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1
ENGINE-DRIVEN GENERATOR

BACKGROUND OF THE INVENTION

2

cngine-driven gencrator are engine size and weighi. The
versatility, and hence the overall value, of a portable power
generator is improved by redncing its size and weight.
Because the engine makes up a significant portion of the

This is a continnation-in-part of U.S. application Sex. No. s overall size and weight of the generator, significant improve-
07/897.,380 filed Jun. 11, 1992, now U.S. Pat. No. 5,376.877. ment can be realized by redncing the size and weight of the

This invention relates generally to power generating engine.
equipment and, more particularly, to engine-driven genera- Another important aspect of engine-driven generator
tors. design is speed contrel. In prior generators, wherein the

Known portable power generators typically include an 10 engine ran at a fixed constant speed in order to provide a
internal combnstion engine conpled to an alternator fixed output frequency, precise speed control, except at the
designed to provide a 120 or 240 volt, 50 or 60 hertz desired coqstant speed, was relatively un%mgortant. In more
alternating current ontput. One characteristic of such prior recent designs, the ontput frequnency is independent of
power generators is that, in use, the engine speed is held engine speed, and- engine speed is determined by an elec-
subsiantially constant regardless of the actual load. This is > tronic control. This requires that precise speed control be
necessary because, in such generators, the ontput frequency available over the entire range of engine speeds. In the past,
is a direct function of engine speed. Running the engine at it has been difficult to achieve precise speed control at low
a constant (usnally high) speed results in excessive noise, i"PeedS gvhere a small change:i in throttle position results in a
vibration and fuel consumption, particularly where the load arge change in engine speed.
is relatively light and maximnm engine power is not 20 Still another aspect of generator design is economy. As
required. Alternatively, mnltiple pole altermators can be noted, the engine makes ap a significant portion of a portable
nsed. Such alternators permit the use of lower synchronous power generator and reflects a significant portion of its
engine speeds. However, as engines generally develop peak overall cost. Engings that can be economically manufactured
power at high speeds, considerable engine capacity remains 95 and operated are favored.
numised if the engine operates only at lower sp-ecds. This is In view of the foregoing, it is a general object of the
wasteful and makes the generator larger, heavier and more present invention to provide a new and improved engine-
expensive than it needs to be. driven portab]_e generator_

Another characteristic of prior power generators (particu- It is a further object of the present invention to provide a
larly those using permanent magnet aliernators) is that the ;) new and improved engine-driven portable generator that is
alternators they includg are not run at their maximum power economical, lightweight, efficient and quiet.
outpxzculevels.-ékt a given engme s;;leed;hsuzlh alternators It is a further object of the present invention to provide a
Ltypic ly Pf‘é‘r’l c maxl;mnrgorz;wi::rgv enl ed telrnatorsout}; new and improved engine-driven portable generator that
put ‘{0 taggr OII’IS to about oobi ebrllo_ oad voliage. du; enables a permanent magnet aliernator to be operated up to
a vc:ﬂtage op, nowever, 1salunaccepta e }n p;actlc;, an ht © 35 jts maximum power ontput, while still providing acceptable
usual practice is to run alternators at far less than their frequency and voltage regulation.
maximum power outpat levels. Thus, to achieve a useful
output power of, for exam;:)le, '3.5 KW with a voltage drop BRIEF DESCRIPTION OF THE DRAWINGS
of only 5%, the usual practice is t0 nse a permanent magnet
alternator capable of developing far more than 3.5 KW. Such The features of the present invention that are believed to
an alternator thns has considerable excess capacity that is be novel are set forth with particnlarity in the appended
never utilized, and is physically larger, heavier and more claims. The invention, together with the further objects and
expelrjls]ive thansan alte:rna‘[oli1 haiving a irue fmaximnm power advantages thereof, may best be uanderstood by referetr;lce to
capability of 3.5 KW. The challenge, therefore, is to operate the following description taken in conjunction with the
an aliernator ai up to its peak power capability while siill ,. accompanying drawings, wherein like reference numerals
keeping the ontpat frequency and voltage within acceptable identify like elements, and wherein:
limits. FIG. 1 is side elevation view of an engine-driven genera-

To improve efficiency and reduce size and weight, some tor constructed in accordance with various aspects of the
prior generators have combined high frequency multiphase invention.
alternators with electrical circuitry for converting the high 5o FIG. 2 is a graph showing onregulated alternator ontpnt
frequency multiphase alternating carrent to a 50 Hz or 60 Hz voltage as a function of load current at varions engine
single-phase current independent of engine speed. Such a speeds.

B L O, J O el b Ty 52010254 FIG. 3 is a simplified functional block diagram of the
which 1ssued Oct. 2s, 1o ter . Hilgendorl. € engine-driven generator constructed in accordance with
Hilgendorf system, voltage regulation is provided by vary- ss .00 ag : .

. o pects of the invention.

ing the current through the pole field winding of an alter- FIG. 4 i functional block di ¢ AC C
nator having a polyphase armature winding and a self- - 4152 nctloré _b ofh dlagr_am (fl)ri an 0 A
excited field winding. Accordingly, the Hilgendorf system is conbvecll’te_r 1nc0_rporaftc m £ ::h engine-drven  generator
not readily adapted for use in permanent magnet alternators embodying varions eatu_res of the 1nvent1-on. _
having a fixed stator and a permanent magnet rotor arranged g~ F1OS. SA-SE are varions waveform diagrams nseful in
to rotate aronnd the stator. Because permanent magnet nnderstanding the method for providing frequency regula-
alternators provide many advantages over self-cxcited alter- tion in the engine-driven generator.

nators, this shortcoming of the Hilgendorf system is signifi- FIGS. 6A—6C are waveform diagram showing varions
cant. waveforms useful in understanding the method for providing

Still further improvement and economy in engine-driven 65 ©Vver-voliage protection in the engine-driven generator.

generators can be realized by considering the engine used 10
turn the alternator. Two important characteristics of an

F1G. 7 is a graph showing ontpnt voltage, engine speed
and output frequency versns load cumrent for one embodi-
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3

ment of the engine-driven generator, useful in nnderstanding
the operation thereof.

FIG. 8 is a waveform diagram useful in understanding one
method of controlling the zero crossing timing of the gen-
erator output.

FIG. 9 is a waveform diagram useful in understanding
another method of controlling the zero crossing timing of the
generator outpnt.

FIG. 10 is a logic flow chart useful in understanding the

4

alternator into a second, lower frequency, alternating poten-
tial (e.g., 60 Hz 120 VAC) useful for powering varions
electrical devices. (The second alternating potential is also
referred to herein as the “Generator Ontput.””)

In accordance with one aspect of the invention, and in
contrast to prior devices, the internal combnstion engine 12
in the power generator 10 does not operate at a fixed,
constant speed, but, rather, operates at a speed that varies in
accordance with the load magnitnde. In other words, at low
loads, where relatively little cnrrent is required from the

operation of an electronic control circuit incorporated in the 10 power generator 10, the engine speed is relatively low. At
engine-driven generator. higher loads, where greater cnrrent is dram from the gen-
FIG. 11 is a cross sectional view of an internal combustion erator 10, the engine speed is higher. In all cases, the
engine useful in an engine-driven generator constructed in frequency and voltage of the alternating output produced by
accordance with various aspects of the invention. 5 the generator 10 remain relatively constant and substantially
FIG. 12 is an exploded perspective view of a stepper within pre-established upper and lower limits (e.g., 56-60
: Xp PErspec \ Stepp Hz, and 108-127 V,,_ ). This remains true even though the
motor th_rottle actuator ass_embly included in the internal frequency and voltage of the alternator output change
combustion engine shown in FIG. 11. greatly with changing engine speed. Such voltage and fre-
FIG. 13 is a perspective view of a cam included in the gnency regnlation is accomplished by the control and regu-
stepper motor throttle actuator assembly shown in FIG. 12. 20 Jaior cirenit 16 which controls engine speed and converts the
FIG. 14 is a frapmentary cross sectional view of the alternator current into the generator output current.
internal combustion engine showing a camshaft assembly The general function of the control and regulator circuit
having an integral oil pump. 16 can best be nnderstood by reference to FIG. 2, which
FIG. 15 is an enlarged sectional view of one portion of the 5 shows the relationship between the alternator output voltage
camshaft assembly shown in FIG. 14 useful in understand- versus alternater load current at various engine speeds. One
ing the construction and operation of an integral oil pressure characteristic of the permanent magnet alternator 14 is that
regulating system included in the engine. the alternator output frequency and voltage are direct func-
FIG. 16 is an exploded perspective view of the camshaft tions of engine speed. Another characteristic is that, at a
assembly show in FIG. 14. 30 given e.ngine speed, the output or load voltage. drops with
FIG. 17 is a fragmentary cross sectional view of the increasing load current. For example, at an engine speed o_f
camshaft assembly nseful in understanding the construction 2520 rpm, the alternator output voltage drops from a maxi-
and operation of a compression release system included in mnm alternator output voltagc_: of 110 V,,,; (no-load) to‘90
the engine. V... when the load curmrent is 15 amperes. At an engine
18 is an enlareed. fragment sectional view of a 35 speed of 2700 rpm, the alternator voltage d_rops from _118
HG' ged, rag ary scf V, s (RO - load) to 90 V.. at 20 amperes. Similar relation-
portion of the camshaft assembly shown in FIG. 17. ships are exhibited at all engine speeds. In all cases, the
FIG. 19 is an end view of the camshaft assembly shown maximum (no-load) voltage increases with increasing
in FIG. 16 useful in understanding the operation of the engine speed and the maximum load current obtainable at
compression release system at low engine speeds. 40 Any useable voltage also increases with increasing engine
FIG. 20 is an end view of the camshaft assembly shown speed. Maximum output power at any given engine speed is
in FIG. 19 nseful in understanding the operation of the obtained from the alternator 14 when the load current is such
compression release system at high engine speeds. that the alternator outpnt voltage drops to about 70% of its
no-load valne. '
DESCRIPTION OF THE PREEERRED 45 For the typica}l permanent magnet alternator 14 whose
EMBODIMENT outpnt characterls.ucs are shown. in FIG. _2, the alternatc_)r
output frequency is a direct function of engine speed. In this
Referring to the drawings, a portable power generator 10 example, the alternator includes four windings displaced at
embodying varions features of the invention is shown in 90° intervals relative to each other, and the output frequency
FIG. 1. The power generator 10 generally includes an 53 (in Hertz) is equal to eight times the engine speed in
internal combustion engine 12 coupled to a permanent revolutions per second. Thns, the alternator output fre-
magnet alternator 14. The engine 12 and alternator 14 are quency varies from 336 Hz. at an engine speed of 2520 rpm,
preferably of the type shown and déscribed in the copending to 540 Hz. at an engine speed of 4050 rpm. The generator
applications of Kern., et al.,, Ser. Nos. 07/897,369 and ontpnt frequency is lower than the alternator outpnt fre-
07/897,329, entitled, respectively, “Internal Combnstion 55 guency and is derived by frequency dividing the A-C
Engine for Portable Power Generating Equipment” and alternator ontpunt by a whole number or integer divisor.
“Permanent Magnet Alternator,” the specifications of which Because the A—C power requirements for most electrical
are incorporated by reference herein. devices, motors and machines call for a more or less fixed
In operation, the engine 12 tums the permanent magnet frequency and voltage, (e.g., 120 V, 60 Hz.) the alternator
alternator 14 to develop a first alternating potential (also 60 outpnt is not directly usable without further voltage and
referred to herein as the “alternator output”). The frequency, frequency conversion and regnlation. For example, if it is
as well as the no-load voltage of the first alternating potential desired that the generator ontput voltage be kept between
is directly related to the engine speed, i.e., the frequency and 108 and 120 V, . at any load cumrent between O and 34
no-load voltage both increase as engine speed increases. The amperes, FIG. 2 shows that such an ontput can be obtained
power generator 10, in accordance with one aspect of the 65 provided that the engine 12 1is operated within predetermined

invention, further includes a control and regulator circuit 16
that converts the first alternating potential developed by the

upper and lower speed ranges or bands that depend on the
load current. For example, if the load current is 10 amperes,
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5

the desired generator output can be kept within the voltage
limits by operating the engine 12 between approximately
2940 rpm and 3150 rpm. If, in addition, it is desired to
maintain the output frequency between, for example, 56 Hz.
and 60 Hz., and it is further desired that the generator output

6

going or negative going pulses at the output of the conirolled
bridge. These pulses are available for application to a load
26.

The polarity of the unidirectional pulses provided at the

, : L Lne 5 output of the controlled bridge 22 is controlled by the bridge
frequency is obtained by frequency dividing the alternator control 20 which, in turn, is controlled by the system control
output by a whole number integer, FIG. 2 shows that this 24. Fundamentally, the bridge control 20, under the direction
requirement also imposes limits on the available engine of the system control 24, periodically reverses the direction
operating speeds. For example, if the generator output of the pulses from the controlled bridge 22 so that the output
current is derived by frequency dividing the alternator ., of the controlled bridge 22 consists of alternating sequences
output curreni by the integer 6, the requirement that the of positive and negative going pulses. The transition from
Oﬁltp?ht frequ_encg remain bgt;veen 563112' and(tiiO 1?22';;%“11’68 ‘positive going pulses to negative going pulses and back
that the engine be operatec between the speeds O 1pm again takes place at a cyclical rate substantially equal to the
and 2700 rpm. Similarly, if the divisor is the integer 7, the -

. desired output frequency of the generator 10 (e.g., 56-60
engine must operate between the speeds of 2940 rpm and Hz.)
3150 rpm. Still higher engine speeds can be used by using 15 . )
the integers 8 and 9 as divisors. . The system co(nt;gl h2'4 anllom'toéis the frfichEU_CY of t}clg

The generator output can be kept within the desired upper ternator output {which 1s also indicative of engine spee
and lower current and frequency limits by operating the ?Siwell as thehoutput voltage Of ;hf c_:ontlrolled b?dge 2".7" In
power generator 10 within the engine speed, load current h § manne;', the system dcontro ismzlu ta.Ileous y m.‘ém;‘]’__’fs
and frequency divisor specifications shown in the dark 20 the output requgncy and output or load voltage provided by
shaded regions of FIG. 2. For example, the desired voltage the generator 10. o . .
and frequency characteristics can be obtained ai load cur- "The conirol and regulator circuit 16 is shown in greater
rents up to six amperes by using an engine speed up to 2700 detail in thle sysge}'él bl(;czk _dlalgT;m of FIG. htn As 111ustrat§g,
rpm and a frequency divisor of 6. If additional current is the controlled bridge 22 includes a switching module 28.
desired, the engine speed must be increased above 2700 rpm 2° The input to the switching module 28 consists of the output
in order to keep the load voltage above 108 V... Increasing of the alternator 14 (FIG. 3), which, in practice, can be a
the engine speed above 2700 rpm while using a frequency single or multiple phase alternating voltage. The switching

P 2 . . : .
divisor of 6 would, however, increase the output frequency module 28 includes a plurality of electronic power switch
above 60 Hz. and thus place the gencrator output frequency _ devices that can be controllably switched to PgOVId%J at their
outside the desired range. However, if the frequency divisor outpuis, f?1ther posiuve or negative going pulses. Ihe con-
is increased to 7, and the engine speed is increased to 2940 trolled bridge 22 further includes a zero current detecior 30
rpm, the desired load current can be obtained while main- that detects when the zero current or ‘“‘cross over’ point
taining the generator output voltage and frequency within occurs as the direction of the output current is reversed.
the desired limits. Similarly, for load currents greater than The bridge control 20 includes switching logic 32 for
approximately 17 amperes (and in the example shown), it is 35 controlling which ones of the individual switch devices are
necessary to raise the engine speed to at least 3360 rpm and actuated as necessary to achieve the desired voltage output.
use a frequency divisor of 8. This provides the desired The bridge control 20 further includes a load current direc-
frequency and veltage specifications up to approximately 27 tion determination circuit 34 that responds to the zero
amperes. Above 27 amperes, the engine speed must be 20 current points detected by the zero current detector 30 to
increased to at least 3780 rpm and the frequency divisor determine whether the load voltage and current have oppo-
increased to 9. site polarity and whether triac inversion is required.

By controlling the engine speed and the frequency divisor The system countrol 24 includes a zero voltage crossing
in this manner, the control and regulator circuit 16 of the detector 36 that detects the zero voltage cross-over points of
power generaior 10_ allows a singl_e permanent magnet , the alternator output pqter}ti_zil. This enables the system
alternator 14 to provide up to its maximum available power control 24 to count the individual half cycles of the alter-
at any given engine speed while still maintaining the output nator potential. The system control 24 further includes
voltage within tolerable limits. frequency measuring logic 38 that measures the period of

A system for implementing the scheme described above is these cross over poinis.
shown in FIGS. 3 and 4. As illustrated in FIG. 3, the 54 After measuring the frequency of the alternator voliage,
generator 10 includes, in addition to the internal combustion the system control 24 next calculates (reference numeral 40)
engi;xse (prlijrrgtc:1 mover) 112 ;?)d altematolr1 1d4,ba';hrott21§ act:ila— gi/ \évh;t ime:iger the a(;lternatoral output frequency rrtllllllilt Ee
tor 18, a bridge contro , a controlled bridge and a vided in order io produce an alternating current within the
sysiem control circnit 24. The throttle actuator 18 is coupled desired frequency range, e.g., 5660 Hz. The number or
to the intermal combustion engine 12 and increases or 55 divisor N thus calculated is loaded into a counter circuit 42
decrease_s the engine speed in accordance with electronic that, in response to the signal developed by the zero voltage
%(fanol mstructionls zl;fcﬁived from the systean controlf 24. croisingfdteéecgcl)r 36, counts the requisite number l\kin of half

€ system contro 8o receives inputs indicative of the cycles of the alternator output current. Upon reaching the
engine operating conditions and provides additional countrol required count, the counter 42 then signals the triac switch-
commands (e.g., an engine shutdown command in the event go ing logic 32 of the bridge control 20 to reverse the voltage
oil pressure is lost) to the engine 12. provided at the output of the controlled bridge 22. Addi-

The output of the alternator 14 is applied to the controlled tionally, the counter 42 signals the load current direction/
brid zzp hich. in kn b he al inversion determination circuit 34 which signals the triac

ridge 22 which, in known manner, converts the alternator CTS1 - i 54 C
output current to a continuous series of pulses wherein each switching logic 32 to cause triac jnversion.
of the pulses comprises substantially one half-cycle of the 65 The operation of the system can best be understood by

alternator output current. The direction of the unidirectional
pulses can be controllably reversed to provide either positive

reference to the waveform diagrams of FIGS. 5(a)-5(e). In
FIG. 5, an altemator 14 providing a two phase output is

Petitioner EX1103
Champion v. Generac IPR2025-01271
Page 17 of 23



5,504,417

7

utilized. The two-phase alternator output voltage is illus-
trated in FIG. 5(a). Because of the arrangement of switching
devices in the controlled bridge 22, the negative voltages of
these waveforms are available for switching to the output.

8

eliminates one pulse from the positive and negative going
half-cycles of the generator output. The period {and hence
the frequency) of the generator output, however, remains
unchanged. In this manner, the generator output frequency

The outpat of the controlled bridge 22 is shown in FIG. 5(b). s remains fixed while the RMS output voltage of the generator
As shown, the output of the controlled bridge 22 consisis of 10 is rapidly reduced.

a predetermined number of positive-polarity half-cycles of In FIG. 6(c) the alternator output voltage has risen to a
the alternator voltage, followed by an equal number of point that it is necessary to delete two pulses from the
negative-polarity half-cycles of the alternator voltage. This generator output io maintain the RMS generator output
sequence is repeated over and over, and the repetition rate 10 Vo][age within limits. Once agaj_n, the output frequency of
constitutes the output frequency of the generator. the generator 10 is unchanged.

In the example illastrated in FIGS. 5(a) and 5(b), the The deletion of certain cycles of the alternator output
engine 12 is operating at 2520 rpm thereby giving the from the generator output can be implemented through
alternator output a frequency of 336 Hz. The system control suitable control of the switch devices in the controlled
24 specifies a divisor of N=6 which places the output ;5 bridge 22.
frequency of the generator 10 at 56 Hz. As shown in FIG. It is important to note that the above-described voltage
5(b) each half-cycle of the generator output includes six regulation is intended to function as a substantially instan-
half-cycles of the alternator output. taneous voltage control to prevent overvoltage conditions

In FIGS. 5(¢) and 5(d) the engine speed has increased to while the engine speed is being reduced. It will be appre-
2700 rpm thereby placing the alternator output frequency at 20 ciated that normal voltage regalation is provided by con-
360 Hz. The divisor N remains at 6 and the same number of trolling the engine speed and that, after the engine speed has
alternator output h?{]f-cycles fmain in P%acél halcfi—cycclle of _Ihg been su]ﬂici%ntly Eeduc;dl,lit ;j no longer necesfsaxy t?l elimi-
generator output. However, because of the reduced perio nate selected cycles of the alternator outpat from the gen-
(increased frequency) of the alternator output, the generator erator output. Alternatively, a phase-angle technique can be
outpui frequency has now increased to 60 Hz. 25 used.

In FIG. 5(e) the engine speed is now 2940 rpm and the The overall operation of one represeniative example of an
alternator output frequency in 392 Hz. If the divisor engine-driven generator 10 constructed in accordance with
r665n;ained at N=6, the generatccl)r output freqlcllency w01c11]dfrbe the invention isdshown ;ns E]G 7. Th1i181 generator 10 is

.3 Hz., a frequency outside of the predeiermine e- intended to provide up to 3.5 kilowatts while maintaining an
guency range. Accordingly, the system control 24 selects 7 3¢ RMS output voltage between 108 and 120 volts and an
as the divisor N. This places seven half-cycles of alternator output frequency between 56 and 60 Hz. Such a generator
output in each half-cycle of generator output thereby giving incorporates a sixteen pole, two phase permanent magnet
a generator outgtlt frequency o(g 56 Iiz. /; ld;x(;isor of N=h7 i}i altema;;cor 14 that proviclles eigh; cglcles of alternating current
useful up until the engine speed reaches rpm at whic in each phase per revolution of the alternator rotor.

Point tthfe altemftoifs fg%qlll_?nciés 42% gzo ?;1;11 ﬂ":: dgieperato; 35 Atload currecrlxts below eiglgt anépiifetsl,l the engine opergtesf
output Irequency 1Z. ove > Visor o at 2520 rpm and the divisor N is 6. With an engine speed o
N=7 cannot be used as this would place the generator output 2520 rpm, the output frequency is 56 Hz. As the output
fre;luf;:)cyl:tgove 6OdH1-T- N , 4 ( No$) cllllrr(f:nt rises, the engine sfpeed iSDGCreases t06(2)71(_)10 1‘%‘1;1 V\;hile

1 shou e noted that, when the next divisor (i.e., N= the frequency increases from Hz. to Z. e load
is selected, the minimum permissible engine speed is 3360 40 voltage varies from a high of 120 volts (no-load) to a low of
rpm {alternator frequency of 448 Hz.) as any lower engine 108 volts when the load current reaches eight amperes.
speed would the_n Place the generator frequency b_elow Fhe At load currents between eight and ten amperes, the
low frequency limit of 56 Hz. Accordingly, certain engine divisor N is increased to 7 and the engine speed is increased
speed ranges, i.e., 2700-2940 rpm, 3150-3360 rpm and 45 102940 rpm thereby placing the output frequency at 56 Hz.
35531;5;?0;511 n t};edpraérg:rlcllllfsseglfbgf;?erg ShOWf{[ :::g Beéwilen eight and ten amperes, the divisfc;r N remains at 7

’ nwanie oad curren and the engine speed and the output frequency remain

regardless of the particular divisor in use at any time. constant.

Due to the rotational inertia of the internal combustion Between ten and fourteen amperes, the engine Speed
engine 12 and the alternator 14, it is not possible to change, 5, increases between 2940 rpm and 3150 rpm with increasing
instantaneously, the engine speed to match instantaneous load current. This, of course, simultancously increases the
O e e e Pl oy QUput ey fom 5611z 0 G011 By 3 nraang

2 T ) ! engine speed, the load voltage can be maintained within a
result when the engine 12_ 1s operating at a h1g1_1 speed and preferred range of between 113 volts and 120 volts without
e KA v e e, *8 SPDOSDE f os volags it of 108 sl Oncs e
prov - engine speed reaches rpm, however, any further
erator oatput. In the illustrated embodiment, such protection increase would place the output frequency above 60 Hz.
::sugg?nglf E}ymfé;nfligit;rtlsesg;g:;ggn;&;jt tffnilﬁfrﬁf:; Accordingly, wi}‘;h load currents between four;een and six-

- - teen amperes, the engine speed is maintained constant at

the alternator output voltage rises above predetenrdned ., 3350 rpm and the ouiput voltage decreases with decreasing
limits. This function is illustrated in FIG'S- 6(_a)_thr0ugh 6(c). load current until the oatput voltage reaches 108 volts.

In FIG. 6(a), the alternator voltage is within acceptable Once the load current reaches sixteen amperes, the divisor

gim'lts a;rd' eE'lChl Oéledqf ﬂl}ie half-cycles determined by the (N) is incremented to N=8 and the engine speed is increased

visor N 1s included 11 the generator outpuat. to 3360 rpm, giving an output frequency of 56 Hz. This

In FIG. 6{b) the alternator output voltage has increased to 65 engine speed is maintained until the load current reaches

p

the point that the generator output RMS voltage would
exceed the upper voltage limit. To prevent this, the system

twenty amperes at which time the engine speed is increased
as was the case between load currents of ten and fourteen
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amperes. Above approximately twenty-two amperes, the
engine speed is maintained at 3600 rpm (ouiput frequency of
60 Hz.) until the load voltage drops to 108 volts at approxi-
mately twenty four amperes. :

10

changes from 7 to 7.5, one pulse is dropped. When the
divisor changes from 7.5 to &, an additional pulse is dropped.
When the divisor changes from 8 to 8.5, still another pulse
is dropped. Therefore, when the divisor changes to 8.5, three

Above twenty four amperes, the divisor N is increased to 5 pulses will be eliminated in each half c.ycle of the generator
N=9 and engine speed varies between 3780 rpm and 4050 output voltage. However, once the engine gcc_elerates to the
rpm desired speed, the pulses are no longer eliminated and the

C . . full ontput waveform is generated.

During large changes in load carrent, the engine speed can . . .
vary over a wide range. At the same time, it is possible for As p1jev1ousl_y .noted, the bse of h-a_lf imteger divisars
the output frequency to fall outside the preferred range. It 10 substantially e_hmmates Prohlblted engine speed ranges or
will be apparent to those skilled in the art that, by appro- bands. Ac.cordmgly, engine control based on engine speed
priately timing the change in the divisor N it is possible (and feedback is no longer necessary. Inst_ead, feedback based on
preferred) to keep the output frequency ai or below 60 Hz. the ac_tual generator output voliage is preferably used.

As previously noted, certain engine speed ranges or bands 15 T‘? implement such a voltage fee@back con‘(nlro{[;;:heme, a
are unavailable or prohibited if the generator output fre- nominal or target output voltage is selected. e actual
quency and voltage are to remain within pre-established output voltage is measured a:nd subtracted fro.m the- target
limits. To minimize or eliminate the existence of such voltage to develop an error s1gna_l. TPC error signal is tpen
unavailable speed ranges, the divisor N can, in one alterna- processed l?y the system control cireuitry and an appropriate
tive embodiment of the invention, assume half integer as 20 command 18 applied tq the engine throttle cont_rq] s_tepper
well as integer values. For example, divisors of N=5.5, motor ‘_Lc adjust the engine ‘specd as n.eqded io minimize the
N=6.5, N=7.5 and N=8.5 can be used. When such half crror signal. At the same time, the d1v1§or_N is f:hanged as
integer divisors are available, the bands of unavailable needed to keep the output frequency within limits.
engine speeds are reduced or eliminated. For example, and Preferably, two types of engine control are provided.
assuming once again that the generator output frequency . Referring to FIG. 10, under normal gperation, engine speed
must be mainiained between 56 Hertz and 60 Hertz, and that based on voltage feedback is utilized. However, if the engine
the alternator output frequency (in Hertz) is equal to eight is accelerated above a predetermined maximum speed (for
times the engine speed in revolutions per second, the imper- example, in an attempt to increase the output voltage under
missible engine speeds are 2,475 to 2,520 rpm, 2,700 to load) the control method switcl?es to feedback based on
2,730 rpm, and 2,925 to 2,940 rpm. This is in contrast to the ., engine speed and holds the engine speed at the predeter-
earlier described embodiment wherein only integer divisors mined maximum. This method of control is maintained until
were available and wherein much larger impermissible the load is reduced and the output voltage rises above a
speed bands (2,700 to 2,940 rpm, 3,150 to 3,360 rpm and predetermined threshold. When this occurs, the system then
3,600 to 3,780 rpm) existed. By widening the frequency returns to tpe voltage feedback method of c01_1tr01. Si@mly,
band just a little more, all impermissible engine speeds are 35 if the engine speed drops to a predetermined mimmurm
eliminated. threshold speed, (for example, under no load conditions) the

Frequency division by half integer divisors is imple- system mainiains the minimum engine speed until a 102_1d is
mented by allowing any one of the four available phases applied and the output voltage drops beIow_ a predetermined
appearing at the output of the alicrnator to serve as a source threshold. When this occurs, the system switches back to the
voliage for the zero voltage crossing detector. With all 4 voltage feedback m-ethod of control. ]
phases thus available for this purpose, the effective number The current requirements of some loads, such as certain
of zero voltage crossing points occurring during each rota- motors, are sometimes dependent on or influenced by the
tion of the alternator is effectively doubled. Thus it is supply frequency. When the system herein described is used
possible for either of the windings to conduct through into with such loads, it is possible that a stable or equilibrium
the opposite polarity. FIG. 8 shows the zero voltage crossing 45 State will be unattainable. In particular, with such a load it is
points “ZCP") that are available when on_ly one of the possible that the oufput Voltage will necessitate a ChEIlge in
alternator windings is coupled to the zero voltage crossing the engine speed and the divisor N. This change, however,
detector. FIG. 9 shows the zero voltage crossing points can change the frequency of the supply to the load and,
“ZCP”) that are available when both of the alternator consequently, the current then required by the load. If the
windings are coupled to the zero voltage crossing detector. 5o Output vol_tage at this HCVYIS_’ requlrefl current 1s not correct,
Output voliage polarity change can now take place between anew engine speed and divisor N might be required thereby
the points that would be available when only one winding is necessitaiing still another change in the engine speed and
coupled to the zero voltage crossing detector. This is illus- divisor N. Such a cycle might repeat indefinitely as the
trated by point Y which is an available switch point in FIG. engine speed changes or “hunts” for an equilibrinm state.
9 but not in FiG. 8. 55 Te minimize or eliminate the possibility of such an

The torque needed to mm the permanent magnet alterna- occurrence, the permissible range of output frequencies can
tor is proportional to rotational speed. Internal combustion be increased somewhat (e.g., from 55 to 65 Hertz). Such an
engines, however, do not generally develop maximum increase in the permissible frequency range not only totally
torque at maximum speed. To help reduce the load on the eliminates impermissible speed bands but creates an over-
engine when the engine is called upon to accelerate, selected o lapping speed range to provide a significant hysterisis over-
numbers of pulses are dropped from the generator output lap that minimizes or eliminates the possibility of such
voltage. This reduces the torque needed to accelerate the “hunting.”
alternator and hence enables the engine to accelerate rapidly The control circuitry 16 of the engine-driven generator is
to a new, higher speed. The number of pulses eliminated preferably implemented in the form of a suitably pro-
from the output waveform increases with increasing engine 65 grammed, microprocessor-based system. The use of a

speed and, hence, can be based on the magnitude of the
divisor N. In the illustrated embodiment, when the divisor

microprocessor based control circuit provides considerable
design flexibility and permits the engine-driven generator to
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be particularly tailored for specific applications and tasks.
Although specific voltages, currents, frequencies and engine
operating speeds have been described for purposes of
example, it will be appreciated that the system operating

12

stepper motor 120) and the resulting engine speed and
power. In other words, the cam surface 132 is shaped so that,
for example, a single rotation of the stepper motor shaft
changes the engine 12 speed and power by a fixed amount
regardless of whether the engine is operating at a high, low

parameters can be selected to meet particular application and 5
design criteria. Of course, in selecting particular engine and or mid-range speed. Shaping the cam surface 132 in such a
alternator combinations, consideration should be given to manner is necessary because the effect of a given change in
ensuring that the engine will be able to turn the aliernator at throttle position on the engine speed and power varies
all engine speeds and conditions of alternator load. widely according to the operating speed of the engine 12.
An iniernal combustion engine 12, useful for powering ;o For example, a one degree change in the angular position of
the engine-driven generator is shown in FIG. 11. The inter- the throttle will have a much greater effect on engine power
nal combustion engine 12 comprises a four cycle, gasoline when the engine is near idle than it will when the engine is
fueled, carbureted engine having one or move cylinders 113. operating at or near its maximum speed and power.
Each cylinder 113 includes a reciprocable piston 114 con- Although the precise shape of the cam surface 132
nected through a connecting rod 115 to a crankshaft 116. depends on the characteristics of a particular engine and is
Each cylinder 113 further includes an intake valve for 15 best determined through test and experiment, in general the
admiring a fuel-air mixture and an exhaust valve for venting cam is shaped so that when the throttle is nearly closed, there
exhaust gases following combustion. The intake and exhaust is relatively little movement of the lever arm 144 in response
valves are actuated by means of camshaft 150 that is rotated 1o each rotation of the stepper motor pinion 122, while when
by means of a geared connection to the crankshaft 116. The the throttle is nearly open, there is greater movement of the
fuel-air mixture is provided by a carburetor 117 that includes 20 Jever ann 144 with each rotation of the stepper motor pinion
a movable throttle 119. The position of the throttle 119 122. Once again, the goal is to obtain a substantially linear
regulates the amount of fuel and air admitted into the relationship between changes in the stepper motor position
cylinders 113 and thus the speed and power developed by the and changes in the engine speed and power. This permits the
engine 12. control and regulator circuit 16 to specify a desired, sub-
The internal combustion engine 12 includes a stepper 23 stantially predetermined change in engine speed and power
motor throttle actuator 118 that functions to adjust the merely by advancing or retarding the stepper motor 120 by
engine speed and power in accordance with electronic a given number of steps, regardless of the absolute position
commands provided by an electronic control and regulator of the stepper motor 120 and regardless of whether the
circnit that is included in the power generating unit with , ~engine 12 is operating a high.. low or mid-range speed. In
which the engine is used. Referring to FIG. 12, the throttle this manner, the throttle actuator provides precise speed
actuator assembly 118 includes a stepper motor 120 of contro! over substantially the entire range of engine speeds.
known construction having a shaft and a pinion gear 122 The internal combustion engine 12 further includes a
mounted on the shaft, The stepper motor 120 is mounted camshaft assembly 148 having a camshaft of two piece
onto a mounting bracket 124 that is adapted to be bolted onto 35 construction, and still further includes an integral oil pump,
the internal combustion engine 12. The pinion 122 extends a pressure regulating mechanism and an integral compres-
through an apeme 126 in the mounting bracket 124 and sion release mechanism. Referring to FIGS. 14 and 16, the
engages a cam 128 that gencrally comprises a circular camshaft assembly 148 includes a two piece camshaft 150
member having a toothed outer circumference 130 and a having a cam lobe portion 152 and a gear portion 154.
cam lobe or surface 132 formed on its rear face. The cam 128 ., Preferably, the cam lobe portion 152 and the gear pertion
is mounted for rotation around a cylindrical boss 134 formed 154 are formed of different materials. For example, the cam
in a cam housing 136 that, in turn, is adapted to be bolted lobe portion 152, which is subject to considerable wear, can
onto the mounting bracket 124 to form a sealed enclosure for be machined of hardened iron while the gear portion 154 can
the cam 128. A gasket 138 between the cam housing 136 and be more economically formed of sintered powdered metal or
the mounting bracket 124 helps ensure a tight seal for the 45 molded plastic. This allows the camshaft 150 to be manu-
cam housing 136. A cam follower 140 is mounted for factured more economically than would be the case if the
pivoting movement within the cam housing 136 and is camshaft 150 were machined as a one piece unit. This
positioned so as to engage and bear against the cam surface construction also provides a reduction in camshaft noise.
132. A portion 142 of the cam follower 140 projects out- The camshaft assembly further includes an integral oil
wardly through an aperture formed in the cam housing 136 ., pump. In the illustrated embodiment, the oil pump 156
and keys into one end of a lever arm 144, the opposite end comprises inner and outer gerotors 158, 160 of known
of which is coupled through a control rod 146 to the engine construction that intermesh and, when rotated relative to
throttle 119. each other, operate in known manner as an oil pump. The
In operation, the stepper motor pinion 122 engages the outer gerotor 160 is pinned onto the outermost face of the
teeth on the outer rim of the cam 128 so that the rotational 55 camshaft gear 154 so as to be rotatable with the camshaft
position of the cam 128 changes as the motor 120 rotates. As 150. The inner gerotor 158 is rotatably mounted on a
the rotational position of the cam 128 changes under the hardened steel shaft 162 that is pinned to the engine housing
influence of the motor 120, so too does the rotational adjacent the end of the camshaft 150 and within the area
position of the cam follower 140 that bears against the cam bounded by the outer gerotor 160. As the outer gerotor 160
surface 132. Rotational movement of the cam follower 140), 49 rotates with the camshaft 150, it meshes with the inner
in ram, changes the angular position of the lever arm 144. gerotor 158 that, in turn, rotates around the shaft 150. Oil
Movement of the lever ann 140), in turn, is transmiited pumped through the intermeshing of the inmer and outer
through the control rod 146 to change the relative position gerotors 158, 160 is pumped through a bore 164 extending
of the throttle 119 and thereby control the engine speed and axially through the camshaft 150 to a pressurc regulating
power. ¢5 mechanism 166 best seen in FIG. 15.

The cam surface 132 is shaped 1o that there is a substan-
tially linear relationship between the angular position of the

The pressure regulating mechanism 166 functions to keep
the oil pressure supplied by the inner and outer gerotors 158,
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160 within pre-established limits and includes a spring 168
and ball 170 located at the end 172 of the camshaft 150
opposite the inner and outer gerotors 158, 160. The ball 170
is located sunbstantially concentrically with the longimndinal
axis of the camshaft 150 and bears against the engine

14

valve lifter 178. The pin 186 is axially movable relative to
the camshaft 150 and is oriented so that it is aligned with the
exhauast valve lifter 178 as the piston approaches top dead
center on the compression stroke.

. | 1 4l 5 The length of the pin 186 is such that, when the piston is
housing 174. The spring 168 is positioned between the ball near top dead center and the lower end 188 of the pin 186
170 and the end 172 ofthe camshaft 150 so as to bias the is held almost flush with the outer surface of the camshaft
camshaft 150 in the direction toward the inner and outer 150, the opposite or upper end 150 projects sufficiently far
gerotors 158, 160. Preferably, a recess 176 is formed in the above the adjacent cam lobe 182 as to slightly open the
end 172 of the camshaft 150 to form a seat for the spring |, exhaust valve. If the lower end 188 of the pin 186 is not held
168. A gap is provided between the extreme end of the flush and is allowed to protrude substantially beyond the
camshaft 150 and the engine housing 174 so that the outer surface of the camshaft 150, the opposite or upper end
camshaft 150 can move axially against the bias provided by 190 does not extend above the level of the adjacent cam lobe
the spring 168. 182 and the exhaust valve is not opened. Accordingly. by

In operation, the rotating camshaft 150 is biased toward . controlling the axial position of the pin 186 relative to the
the inner and outer gerotors 158, 160 by means of the spring camshaft 150, the exhaust valve can be made to open
168. The oil pressurc developed by the inner and outer slightly or not open as the piston approaches top dead center
gerotors 158, 160, however, biases the camshaft 150 toward on the compression stroke.
the ball 170 thereby compressing the spring 168. As the In the illustrated embodiment, the axial position of the pin
camshaft 150 moves toward the ball 170, the onter gerotor ,, 186 is controlled by means of a centrifugal cam mechanism.
160 (which is attached to the camshaft 150) moves axially The cam mechanism includes a cam weight 192 that is
away from the inner gerotor 158 thereby opening a gap plvot_ally mounted at one end to the camshaft gear 154 and
between the outer gerotor face and the radial face of the that includes a ramped cam surface 194 that engages the
pump cavity. This has the effect of causing the pump 10 !ower end 188 of the pin 186.‘ The ramped cam surfa_c © 194
recirculate oil within the gap thereby reducing the volume of 5 mclud_e S on segment or portion 1.96 that, vyhen posmonfed
oil pumped by the inner and outer gerotors 158, 160. This Opposite the pin, displaces the pin 186 axially so tk}at its
has the further effect of reducing the effective oil pressure opposite end 190 protrudes above the level of the adjacent

- " ) cam lobe surface 182. The ramped cam surface 194 also
The ca.mshai:'t 150 thus assumes a radlal-posmon that l?al' includes an additional portion 198 that, when positioned
ances the axial force developed by the oil pressure against opposite the end of the pin 186, allows the pin to retract
the axial force developed by the spring 168. This maintains 5, axjally so that its opposite end 190 does not protrude above
the desired oil pressure. If the oil pressure drops, the spring the level of the adjacent cam lob surface 182. The cam
168 biases the camshaft 150 to close the axial gap. This weight 192 is shaped so that its mass is asynunetrically
increases the oil output and raises the oil pressure. Con- disposed around the axis of the camshaft 150. Accordingly,
versely, if the oil pressure increases, the increased pressure as the camshaft 150 rotates, the cam weight 192 tends to
presses the camshaft 150 toward the ball 170 against the ,. pivot ontwardly under the influence of centrifugal force. A
force of the spring 168. This increases the radial gap spring 200 having one end connected to the gear 154 and
resulting in oil recirculation, thereby reducing the oil output another end connected to the cam weight 192 biases the cam
and reducing the oil pressure. weight 192 inwardly toward the camshaft 150.

One advantage of the pressure regulating mechanism is ~ The operation of the automatic compression release and,
that the contact point beiween the ball 170 and the engine 40 more particularly, the centrifugal cam mechanism, can best
hounsing 174 remains at substantially zero velocity as the be understood by reference to FIGS. 19 and 20. In FIG. 19,
camshaft 150 rotates. This minimizes wear and is a distinct the engine is operating at a very low speed such as, for
advantage over prior spring, ball and ball seat type pressure example, during cranking and starting. Because the centrifu-
regulating arrangements wherein wear between the ball and gal force on the cam weight 192 is minimal, the spring 200
the seat is a significant problem. An additional advantage is 45 1is able to bias the cam weight 192 inwardly to the position
that the bias provided by the spring 168 climinates end-play shown. This has the effect of placing the first cam segment
noise in the camshaft 150 thereby providing quieter opera- 196 under the pin 186, which has the effect of driving the
tion. It will be appreciated, of course, that a conventional opposite end 190 of the pin above 186 the level of the
spring, ball and ball seat type of pressure regunlator can be adjacent cam lobe 182. Because the pin 186 now protrudes
used in place of the arrangement herein shown and s above the level of the adjacent cam lobe 182, it has the effect
described. of partially opening the exhaust valve as the piston

The camshaft assembly 148 further includes an automatic approaches top dead center. This, in ram, has the effect of
compression release system 176 that reduces engine com- reducing (but not totally relieving) the compression devel-
pression at low engine speeds to reduce cranking torque and oped in the cylinder, which, in ram, has the further effect of
thereby make it easier to start the engine 12. Referring to 55 reducing the cranking torque. After the engine starts and
FIGS. 14, 17 and 19, the engine 12 is provided with valve gathers speed, the cam weight 192 flies outwardly against
lifters 178, 180 that engage the cam lobes 182, 184 formed the tension of the spring 200. This has the effect of bringing
on the camshaft 150 and control the opening and closing of the second portion 198 of the ramped cam surface 194 under
the intake and exhaust valves in accordance with the posi- the pin 186. The pin, being weight biased, will retract
tion of the camshaft 150. In the illustrated embodiment, the 6o thereby placing the opposite end 190 of the pin 186 below
exhanst valve is actuated by means of the valve lifter 178 the level of the adjacent cam lobe 182. With the pin 186 in
that engages the cam Iobe 182 nearest the camshaft gear 154. this position, the exhaust valve is not opened and the engine
Movement of the valve lifter 178 in the upward direction as develops maximum compression. When the engine is
shown in FIG. 14 opens the exhanst valve while the exhaust stopped, the centrifugal weight 192 returns to the position
valve closes as the valve lifter 178 moves in the downward 65 shown in FIG. 19.

direction. A pin 186 extends diametrically through the

camshatlt adjacent the cam lobe 182 that actuates the exhaust

The engine-driven generator 10 herein shown and
described provides numerous advantageous. Because the
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permanent magnet alternator 14 can he operated at up to its
maximum power output point, a smaller and lighter alter-
nator 14 can be nsed to achieve a given power level that in
prior designs wherein the alternators had considerable

16

feedback means responsive to the voltage of said second
alternating potential for generating and applying to said
stepper motor a control signal operable to actnate said
stepper motor to move said throttle and thereby change
the speed of said internal combustion engine so as to

unnsed, excess capacity. The use of a smaller alternator 14 4

reduces the physical size and weight of the generator 10 and maintain the voltage of said second alternating poten-
significantly reduces manufacturing costs. Furthermeore, tial within a pre-established voltage range.

becaunse it is no longer necessary to operate the internal 2. An engine-driven generator as defined in claim 1
combustion engine 12 at a constant fixed speed, greater fuel wherein said predetermined number of said positive and
economy is realized and less noise is produced while the 10 negative polarity half-cycles is an integer.

generator is in operation and unse. Finally, engine life is 3. An engine-driven generator as defined in claim 2
increased by reason of the slower operating speeds at wherein said switching means inciudes electronic power
smaller loads. switching devices.

_Similarly, the engine herein shown and described pro- 4. An engine-driven generator as defmed in claim 4
vides many advantages that make it snitable for use in . o wherein said electronic power switching devices are triacs.
engine-driven power generating equipment. The use of 5. An engine-driven generator as defined in claim 1
dissimilar materials for the cam lobe and gear positions of wherein said feedback means further inclndes means for
the camshaft reduces engine noise and permits manufactur- maintaining the speed of said intemal combustion engine
ing economy that reduces the overall cost of the generator. between bre-established d lower speed limits
The integral oil pump and oil pressure regnlating mechanism w p pper an wer sp .
are simpler, and use less material than in prior designs 20 regardless oft}'le vol‘tage of said second alternatm‘g poteptlal.
thereby reducing engine weight, size and cost. This is 6. An engine-driven generator as defined in claim 1
important in portable power generating equipment wherein further comprising means for deleting from said second
excess size and weight are detrimental to portability. The alternating potential selected ones of said positive polarity
elimination of wear in the vicinity of the valve regulator ball and said negative polarity half-cycles during acceleration of
improves reliability and rednces maintenance, and the elimi- 25 said internal combustion engine so as to reduce the torque
nation of end-play in the camshaft results in an engine that required to accelerate said alternator.
is quieter than in earlier designs. Finally, the automatic 7. An engine-driven generator as defined in claim 6
compression release mechanism reduces the cranking torque wherein the number of said positive polarity and said
needed to start the engine. This reduces the physical effort negative polarity half pulses deleted from said second alter-
needed in hand start models and reduces the power and size ;3 nating potential increases at increased engine speeds.
of the starter motor needed in electric start models. 8. An engine,driven generator comprising:

While a particular embodiment of the invention has been an internal combustion engine including a throttle;
shown and described, it will be obvious to those skilled in an alternator coupled to said engine operable to develop
the art that changes and modifications may be made without a first alternating potential having a frequency and
departing from the invention in its broader aspects, and, 35 no-load voltage dependent on the speed of said engine;
therefore, the aim in the appended claims is to cover all such . . .
changes and modifications as fall within the true spirit and converter means for converting said first allernating

f the i tion potential to a second alternating potential of a lower
scope of the invention. : . .

We claim: frequency than said first alternating potential;

1. An engine-driven generator comprising: 40 a stepper motor having an ontput shaft rotatabl_e to pre-

an internal combustion engine including a throttle; determineq angular positions in accordance with exter-

. . nally applied input commands;

an altemator coupled to said engine and operable to . . .
develop a first alternating potential having a frequency a cam operatively coupled to said output shaft of said
and no-load voltage dependent on the speed of said stepper motor; and
engine; 45 a cam follower engaging said cam and coupled to the

switching means for converting said first aliernating throttle of said engine so that movement of said cam in
potential into a second alternating potential wherein response 1o movement of said output shaft results in
said second alternating potential is of a lower frequency movemept of t:he throttle to vary engine sgeed. .
than said first aliernating potential and wherein said ?. An e_ngme-dr_lven generator as deﬁged in claim .8
second alternating potential comprises a predetermined 30 whetrem said cam is Shal.md so that the_ ratio of c.hange n
number of positive polarity half cycles of said first engine power o change in angular position of said ontput
alternating potential followed by an equal number of shail is substal.ltlally. constant. . .
negative polarity half cycles of said first alternating 10. .An 'engme-drlven generator as defined in claim 8
potential; wherein said extemqlly applied input commands are devel-

) . . . 55 oped by an electronic system control.

frequ_ency regulan'ng means for Increasing or decgaasmg 11. An engine-driven generator as defined in claim 10
said predeternnr'led number m accordan(_:e with the wherein said electronic system control senses the voltage of
frequency of said first alternating potential so as 1o said second alternating potential and generates an input
maintain the frequency Of_ said second alternating command to open said throttle and thereby increase the
potenual_be_tween pre-established upper and lower fre- ¢, speed of said internal combustion engine when said voltage
quency limits; and is less than a predetermined reference and wherein said

speed regulating means for operating said internal com- electronic control system generates an input command to
bustion engine at a desired speed, said speed regulating close said throttle and thereby reduce the speed of said
means coOmprsing: internal combustion engine when said voltage exceeds said

a stepper motor coupled to said throttle of said internal 65 predetermined reference.

combustion engine for controlling the position of said
throttle; and

12. An engine-driven generator as defined in claim 11
wherein said electronic control circnit further includes
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meauns for maintaining the speed of said internal combustion
engine within predetermined maximum and minimum speed
limits regardless of the voltage of said second alternating
potential.

13. An engine-driven generator as defined in claim 12
wherein said electronic control circuit comprises a micro-
processor-based circuit.

14. An engine-driven generator comprising:

an internal combustion engine of the type having a
movable throttle for changing engine power and speed,
wherein the relationship between the change in engine
power and speed and the change in throttle position is
non-linear;

an alternator coupled to said engine operable to develop
a first alternating potential having a frequency and
no-lead voltage dependent on the speed of said engine;

converter means for converting said first alternating
poteniial into a second alternating potential of lower
frequency than said first alternating potential;

a stepper motor responsive o an applied input cormnand
and having an output shaft, the angular position of said
output shaft being determined by the applied input
command;

5
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a cam coupled to said ouvtput shaft of said stepper motor
for angular movement so that the angnlar position of
said cam changes in direct proportion to changes in the
angular position of said output shaft; and

a cam follower engaging said cam and coupled to said
throttle so that a change in the angnlar position of said
cam results in movement of the throtile to effect a

change in the engine speed and power;

said cam being shaped so that the relationship between the
change in the angular position of said cam and the
change in the position of the throttle is non-linear and
substantially compensates for the non-linear relation-
ship between throttle position and engine speed and
power so as to provide a predetermined relationship
beiween changes in the angular position of said stepper
motor cutput shaft and the resulting changes in engine
speed and power.

15. An engine-driven generator as defined in claim 14
wherein said predetermined relationship comprises a sitb-
stantially linear relationship between changes in the angular
position of said stepper motor output shaft and said resulting
changes in engine speed and power.

k * *® * *®
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