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The METER!NC CIRCUITRY consists of the
panel meters, the current senzing shant, and the
selector switch test rucuitry un the reaqulator
board. The metering circuin y isusd .0 pro-
gramming the Gemini tor speciii. .vad demand
curves while during normal operation it permits
monitoring of the system’s performance,

The POWER ELECTRONICS are comprised of
the SCR (silicon controlled rectifier) bridge
assembly with assaciated heat sinks, the opti-
cal firing circuit board mounted on the heat
sinks, the air-core reactor filter, and the AC and
DC fusing. The power electronics provide the
transfer of power from the DC source to the
AC source in a manner regulated by the control
electronics.

o

Thie CONTROL ELECTRONICS are contained
in the requiator printed circuit board mounted
in the cabinet. This circuitry controls the firing
of the SCRH's with respect to some variable,
such as DC output voltage, and in accordance
with user-programmed vaiues for voltage cut-in,
rate of ‘oading and maximum current to be
converted,

The MAGNETIC CONTROL is comprised of
the DC contactor and the on/off switch on the
front of the cabinet. The magnetic control
functions to connect the DC source to the
Gemini during normal operation. In the event of
an AC power failure, the contactor automatic-
ally drops out, regardless of the position of the
switch, thereby disconnecting the DC source
from the AC lines.
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SPECIFICATIONS
SINGLE PHASE GEMINI THREE PHASE GEMINI

Modei Pewer Input Maximum Output Model Power Input Maximum Output
Capacity Voltage Amperage Voltage Capacity Voltage Amperage Voltage

(kw) {(VDC) (Amps) (VAC) (kw) (VDC) (Amps) (VAC)

PCU-40-1 2 0-100 20 120 PCY-200-3 20 250 80 240
4 0-200 20 240 20 500 40 480

PCU-80-1 4 0-100 40 120 PCU-400-3 40 250 160 240
8 0-200 40 240 40 500 80 430

PCU-500-3 50 250 200 240

PCU-150-1 15 0-200 75 240 50 500 100 430
PCU-1000-3 100 250 400 240

100 500 200 480

* U.S. patent Nos. 3,946,242 and 4,059,772
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Specifications for inverters with capacities up to 1.5 megawatts available on

request.




FEATURES

* Voltage, current and current slope con-
trols permit matching the load demand to
the power available from the source, there-
by maximizing the energy extracted. For
example, in a wind system the power avail-
able from the wind varies with the cube of
the wind speed. The Gemini controls per-
mit loading the wind system to extract the
available energy to within a few percent of
what could be extracted under ideal
conditions. )

* Inverter efficiency at rated output is
96% for single phase systems and 98% for
3 phase systems (exclusive of optional
filters and transformers).

* The no-load power draw for the invert-
ers is typically less than 1/2 of 1% of rated
capacity, thereby maximizing the net
energy production of the power source.

* A DC contactor energized by the AC
lines automatically disconnects the DC
source from the AC tines during utitity
outages and automatically reconnects

it when the AC power is restored. This
feature insures the safety of a utility
lineman while servicing a downed line to
which the Gemini is interfaced.

* Input and output fuses are installed in
all Gemini Synchronous Inverters to pro-
tect internal wiring, the DC source and
the AC lines from severe overload
conditions.

* Inverters rated at 40 amps or less may
be installed by plugging into a standard
electric range outlet of suitable rating.

* Ali units have a DC ammeter and volt-
meter, AC and DC power indicator lights,
and an AC power switch externally
mounted for convenience and safety.

* Test circuitry is built into the Gemini
controls to facilitate programming of the
unit and for use in troubleshooting.

* All units are housed in wall or floor
mounted steel cabinets.

OPTIONS

* Interface Filters: When the DC source
is of low impedance the use of an induc-
tive or an inductive/capacitive filter may
be required. Optimally sized air core reac-
tors and electrolytic capacitors are used to
fabricate interface filters for photovol-
taic arrays, wind systems which employ
alternators or low impedance generators,
battery storage applications, and other
low impedance sources. For experimental
installations, multiple-tap air core reac-
tors.and multi-valued capacitors can be

- supplied to permit determination of the
filter configuration which results in opti-
mum system. performance.

* Maximum Power Trackers: Automatic
power tracking circuitry is available for
use with concentrating and non-concen-
trating photovoltaic arrays. The tracker
continuously seeks that operating level
which results in the maximum power con-
version for a given climatic condition. A
wattmeter circuit monitors power output
to provide information to a power tracker
circuit which varies the loading condi-
tions seen by the array. This nearly
instantaneous variation of load permits
optimization of the energy output at very
little additional cost and with essentially
no increase in circuitry losses.

* Isolation Transformers: For applica-
tions in which the DC source voltage is
too high or too low with respect to the
AC line voltage for optimum performance
and for applications requiring grounding
of the DC source for testing or precaution-
ary reasons, isolation transformers of
appropriate rating can be provided.

* DC Field Suppties: For systems requir-
ing the use of shunt wound generators,
the field supply can be built into and con-
trolled by the Gemini. When the DC
source is not in operation the field is de-
energized to minimize losses. Field exci-
tation can be either fixed or variable for
optimum system performance.

* Starting Circuit: For Darrieus wind
systems a starting circuit has been de-
veloped which permits utilizing AC power
to accelerate the turbine. When generat-
ing speed is reached, a reversing contactor
permits the Gemini to extract power in
the normal fashion. The starting sequence
may be initiated by a timer, a wind signal
input, or manual control.

NEW PRODUCTS

AC/DC wattmeters, watt-hour
meters, and VAR meters will be available
soon for various power ratings. The pat-
ented circuitry samples amperage and volt-
age 15,000 times per second, multiplies
and integrates to determine power. A
timing circuit is added to provide watt-
hours and a phase displacement is effected
to provide volts-amps reactive. The meters
will be available with analog or digital
readouts and with an isolated analog
signal output for use with recording equip-
ment. Meter error is less than 1% of full
scale for frequencies up to 1000 Hz.

Load management hardware is under
development which has the capability of
optimizing the use of energy produced by
the DC source. AC dumping circuitry
detects any surplus generation which
would otherwise be fed back to the AC

source and shunts this energy to a vari-
able load such as a hot water storage
system. DC dumping circuitry, used when
battery storage is added to the system,
also detects any surplus generation but in
this case regulates the Gemini to convert
only that amount of energy necessary to
null out consumption from the AC source.
Surplus energy goes to the battery. See
Load Management, Page 7, for a further
description of thase circuits.

A Gemini computer-controlled loader
is being developed for performance test-
ing and determination of optimum load-
ing characteristics for a particular source.
The {oader imposes various load condi-
tions on the DC source in response to
manual or computer control. Operation
at constant voltage, current, torque power
or RPM (for rotating sources) can all be
readily accomplished,

SERVICES

* Engineering and design services are

available for adaptation and optimization
of the Gemini circuitry for use with
specific AC and DC sources. Start-up
assistance is available for new installations.

Gemini Synchronous Inverters with
capacities up to 1.5 megawatts can be
supplied on a custom basis.

Start-up assistance is available for new
and experimental installations.

WARRANTY

Gemini Synchronous Inverters are warrant-
ed to be free from defects in material and
workmanship for a period of one year from
date of purchase. Components which have
become defective will be repaired or re-
placed when delivered prepaid to the
factory or an authorized service station.
This warranty does not apply to compor.-
ents which, in the opinion of the manufac-
turer, have been subjected to overioad,
mechanical abuse, improper irstallation,

or use with an unsuitable source of DC
power, No other warranty is expressed or
implied. No liability is assumed for con-
sequential damages.




SOLAR THERMAL ELECTRIC research
is being carried out on both large and
small installations. Shown here is a 4 KW
capacity array of concentrator collectors
which heat a fluid that drives a turbine
generator. The variable output of the
array is fed into the AC service of the
laboratory through a Gemini Synchron-
ous Inverter. The future {ooks promising
for solar thermal electric installations
where insolation levels are high as is typical
of the Southwest part of this country.

ENGINE TESTING is an industriuf appli-
cation in which the Gemini can be used to
recover significant amounts of energy which
would otherwise be wasted.

Typically today, engines undergoing
testing or break-in are loaded with an
hydraulic pump or a generator where
energy is dumped in the form of heat. The
use of a Gemini Synchronous Inverter in
this application allows recovery of any-
where from 25-75% of this energy. Other
similar applications, such as the testing of
rotary inverters, motors and generators,
can benefit from the use of the Gemini in
the same fashion.

The programable circuitry of the
Gemini allows manual or computer con-
trol of the load imposed on the equipment
being tested. The Gemini's ability to
accept a variable input makes it possible
to conduct tests over a wide range of
operating conditions.

WIND ENERGY is the nearest term,
most cost-effective solar electric energy
source presently under deveiopment in
this country. Department of Energy
estimates suggest that 2-6% of the nation’s
electrical energy needs can be supplied by
wind systems by the year 2000. It is con-
ceivable that as much as half of this
capacity will be supplied by small resi-
dential size wind systems interfaced with
local utility grids while the other haif
will come from large utility owned and
operated systems. The Gemini Synchron-
ous Inverter provides an economical and
fail-safe means of interconnecting small
wind systems with existing AC circuitry,
thereby eliminating the need for redun-
dant circuitry, specialized appliances or
battery storage. Shown above is a 2 KW
Jacobs Wind Generator supplying a resi-
dence.




BATTERY MANUFACTURING: In the
manufacturing of stationary lead acid
batteries it is often necessary to charge
and discharge the cells several times to
condition the surfaces of the plates. This
is typically accomplished today by using
rectified power from the utility for
charging and connecting the batteries to
a resistor bank for discharging. Simple
modifications (. the basic Gemini cir-
cuitry permit charging the batteries from
the utility lines in much the same fashion
a battery charger would. Discharging is
accomplished by feeding the stored energy
back into the AC lines. Energy require-
ments are typically reduced 50-60% by
using this approach.

HYDROELECTRIC applications, while
geographically dispersed, are typically
ideal energy sources due to their relatively
constant nature and high energy density.
Many low capacity hydroelectric sites
exist in this country, howaver, vitich have
not been developed or are no longer in
use due to the difficulty in regulating the
power output or due to the complexities
of getting on and off line when inter-
faced with a utility. The Gemini provides
a ready solution to these problems where
conventional AC sources of power are
available for interconnection. Govern-
ment programs are presently being
initiated to encourage greater use of this
valuable energy source.

SOLAR PHOTOVOLTAIC: A significant
research effort is being put into the de-
velopment of concentrating and non-
concentrating photovoltaic arrays for
(eésidential, commercial and industrial
applications. Shown above is an array capa-
ble of supplying a peak output of 8 kw
undergoing testing at the NASA-Lewis
Research Center in Cleveland, Ohio. The
Gemini power conditioning hardware
developed for this installation includes
maximum power tracking circuitry which
permits extracting the greatest amount of
energy under varying temperature and
insolation conditions. The dramatic reduc-
tion in the cost of photovoltaic cells in the
past several years and the anticipated cost
reductions in the near future could make
this source cost-effective for residential
applications by the mid 1980's.
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POWER QUALITY

Power quality is an issue of general
concern for any load tied to common AC
lines, whether ©nsitive or negative with
respect to the diraction of power flow.
When the impedance of the DC source has
been properly determined relative to the
impedance of the AC line, the power
quality characteristics of line-commutated
inverters are weli within the range of typ-
ical loads on utility lines today.

Shown below is representative data
from a current harmonic analysis per-
formed at NASA-Lewis Research Center,
Althcugh higher order current harmonics
exist, and are as high as 11% as in the
case of the 3rd harmonic, the first harmon-
ic contributed on the average approxi-
mately 98% of the total power.

HARMONIC CONTENT OF LINE CURRENT
GEMINI SYNCHRONOUS INVERTER
SUPPLIED BY FILTERED DC POWER SUPPLY
WITH 10 MHY QUTPUT INDUCTANCE

A RMS Line Current o
A 335 292 358 326 378

Percent Harmonic (RMS) Ave

Ist 9894 9876 9909 9857 995l
2nd 226 211 215 223 247 224

3rd 1231 1285 1069 1433 752 1154
4th -- -- 132 - - 125 51
5th 505 606 557 702 411 556
6th - - - - 134 - - - - 21
7th 31239 298 381 255 345
ath - - 128 14 - - - - 55
9th 258 274 253 249 181 243
10th - - 19 126 -- - - 47
Lith 196 289 198 -~ - 157 164
12th - - L0 162 - - 103 75
13th 169 187 160 - - 105 124

RMSTOTAL  99.94

With respect to electromagnetic
interference, data taken again at NASA-
Lewis shows that the Gemini meets or
exceeds standards set by the Federal
Communications Commission.

Perhaps of greatest significance in
maintaining high power quality, is the
minimization of voltage waveform dis--
tortion, in that the operation of parallel
connected loads is strictly a function of
their terminal voltage and impedance.
When the ratio of the DC and AC source
impedances has been properly established,
voltage waveform distortion for line-
commutated inverters is limited to short
duration notches caused by SCR’s switch-
" ing on and s of little consequence in nor-
mal residentia! and industrial applications.

UTILITY INTERFACE

Many of the regional assessments
and market analyses prepared for the
Department of Energy cite the high
potential of distributed solar electric
technologies, specifically wind and photo-
voltaic. It is generaily agreed that if these
technologies are akle to impact the
national need, which is the objective of
the federal program, they will do so as
supplemental sources interfaced with the
utility grid.

Rate structure becomes an important
issue when the AC and DC sources are not
owned by the same entity. When this is
the case, a distinction can be made be-
tween supplemental installations, where
the objective is to decrease consumption
of energy from the AC source, and cogen-
eration instaliations, where payback for
energy delivered to the AC source plays
a significant role in the economics of the
system,

For supplemental systems, proper
sizing of the source in light of the avail-
able resource and in consideration of the
load demand, generally results in a very
low percentage of the generated energy
being fed back. The net effect of the sys-
tem is a reduction in load seen by the AC
source and generally requires little modi-
fication of the rate structure. For cogen-
eration installations, the ramifications of
trading significant amounts of energy
generally requires a specific contract with
the utility involved.

Numerous Gemini installations have
been put on-line in the past several years
in cooperation with various utilities. in
some cases rate structures have been de-
veloped that provide for reimbursement
of the customer for energy feed back,
while in other cases the customer is
serviced under the standard rate but with
a racheted meter and no payback. Data is
being collected on a majority of these in-
stallations to provide a basis for estab-
lishing equitable rate structures.

The ramifications of interfacing are
complex. Technical and economic con-
siderations vary with the generation mix
and load demand of the utility, the avail-
ability of the alternate resource and the
percent penetration of the alternate source
in terms of generating capacity.

A diligent effort in the coming years
will result in a significant percentage of
our energy needs being supplied by rer:ew-
able sources with a significant portion »f
that coming from small, dispersed systems.

LOAD MANAGEMENT

AC dumping circuitry is presently
under development which provides for the
consumption of any surplus generated
power that would otherwise be fed back
to the AC source. A wattmeter circuit
senses the magnitude and direction of
power flow between the AC loads and the
AC source and provides a signal to the
dumping circuitry which controls a vari-
able load. In that the amount of surplus
genarated power and the time of its occur-
ance cannot be predicted, the dumping
circuit must work with non-critical loads
such as secondary hot water heaters,

AC DUMPING - |THE DASHED LINE 1S
CIRCUTT AC Source A FECOBACK SIGNAL)
- (SOLID UINES ARE
POWER)
Non-Cnitical Watt Hour
Load Meter
Power Sensmg o
nr ST Clrcult Sou ce
Vanable Load Circuit Breaker}__ Gemmu
Contral Box Synchronous
Invarter
AC Loads

DC dumping circuitry is also under
development which permits adding DC
electrical storage to a supplemental energy
system. Again the wattmeter circuit ic
used to sense power flow between the AC
loads and the source, only in this case a
signal is fed to the Gemini to convert only
that amount of energy necessary to null
out consumption from the AC source. Any
surplus energy coming from the DC source
in excess of that required to null out con-
sumption goes to the battery which is
wired in parallel with the Gemini. When
the battery reaches a minimum charge
state and sufficient power is not available
from the DC source to meet the load, the
system automatically shuts down until
such time as it can again supply the load.
If desired, charging of the batteries from
the AC line can be accomplished with little
additional circuitry.

DC DUMPING
CIRCUIT AC Source
(THE DASHED LINE 15

A FEEDBACK SIGNAL) Watt-Hour Bal tery
Meter Storage

DC Source l

(SOLID LINES ARE
POWER)
Pawer Sensmg Gemini
Circuit aynchronous
l Inverter
Curcun Ureake _. ~ 1
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Many industrial or commercial elec-
tric motor drive systems are connected to
mechanical loads that store large quanti-
ties of kinetic energy in the form of moving
or rotating mass. When such a load is ac-
celerated to operating speed, a large
amount of temporary power is required.
Similarly, when the load speed is reduced
ta zero, the kinetic energy must be ex-
tracted from the moving mass. Again, the
power involved in deceleration can be
very large.

Other types of loads store energy in
the form of potential energy resulting
from a change in vertical location of large
masses, Cranes and hoists are typical
examples of this situation. In both cases,
the exchange uf energy with the load
takes place in both directions, and very
early in the history of electric drive sys-
tems it was discovered that while electri-
cal or mechanical braking could be used to
absorb the energy when necessary, unde-
sirable heat was produced, efficiency
suffered, and the process was difficult to
control with any degree of precision. Re-
generative drive systems were developed
to minimize these problems. ‘‘Regenera-
tion” is the process of feeding excess
energy from load into conventional AC
power lines. .

Electronic switching devices such as
mercury pool tubes, thyratons, or thy-
ristors can control power flow in either
direction by instantaneously connecting
the AC line to a DC motor during a
selected portion of each cycle or half
cycle of the AC line voltage. The varia-
tion of conduction periods is referred to
as “phase control” and is also used to
control power to welders, heaters, indus-
trial arc furnaces, battery chargers, and
numerous other loads. All three types of
switches have one common characteristic.
The turn “on” signal can be removed and
the switch will continue to stay “‘on”
until external conditions reduce the cur-
rent through the switch to zero. In some
cases, this occurs naturally at some time
in the cycle; in other cases additional
circuitry is needed to force the current to
zero to turn the switch “off",

A greatly simplified explanation of
how power can flow in either direction

can be seen in figure 1, showing the AC
voltage and current waveforms of a single
phase line supplying an inductive load.
Although a purely inductive load con-
sumes no power, current flows through
the load, and power is instantaneously
traded back and forth with the AC lines.

" During intervals marked “C", the
voltage and current are in the same direc-
tion, and power flows from the line to the
laad. During intervals marked “D", volt-
age and current oppose each other, and
power flows from the load to the line. If
the load is a pure inductance, areas C and
D are equal, and the average power is zero.

A modern DC drive system uses this
relationship in combination with high
speed switches to allow current to flow
during one of these times, and to block
the flow of current during the other
time. If power is required to flow from
the line to the DC motor, the switch is
closed during the times marked C and
opened during the times marked D.
Similarly, if it is desired to extract power
from the DC motor, it is connected to
the line during D irtervals and discon-
nected during C intervals.

SYNCHRONOUS INVERSION

If the basic concept of regenerative
power feedback used for retreival of load
energy in a DC drive is adapted for general
conversion of DC power to AC, such a
system can be used to efficiently take ad-
vantage of alternate energy sources. All
that is required is to first convert the alter-
nate energy to DC. If the alternate energy
is mechanicai, it can drive a DC generator
or an alternator whose output is then
rectified. Solar cells can convert sunlight
directly to DC power. Other forms of
energy are already DC and can be con-
nected directly with such a system to an
AC source.

In its simplest form, a single phase
AC line is connected to a source of DC
power through what looks like an ordin-
ary bridge of thyristors. Notice, however,
that the polarity of the DC side of the
bridge is reversed when compared to a
thyristor bridge intended for converting
AC to controlied DC, Figure 2 shows this
basic connection.

Figures 3 and 4 show two alternate

paths for current flow from the DC source
to the AC lines, arranged so that each
path is suitable for power flow to the line
in one of the half cycles during the inter-
val that corresponds to the D area in
figure 1.

Figure 5 shows waveforms of AC
line voltages and the DC source for the
path that is shown schematically in
figure 3. While an arbitrary value of DC
voltage is shown, the actual magnitude
can be any value from zero to the peak of
the AC wave. During the positive half
cycle, there are two intervals, A and B,
where the DC voltage is instantaneously
more positive than the AC line voltage,
and current flow from the DC source to
the line will oppose line voltage, so that
the flow of power is to the line. Current
flow in the same direction is also possible
during the negative half cycle, but since
the AC voltage has reversed, current no
longer opposes the line voltage, and
power flow is in the wrong direction,
from the line to the DC source.

Time intervals A and B have one
significant difference. During interval A
the difference between the AC and DC
voltages is initially high and decreases to
zero. This condition is useful when thy-
ristors are used as the switches, since it
automatically reduces the current in the
thyristors to zero and the thyristor turns
off or “‘commutates” naturally. In inter-
val B, however, the voltage differential is
Zero initially and increases with time until
it reaches a large value at the end of the
interval. To operate in this time interval,
a switching device must therefore have an
independent means of commutating to an
off state, With transistors this is relatively
simple, however, thyristors require com-
plex commutating circuitry. For this
reason, when thyristors are used as the
switching element, the conversion period
is generally limited to time interval A,
and the inverter is known as a “line-
commutated inverter”, since the line
voltage itself provides the reduction in
current that turns the device off.

While the circuit of figure 3 and the
waveforms of figure 5 demonstrate the
transfer of power from the DC source to
the AC line, the current is of a single
polarity, and the DC power it represents
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would not generally be useful, would tend
to saturate transformers, and could not be
transformed to distribution voltage levels.
The alternative conducting path shown in
figure 4 provides a reversed polarity of the
DC source for conduction in a similar
period of the other half cycle.

The waveforms of figure 5 now be-
come those of figure 6, showing the
effects of the reversed DC voltage in the
negative half cycle. The current is now
truly AC, can be readily transformed, and
is compatible with ordinary AC appli-
ances.

Figure 7 illustrates the voltage and
current waveforms that result from the
relationships in figure 6.

Although this description has shown
single phase circuits for simplicity, the
same principles apply to multiphase
circuits.

QUALITY OF THE INVERTED POWER

To prevent disturbing the waveform
of the AC line voltage with this type of
inverter, the impedance of the DC source
must be many times larger than that of the
AC line, since connecting any two voltage
sources together results in a terminal volt-
age that is divided between them in a
manner porportional to their individual
impedances, A relatively large DC source
impedance allows the connection to the
AC line to be made without changing the
line waveform, and the voltage at the out-
put terminals of the synchronous inverter
is therefore the normal line voltage, both
in magnitude and frequency, without
distortion.,

The normally inductive impedance
of a DC generator fits this requirement.
An inductive source, in addition, tends to
spread out the conduction periods which
results in lower resistive losses due to
improved form factor. Any installation of
a synchronous inverter of this type must
be engineered for proper impedance
ratios, and inductance added to the DC
source, if required, to maintain line volt-
age integrity.

While the voltage waveform is very
likely a nearly perfect sine wave, the out-
put current of the inverter is an entirely
different matter. Even though AC in

-nature, it is delivered in pulses, once each

half cycle, and the shape of these pulses

is dependent on both magnitude of the

DC voltage and the total impedance in the
DC and AC sources. Prediction of the shape
of these waveforms is a very complex
problem. Analysis of existing wavefarms,
however, is not as difficult, and an an-
alysis of harmonic content of a specific
installation is shown in another section.’

The current of a synchronous in-
verter occurs with the same polarity and
during the same part of the cycle as would
an inductive load current. For this reason,
the introduction of power in this manner
is seen by the power line as an additional
lagging VAR load, and the effects are gen-
erally the same.

Tests indicate that standard power
factor correction techniques are as
effective for inverted power as they are
for normal inductive loads.

Metering accuracy of standard kilo-
watt hour meters has been compared to a
digital meter having an accuracy of 0.1%.
Even with the pulsed currents, no signifi-
cant inaccuracy was found in the stand-
ard kilowatt hour meters. It is assumed
that metering accuracy will be maintained
as long as voltage waveforms are not dis-
torted, since the voltage coil of the meter
has a slow response which may not be able
to react to the harmonic voltages as easily
as the faster current measuring coils can
respond to the harmonic currents.

OTHER CONSIDERATIONS

A synchronous inverter that takes ad-
vantage of the line voltage for commuta-
tion of its switching devices cannot
function without the line voltage present
and must be automatically disconnected
when the line fails. If not, the thyristors
may cause a fauit at the DC source and
the power lines could possibly have DC
voltages that would be dangerous to
personnel working on the lines.

GEMINI synchronous inverters
prevent both of these problems by using a
contactor to isolate the DC source from
the inverter and the line in the event of
power failure. The coil to this con-
tactor is energized by the AC lines, and
therefore the contactor will open im-
mediately on loss of AC line power.

The switching action of the thyris-

tors is quite capable of causing radio or
TV interference, and filters to prevent
this are part of the design. An interfer-
ence filter consisting of a line reactor and
a capacitor is included in the line voltage
terminals at a Gemini inverter to minimize
these types of interference.

COMPARISON WITH OTHER METHODS

Most other methods of adding power
to the utility grid system use rotating
machinery to generate the AC by direct
connection to the power lines. The gen-
erators may be synchronous alternators,
squirrel cage induction motors, or wound
rotor induction motors.

The advantage of any of these meth-
ods over the synchronous inverter lies in
the low harmonic content of the generated
current. With a synchronous alternator,
there are the additional advantages of
controlled power factor and the ability to
function as an independent source of AC
in the event of a power line failure.

With either a synchronous alternator
or a squirrel cage induction generator, the
operating speed is either fixed or must  ~
remain within a narrow range. This con-
straint is not consistent with the variable
nature of waste energy sources. In the
case of the synchronous alternator, addi-
tional complications arise when momentary
loss of source energy requires a dis-
connect, followed by a subsequent re-
synchronization.

The wound rotor induction motor
can operate above synchronous speed
over a fairly wide range of speeds, but
control of secondary power can be com-
plex, possibly best accommodated by the
use of the versatile synchronous inverter.

Advantages of the synchronous
inverter includes of handling wide
voltage variations of both rotating and
non-rotating sources, active and passive
control for maximizing extraction of
energy from the source, highly efficient
operation, and low cost.
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