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Power Inverters and Converters

By BENJAMIN BARRON / former Director of Engineering

Data and Controls Div., Lear Siegler, Inc.”

Guidelines in selecting and specifying the proper d.c.
to a.c. inverter and d.c. to d.c. converter, along with
precautions in using and designing these sources.

at some point in its operation. The power inverter

delivers an a.c. output that is either sinusoidal or
some type of switched wave, The power converter, usually
called a “d.c. to d.c. converter”, converts d.c. to a.c., trans-
forms the resultant a.c. voltage to another level, and then
reclifies and filters the waveform to produce a new d.c.
voltage, differing in value from the input d.c.

The inverter may alse be used to convert a.c. from one
frequency to another. In this case, the input a.c. is first
converted into d.c., usually by rectification; then the d.c.
is converted into a.c. of another frequency, which is used
as output.

Before the advent of power transistors and silicon con-
trolled rectifiers, methods for converting d.c. to a.c. were
mechanical, either through the use of mechanical vibra-
tors, motor-generator sets, or power vacuum tubes, thy-
ratrons or ignitrons. Most of these systems were charac-
terized by short life, unreliability, or inefficiency. With
the advent of aerospace programs, the need for lightweight,
efficient inverters developed. The solid-state or stafic
inverter came into being and has since found application
in many other areas.

The most commonly used solid-state devices are SCR’s
or switched power transistors acting as the power convert-
ing elements, This article deals exclusively with circuits
using these devices.

: POWER. inverter or converter converts d.c. to a.c.

Applications of Inverters, Converters

In the missile and satellite fields, static inverters are
used as precision a.c. supplies for gyroscopes, accelerom-
eters, synchros, servo controls for guidance and attitude
controls, and synchronous motors for timing. In military
or industrial areas, static converters are used for: battery-
or fuel cell-powered emergency supply to critical systems
in the event of power-line failure; sonar transducer and
driver supply; antenna spinner supply; precision a.c. power
for remote clocks; frequency changers for operaton of high-
speed machine tools; a.c. sources for automotive and marine
use; and high-frequency a.c. lighting from d.c. or low-
frequency sources.

D.c. to d.c. converters are used in missiles and satel-
lites for the conversion of d.c. to one or more isolated
levels to be regulated and conditioned in order to power
delicate controls and sensing systems, Large converters
are used for solar-powered ion engine drives. In military
or industrial areas, converters are used for high-frequency,
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lightweight, high-efficiency power supplies; for portable
battery-powered equipment; and in fuel-cell converters
and reguiators. Converters are used to permit battery
operation of portable electronic devices, such as television
systems, instruments and recorders, and miniaturized com-
puters and displays.

Operating Characteristics & Circuit Designs

Silicon controlled rectifiers and transistors, when used
m the switching mode, have three inherent characteris-
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tics that make them suitable for use in the static inverter
and d.c. to d.c. converter. They have very low resistance
when turned “on” (low forward drap}. very high impe-
dance when turned “off” (low leakage). and Lhey change
state very rapidly. These characteristics result in high
conversion cfficiency and good load regulation. High relia-
bility is inherent becausc static inverters and converters
have ne moving parts, they require no high-temperature
heaters in their operation, and the semiconductors are me-
chanically rugged. Properly designed wunits, with sufficient
protection systems built inte them. can stand abuse and
mishandling. It can be assumed that they will outlast the
systems they are powering.

Both the static inverter and converter use semiconduc-
tors as switching elements to alternately connect a load to
a d.e. source, Fig. 1 shows the basic configuration.

81 and 82 represent switching transistors or SCR’s that
are driven from an oscillator. As can be secn, the input
eurrent, I;,, is first connected to one half of the transformer
primary and then to the other. As a result of this action,
the output current from the transformer I, keeps alter-
nating its polarity in synchronism with the driving source

oscillator. 81 and 82 may be simply switched “on” and
“off,” with 180° duty cycle, to produce a simple square-
wave outpul. Control of the output can be accomplished
Ly delaying the action of the switches so that the sccond
switch does not come on immediately after the first is
turned off. The period of time that is delayed is ecalled
the “dwell angle”, as is shown in Fig. 2.

When 2 sinusoidal output is required from a statie in-
verter, the resultant square wave can be fed through a
passive band-pass filter. Other methods are used to pro-
duce sinusoidal waveforms. For mstance, 51 and 82 cun
have multiple switch actions to produce the quasi-square
waveform of Fig. 2C. This is then applied to a low-pass
filter. The flyback diode is used here since it is essential
to provide a path for reactive current back to the d.c.
source. Such current will seccur when the load is reactive,
Since the current cannot flow back through the SCR's or
switching transistors when their anode or collector voltages
are reversed, an allernate path must be provided through
the diodes.

In the case of the d.e. to d.c. converter, the square
wave is rectified and filtered. If simple pulse-width

Fig. 4. Self-oscillating d.c. to d.c. converter followed by a dissipative pass regulator and “loss-less'’ regulator.
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power control is used, a choke input filter is required.

Fig. 8 is an inverter for aireraft and missile application,
A nuclear-radiation-hardened version is shown on the
cover of this issue. The power transistors are switched
“on” and “off” by base-to-emitter voltages generated by
the oscillator-driver. Magnetic amplifiers are provided in
the base circuits of the pair of switching transistors. In
this manner, the transistor switching as well as the dwell
angle are controlled from a single source. The amount of
dwell angle is controlled by output voltage feedback to the
zener diode circuit in order to provide the desired output-
voltage regulation. The resultant pulse-width-controlled
wave Is filtered to produce a sine-wave output at the load.

It was further desired io obtain three-phase power. To
accomplish this, two similar inverters are used and phase-
locked 90° apart. By suitable interconnection using the
“Scott T” configuration, the two phases are combined to
produce three phases,

Fig. 4 shows a self-oscillating d.c. to d.c. converter fol-
lowed by two kinds of post regulators. Timing transformer
T2 is designed to saturate readily. The phasing of this
transformer is such that the secondary feeds back posi-
tively to the bases of @1 and Q2. The frequency of oscil-
lation is governed by the number of turns, the magnetic
properties of the core material of T'2, and the value of line-
voltage input.

Output #1 is used where d.c. with precise voliage regu-
lation and low output impedance is required. For precise
regulation with limited range for the output impedance
characteristic, a “loss-less”’ stepped-wave controller is used
{output #2). The dwell angle produced by magnetic am-
plifier control over a limited range produces the stepped
waveform shown. This type of operation reduces the
amount of output filtering required and thus optimizes the
response attainable from the pulse-width controller. The
output is sensed and compared to the reference zener diode
and fed back to the control windings of the magnetic ampli-
fier to accomplish the desired voltage regulation, -

Important Precautions

There are certain precautions to be followed when ap-
plying inverters and converters to svstems.

1. Adequate cooling: Often the user is vague as to the
actual method he intends to use to remove heat from the
unit. Some method must be decided upon long before the

system is installed. Conduection cooling is done by bolt-
ing the device to a surface from which the heat will be
removed in some manner (such as with a heat sink). Ther-
mal characteristic in degrees rise per watt of dissipation
into the heat sink must be known and taken into account.
If self-cooling is contemplated, determine if conveetion
cooling is adequate. For inverters over 100 watts, it s
usually not adequate, Cooling by radiation is usually use-
fess. If fans are to be used, it should be noted that cooling
decreases rapidly with altitude. Tt is best to select the fan
for the maximum altitude econdition.

2. D.C. input lines: Such lines are usually highly reactive.
Contrary to the usual assumptions, batteries and d.c. gen-
erators are not low-impedance sources for high frequencies.
Furthermore, the inductance of the power line between
the d.c. source on the unit is not negligible. The power-
switching elements pull current from the power line in
surges at twice the output frequency. This can give rise
to damaging transient voltages on the unit input. In al-
most all installations, a large capacitor should be included
across the d.c. input terminals of the inverter or converter.
Often, it is best to build the line-stabilizing capacitor di-
rectly into the unit.

3. Germanium ve gilicon transistors: Except for low-
voltage applications, always use silicon power switching
transistors.

4. Grounding:; Power switching devices are electrically
noisy. They are usually a.c.-coupled to the chassis through
the capacitance of the heat-sink insulator and through
transformer and wiring magnetic fields. Consequently,
short-duration pulse voltages, called “needles”, tend Lo
appcar in the outputs of d.c. to d.e. converters. T at all
possible, ground the systems to the converter itself,
This is very important when the intended use for the d.c. to
d.c. converter is for high-speed digital circuits. Grounding
at the converter will greatly reduce these disturbances,

5. Skidll of personnel: Tt is obvious that as the skill
of personnel decreases, the chances for mishandling and
thus damaging the units inerease. This should be taken
mmto account. Careful attention should be given to the
specification of the protection systems that must be
built nto converters and inverters for such use.

6. System discipline: Because of habit, sinusoidal sources
are often specified for transformer-rectifier power supplies,
the sinusoidal power being produced by a static inverter,

Table 1. Performance characteristics of static inverters with a wide range of inputs and outputs.

INPUT D, C. OUTPUT RANGE OF OUTPUT OUTPUT NUMBER OF| TYPE OF | EFFICIENCY
VOLTAGE RANGE| VOLT/ [OUTPUT VOLTAGE| WAVE- |FREQ. RANGE| PHASES SWITCH- (%)
AMP FORM ING ELE-
MENT
Sinusoidal | 50-3200 Hz  |1,2,3,6,etc. |Germanium 60-85
11012 1-200 24 to 220 Transistor
: Square 50-3200 Hz lor3 Germanium 70-92
Transistor
Low-speed
50-1500 Hz 1,2,3,6,etc. |Silicon 60-85
Transistor
Sinusoidal
High-speed
1500-50,000 1(1,2,3 _Srilicon . 60-85
12 to 250 1-3000 24-1000 Hz ransistor
Low-speed
50-1500 Hz lor3 Silicon 70-92
’ Transistor
Square
High-speed
1500-50,000 |lor3 Silicon 70-92
Hz Transistor
150 to 500 2500-up 115-2500 Sinusoidal [50-1000 Hz 1,2,3,6,etc. |SCR 60-80
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If the ultimate need for the a.c. is fur a set of d.c. supplies,
cither produce the various d.. levels directly within the
d.c. to d.c. converter or supply a preregulated square wave
to the a.c. distribution system. Maintain control of the d.c.
levels required for the circuits being designed by various
engineers for later integration into an over-all system. Lack
of design discipline usually results in the creation of un-
necessarily complex power systems. Multiple-output d.c.
to d.c. converters, with the necessary output character-
istics, often become nearly as complicated as the sys-
tems they are powering. Their cost becomes a significant
percentage of the over-all system cost. Whenever possible.
the systems manager should specify a minimum number of
available d.c. levels before circuit design commences.

7. Specifying: Do not overspecify the outpul power of
inverters or converters. It is a common error for users Lo
assume that an inverter or converter will run much cooler
when operated at reduced loading. Losses in a properly
designed device vary from about 1.5 to 1 in going from
full load to no load. Safety factors are put into the de-
vices when originally designed. Do not calt for more accu-
racy or less distortion than is actually required for the
system. Proper specifications result m savings of power,
weight, and cost.

Guidelines for Specifying

The following is a list of the eritical parameters thal
should be included when sclecting or specifying static in-
verters (see Table 1) or d.c. to d.c. converters.

A. Output—Static Inverter
. Folt-amps: Minimum, maximum
. Power factor variation: Minimum, maximum
. Qutput frequency: Minimum, masimum. Stability

with line, load, temperature, time.

4. Phase: Number needed, tolerance with load unbal-
ance, phase stability with line, load, temperature.
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. Outpui waveforms: Square: Rise, fall times, flabe
ness, symmetry. Sine: Distortion in percent, maxi-
mum percentages for various unwanted harmenics,
crest factor,

G. Transient response: Line, load steps.

B. OQutput—D.C. to D.C. Converter

1. Number of outputs reguired: Isolation between out-
puts to ground.

2. Output voltage: Variation of set-point stability with
line, load, temperature, time.

3. Ouiput ecwrrent: Minimum, maximum, ripple con-
tent, step variation,

&. Ripple. moise: Maximum in peak-to-peak. Band-
width to be ohserved.

5. Transient response: Line, loud steps, overshoot, un-
dershoot, and recovery lime.

C'. Input D.C. Line Voltage: Minimum, maximum, tran-
sient surges, line impedance for various frequencies
allowable, reflected noise from the inverter back to
the line (See the appropriate MIL-Spee, if it is given,)

D. Mechanical: Size, weight, required shape, connectors,

E. Protection: Overload, short-circuit, over-voltage, re-
verse voltage, over-temperature.

F. Available Cooling: Self-convection, heat sink, fan or
air blast, liquid. Define the method.

. Environment: (See MIL-Spec, if given.)

1. Temperature: Maximum, minimum operating and
storage. Allowable warm-up time.

2. Shoek: Impuise height, shape, time duration, num-
ber.

2. Vibration: Sinusoidal, amplitude vy frequency, dura-
tion at various frequencies and axis.

4. Rondom: Bandwidth, spectral content.

5. RFI, EMI: (See MIL-Spec, if given.) Limits of con-
ducted, radiated for various test frequencies.

6. Altitude: Temperature ws altitude. A

is the package that counts, in the air and on the ground.
The problem with most high-current power conversion equip-

|T
ment is that it is bulky, heavy, and hard to manage. In airborne

systems particularly, power units often take up most of the avail-
able equipment space. One of the companies specializing in

POTENT POWER PACKS

reducing the size of power packs is the Tung-Sel Division of
Wagner Electric Corp. . ]

The 100-ampere ground power (GP) supply in the photograph is
ultra lightweight and compact; it weighs less than eight pounds
and is only 8%" i. x 4" w. x 5%" h., although it handles more
power than some units twice its size.

Physically, the ground pawer unit is similar to the airborne ver-
sign. The cylindrical housing and circular heat sinks, which are
constructed of rigid extruded aluminum, enable the power supply
to be mounted in any position. An internal blower and a modified
pressure cooling system is used to dissipate heat.

Basically, the circuit is a double-Y defta transformer with sili-
con rectifiers which operate from a 120/280-volt, 400-Hz, 3-phase
a.c. input. Original equipment manufacturers can obtain ground
power units having outputs of 28 volts at 100, 200, 300, and 400
amps. Twenty-eight-volt airborne units are available with output
currents of 50 to 200 amps. A similardy constructed 60-Hz, 50 to
200 amp unit for portable field use will be introduced.

Communications equipment manufacturers who prefer rack-
mounted supplies can use the CR 27.5 series of high-current d.c.
units. These solid-state controlled magnetic amplifiers were de-
veloped especiafly for marine single-sideband systems. They have a
highly regulated (better than 195} voltage output of 27.5 V and
currents of 25 to 150 amps, and operate from a 50/60 Hz line.

IF it's modules the equipment manufacturer needs, he might try
the LE sotid-state power packs devefoped by Electronic Research,
Inc. There are five medels which cover current ranges of 0-750 mA,
and 0-1,-2,-5, and -10 amperes. Each individuat module can be set
to any desired output voltage in the 4-32-volt d.c. range.

The LC modular power packs incorporate special circuitry to take
full advantage of the properties of silicon semiconductors. The
regulatar is a silicon transistor emitter-follower circuit in se-
ries with the rectified and filtered d.c. source. The series regula-
tor is controlled by a feedback amplifier loop which is referenced
to an independent constant voltage source. Changes in the output
voltage caused by load variations are compared with the constant
voltage source and amplified error signals control the emitter-

]

follower in such a manner as to compensate for the load and line
changes. In order to obtain the sensitivity necessary o provide
closed-loop regulation, stabilized gain stages are utilized in the
feedback loop. The sensing source at the output of the regulator
is a bridge eircuit with one of its arms containing the constant-
voltage reference. The referenced voltage is, in turmn, provided by
an independently controlled zener diode.

The modular supplies range from 4" x 4" x 64" h. to 834" I
2 9%%* w. x 714" h. The a.c. input and d.c. cutput connections are
made to terminal strips. Voltage and current adjustmenis are
made on transformer voltage taps and slotted screwdriver adjust-
ments. Al models operate at 1057125 Hz, but 400-Hz operation is
available by means of a simple tap adjustment. A
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