
Uninterruptable

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 IN V ERT ER IS USEFUL GADGET

that can lend some'degree of portabil ity to
othe rwise home- bound electronics de ­
vices. Its function is to convert a low DC­
voltage to a usable AC level . The power
inverte r we'll describe here will let you
genera te alternat ing current that will al­
low you to power a small television , per­
sona l computer, strobe light, or other AC­
operated device without being tied down
to an AC out let .

While the project was orig inally 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 (backu p) 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 clock
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
severa l options for making the unit " kick
in" automatically when the power comp a­
ny cannot deliver. The eas iest way, as

shown in Fig . I , is to use a 117-volt relay to
switch between the standard AC line or
the 117 volts from the inverter. One poss i­
ble disadvantage there is that the relay
mig ht not be fast enoug h in some applica­
tions. For example , only a very slight dis­
rupt ion in powe r ca n overwrite your
computer's memory with garbage . Only
experime ntation 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 ba ttery to supply
power to your inverter. A trickle charger
would be a valuable additio n 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 cautio ned
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
te red, so me 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
freq uency. Man y dev ices , es pec ially
those with transformers or motors , re­
qui re 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 equipme nt might be
damaged.

Low-power, inexpensive inverters typ­
ically rely on a specia l winding of the
transformer for osc illation. Since most in­
verters are little more than an osc illator
with spec ially wound transformers , the
unit's output frequency is determ ined by
tran sfo rmer's inductanc e . Therefore,
loading the transformer changes its effec-
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Now let's turn to Fig . 3 for a diSCUSSIOn
of the turn s ra tio and tran sfer charac­
teri stics of the transform er. When a 60-Hz
AC voltage is appl ied to a standard tran s­
former, the rela tion ship s of the input/out­
put vo ltage (V ), current (I) , and the
number of turn s in the tran sformer wind­
ings (N) can be expressed as VplVs = Is/
Ip = Np/Ns' For the tran sformer spec ­
ified , the turn s rati o is 117/25 .2 ; therefore ,
feeding 25 .2-volt s AC to the secondary of
TI (w ithout allowing for inefficiencies)
produces a I17-volt output.

Since transformer TI is rated at 2-am­
pere s maximum in the secondary wind­
ing, the tran sfer able power is 25 .2 (V) x
2 (A ) or 50.4 watts . Because the turn s
ratio determ ines the output voltage, ap ­
plying 12-volt s AC to half the secondary
a ls o y ie lds an output of 117 vo lts.
However, the output power capac ity will
be cut in hal f.

To increase the capac ity of the unit,
connec t two ident ical transformers in par­
alle l. a similar effe ct to placin g two bat­
teries in paralle l. Just be sure to connect
like terminals togeth er, so as not to cause a
phase difference that could damage the
transformer s! The unit's power-ha ndling
capac ity will then be then the sum of all
parallel transformers .

The net result is while transformer TI
dete rmines the step-up voltage level, the
555 osci llator determines the output fre­
quency. Therefore , even if TI is severe ly
loaded . the osc illa tor and MOSFET's
maint ain a symmetrical60-Hz AC signa l
for Tl .

Vs
FIG. 3-WHEN A 60-Hz AC VOLTAGE is applied
to a standard transformer, the relationships of
the voltage (V), current (I) and wind ings (n) may
be expressed as VplVs = Islip = Np/Ns.

ing . That voltage step-up results from the
operatio n of Q I and Q2. which are turne d
on and off altern ateIy.

As long as the power tran sistors (Q I
and Q2) altern ate at 60 Hz , the output
voltage will also be at 60 Hz. To maint ain
that operating frequ en cy. the Hip-flop (Q3
and Q4 ) sw itches the base currents of QI
and Q2 . The flip-flop is triggered by the
output of the 555 osc illator, ICI . Since Q3
and Q4 conduct alterna tely, they are al­
ways inver sely related to each other. And
because they operate from the same trig­
ger. they 'll always generate a symmetrica l
AC squarewave .
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For exa mple. the transform er is an inex­
pensive . general-purpose 25. 2-volt cen­
ter-tapp ed. 2-amp unit with a sing le high­
voltage wi nding.

Circuit description
Fig ure 2 shows a sc he ma tic o f th e

power supply in vert er. MOSFET tran ­
sistors, Q3 and Q4, form a flip-flop whose
output is used to turn power tran sistors Q I
and Q2 on and off alternately. When Q I is
on. current flows in half the low-volt age
winding: when Q I is off. Q2 is on and
current flows in the oth er hal f of the low­
voltage winding .

Transformer Tl , which has a I17-volt
primary and 25 .2-volt seco nda ry is used
as a step -up. rather than a step-down,
transformer. (A tran sforme r transfers
power in either dire ction-the term s pri­
mary and secondary are assigned rath er
arbitrarily.) Current in each half of the

. ce nter-tapped winding flows in opp osite
directi on s (i .e . , positi ve and negati ve).
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 t ransformer.
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tive indu ctance . and result s in an output­
frequency that varies with load require­
ment s .

The inverter power supply that we' II
describe here overco mes that deficiency
by usin g a 555 oscillator to control the
output frequ ency. Isolated from the power
output. the osci lla tor maintain s a 60-Hz
output frequ enc y regardless of the load .
And if that isn 't enoug h, it has a low parts­
co unt and the parts used are easy to find .

FIG.1-A SIMPLE RELAY SETUP will let you use
the inverter as a backup power supply.
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PARTS LIST

All resistors Y4, 5% unless otherwise
noted.

R1, R2-100 ohms. 1 watt
R3. R4-470,000 ohms
R5, R6-390,OOO ohms
R7, R8-1 megohm
R9-1000 ohms
R1 Q-1 0 ohms, 1 watt
R11-10,000 ohms
R1 2-100,000 ohm potentiometer
Capacitors
C1, C2-50fiF, 50 volts electrolytic
C3. C4-.047fiF, ceramic disc
C5--.1fiF,ceramic disc
C6-.01I1F, ceramic disc
C7- 100I1F, 50 volts electrolytic
Semiconductors
ICl-555 oscillator
IC2-781 21 2-volt regulator
01 , 0 2-2N3055 NPN power transistor
03, 0 4-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.

FIG. 5-THE AUTHOR'S PROTOTYPEis shown here installed in metal cabinet. Note that two transfor­
mers are used to increase power handling capabilities.Circuit operation

Capacitor C5 and potentiometer RI 2
determine the freque ncy of the output sig­
nal at pin 3 of ICI, the 555 osc illator. The
output signa l is different iated by C3 and
C4 before it 's input to the base of the two
power transistors (Q I and Q2) via diodes
DI and D2, respectivel y. The signa l from
ICI is adjusted to 120 Hz. That's because
the flip-flop formed by transistors Q3 and
Q4 div ides the freque ncy by 2 .

When Q3 is on, the base of Q I is co n­
nected via RI to the regul ated 12-volt sup­
ply. Then, when the flip -fl op cha nges
states, Q4 is turned on and the base of Q2
con nected to the 12 volt supply throu gh
R2 . The 100 rnA base current allows Q I
and Q2 to alternately conduc t throu gh
their res pec tive halves the transform er's
seco nda ry 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.

To e limina te swi tc h ing t ran si ent s
cau sed by the rapid sw itching of Q3 and
Q4, ca pacitors C I and C2 filter the inputs
to the base of Q I and Q2 respec tive ly.
Figure 4 shows the waveform that appears
at the output (primary) of the tra nsformer.
Thou gh the output is not a sinewave , it is
close enoug h to operate all but the most
crit ica l equipme nt. But do n' t risk damage
to your expens ive equipme nt if you're not
sure. As a rule of thumb , if your equip­
ment can be dam aged by transients . it's
not a good ca ndidate for this backup
power supply.

Power for the unit comes from your
automobile 's 12-vo lt system. or-if you
want to use the inverter for backup ap­
pli cations-from a storage batt ery, It is
regul ated by IC2 (a 78 12 regulator) . LED
I. connec ted across the 12- volt input , may
be used to indicate whether power is being
fed to the circ uit. Th e neon pilot lamp,
LMP I, shows a presence or absence of
outp ut power. Jack J I is included to
provide a co nve nie nt 9-volt DC supp ly for
a videogame, like the Atar i 2600.

Circuit construction
The method of construction is not crit­

ical, but if you're goi ng to bu ild the inver­
ter as a portable unit , it's important to
build it to wit hstand pun ish men t. The au­
thor's prototype was bui lt on perforated
co nst ruc tion-board usin g point-to- poi nt
wiring, as show n in Fig. 5. No te that there
are two transformers show n; as mentioned

previo usly, two or more transformers may
be parall eled to increase the uni t 's power
handl ing capacity.

The power-in verter circuit sho uld be
housed in a metal cabinet, and power tran­
sistors QI and Q2 should be heat sinke d .
To avoid damage from vibration, the co m­
po nents shou ld be secured to the driver
board with an epoxy adhesive.

Th e FR EQUENCY-AD JUST potent i­
ometer, R12, should be set prior to con­
nect ing the co llectors of Q I and Q2 to the
tra nsformer. Se t the frequency at pin 3 of
the ICI to 120 Hz; then using a scope, .
monitor the base of both Q I and Q2 to
verify that a 60- Hz signal is presen t. Once
the signa l is es tablished , the Q I and Q2
co llec tors may be co nnec ted to the trans­
forme r,

Potentiometer RI2 may be mo unted on
the pane l to allow freq uency adj ustments
from outside the inverter. To tes t the un it
out. plug it into the cigarette-lig hter 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
Cautio n: Keep in mind that the inver­

ter, whether being tested or used, has the
same output-voltage level as that of an
ordinary househ old power-outlet and is
ju st as dangerous . Exercise the same cau­
tion that you would in dealin g with house­
hold line voltage . R-E
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