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EDITION @

The VK Powermaster can deliver 14 amps continuously or up to 25 amps on an intermittent basis

to power RF linear amplifiers.

The Powermaster design features
instantaneous short-circuit protection
which is attractive for a supply of this
high rating. It is a completely discrete
design with no integrated circuits being
used. In itself this is of no particular
moment but the alternative approach of
the designer, Rex Callaghan, is an
interesting one.

Design details

At first sight, the Powermaster design
looks conventional enough. There they
are, the four output transistors sharing
the load by means of small resistors in
series with their emitters. But wait a
minute. The emitters are not connected
to the load. The transistors look to be

back t

upside down with the negative rail being
controlled by the regulator element
instead of the positive . .. Hmm.

Well now. We haven't really made a
dreadful mistake. There is a reason for
the upside-down approach and it has to
do with the short-circuit protection
which we will come to later. For the
moment, let us go through the circuit,
seeing where it is in fact quite
conventional and then seeing where it
departs from normal practice.

The front part of the circuit is certainly
conventional with a transformer
secondary winding feeding a 25-amp
bridge rectifier and four 10,000uF
electrolytic filter capacitors. Note though

Photograph shows the view inside the

prototype. Take care with mains wiring.

Please note that the transformer is not

mcluded in the kit (option: JT-314 or M-

2000).

that the capacitors on the circuit are
“upside down" so that the positive rail is
the reference or GND rail for the whole
circuit.

When rectified and filtered, the 18VAC
from the transformer secondary
becomes around 25 to 27 volts DC. This
is then fed to the regulator circuit which
employs five transistors, one zener
diode and one Darlington transistor for
the basic regulator configuration, and an
additional transistor and SCR for the
short-circuit protection.

Trying to understand the circuitry in its
entirety is a bit much though, especially
as it is “upside down” to normal practice.

To make it easier to understand (and
easier for the writer to describe), we
have reproduced the same regulator
configuration in Fig. 1 but with a
conventional positive supply arrange-
ment. This means that all transistor
polarities in Fig. 1 are reversed to that of
the actual circuit.

5o Fig. 1 is a more-or-less conventional
regulator circuit. Q3 is the main series
pass transistor, Q2 is the driver transistor
and Q1 is the error amplifier. It works
like this: D1 provides a constant 6.2V DC
reference at the emitter of Q1. Q1
compares this reference voltage with the
sample of the 13.8V output voltage at its
base and adjusts its collector current
accordingly, thereby diverting base
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current for Q2 which is supplied via the
3.3k} resistor.

For example, if the output voltage
tends to rise slightly it will raise the base
voltage of Q1 by a proportional amount
and so cause it to conduct more heavily.
This will tend to twrn Q2 off slightly and
the same thing applies to Q3 and so the
output voltage tends to fall back slightly.

The voltage divider feeding the base of
Q1, comprising a 5.6k and 4.7kQ
resistor plus 2k{ trimpot, can be thought
of as the DC gain control of the circuit.
With a 6.2V reference and 13.8V output,
the DC gain of the circuit is just over two.
Since the ratio of the closed loop gain to
the open loop gain (several thousand) is
very large, the resultant regulation and
ripple performance of the circuit is very
good.

In fact it is every bit as good as could
be expected from an integrated three-
terminal regulator, if there was such a
thing as a 25-amp three-terminal

regulator.

Now have a look at the full curcuit
diagram again and note the similarities to
Fig. 1. In Fig. 1, Q1 and Q2 are the direct
equivalent of Q1 and Q2 (which is a
Darlington for higher current gain). And
Q3 on Fig. 1 is actually the equivalent of
the four output transistors, Q3 to Q6.

The four output transistors, Q3 to Q6,
are forced to share the load current by
the following mechanism. First, all their

bases are tied together while the
emitters are also commoned via
individual 0.1Q 5W resistors.

If one of the Q3 to Q6 transistors starts
to conduct more heavily than the others,
due to a higher value of inherent current

gain, its associated 0.1 emitter resistor
will also carry more current and will
have a higher voltage developed across
it than the 0.1Q resistor for the other
three transistors. The higher voltage
across the 0.1Q current sharing resistor

+ 2530V

Flg. 1

will then effectively reduce the base-
emitter voltage of the associated
transistor and so it will be forced to
conduct less current.

Note that the DC input for the error
amplifier (Q1) and the bias drive for the
Darlington (Q2) is not derived from the

40,000uF filter capacitor bank but is
supplied via the 3.3kQ resistor from a
100uF electrolytic capacitor which is fed
from two separate diodes. This separate
supply is better regulated and filtered
than the main heavy current circuit
because it is not required to feed the
main |load.

Both Q1 and Q2 have capacitors
connected between collector and base
to reduce the high frequency loop gain
of the circuit. This reduces the possibility
of instability or other “cranky” behaviour
which may occur in the vicinity of a
transmitter.

+13.8V

Good pulse output response is assured
by virtue of the 1000puF and .047uF
capacitors connected directly across the
output circuit.

Short-circuit protectiion

We now come to the essential reason
why this circuit is unconventional.
Because there are four 0.1€ resistors
which are used to share the current
equally among the four output
transistors we have the means for
sensing the total output current: just
monitor the voltage across one of those
four resistors and multiply the relevant
value by 40 to obtain the actual current
in amps. '

The short circuit protection
components rely on this mechanism.
The SCR has its cathode tied to the
common connection of the four 0.1
sensing resistors while its gate s
connected to the emitter of Q3 via the
1.5k resistor. Thus the gate of the SCR
senses the voltage across one of the
0.1Q resistors and thereby monitors the
total load current from the supply.

The voltage at the gate of the SCR is
reduced slightly by dint of the 3.3k
connected to the 0V line. A 0.1uF
capacitor is also connected to the gate
to remove any small transient pulses
which might otherwise trigger the SCR
into conduction.

Once the current through the
monitored 0.1Q resistor exeeds seven
amps or so the voltage at the gate of the
SCR is enough to trigger it into
conduction. This supplies a bias current
to the base of Q7 which also turns on
and effectively shorts the collector of Q1
to the positive line. This means that the
base voltage to Q2 via the 3.3k resistor
is shunted away. Thus Q2 and the
associated transistors, Q3 to Q6, are
turned off.

Thus the output current is very
suddenly reduced to zero in the event of
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The above photograph shows the assembled kit. The louvred top cover aids heat dissipation.
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A view of the back panel showing the output transistors mounted on substantial heaisinks.
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a short circuit across the output. Even
after the short circuit is removed the
output voltage will remain at zero by
dint of the continued conduction of Q7
and the SCR. The only way to restore
normal operation is turn the supply off
and let the four 10,000uF filter capacitors
discharge through the 1.2kQ 1W bleed
resistor.

The voltage across the filter capacitors
must drop to a value which is too low to
sustain a “holding” current through the
SCR. The holding current for a type C103
SCR is typically only a few milliamps
which means that the capacitor voltage
must drop to around five volts or
thereabouts. Once that happens power
can be re-applied and normal operation
Is restored.

So in the event of a short circuit the
output of the circuit will automatically
be reduced to zero. After the fault is
corrected it is necessary to switch off the
supply and wait for about 60 seconds
before turning on again to restore
normal operation. If power is restored
before the current through the SCR has
dropped below the “holding” value, the
output voltage will remain at zero.

Having described how the protection
circuitry works we can now answer
another question: why was this overall
circuit configuration preferable to the
more “understandable” arrangement of
Fig. 12 After all, an SCR could have been
connected directly across Q1 and its
gate used to monitor a sensing resistor in
the negative supply line (of Fig. 1).

The question almost answers itself. The
Powermaster protection circuit avoids
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the need for an extra sensing resistor and

its attendant power loss. Remember that

if a separate current sensing resistor was

used for the short-circuit protection it

would have to carry the total load
current. At a maximum of 25 amps this
would amount to a substantial loss and
ultimately would also result in a reduced
performance as far as line regulation is
concerned.

Options

The basic kit includes all com-
ponents and punched chassis but
without transformer. Then, to get the
full 25 amp rating, you need the JT-3174
transformer.

Alternatively, you can use the DSE
M-2000 transformer which is identical
to that used in our VK Powermate
circuit. As such, it would have the same
current ratings as the VK Powermate,
i.e. 6 amps continuous or up to 10
amps intermittent. We assume that
most builders would want to pay for
the larger transformer and get the full
25 amp rating.

Construction

The VK Powermaster is housed in a
substantial aluminium case which is
supplied with all holes punched. This
means that the kit construction is just a
simple assembly job after the

components are soldered onto the
printed circuit board. The PCB is a Dick

Smith design and measures 88 x
189mm. The prototype chassis .is
275 x 155 x 200mm (W x H x D).

Assembly can begin with the PCB, This
accommodates the four large filter’
capacitors, the four current sharing
resistors and all of the small
components. It does not accommodate
the bridge rectifier or Q2, the Darlington
driver transistor. Both of these must be
bolted to the base of the chassis for heat
dissipation.

Assembly of the PCB requires little

comment except to note that the current
sharing resistors should be stood slightly
away from the surface of the board. This
iIs to avoid the possibility of the resistors
charring or discolouring the board when

they are running at maximuni power.
Maximum power will be when the unit is

delivering 25 amps in which case each
resistor will dissipate 3.9 watts.

Now put the PCB aside and assembie
the hardware into the chassis. Install the
smaller pieces of hardware first, leaving
the heavy transformer till last.

The mains switch is a heavy-duty
illuminated rocker type. This simply
snaps into place in a rectangular cut-
out in the front panel. Connections to
the switch are made via Utilux push-on
quick connectors rather than via solder
terminations.

The rugged PB40 bridge rectifier which
is bolted to the aluminium chassis also
uses quick connectors for its four
terminals. This poses a problem: fitting
quick connectors to the transformer
secondary lead. Thankfully. to make
the job easier, Dick Smith Electronics
will be supplying the larger 25-amp
transformer JT-314 already fitted with
quick connectors.

The BD682 Darlington transistor is
bolted to the chassis for heatsinking and
connections to the PCB are via flying
leads. The BD682 must be isolated from
chassis using TO-126 mounting
hardware; ie, mica washer, insulating
bush plus screw and nut. Smear a little
heatsink compound onto the metal
surface of the BD682 and the
appropriate area of the chassis before
mounting the transistor.

Check that the transistor is in fact
isolated from chassis by measuring the
resistance from collector to chassis
(before any connections are made) with
a multimeter switched to a high “Ohms”
range.

Much the same procedure should be
followed when mounting the four power
transistors which each have separate
double-sided heatsinks. The transistor
should be mounted on the heatsink
before the heatsink itself is mounted on
the chassis.

Fig. 2 shows how the power transistors
are mounted. If a resistance check
reveals a short between the transistor
case and the heatsink, the transistor
must be removed and the fault located.
In particular, check for metal swarf
around the mounting holes drilled

This diagram
shows how the
2NIO55 power
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through the heatsinks. Please note that
the mica washers supplied may be a
little large to sit into the heatsink. If so,
these can be trimmed to suit with a pair
of scissors.

Heavy duty wiring

Rainbow cable or light duty hookup
wire can be used for the connections to
the following: between the PCB and
BD682: the two wires between the
transformer secondary and the PCB (to
the two diodes), and the common base
lead to the four output transistors. All
other wiring, with the exception of the
two short output leads from the PCB,
must use heavy duty 32 x 0.2Zmm
stranded hookup wire rated at T0A.

The two short output leads to the
front panel terminals have to carry
currents of up to 25 amps so they
should use autocables.

To simplify the wiring procedure it is
probably best to attach all the leads to
the PCB and cut them to a suitable
length before installing the PCB on its
plastic supports. If you do it the other
way around and attach all the leads to
the power transistors and so on first,
there will inevitably be quite a lot of

flexing of the PCB connections during -

the wiring procedure with the result that
some connections may break.

The connections to the four power
transistors~ are made via four large
diameter cutouts in the rear of the
chassis.

All the wiring should be bound into
neat cable forms to make the job look
workmanlike and also to simplify any
troubleshooting which may be necessary
in the event of a fault.

Take care to make sure the mains
wiring is safe. The mains cord passes
through a grommeted hole in the rear of
the chassis and is anchored with a cord

clamp. Terminate the mains active
(brown) and neutral (blue) leads to the
insulated terminal block and solder the
earth lead (green vellow) to a solder lug
bolted to chassis near the transformer.
By the way, ali screws and nuts should
have shakeproof washers.

When wiring the mains fuseholder
make sure you follow the wiring diagram
and connect the incoming active lead
from the terminal strip to the end
terminal on the fuseholder. This reduces
the possibility of shock when you are
changing a live fuse {if you have not had
the sense to unplug the unit from the
mains). When the fuseholder wiring is
complete, a length of heatshrink tubing
should be slipped over it to shroud the
mains terminations.

When the connections are made to the
power switch, the quick connect
terminals should also have plastic boots
to shroud them and prevent accidental
contact. These are not shown in the
photograph of the prototype but should
be fitted nevertheless.

Testing

When construction is complete, check
all wiring carefully. Check that the
complete circuit is isolated from chassis,
apart from the mains earth connection.

Now apply power and with no load
connected, set the trimpot to give 13.8V
DC at the output. Ideally then, the
regulation  performance should be
checked using a dummy load but that is
not going to be easy. For a steady state
test the required 0.55Q resistor has to
dissipate 345 watts when passing 25
amps.

If you are really keen to check the
regulation one method would be to
make up a 0.69 resistor using six

Notes & Errata

Constructors please note:

You may be supplied with a C203 SCR,
shown in the instruction Parts List.

0.1Q 5W resistors in series. Such a
dummy load would only have a steady-
state rating of 30 watts so it could only
be used for a brief test lasting for a few
seconds. If you do make this test the
output voltage of the supply should not
fall by more than 200mV between the
loaded and unloaded conditions.

Such a test is likely to be maore valid
than one performed with a transmitter as
a load. This is because your multimeter is
likely to be upset by the transmitter
signal.

In this regard, analog meters are
usually less effected than digital types.
We have found a digital meter to have
an error of 1V during transmit, a cheap
analog to have an error of 0.5V
(probably due to a rectification effect of
the protection diodes) and an expensive
analog type to have no error.

Finding out whether your meter is
likely to be affected is easy. Just short the
meter leads and transmit. Any reading
on the meter is obviously an induced
error.

You can also check the operation of
the short-circuit protection circuitry. Just
short the output and check that the
output does immediately go to zero and
stays off until the mains is removed and
then restored, one minute later.
Incidentally, if the above load regulation
test indicates that the SCR is too sensitive
to . allow a 25 amp current to be
delivered, the sensitivity can be reduced
by reducing the value of the 3.3kQ
resistor associated with the SCR.

During normal operation the output
transistors will become very hot if high
currents are being delivered. The supply
s rated to deliver up to 14 amps
continuously or up to 25 amps on an
intermittent basis, for transmitter use. 2

instead of the Cl03 as
Both these devices work

equally well in the circuit. If using the C203 SCR, please

refer below for correct pin configuration.
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