High Current 13.8V Power Supply

Rod Elliott (ESP)

Introduction

As is commonly the case, this supply was born of necessity. There is absolutely nothing special
about the circuit, except that as shown, it is quite capable of up to 20 Amps intermittently or 10A
continuous. Simply use a bigger transformer, bridge rectifier and more capacitors and output
transistors to get more current. The basic circuit should be good for up to 100A or so, using a
5A TO3 regulator IC, but it can obviously be increased further (if you really do need a 500A
supply!). There is no reason that the supply cannot be made smaller as well (did | hear
someone say "Perish the thought." ?). Using fewer transistors and a smaller transformer it will
work from 1A upwards.

This is not a project intended for beginners or powering opamps (or other similar frivolous
purposes :-) it is intended solely for powering (nominally) 12V car audio accessories.

Regulation is not especially wonderful. It could have been made much better, but at the risk of
instability and increased complexity, particularly as the current capability is increased. As it
happens, the relatively poor regulation is actually a benefit - the supply is intended for testing
car power amplifiers and the like, and even with the heaviest wire, there will always be some
voltage drop, and this is mimicked very well by the supply.

As a result, the tests that are carried out using this supply will be much closer to reality than if a
supply with perfect regulation were used. It can also be used as a battery charger (with care!),
as the no-load voltage is very stable.

f@ This project requires knowledge of mains wiring. If you are unfamiliar with (or justifiably
% scared of) the household mains supply - DO NOT ATTEMPT CONSTRUCTION.

Description

The power supply circuit is shown in Figures 1 and 2. A 7812 positive 3-terminal regulator is
used for the main regulation, and this is followed by as many power emitter followers as needed
for the current you require. The transistors are not critical. | used 2N3771 devices (50V, 20A,
200W) simply because | had a whole bunch of them in my junk-box. These are pretty much
ideal, but | suggest that you use whatever you can get cheaply. If you use 2N3055s (as
indicated in the schematic), expect to use four transistors for the first 10A, and one transistor for
each additional 5A peak (or 4A continuous) output capability to ensure an adequate safety
margin. The voltage rating is unimportant, as the main supply will only be about 22V with an
18V transformer.
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Figure 1 - Basic 10A Power Supply - Power Section

The LEDs are optional, but recommended. 2,2k series resistors (as shown) will give a LED
current of about 10mA, which is pretty much ideal.

The supply is designed to provide very high current, and | used a 300VA toroidal transformer
and two bridge rectifiers, one for each winding. The 40,000uF electrolytic is one | had to hand,
and provides excellent performance. You can get away with quite a bit less capacitance for the
10A version, but (as always), hum may become a problem if there is insufficient capacitance.
The circuit shown will have a ripple voltage of about 4V at 20A load, and this is quite acceptable
as the regulator IC will remove the vast majority of this ripple voltage. | was unable to measure
any output ripple on my unit at continuous currents up to 10A, although there must be some - it
was just too far below the noise voltage to measure.

Calculate the capacitance you need from the following formula ...

|
C= ‘L # k + 1000 pF

Fan

where || is load current
=N s pep ripple voltage
kis b for 120Hz or
¢ for 100Hz ripple

A full load ripple voltage of up to 5V is acceptable for this application, but feel free to have less.
As ripple voltage is reduced, the dissipation of the output transistors will increase. This
apparently strange behaviour is because the average voltage across the transistors is greater
with lower ripple.

Because the highest rated bridge rectifiers commonly available are 35A, use multiple
transformers (and/or windings) and bridges for more current. This will be a lot cheaper than
trying to get 100A (or more) devices, and overall performance will probably be better as well.
Likewise, use multiple filter capacitors rather than a single large unit - again, these are cheaper,
and will outperform a single very large capacitor. Figure 1 shows the recommended method of
connecting the multiple windings for higher current, which may be duplicated as many times as
needed.
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Figure 2 - Basic 10A Power Supply - Regulator Section

As you can see, the regulator is made adjustable over a small range, and will typically give from
11V to 13.8V at full load. With the no-load voltage set to 13.8V (nominal 12V battery voltage),
the output will fall to 13.5V at about 1.5A, and 12.8V at around 13A. This is fairly typical of the
voltage drops that can be expected in a car installation. Needless to say, if the supply is
designed for more current, then the regulation will remain about the same, but at the higher
design currents.

The output transistors are wired in parallel, with 0.1 ohm 5W wirewound resistors in the emitter
of each. The more transistors you use, the better the regulation and peak current capability. The
resistors used to drive the optional (but highly recommended) ammeter need only be 1/4W
types. These average the individual emitter resistor voltages, and the result will be much more
accurate than driving the meter from only one emitter resistor.

The diode (D1) from output back to input must be a high current type - | suggest a 2A diode (or
two 1A diodes in parallel as | used in my unit). This is used to ensure that the IC is not damaged
if the supply is connected to a battery without mains power. R1 and R2, the 4.7 ohm 5W
resistors feeding the regulator, provide the only electronic protection available - when the IC
current exceeds 1A, the IC input voltage will be reduced and the output voltage will fall. If you
use a high current (TO3 style) regulator, then the value of the resistors must be reduced, but the
diode will need to have a higher rating to compensate for the increased current back into the
main filter cap.

@ Be warned! There is no diode to protect the unit from reverse polarity if

connected to a battery. A series diode would reduce regulation and be very
expensive, and a parallel diode would short the battery (a typical 12V car
battery can supply several hundred amps with ease!). This is very bad for the
battery, and not too good for the diode, either (it will probably explode - and yes,
I'm serious). An output fuse can be used if desired, but it will not protect against
reverse polarity. In addition, the supply is perfectly capable of melting flimsy test
leads, or the ground lead on an oscilloscope (for example). Like all high current
power supplies, take great care when building and using this supply, to avoid
the risk of severe burns or damaged equipment.



Protection is with a fuse only, as the supply is sufficiently rugged to withstand almost any abuse
for a short period. The minimal protection provided by R1 and R2 is sufficient to allow the fuse
to blow before any damage is done to the transistors. | briefly considered an "electronic circuit
breaker", but decided against it very quickly since | needed the supply in a hurry!

The unit | made used a case | had lying around, and although the heatsinking is not substantial,
it is adequate for my needs. Most units will need less heatsink than you might imagine, since
even high power car amps will not draw full power all the time. If you do decide to make a 100A
version (or more), | suggest that you will need quite a large amount of heatsink - this will not be
a real problem (other than financially), since there will be plenty of room - the power
transformer(s) will need to be a minimum of 1,500VA so the case will have to be quite big. This
will leave you with lots of space to play with :-)

Construction

Construction is not critical in the normal sense. The regulator IC must be on a heatsink, and
needs the capacitors (as shown in Figure 1) mounted as close as possible to the IC to prevent
oscillation. No PCB is available for this project, and it is not necessary, since the wiring all
needs to be capable of very high currents that would just melt the tracks off a circuit board. The
small signal section (regulator, transistor and bypass caps, etc.) can be mounted on a tiny piece
of Veroboard or similar.

Use the heaviest wire you can for all main power connections, especially for the output. Any
additional resistance you introduce with your wiring will reduce the regulation. | suggest that you
keep the leads to the 0.1 ohm emitter resistors short, and most of the power wiring will be pretty
much self supporting because of the wire thickness.

Wire the current meter with the return point located as closely to the mid point of the emitter
resistors as possible. The accuracy will never be great, but it will be reduced further if there is a
lot of copper in the circuit, because the temperature coefficient of resistance for copper is quite
high. The 100 ohm output resistor will not introduce an error, since it is connected to only one of
the transistors (directly to the emitter). | calibrated my meter to 10A full scale, but calibration to
20A is quite OK, to allow for the peak current capability of the supply.

VR2 (any value from 500 ohms to 2k can be used) is used to calibrate the meter. Use an
ammeter and a suitable load, and adjust the pot to obtain the same reading as the external
meter. Make sure that the external meter is capable of handling the current you intend to
calibrate to. The meter scale can be re-marked as 0-10A or 0-20A, and calibrated accordingly.

If you do not have access to an ammeter capable of at least 10A, then calibration of the meter
will require a known accurate low value resistance, and an accurate voltmeter. You can
calculate the current by knowing the resistor value and the voltage, and adjust the trimpot until
you get the same reading as you calculate. The meter movement is not critical either - use any
meter of 100uA to 1TmA with the circuit as shown. You will need to adjust the feed resistor
values for other movements.

I=V/R Where | is current, V is measured voltage and R is the test resistor
value (in ohms)

Typically, you will need a resistor of about 1 or 2 ohms to calibrate the unit. Power will be
extremely high - a 1.25 ohm resistor with 12.5V and 10A will dissipate 125W. Eight 10W 10 ohm
resistors in a bucket of water will work very well, and will allow you to "soak test" the unit at full
power to make sure that everything manages to stay together.



The voltage control may be calibrated, or just place a marker on the panel for 13.8V. If desired,
a voltmeter can also be included in the circuit - if used, this should be wired to the output
terminals.

Appendix

The author's unit is shown in Figures 3 and 4. It was designed as a 10A supply. As | mentioned,
the case is one | had lying around, and although | can't use mine at its peak of 20A for extended
periods (not enough heatsinking), it serves the purpose that | needed it for, which was to test
some car amplifiers | had (also lying around). | have found it to be extremely satisfactory, and
since it can be completed in an afternoon, this makes it a simple project that should give many
years of service.

The meter was already in the case | used, the toroidal transformer is clearly visible, as well as
the filter capacitor. The bridge rectifiers are on the vertical aluminium bracket between
transformer and filter cap. The control electronics (regulator, transistor and small caps) are on
the piece of Veroboard just to the right of the meter. The cap on the extreme right is the output
capacitor. The regulator is thermally connected to the front panel to provide heatsinking (don't
forget the insulation washer and bushes!).



Figure 4 - Prototype Supply (Rear Panel Inside View) - 10A Version

In the above view, the power transistor mounting, emitter resistor and mains input can be seen.
The small round thing in the top-centre of the photo is the meter setting trimpot. Note the shroud
over the EIC mains inlet to prevent contact with the 240V, although if you look carefully, you will
see that the fuse has no shroud (naughty, naughty. Verrry naughty!) - Please do as | say, not
as | do! All mains connections should be protected against contact (I will get around to it one
day - | promise).

From this angle you can see that the filter cap is an old compuer grade unit (salvaged from my
trusty junk box), and you can also see that | only used three power transistors. As | mentioned
before, | used 2N3771 devices, and these are much more powerful than the 2N3055s |
suggested, but are probably very hard to get (and almost certainly epensive). The little
heatsinks | used are just visible at the back. The mating surfaces were carefully filed so they
were completely flat, and are thermally bonded to the aluminium backplate with heatsink
compound and lots of pressure from the transistor mounting.



Making More Powerful Units

Since many readers may want higher power than the unit shown, here are some guidelines for
bigger units.

e Don't expect to build a 100A version (or more) in one afternoon.

» Use one 2N3055 for each 5A of peak output current (4A continuous) - Each transistor will
dissipate about 40W

e Assuming a current gain of 20 for the 2N3055s (fairly typical), one 5A TO-3 regulator will
drive up to 100A (use 25 transistors)

« For more current, use a boost circuit around the regulator IC (up to 500A output, with 100
transistors!). | shall leave details of the boost circuit to you (it is very commonly used, and
many examples exist on the Net).

« Consider using higher power transistors to reduce component count. The cost will
probably be higher though, and heatsink performance will not be as good due to higher
thermal resistance between junction and heatsink.

« Use multiple transformers and bridge rectifiers, rather than a single really big one of each

« The transformer(s) need to be rated at 300VA for each 10A continuous. 100A requires
3kVA

« Transformers can be overloaded by up to 200% for short periods (50% of the time on
load, and 50% off). Other overload ratios can be calculated (but excess or continuous
overload is not recommended!)

« See the article on Power Supply Design to learn about capacitor ripple current (this will
be extreme!)

» See the article on Heatsinks to learn more about the best way to mount the transistors.

The above is not extensive, but you get the idea. for most applications, the unit shown will be
sufficient. | doubt that too many constructors will want to build 500A supplies, but if you do have
a need for such a monster, then this circuit should do the job quite well. Hmmm ... 500A at
13.8V is 6.9kW - I'm almost tempted to build one for the hell of it (just kidding :-)

Even a 1kA (1,000 amps) unit is not impossible with a few minor modifications (including the
regulator boost circuit), but for anything over the basic 10A unit shown, some extra heavy duty
connectors and fuses will be a good idea. | am doubtful that this will be needed for most normal
applications )

For what it's worth, if you do need much beyond the basic 10A supply, use the supply as shown
connected to a car battery. It can safely be left connected permanently if the supply is set to
13.8V (check the temperature though - lead acid batteries have a temperature dependent "float
charge" voltage). The unit is then a battery charger, but will not introduce any hum onto the
battery output voltage (unlike conventional chargers, which are not smoothed).



