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NOTICE

The invention disclosed in this document resulted from
research in aeronautical and space activities perfcrmed under
programs of the Wational Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available

for licensing in accordance with the NASA Patent Licensing

piication (KASA)

o
o5
2= Regulation (14 Code of Federal Regulations 1245.2).
~ To encourage commercial utilization of NASA-owned inven-
g' tions, it is NASA policy to grant licenses to commercial
L concerns. Although NASA encourages nonexclusive licensing
; to promote competition and achieve the widest possible utili-
3 zation, NASA will consider the granting of a limited exclusive
license, pursuant to the NASA Patent Licensing Regulations,
when such a license will provide the necessary incentive to
the licensee to achieve early practical application of the s
invention.
Address inquiries and all applications for license tor
% this invention to NASA Patent Counsel, Gewvrge C. Marshall
f Space Flight Center, Mail Code CCOl, Huntsville, Alabama,
é? 35812. Approved NASA forms for application for nonexclusive
; or exclusive license are available from the above address.
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NASA Case No. MFy=25302

o ELECTRICAL POWER GENERATING SYSTEM

TECHNICAL ABSTRACT .

¥

This invention relates to an alternating cuxrent power generation system
adapted to inject power into an already powecred power line. The principal
application would be for windmill powered generation.

This invention contemplates the employmernt of an induction metox/
generator 10 as a power generator, and it is connected to a power line 18
through a thyristor circuit, typically a triac 28. A firing angle control 30
triggers the triac at a relativaly late point in each half cycle power sup-
plied to the A.C. line. This enables only a minimum amount of power to be
supplied by the line to the induction motor/gencrator, that necessary for
encrgization of the field of the motor/generator for its oparation as a gunc-
rator. With a drive spced, by propeller i4, to motor/gencrator 10 (through
appropriate gearing) effective in a range of spproximately 5% in excess of
synchronization speed (e.g., 1,000 xpm), power wiil be supplied from the
motor/gencrator through triac 28 to the power line for a portion of the fol-
lowing half cycle which varies directly in duration as a function of drive
speed within this range.

The novelty of this invention lies in the appreciation of the characteris-
tic of the thyristor which permits the operation described wherein the motor/
generator and line are connected only for that portion of the A.C. cycle
beneficial to operation. The invention appears to be 4 very significant one
in that it enables a standard induction motor te be employed as a windmill
generator with substantially improved efficiencies in poerhaps most installa-
tions, that is, instsllations where the wind is of a variable velocity. Fur-
ther, the invention enables power generation for this type generator at a
lower wind velocity than previously.

It is believed that this invention will produce a dramatic savings in
equipmant costs by virtue of a switch from the more costly direct current
generator/inverter combination now typicaliy employed.

INVENTOR; Frank J. Nola, EC24
EMPLOYER: NASA-MSFC
INITIAL EVALUATOR: Harry Reid, EC24 ‘

APPLICGATION SKERIAL NUMBER: 243,683

DATE FILED: . ' March 16, 1981




MFs-25,307 - |

" 20 FIG.|* 24 16
1 MT2~[ 26
AC  [FIRING 26 INDUCTION
B LINE | ONSEGL]] 7 \"4 MOTOR/GEN.
' 32 b

243 é%% ’25@0

LOW WIND
a VELOCITY

T e e B e

LOW WIND
VELOCITY

12

14

HIGH WIND

¢ VELOCITY

7”\




10

15

20

25

30

Terteats bt 85 ey D Bie 20400

L

-1~ MFs - 25, 302 - |
o7 ELECTRICAL POWER GENERATING SYSTEM

Origin of the Invention
The invention described herein was made by an employee of the United

States Govexnment and may be manufactured and used by or for the Government
of Lhec Wnited States for governmental puxposes without the payment of any

royalties theresn or therefor,

Tachnical Field

This invention relates to electrical power generation, and particular-
ly to an auxiliary generating system for coupling an induction motor type
generator to an A,C, power line for adding power to that line.

Backgreund hrt |

In the past few years, theré has been a considerable effort to develop
new sources of electrical power. Included has been the development of sys~
tocms primarily designed for providing power to a single enterprise, for
example, a household, with any excess generated power being fed back to a
power line of a public utility providing a primary source of power for that
household, Frequently, the auxiliary or local power,generating unit is in
the form of a windmill, and there are times when little or insufficient
power is available from it alone, Thus, as a matter of convenience, in or~
der to preserve a continuous interconnection of power to on-site elcctrical
devices to be poywered, the windmill and public utility power lines are con-
nected together.

Windmill generators have typically been of the direct current type,
and thus in order to achieve compatibllity with public power linrs, which
are of alternating current power, the output of such a generator must be
conveéted to alternating current power, This is accomplished by switching
means operating synchronously with the frequency,.typically 60 cycles, of
the power line. In addition to effecting frequency compatibility, there
must be both voltage amplitude and phase compatibility between the gene~
rated output and the power lins voltage, All in all, such a coupling sys~
tem 1s necessarily complex and costly.

As an alternate to the direct current generator, induction motor/

generator units are scmetimes-used.ﬁith windmill generating systems,
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While the induction motor/generator has.not seen great use as a generator
in the past, it is perhaps the most widely used type of motox, and thus is
widely, available and at a reasonable cost,

The power inpu% to an induction motor is given by thz product of the
applied voltage, the current, and the cosine of the phast angle between the
voltage and curxent (E I Cosine a), In a heavily loaded motor, the current
will tend to ke in phase with the voltage. When unloaded, the current will
typically lag che voltage 79° to 80°, If an extexnal force tends to drive
the shaft higher than synchroncus spedd, the phase lag will continue to in-
crease., When the force is sufficient to cause the phase lag tn be 90¢, the
power input to the motor is zero since cosine 90° = 0, At this point, the
meehanical energy applied to the shaft is exactly equal to the magnetizing
losses, and thexe is no net enexgy being returned to the A.C. buss, BAs the
driving force continues to fnuxeage, the phase angle becomes greater than
90®, The cosine of angles greater than 20° is negative, indicating nega-
tive power flow. The moteor is now generating and returning energy to the
A.C. uss, Murther increase in driving force causes the phase lag to ap-
proach 180° as the full generating capacity of the machine is reached.

Significantly, the induction generator requires no synchronization or
voltage regulation circuitry to couple its output to a power line. It in-~
herently funclions as a generator when it is driven above its synchroniza-~
tlion speed, a speed equal to the;frequehcy of the power line divided by
the number of pairs of poles that it contains, typically the speed being
1,800 xpm in the'case of a 4-pole device. It, like a direct current gene-
wator, is typically connected to a power line when its spee? is sufficient
for the productlion of power which, in the case of the induction motor/
generator, is at sync speed., Beyond t@is speed, and in the range of ap-

- proximately five pexcent of the sync speed, this type device provides in-

creasing power output to a power line, this increase occurring as the
phase lag of current with respect to voltage increases above 90°, an angle
which persists at the sync speed. '

Despite the obvious advantages of the induction motor/generator over
a D.C. generator as described, the former has one significant disadvantaée.
It must draw field excitation power from the power line that is connected
to it, This excitation current is drawn during a portion of each half

cycle of the A.C, line voltage when current and volitage are of the same
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polaxity’, which, in the case of a lightly driven generatox, is only slightly

less than onc-half of each half cycle. Thus, in such case, it can only
Function as a generator during the remaining slightly more than one~half of
cach half'cycle, and thus its neét output as a generator is cssentially
slight, At higher speeds, the ratio of power drawn to power delivered im-
proves. \ '

It is the object of this invention to effectively relduce the poxtion
of cach half cycle where current is drawn by the gencratoxr, and thus sub-
stantially improve its efficicncy, particularly at low velocity drive
levels which, in the case of windmill operation, may porsist for a sab-
stantial poxtion of the time of opcrationm,

Pisclosuxe of the Invention

In accordance with this 1nveﬁtibn, an induction motor/generator is
mechanically driven and electrlceally coupled to an A,C, power line ‘hyough
a thyristor ox thyristors operated to retard tha‘time of interconnection
to a relatively late point in each half cycle of the A,C, line voltage,
whoreby the enexglizing power supplied by the line to the motor/gencrator
may be decreased, and thereby the net power delivered to the 1lue may be
increased. Typically, a triac would be employed as the thyristor, »Altex-
nately, two SCR devices connected in antiparallel may be cmployed instend,

Brief Description of the Drawings .
Fig. 1 is a schematic illustration of an embodiment of the invention.

Fig., 2 is a graphical presentation of characteristics of operation
of the invention,.

Best Mode For Carrying Out the Invention 5

Referring to the drawings, an A,C, inducticn motor/generator 1.0 is
mechanically driven thyough shaft 12 by a propeller 14 of a windmill 16,
In this illustration, a 115-volt (or other voltage) A.C., power line 18 is
coupled to terminals 20 and 22 and thence to the circuit i this invention,
Thus, terminal 20 is connected to one terminal 24 of generxator 10, anq a
second power terminal 22 is connected through triac 28 to texrminal 26 of
gengrator 10, connection being via conventional triac power terxrminals MF1
and MT2, The firing angle for triac 28 is set by a ¢ mventional firing
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angle c@ﬁ}rol 30, which iz connccted to power line 18 and supplied a trig-
gexr voltage to the gate terminal 32 of triac 28, , .

As a feature of this invention, triac 28 Is controlled to be turned
"on" at a selected point, a relatively late puint, in ecach haly cycle of
the A,C. voltagae cycle as supplied by line 18, Typileally, this vollage is
at approximately 150" into each half cycle. From this point, and until the
18)° point when thae line voltage passcs through zexo, the power line ac~
tually supplies an cnergizing £iéld current to generator 10 to enable im-
mexdiately following opcerakion as a yencrater dnring a portion of the next
half eyele. The turn “on" point is sed no later than needed-to effeet genes
ratoxr operation for the particular generator used, Thus, power doadn oy
the generator is minimized,

Most significant in the present insention is the applicant?s utiliza-
tion of the chavacteristic of tha triac te turn "off" only after current
goes through zore following a turn “on" of the triac as descriled. Sig=
nificantly, this mero crossing by the current oceurs when the genexator
ceases to deliver pouer to the line aftoer which point the generator would
consume power, Thus, there is achieved an automatic optimum control of
the period of coupling between the line and generatox,

The operation described will be better appreciated by xeferonce to
the waveforms shown in Flg. 2 illustrative of the cmployment of induction
motor/generator 10 with and without the present invention, Waveforms A,
which will ba first examined, are illustrative of windmill operation for
a relatively low wind velocity and for the conventional case where triac
28 is omitted and generator 10 and power line 18 are directly connected,
Cuxve e, is reprosentative of line voltage of A.C. power lime 18. ‘"Curve
i, is illustrative of current flow betweon an A.C, power line and an
induction motor/gencrator, s ‘

Waveform B of Eiﬁ. 2 illustrates, comparatively, the electric&i ope=-
ration of the uystem constructed in accordance with the present invention
as illustrated by the eircuit of Fig. 1; and whereln oporation is for a
like (low) wind condition to that depicted by waveforms A. In the appli-
cant's system, triac 28 is keyed "on" at approximately the 150° point'tl
in each half wave voltage cycle of power line 1B as described above,
voltage curve e, is illustrative of the voltage present on generxator 10.
Current curve 12 is illustrative of current flow concurrent with voltage,
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both' tekminating at point t, during cach half cycle.

Significantly, it is to be noted with respect to wavefoyms A and B
that when current and voltage are of a like polarxity, power is being ex-
tracted fxom the line by a generator to enexgize its field; and when cuxr
rert and vollige are of an unlike polarity, the generator functions to fur-
nish power back to the line,

To vsamine fivst the operation of the conventional case, and with ref-
wence Lo waveforms A; it is to be noted that power is supplied Ly a power
line to an induction motoxr/generator from time point t3 to time point tyr
and power supplied by the gencrator to the power line from time point t,
to time peint t., By examination of the curves during the two intervals,
it is to he appﬁeciatnd that there would occur only a slightly greater mag-
nitude of power flow (curvent times voltage) from the generator to the line
than from the linc to the generator, Thus, there s little nat power sup-
plied to the line,

In contrast, by the wployment of the applicant's system, with the
same wind veloecity, the power supplied the line by the genexator exceeds
the power consumed by a greater margin., This is illustrated in waveform
B by comparing the combination of voltage and curxunt cuxrves e, and 12,
respectively, for the power consumption interval from time point tl to
time point t  and the power generation interval from time point t, to time
peint t,-

Waveform C illustrates by veltage curve e, and currvent waveform 13.
operation of the system shown in Flg. 1 for a relatively high wind velocity
condition. Here, as will be noted, the energization period for the wind-
mill is the same as shown in waveforms B, fxom time point t, to time point

tor but the power generation portion from t, to the end of the current half

0

L4

The appliciut has oot attempted to detail requirements for driving an
induction motox/genurator at a range just above its synchronization speed,
as such arrangements may vary substantially., It is to be understood, how-

cycle t2 is significantly expanded. !

ever, that depending upon the optimum operating speed of the drive ele-
ment, e,g., propeller 14, there would be appropriate gearing between the
drive element and the shaft of the induction motor/generator,

The present invention has its principal effect -in improving efficiency
when the genexator is driven, in the lower portion‘of its speed range, as




T T S N Y Y R Y 7 TR S 72

. - ® . . .

o

G

‘dn the case of windmill operation depitted in waveforms B, It enables a

lower éﬁreshold of windmill speed for power generation, and in its lower
velocity range of operation, it enables a greater electrical output,
Considering now that in many installations environmental winds are less
than maximum most of the time, it is to be appreciated that the present
Invention provides a valuable contribution to the art,
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e n, ELEGTRICAL POWER GERERATING SYSTEM
hhstract

A power generating gystcm for adjustably coupling an {nduction motor,
ag a generator, to an A,C, pover line whercin‘the motor and power line are
connected through a triae, The triae is regulated to normally furn "on"
at a relatively late point in cach hnlé cycle of its operation, whexchy at
less than operating speed, and thus when éhe induction motor functions as
a motor zather than as a geﬁcraﬁor, po&éi consumption from the line is sub-

*

stantially rxeduced.
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