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Transformer-core saturation can cause inexplicable fuse
blowing, system crashes, or premature switch and relay fail-
ure. When a core saturates, it loses its inductive characteris-
tics; primary winding current can then reach extremely high
values for several ac cycles. Turning on a transformer may
seem fundamental, but in some power-supply designs and
control applications, it can be a game of Russian roulette.
Because transformers remain polarized when turned off, sat-
uration occurrence is a function of the polarity and phase
angle of the ac cycle when you switch the circuit on and off.
The smart-switch circuit in Figure 1 eliminates saturation,
improves relay reliability, and provides a tool for determin-
ing transformer and relay performance.

The circuit goes beyond typical configurations using zero-
crossing or peak-switching relays, by using the polarity of
the ac cycle, known phase angles, and soft-starting tech-
niques. Figure 2 shows that the primary turn-on current of
a 220-VA transformer can be disastrous when you use a zero-
crossing relay. Trace R1 shows 46A peak with a saturated

core. Trace 1 shows only a few amps with use of the smart-
switch circuit. This large difference in current demonstrates
the value of the smart switch in controlling transformer
magnetization. Switching on during a positive half cycle and
off during a negative half cycle or vice versa prevents most
core saturation.

Peak switching of the ac voltage during turn-on and -off
further reduces the susceptibility to core saturation, regard-
less of ac polarity. This reduction is an important considera-
tion in the event of an uncontrolled power outage. Figure 3,
trace R, shows the primary current with peak and same-
polarity switching. The vertical scale in Figures 2 and 3 is
10A per division, and Trace 2 is the relay control voltage. The
primary current in Figure 3 causes some core saturation
(note that the current is not bipolar), but the saturation is
much lower than that in Figure 2. Trace 1 shows the reduced
primary current with the use of peak and opposite-polarity
switching. Note that transformer designs vary widely; some
may favor particular phase angles.
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FIGURE 1

A mmC-controlled smart switch prevents transformer-core saturation, thus averting system crashes and prolonging the life of
power-supply relays.
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LISTING 1—SOURCE CODE FOR TRANSFORMER SOLID-STATE-RELAY CONTROLLER

Inrush current from power-supply filter capacitors is also
an important design consideration. By using a resistor, an
inrush device, or an inductive input filter in the secondary
winding, you can reduce this inrush surge. Another solution
is to soft-start the transformer by using a resistor in the pri-
mary to limit inrush and saturation currents to an accept-
able level. After a brief delay, a second solid-state relay shunts
the resistor. The Microchip 12C508 mC uses its internal 4-
MHz RC oscillator for all timing. The chip is simple, inex-
pensive, reliable, and well-suited for this application. For
wide temperature variations, you can obtain more accurate

timing by using a 32-kHz crystal. You can download Listing
1, the source code for the mC’s operation, from EDN’s Web
site www.ednmag.com. At the registered-user area, go into
the Software Center to download the file from DI-SIG,
#2170.

You can use either zero-crossing or random relays, but the
random type works better for transformers. Set Pin 4 high for
zero-crossing relays and low for random-turn-on relays. The
HCPL-3760 optocoupler determines the polarity and phase
of the ac line. The coupler is configured as a near-zero detec-
tor. Its output is set to switch on at 50V ac and off at 25V ac.
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One internal diode in the optocoupler rectifies the ac signal
to indicate the positive half cycle. The mC has two solid-
state-relay outputs: SSR1 and SSR2. When the Transformer
Enable input goes high, the mC waits 250 msec, detects the
next positive edge from the optocoupler, waits 12 msec, and
then turns off SSR1. SSR2 has a 250-msec delay from SSR1
and operates as a last-on, first-off output to shunt a soft-start
resistor. Pin 3 is an optional output for a power-supply bleed-
er switch or a status indicator. (DI #2170) e
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FIGURE 3

The smart-switch circuit in Figure 1 greatly reduces core sat-
uration, resulting in well-behaved primary current. Trace R1
results from peak and same-polarity switching; trace 1 repre-
sents peak and opposite-polarity switching.

FIGURE 2

Using only a zero-crossing relay results in core saturation and
a disastrous 46A peak current in the transformer’s primary
winding.




