DISSIPATION LIMITER

HE secondary alternating voltagein power

supplies stabilized with the aid of series
regulators is normally calculated to ensure
that with maximum output voltage and cur-
rent the potential across the reservoir capac-
itor does not drop below the minimum volt-
age, U, required for satisfactory operation
of the regulator. When the supply operates
below maximum output voltage and cur-
rent, the power thatis then notrequired is con-
verted into heat. Moreover, the design al-
lows for maximum output voltage and cur-
renteven when the mains voltageis atitslow-
est specified level,

The secondary voltage may well be spec-
ified too high, with the result that when the
mains voltage is at its highest specified level
and the power supply is open-circuited, the
maximum permissible potential across the
reservoir capacitor, and thus that at the input
of the regulator, may easily be exceeded.

Itis clear that in most power supplies, the
specified voltage levels for the regulator and
reservoir capacitor are needlessly high,

Possible solutions

The uneconomical design outlined above
may be improved in several ways. It is, for
instance, possible, with the aid of relays, tose-
lectsecondary alternating voltages according
to theload requirement. This is, however, pos-
sible only with a very special, and therefore
expensive, mains transformer. Another pos-
sibility is to use phase gating control. This,
however, requires fairly high switching cur-
rents and causes noise on the mains supply.
Moreover, capacitors that can withstand high
current pulses must be used and these are
expensive.

A third method is used in the circuit pre-
sented here. In this, the charging of the reser-
voir capacitor is interrupted when a certain
potential across the capacitor is reached. The
circuit, which can be added to most existing
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Dissipation in electronically regulated power
supplies, manifested by heat, is a problem that is
normally tackled by providing external heat sinks.

The limiter presented here offers a more
intelligent solution. It can be used as an add-on
unit with virtually any power supply.

regulated mains power supplies,

L ]

minimizes the power dissipation;

offers an additional reduction in dissipa-
tion during a short-circuit or during cur-
rent limiting;

is inexpensive to build;

uses only standard, readily available com-
ponents;

needs only little space;

is suitable for high-current supplies;

¢ can be used with positive and negative
series regulators,

Principle of operation

In Figure 1, an electronic switch, for instance,
a SIPMOS transistor, is inserted between the
rectifier and the reservoir capacitor. At the
startof each halfcycle, theswitchison (L,>3 V).
A charging current flows into the capacitor
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Fig. 1. Principle of operation of the dissipation limiter.

ELEKTOR ELECTRONICS NOVEMBER 1991



and the potential, L. across the capacitor
follows the instantaneous level of the half-
wave voltage. When U has reached the min-
imum level,Uy,, required for the wanted out-
putvoltage, U, the charging currentis switched
off until the end of the half cycle. The level
of U, must be chosen to ensure that U, does
not drop below U, until charging current be-
gins to flow again at the start of the next half
cycle. This voltage is the sum of the wanted
output voltage, the drop across the regula-
tor, Uy, and the voltage resulting from the dis-
charging of the capacitor. The difference ALl
thatis,the series switch-off voltage, Uso(m), be-
tween U, and L, is easily determined, since
it is directly proportional to the charging
current;in fact, AU=1t /C, where[is the charg-
ing current, t is the time during which charg-
ing current flows, and C is the capacitance
of the reservoir capacitor. Thus,

Ugo=U+U4+AU
=U,+LIg+It/C.

The time f is, in full-wave rectification,
equal to a half cycle of the mains frequency,
that is, T/2. Then,

Ugo=Uo+U4+IT/2C.

If now the maximum permissible output
current, Iy is substituted for I, the highest
potential drop across the regulator (at the start
of each half cycle) is

u&o(m): Uso—U=Lg+ f‘-_.{m)'r/ 2C.

From this, the instantaneous dissipation, Py,
can be computed:

Pe=lyUsoimy=lolUg+Iom) T /2C-1,T /4C].

As an example: a power supply with a
reservoir capacitor of 3300 pF is required to
provide an outputvoltage of 0-15V ata max-
imum current of 1 A. Since the potential drop
across the regulator is 3 V, the voltage across
the capacitor, LI, mustbeatleast 18 V. Without
limiting, the maximum power loss, Py, in
the regulator is 18x1=18 W (which is, for in-
stance, the case when maximum current flows
at very low output voltage as in a short-cir-
cuit condition).

With limiting, the voltage across the ca-
pacitor, L, needs to be only

Uso=U gt Lig+It/C=
=0+3+1x10-2/3300x10-6=3.03 V.

The maximum dissipation is reduced to
Prmy=lolUg+ o T/2C-1,T/AC].
Since Io=I4(m),
Primy=lo(Ua+lo(m)T/4C=
=1(3+1x2x10-2/4x3300x10-6=4.5 W,

which is an appreciable improvement.

POWER SUPPLIES & BATTERY CHARGERS

. Lossea with [imiting eirouit

[ Losses without imiting oircult

U, = reatifier output —_—

Uye = awlich-off voltage D07 - 14
Uy = minimum regulator input voltage
Uy = output vollage

Uq = drop ecress reguinior

Fig. 2.Dissipation with and without limiter.
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Fig. 3. Circuit diagram for both versions of the dissipation limiter.
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Fig. 4. Printed circuit boards are available for both versions of the dissipation limiter.

PARTS LIST

Resistors:

R1, R2 = 4.7 kQ)
R3 = 100 k&

R4 =1 k&)

R5-9 =22 kQ)
R10, R11 = 220 kQ
Ri2 =22 k&

R13 = 100 kQ

Capacitors:
Ci=1nF
C2 =47 uF, 100 V

Semiconductors:

D1 = zener diode, 20 V, 400 mW

D2 = zener diode, 39 V, 400 mW

D3 = 1N4148

D4-6 = 1N4004

D7 = see text

T1, T3 = BC556B (pos); BC546B (neg)
T2 = BUZ10 or BUZ11 (see text)

T4, T5 = BC546B (pos); BC556B (neg)

Miscellaneous:
Heat sink for T2
PCB 910071

The practical circuit

Thecircuitin Fig. 3may be splitinto the drive
for the current switch, the switch itself ( T5)
and a ‘thyristor’. The thyristor is formed by
transistors T; and Tj5; its cathode is con-
nected to the output terminal of the series
regulator.

The thyristor is switched on via zener
diode D7 as soon as the voltage across the
regulator exceeds the level fixed by the zener
diode plus the b-e voltage of Ts. It switches
itself off just before the next zero crossing.
To make certain that it does, it is decoupled
from the rectifier and the inverse diode of T
via Dy and D5, which are loaded by Rs.
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When the thyristor is on, T, switches T
on and this in turn switches T off.

Transistor T, also serves, in conjunction
with Rs, to decouple the thyristor and the
charging-current switch.

Diode Dy and C, provide T, with the nec-
essary switching voltage.

Zener diode Dy protects the gate of T
against overvoltage.

The inductance of the mains transformer
causes a high back e.m.f. when the charging
currentisswitched off, and this may upset the
correct operation of Ty. This is prevented by
D, and D3, which switch off T, as soon as
theback e.m.f. exceeds the permissible reverse
bias. A useful effect of the back e.m.f. is that
itincreases the potential across Cy, which guar-
antees satisfactory switching of T, even when
the output voltage is a maximum.

Resistor Ryp ensures correct switching of
T> when the output is not loaded (open cir-
cuit). It must be rated at U2/ Rz Watt. It
may be omitted if the power supply is per-
manently loaded.

Transistor T> must be fitted, insulated, on
its own heat sink or on that of the regulator.

Depending on the component values, the
limiter may be used with secondary alter-
nating voltages of up to 50 mek, It is not
possible to say what the maximum load cur-
rent can be without knowing the value of
the reservoir capacitor and the specification
of the mains transformer. What can be said
is that the maximum charging current pulses
must not exceed the maximum permissible
current through Ty, which is 19 A for the
BUZ10 and 30 A for the BUZ11,

The limiter can be used without any prob-
lem in 5 A power supplies. The prototype
operated satisfactorily with an output current
of 10 A (reservoir capacitor was 10 000 pF),
It is always possible in doubtful cases to con-
nect two or three SIPMOS transistors (T3) in
parallel.

Here are some tips for calculating the val-

ues or ratings of a number of components.

e The zener voltage of Dy must be U, ,—0.7 V
(U of Ts).

® The maximum reverse bias of T> must be
greater than the peak value of the poten-
tial across the reservoir capacitor.

* The zener voltage of D, must be equal to
the maximum reverse bias of T minus
T

e Capacitor C; must be rated at Usym) plus
20 V (Dy).

¢ Transistor T, must be able to withstand
voltages of Usy(m) plus 20 V (D).

* Transistors Ty and Ts must have a reverse
bias rating equal to the peak value of the
secondary alternating voltage.

e Resistor Ry; must be rated at Uym)2/Riz
(watts).

» All connecting wires should be as short
as possible and of appropriate thickness.

e The dimensions of the heat sink depend
on the transformer, the reservoir capaci-
tor and the maximum permissible short-
circuit current.

* In most cases, it is possible to fit T; on the
heat sink of the regulator.

Construction

The limiter described above is, of course, in-
tended for positive voltages. One fornegative
voltages operates in a similar manner, but
the polarity of some components must be re-
versed.

Whichever version is needed, it is best
constructed on the appropriate printed-cir-
cuit board shown in Fig. 4, The differences
between the two versions are indicated by
an asterisk ().

Itis recommended to ‘strengthen’ the broad
tracks by soldering thick, bare wire on them.

The completed unit is, as shown in Fig. 3,
interposed between the rectifier and the reser-
voir capacitor. Short, heavy-duty wiring should
be used. B



