding adding Kraft paper between
each layer. When dl the prescribed turns have been wound for this secondary, terminate
on the opposite side from the primary leads with the appropriate gauge lead wire and tape
securdy asinfigure 2c and 2d. Wrap this completed secondary with Kraft paper as
shown in figure 2e, Now, you can start the next secondary if you require one. With my
next secondary being wound with small 34 ga. wire and so many turns, it won't matter so
much if afew turns overlap. Aslong asthe layer remains a smooth as possble. With this
secondary now completed, terminate as you did before as shown in figure 1.

Anchoring down the start of the secondary.

Flace tape with Fold over. Apply second pisce
adhesive gide UP. adhesive side down.
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12. Again, carry the completed assembly with you to the refrigerator and get another
beer. Check on the wife if she's dtill awake and show her what you've made. If she's
adeep don’'t wake her just yet. She won't get it. She'll brag on you tomorrow. Now
put on that new Dan Penn “Blue Light Lounge’ abum and lets complete this project.

13. Now comes the nasty part. The laminations need to be insulated from each other as
they are assembled in the core. Thisis normaly done using shellac and a vacuum
impregnation chamber in the manufacturing process. We' re going to use an dternate
process. Get the laminations that were removed in your disassembly process.

Lightly buff the edges of the E and | laminations with arotary wire brush on abench
grinder or, you can aso use arotary hand tool or sand paper.

Remove any flakes and build up of old shellac. Now, fill a*clean” smdll coffee can or
other container with Marine shellac degp enough to completely submerge the laminations
in. Using needle nose pliers, retrieve the laminations one by one and re-inddl themin the
core from the notes you made when removing them. Y ou did make notes didn’t you ?
When you get to the last few laminations, you may have trouble getting them inserted.




Thisis because of the shellac build up in between them. Y ou can use some smdl “C”
clamps or vice to tighten the laminations and make the shellac ooze out wipe the edges
and try to insert the rest. Don't worry if you have afew that just won't go back in. It
won't effect the operation at all.
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14. Using ablock of wood and asmal hammer, Tap on the each side of the stack to get
the lamination stack even and square in the core. Now for some quality control. The
laminations must be very tight insde the core. If not, force some shims of wood of craft
paper in the core to hold it tight. Anything loose will cause an annoying buzz and can
cause IM digtortion in the secondary output. Use an ohm meter to check continuity

and check for shortsto the laminations and shorts from the primary to secondary.
Congratulaionsif you've madeit thisfar! You'redone! Pat yoursdf on the back from
me. Allow the shellac to set up and dry for afew minutes while you throw away dl the
wire form the old transformer.(you didn’'t reuseit | hope!) Also clean up dl the shellac
flakes from the floor. They are poisonous to animas and children if ingested.

15. Now you can do a dynamic test. Attach aline cord and plug it into avariac. Sowly
bring it up while you monitor one of the secondaries with a meter. The unloaded voltage
will be about 20% to 30% higher than the required specification. Check the other
secondary in the same manner. Now you can wake the wife and show her what you've
done.



Some things you need to remember.

1. Rewinding your own transformer is agreet way to save alot of money and avoid
buying custom transformers for specid projects. This particular project wasfor a
pre-amp that required 150 VDC for the plate and a 12 VDC regulated filament.
It would be just as easy to add an additional 48 volt phantom supply winding.
Also the same process can be used for high powered amps aswell. Just start with
the proper size core and insulation reating and determine the TPV and the required
turns to get the voltages you need.

2. Make sure the sacrificid trandformers VA isaslarge asthe VA required in the
new design. If it not, the laminations wont fit and it just won't work.

3. Make sure the bobbins insulation properties and the wire you' re using meet your
new requirements. Most transformer bobbins with 120 volt primaries are good up
to 300 VAC. Make sure your wireis rated at least 150 C. What you buy from
Radio Scrap is not suitable for transformers. It's ok for buzzers and RF, but find a
motor rewinding shop that will work with you on supplies.

4. Don't reuse any wire removed from the old secondary. It may have minute cracks
and has been stressed in the previous winding process and is just not suitable for
reuse.

5. And by dl means, don't use arewound transformer in any life support or safety
equipment or in an explogve environment.
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