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Power Supply

Did you ever wish you could have a backup AC power supply in case of a power failure?
Or did you ever wish you could take one or more of your home appliances with you
on family outings? Well, this easy-to-build power inverter can help you do both!

DAVE SWEENEY

A POWER INVERTER IS USEFUL GADGET
that can lend some degree of portability to
otherwise home-bound electronics de-
vices. Its function is to convert a low DC-
voltage to a usable AC level. The power
inverter we'll describe here will let you
generate alternating current that will al-
low you to power a small television, per-
sonal computer, strobe light, or other AC-
operated device without being tied down
to an AC outlet.

While the project was originally de-
signed so that AC devices could be oper-
ated in a car (from the 12-volt system), it
has another important use: it can serve as
part of an uninterruptable (backup) AC
supply. If you suffer from some short-term
power outages, it could be particularly
valuable. Your burgular alarm could still
operate during a blackout, and your clack
would still keep time.

We won’t go into detail on particular
applications of the uninterruptable power
supply. But we will mention that you have
several options for making the unit “‘kick
in’* automatically when the power compa-
ny cannot deliver. The easiest way, as

shownin Fig. 1, is to use a 117-voltrelay to
switch between the standard AC line or
the 117 volts from the inverter. One possi-
ble disadvantage there is that the relay
might not be fast enough in some applica-
tions. For example. only a very slight dis-
ruption in power can overwrite your
computer’s memory with garbage. Only
experimentation will let you know for
sure. A solid-state relay, which typically
has a faster switching time than a mechan-
ical relay. might be your best bet. In either
case, you'll want to make sure that you
have a fully charged battery to supply
power to your inverter. A trickle charger
would be a valuable addition to the cir-
cuit,

Provided the inverter's power capacity
is not exceeded, you can power most any
AC-operated device indoors or outdoors,
and during power failures. Be cautioned
however, that the output of this inverter is
closer to a squarewave than a sinewave.
Even though the high-frequency compo-
nents of the squarewave output are fil-
tered, some devices will not operate
properly with such an input and others

may even be damaged!

In a motor vehicle (which is where this
unit was designed to be used), the inverter
produces 117-volt AC from your auto’s 12-
volt DC battery. So you can use the unit to
add to the fun of an outdoor party, or even
to power an electric razor while you wait
in line at the drive-in bank!

Voltage isn’t everything

Besides generating the correct AC volt-
age, an inverter must provide the correct
frequency. Many devices, especially
those with transformers or motors, re-
quire 60 Hz. If the frequency varies as the
load changes, or when the DC input fluc-
tuates, the performance of the device may
be reduced, or the equipment might be
damaged.

Low-power, inexpensive inverters typ-
ically rely on a special winding of the
transformer for oscillation. Since most in-
verters are little more than an oscillator
with specially wound transformers, the
unit’s output frequency is determined by
transformer’s inductance. Therefore,
loading the transformer changes its effec-
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FIG.1—A SIMPLE RELAY SETUP will let you use
the inverter as a backup power supply.

tive inductance. and results in an output-
frequency that varies with load require-
ments.

The inverter power supply that we’ll
describe here overcomes that deficiency
by using a 555 oscillator to control the
output frequency. Isolated from the power
output, the oscillator maintains a 60-Hz
output frequency regardless of the load.
And if thatisn’tenough, it has a low parts-
count and the parts used are easy to find.

For example, the transformer is an inex-
pensive. general-purpose 25.2-volt cen-
ter-tapped, 2-amp unit with a single high-
voltage winding.

Circuit description

Figure 2 shows a schematic of the
power supply inverter. MOSFET tran-
sistors, Q3 and Q4, form a flip-flop whose
output is used to turn power transistors Q1
and Q2 on and off alternately. When Q1 is
on, current flows in half the low-voltage
winding; when QI is off, Q2 is on and
current flows in the other half of the low-
voltage winding.

Transformer T1, which has a 117-volt
primary and 25.2-volt secondary is used
as a step-up, rather than a step-down,
transformer. (A transformer transfers
power in either direction—the terms pri-
mary and secondary are assigned rather
arbitrarily.) Current in each half of the
center-tapped winding flows in opposite
directions (i.e., positive and negative).
That alternating current (AC) in the cen-
ter-tapped ‘“‘secondary” winding induces
AC in the high-voltage “primary™ wind-
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FIG. 2—THE INVERTER SCHEMATIC. Note that the transformer’s center tapped secondary is con-
nected as the input. So T1 is used as a step-up transformer.

ing. That voltage step-up results from the
operation of Q1 and Q2, which are turned
on and off alternately.

As long as the power transistors (Ql
and Q2) alternate at 60 Hz, the output
voltage will also be at 60 Hz. To maintain
that operating frequency. the flip-flop (Q3
and Q4) switches the base currents of QI
and Q2. The flip-flop is triggered by the
output of the 555 oscillator, IC1. Since Q3
and Q4 conduct alternately, they are al-

ays inversely related to each other. And
because they operate from the same trig-
ger. they’ll always generate a symmetrical
AC squarewave.
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FIG. 3—WHEN A 60-Hz AC VOLTAGE is applied
to a standard transformer, the relationships of
the voltage (V), current () and windings (n) may
be expressed as Vp/Vg = lg/lp = Np/Ns.
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Now let’s turn to Fig. 3 for a discussion
of the turns ratio and transfer charac-
teristics of the transformer. When a 60-Hz
AC voltage is applied to a standard trans-
former, the relationships of the input/out-
put voltage (V), current (I), and the
number of turns in the transformer wind-
ings (N) can be expressed as Vp/Vg = Ig/
[p = Np/Ng. For the transformer spec-
ified, the turns ratio is 117/25.2; therefore,
feeding 25.2-volts AC to the secondary of
T1 (without allowing for inefficiencies)
produces a 117-volt output.

Since transformer T1 is rated at 2-am-
peres maximum in the secondary wind-
ing, the transferable power is 25.2 (V) X
2 (A) or 50.4 watts. Because the turns
ratio determines the output voltage, ap-
plying 12-volts AC to half the secondary
also yields an output of 117 volts.
However, the output power capacity will
be cut in half.

To increase the capacity of the unit,
connect two identical transformers in par-
allel, a similar effect to placing two bat-
teries in parallel. Just be sure to connect
like terminals together, so as not to cause a
phase difference that could damage the
transformers! The unit’s power-handling
capacity will then be then the sum of all
parallel transformers.

The net result is while transformer T1
determines the step-up voltage level, the
555 oscillator determines the output fre-
quency. Therefore, even if T1 is severely
loaded. the oscillator and MOSFET’s
maintain a symmetrical 60-Hz AC signal
for T1.



PARTS LIST

All resistors i, 5% unless otherwise
noted.

R1, R2—100 ohms, 1 watt

R3. R4—470,000 ohms

R5, R6—390,000 ohms

R7, R8—1 megohm

R39—1000 ohms

R10—10 ohms, 1 watt

R11—10,000 ohms

R12—100.000 ohm potentiometer

Capacitors

C1, C2—50p.F, 50 volts electrolytic

C3, C4—.047p.F, ceramic disc

C5—1uF, ceramic disc

C6—.01F, ceramic disc

C7—100pF, 50 volts electrolytic

Semiconductors

IE1—555 oscillator

IC2—7812 12-volt regulator

1, Q2—2N3055 NPN power transistor

Q3, Q4—IRFD1Z3 N-channel FET

D1, D2—1N914

LED1—Standard red LED

LMP1—neon panel lamp

T1—25.2 volts, 2A center-tapped
Miscellaneous: Cabinet, perforated

construction board, AC panel socket, min-

iature phono jack, 4A slow-blow fuse, cig-

arette lighter plug, etc.

Circuit operation

Capacitor C5 and potentiometer R12
determine the frequency of the output sig-
nal at pin 3 of ICI, the 555 oscillator. The
output signal is differentiated by C3 and
C4 before it’s input to the base of the two
power transistors (Q1 and Q2) via diodes
DI and D2, respectively. The signal from
ICI is adjusted to 120 Hz. That’s because
the flip-flop formed by transistors Q3 and
Q4 divides the frequency by 2.

When Q3 is on, the base of Q1 is con-
nected via R1 to the regulated 12-volt sup-
ply. Then, when the flip-flop changes
states, Q4 is turned on and the base of Q2
connected to the 12 volt supply through
R2. The 100 mA base current allows QI
and Q2 to alternately conduct through
their respective halves the transformer’s
secondary winding.

FIG. 4—THE ABOVE TRACE SHOWS the 60-Hz
output from the inverter. Note that although the
output is closer to a squarewave than a sine-
wave, most of the high-frequency components
have been removed.

FIG. 5—THE AUTHOR’S PROTOTYPE is shown here installed in metal cabinet. Note that two transfor-

mers are used to increase power handling capabilities.

To eliminate switching transients
caused by the rapid switching of Q3 and
Q4, capacitors C1 and C2 filter the inputs
to the base of QI and Q2 respectively.
Figure 4 shows the waveform that appears
at the output (primary) of the transformer.
Though the output is not a sinewave, it is
close enough to operate all but the most
critical equipment. Butdon’t risk damage
to your expensive equipment if you're not
sure. As a rule of thumb, if your equip-
ment can be damaged by transients, it’s
not a good candidate for this backup
power supply.

Power for the unit comes from your
automobile’s 12-volt system. or—if you
want to use the inverter for backup ap-
plications—from a storage battery. It is
regulated by IC2 (a 7812 regulator). LED
1. connected across the 12-volt input, may
be used to indicate whether power is being
fed to the circuit. The neon pilot lamp,
LMP I, shows a presence or absence of
output power. Jack JI is included to
provide a convenient 9-volt DC supply for
a videogame, like the Atari 2600.

Circuit construction

The method of construction is not crit-
ical, but if you're going to build the inver-
ter as a portable unit, it's important to
build it to withstand punishment. The au-
thor’s prototype was built on perforated
construction-board using point-to-point
wiring, as shown in Fig. 5. Note that there
are two transformers shown: as mentioned

previously, two or more transformers may
be paralleled to increase the unit’s power
handling capacity.

The power-inverter circuit should be
housed in a metal cabinet, and power tran-
sistors QI and Q2 should be heat sinked.
To avoid damage from vibration, the com-
ponents should be secured to the driver
board with an epoxy adhesive.

The FREQUENCY-ADIUST potenti-
ometer, R12, should be set prior to con-
necting the collectors of QI and Q2 to the
transformer. Set the frequency at pin 3 of
the ICI to 120 Hz: then using a scope.
monitor the base of both QI and Q2 to
verify that a 60-Hz signal is present. Once
the signal is established, the QI and Q2
collectors may be connected to the trans-
former.

Potentiometer R12 may be mounted on
the panel to allow frequency adjustments
from outside the inverter. To test the unit
out, plug it into the cigarette-lighter sock-
et in the vehicle. Both pilot lights should
come on. If not, go back and check your
work. If all is well, the unit is ready for
use.

Safety procedures

Caution: Keep in mind that the inver-
ter, whether being tested or used, has the
same output-voltage level as that of an
ordinary household power-outlet and is
just as dangerous, Exercise the same cau-
tion that you would in dealing with house-
hold line voltage. R-E
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