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[57] ABSTRACT 
An illustrative system is disclosed for use as a rotary~ 
drive engine, utilizing combustible fuel and a hydrau 
lic system of energy conversion. An engine block de 
?nes a pair of expansion cylinders (combustion cham 

bers) and an associated concentric pair of hydraulic 
chambers. The chambers matingly receive unitary pis 
ton structures for phase-opposed reciprocal move 
ment. . 

The hydraulic working chambers communicate with 
each other and can exhaust high pressure ?uid 
through a control valve structure for drive power. 
Exhausted ?uid is replaced in volume by low-pressure 
spent fluid. The body of the ?uid contained in the 
hydraulic working chambers along with the piston 
means and springs connected to the engine block 
define an oscillatory system which is resonant at the 
operating frequency. That consideration, along with 
the absence of lateral loads on the pistons, results in 
relatively high efficiency. 
In the system, as disclosed, ?uid under pressure is 
delivered from the hydraulic working chambers 
through a control valve to actuate a turbine in 
accordance with the immediate power demand. The 
supply and combustion of the fuel to provide power 
strokes is controlled in accordance with power 
demand and is synchronized with the current dis 
placement of the piston means at the frequency of 
mechanical resonance. Thus, a reciprocating 
expansion motive system, e.g. internal combustion 
engine, is disclosed with low energy losses from 
inertial and lateral forces due to maintaining 
mechanical resonance which results in improved 
efficiency as for converting fuel into hydraulic energy. 
As disclosed herein, the hydraulic energy is employed 
to drive a turbine. 

9 Claims, 7 Drawing Figures 
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RESONANT GAS-EXPANSION ENGINE WITH 
HYDRAULIC ENERGY CONVERSION 

REFERENCE 

This application incorporates subject matter of a Dis 
closure Document 009927, ?led in the United States 
Pat. Of?ce on Apr. 5, 1972, and Disclosure Document 
014144 similarly ?led on Oct. 16, 1972. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

In recent years there has been a considerable techno 
logical effort directed toward the development of an 
improved engine, as for automotive use. A primary spe 
ci?c objective in that regard has been an engine that is 
less polluting than conventional structures. Of course, 
important secondary improvements also have been 
sought, including reduced size, economy of manufac 
ture and low maintenance cost. . 

Generally, internal combustion engines of conven 
tional design are characterized by important though 
unavoidable energy losses resulting from inertial forces 
that are developed in the reciprocating parts, and lat 
eral friction forces existing between pistons and cylin 
der walls. Of course, to a large extent, the volume of 
pollutants resulting from the operation of an engine is 
related to the overall efficiency of the engine. Fuel con 
sumption while an engine idles (between periods of 
providing drive power) also is signi?cant in relation to 
the engine as a source of pollutants. 
Although various forms of engines have been sug 

gested for automotive use, and certain forms have been 
developed to operational stages, their production ne 
cessitates extensive new tooling and tends to render ob 
solete vast quantities of technical knowledge and tool 
ing, as well as marketing techniques and facilities. Ac 
cordingly, a considerable need exists for an improved 
and less-polluting system to provide mechanical energy 
from combustible fuels, as are readily available through 
existing marketing facilities. In general, the present in 
vention is responsive to the considerations set forth 
above; may be embodied in a form that is adaptable to 
existing tooling and would relate effectively to widely 
disseminated technical information. The present mo 
tive system may be embodied in a V-con?guration in 
ternal-combustion engine, various forms of which are 
in widespread production and which are accommo 
dated by the broadly disseminated maintenance and 
technical information. 

In general, the system of the present invention uti 
lizes the energy of an expansion cycle, e.g., the com 
bustion of fuel in a mixture with air. The system oper 
ates under somewhat constant conditions, and may be 
embodied as an ef?cient, non-polluting unit. The rela 
tively consistent operating conditions are maintained as 
a result of operation at the frequency ‘of mechanical 
resonance. For example, in the disclosed embodiment, 
the associated piston means on each side of a V 
con?guration engine reciprocates in phase opposition 
at a resonant rate. That is, the movement of the piston 
means is supplemental or phase opposed in that while 
one piston is traveling downwardly, the other or supple 
mental piston is moving in an upward direction. As in 
dicated, the piston means include springs and are inter 
coupled to result in an oscillatory mechanical system 
that is resonant at the operating frequency so as to es 
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2 
tablish a substantially constant set of operating parame 
ters. 
Each of the piston means in the disclosed embodi 

ment incorporates a combustion piston and an hydrau 
lic piston. The hydraulic pistons act upon a column or 
body of fluid, e.g. oil, that is contained in a space be 
tween them. One function of the body of fluid is to in 
tercouple the piston means. Also, additional coupling 
means, as a mechanical connection, may be employed. 

As indicated, energy is provided from the motive sys 
tem in the form of hydraulic ?uid under pressure, ?ow 
ing from the body of ?uid between the supplemental 
piston means. A valve is provided to permit external 
?ow in accordance with current demand. In the illus 
trative embodiment, the ?uid actuates a turbine, to ro 
tate a mechanical shaft. The spent ?uid from the tur 
bine is returned to replace the volume of high-pressure 
?uid that is exhausted. 
Control of the valve structure as well as the intake 

and exhaust valves of the engine, and fuel injection and 
ignition in the illustrative embodiment, is accomplished 
by a control system with input information including 
current power demand, current power output and the 
current amplitude of piston displacement. 

In alternative embodiments of the system, several en 
gine con?gurations may be employed utilizing various 
numbers of piston pairs associated in various relation 
ships. Also, various fuels and cycles are readily adapt 
able to the motive system. Speci?cally, for example, 
the system may embody principles of various engines 
including: internal combustion, steam, air and so on. 
However, the extensive body of knowledge, production 
facilities and distribution establishments relating to V 
con?guration gasoline engines (Otto cycle) results in 
such a con?guration being relatively attractive for pro 
duction in the near future, Accordingly, the disclosed 
embodiment is in such a form. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The drawings, disclosing an illustrative embodiment 

of the present invention, and which serve to present the 
various objectives and advantages hereof, are as fol 
lows: 
FIG. 1 is a perspective and diagrammatic view of an 

embodiment of the present invention; 
FIG. 2 is a vertical sectional view taken through the 

‘ engine portion of the system of FIG. 1; 
FIG. 3 is a vertical sectional view taken through the 

central lower portion of the structure of FIG. 2; 
FIG. 4 is an enlarged series of staged structural repre 

' sentations similar to a portion of FIG. 3, which are illus 
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trative of the operation of a portion of the system of 
FIG. 1; 
FIG. 5 is a cyclic waveform diagram employed in the 

explanation of the operation of the system of FIG. 1; 
FIG. 6 is a logic diagram of the control unit incorpo 

rated in the system of FIG. 1; and 
FIG. 7 is an explanatory diagram illustrative of the 

system of the present invention. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENT 

The disclosed embodiment exempli?es the invention 
which may, of course, be embodied in other forms, 
some of which may be radically different from the illus 
trative embodiment. However, the speci?c structural 
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and functional details disclosed herein are representa 
tive and provide the basis for the claims herein which 
de?ne the scope of the invention. 
Referring initially to FIG. 1, there is represented an 

embodiment of the present invention which functions 
to receive combustible fuel from a supply F, and to pro 
vide rotary power at a shaft S. The fuel from the supply 
F passes through a control system C to an engine unit 
E in which the fuel is burned to provide expanding 
gases for actuating internal spring-mounted pistons 
(not shown in FIG. 1 ). Rather than acting through con 
ventional rods or other couplings, the spring-mounted 
pistons in the engine unit E act on a body of partially 
con?ned hydraulic ?uid. Thus, the spring-mounted pis 
tons in the engine unit E are hydraulically intercoupled 
and operate in supplemental pairs at a frequency of me 
chanical resonance. To supply power demands, hy 
draulic ?uid under pressure is passed from the ?uid 
body in the engine unit E through hydraulic ducts H to 
a turbine T. The hydraulic ?uid thus actuates the tur 
bine T to drive the shaft S. Spent hydraulic ?uid from 
the turbine T is returned to the engine unit E through 
the hydraulic ducts H, thereby affording a closed by 
draulic system. 
During intervals when the motive system is “idling” 

(operative, however, with no useful power output) the 
engine unit E receives limited fuel through the control 
system C to maintain resonant oscillation of the pis 
tons. For example, during an idling state, a single power 
stroke may be followed by many non-power oscillatory 
strokes of reducing displacement until another power 
stroke is commanded to sustain a desired minimum dis 
placement or stroke amplitude. 
The motive system can be actuated by a signal from 

a power-demand unit D which may simply comprise a 
manually-operated, analog-signal source. With the de 
mand for output power, fuel is supplied from the supply 
F through the control system C to the engine unit E. 
Somewhat concurrently, a valve structure in the engine 
unit E is opened (by the control system C) so that the 
pistons operate as pumps in a closed loop to actuate the 
turbine T. In view of the above preliminary consider 
ations, the illustrative system will now be treated in 
greater detail, with an explanation of the engine unit E 
referring initially to FIG. 2. 
The engine unit E incorporates a major housing or 

block 12 which de?nes a pair of compound cylinders 
6 and 8 that serve both for fuel combustion and hydrau 
lic action. As depicted, the illustrated pair of cylinders 
6 and 8 are in a V-con?guration, the interiors joining 
at a common space or volume 10. The compound cylin 
ders 6 and 8 de?ne primary cylinders or combustion 
chambers 14 and 16 in the upper portions of the V 
con?guration which are closed at their upper ends by 
heads 18 and 20, respectively, (considered in greater 
detail below). At the lower portion of the V 
con?guration, and in concentric relationship to the 
chambers 14 and 16, the block 12 also de?nes a pair 
of coaxial hydraulic cylinders or chambers 22 and 24, 
respectively, which communicate with the space or vol 
ume l0. Coolant chambers 38 and 40 are also defined 
somewhat in accord with convention. 
A pair of composite piston means 26 and 28 operate 

individually in each of the cylinders 6 and 8, respec 
tively, of the block 12. The piston means 26 consists of 
a primary or combustion piston 30 which, though 
closed at the upper end, is somewhat hollow and is inte 
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4 
gral with a coaxial solid hydraulic piston 32 that recip 
rocates in the chamber 22. ‘The piston means 28 con 
sists of a similar combustion piston 34 and an integral 
concentric solid hydraulic piston 36. In the oscillatory 
operation of the engine unit E, the piston means 26 and 
28 are supplemental in that their relationship is phase 
opposed, i.e., as one piston means “bottoms out” the 
other piston means is at the top of a stroke. This rela 
tionship is preserved by the inter~related hydraulic 
forces that effectively intercouple the piston means 26 
and 28. Also, in the disclosed embodiment, the piston 
means 26 and 28 are interconnected by a ?exible cable 
54; however, in some embodiments, the cable may be 
eliminated. Generally, the cable serves in the illustra 
tive embodiment to prevent cavitation. 
Further related to the operation of the system in a 

condition of mechanical resonance are a pair of coil 
springs 42 and 44, the upper ends of which are individ 
ually coupled to the piston means 26 and 28, respec 
tively. Speci?cally, the coil spring 42 is mounted in an 
annular space 46 that is coaxial with the hydraulic pis 
ton 32; the upper end of the spring 42 being ?xed to the 
upper end 48 of the piston means 26 and the lower end 
of the spring 42 being ?xed in the block 12 at the lower 
end. Similarly, on the other side of the block E, the coil 
spring 44 is contained in a concentric space 50, with its 
upper end af?xed to the upper end 52 of the piston 
means 28, and its lower end affixed in the block 12. 
Recapitulating to some extent, the piston means 26 

and 28 reciprocate in opposition of phase, motivated 
by a condition of resonance and as demanded, by ex 
panding gases resulting from the combustion of fuel in 
one or the other of the combustion chambers 14 or 16. 
During intervals when the system is idling, the hydrau 
lic pistons 32 and 36 act on a con?ned body 56 of ?uid 
(in the space 10 and the chambers 22 and 24) which 
intercouples the piston means 26 and 28 to function in 
combination with the springs 42 and 44 as mechanical 
resonant system. In such a mode of operation, if the 
stroke amplitude drops below a predetermined level, a 
charge of fuel is burned to increase the amplitude of os 
cillations. Otherwise, the system simply oscillates in 
resonance consuming no fuel. 
Upon the occurrence of a demand for the production 

of power by the motive system, the introduction of fuel 
charges continues to be highly controlled. The hydrau 
lic pistons 32 and 36 now function partly as a pump, 
supplying ?uid from the space 10 through a closed loop 
(incorporating the turbine T). Fluid flow from the en 
gine unit E (FIG. 1) to the turbine T is controlled by 
a valve structure 60 which is considered in greater de 
tail in a subsequent section below. 
Returning to the engine heads 18 and 20 as indicated 

above, these structures are exactly alike and are sec 
tioned in FIG. 2 in offset relationship to illustrate the 
exhaust valve structure in the head 18 and the intake 
valve structure and ignition in the head 20. With refer 
ence to the head 20 (right of V-con?guration) initially, 
a passage 62 is connected to an air intake (not shown) 
and to an electrical fuel injector 64. In operation, an 
air-fuel mixture is introduced into the passage 62 to 
?ow through an intake valve 70 into the combustion 
chamber 16. That is, a valve head 72 sealingly engages 
the intake port 74 in the head 20 to control the flow of 
gas charges into the combustion chamber 16. The valve 
70 is moved by a stem 76 (integral with the valve head 
72) that is slideably received in a bore 80 in the engine 
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head 20, passing concentrically through a closing coil 
spring 82 and terminating at an electric valve lifter 84 
which provides the actual lifting force. 
Also af?xed in the engine heads, and illustrated in the 

head 20, is a spark plug 86 serving to ignite combusti 
ble charges (fuel and air) in the chamber 16 in a four 
cycle sequence of operation. However, there are times 
when the cycle does not involve a power stroke, i.e., 
the valve 70 remains closed and the fuel injector 64 
along with the spark plug 86 are inoperative. 
A similar structure to that described with regard to 

the head 20 also exists at the left side of the _V 
con?guration, in the head 18, for supplying fuel and ig 
nition to the combustion chamber 14. Exhaust valves 
and ports are also provided in each head 18 and 20, in 
association with each of the chambers 14 and 16, as il 
lustrated in association with the chamber 14 (left). 
Speci?cally, an exhaust passage 88 (exhausting to am 
bient) is coupled through an exhaust port 90 to the 
combustion chamber 14. A valve head 92 at the port 
90, is actuated through an integral stem 94 by a con 
centrically supported spring 96 and an electrical valve 
lifter 98. The valve lifter 93 along with the other valve 
lifters are controlled by electrical signals from the con 
trol system vC (FIG. 1) as described in detail below. 
Similarly, fuel ignition by spark plugs, e.g., spark plug 
86, is also controlled by signals from the control system 

‘ C along with the fuel injectors, e.g., fuel injector 64. 
In the operation of the motive system, it is important 

that the control system C receive information that is in 
dicative of the current position of the individual piston 
means 26 and 28. Essentially, the information is pro 
vided by magnetic transducers 100 and 102 af?xed to 
the block 12 which sense inserts at sections 103 and 
108 of the pistons 32 and 36. 
A conductor 104 is provided from the transducer 100 

for carrying pulses indicative of the progress of the 
downward stroke (from dead center) by the piston 
means 26. Similarly, a conductor 106 from the trans 
ducer 102 carries pulses indicative of the progress of 
the piston means 28 downward from dead center. Con 
ductors 105 and 107 receive pulses indicative of the 
piston means 26 and 28, respectively, crossing dead 
center during an upward or return stroke. 
As indicated above, the control system C also func— 

tions to rotate the valve structure 60, thereby regulat 
ing the power output from the motive system in accor 
dance with current demand. As generally indicated in 
FIG. 2, hydraulic chambers 22 and 24 are integral with 
the space 10 as better illustrated in FIG. 4. As shown 
in that ?gure, the space 10 is partially de?ned by a cy 
lindrical valve body 110 that is a rigid part of the block 
12. The valve 60 rotates reciprocally in the valve body 
110 from the position illustrated in FIG. 4a to allow ex 
ternal hydraulic ?ow. When the valve 60 is displaced, 
the space 10 in the valve body 110 receives low pres 
sure ?uid through a duct.ll2 and exhausts high pres 
sure ?uid through a duct 114 to drive a ?uid turbine T 
as indicated above. During intervals of idling operation, 
the valve 60 is closed (FIG. 4a) with the result that the 
body of ?uid con?ned between the hydraulic pistons 32 
and 36 in the space 10 serves simply as a force coupling 
to accomplish oscillation at a resonant frequency. 
Structurally the valve 60 includes a concentrically 
mounted rotary shaft 118 which carries diametrically 
opposed radial valve members 120 and 124. The upper 
valve member 120 de?nes an arcuate surface, the tips 
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of which engage the valve body 110 to close a port 126 
to the duct 112. Somewhat similarly, the valve member 
124 terminates in an arcuate surface to close a port 128 

- in communication with the duct 114. When operated, 
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the valve 60 is actuated by an oscillating electric ‘motor 
136 (FIG. 3) energized by the control system C. 
During intervals when the motive system delivers 

power, the valve 60 is opened by rotating either coun 
terclockwise (FIG. 4b) or clockwise (FIG. 40) on the 
shaft 118. The counterclockwise rotation of the shaft 
118 occurs during a power stroke in the hydraulic 
chamber 24 (right). As a consequence, ?uid ?ows from 
the chamber 24 into the chamber 22, as indicated by 
the arrow 130, and through the port 128, as indicated 
by the arrow 132. Concurrently, relief ?uid ?ows from 
the duct 112 into the chamber 22, as indicated by the 
arrow 133. Upon an alternate power stroke, the valve 
60 is rotated clockwise (FIG. 40) with the result that 
power ?uid moves from the chamber 22 through the 
port 128 and into the chamber 24, while relief ?uid 
?ows from the duct 112 into the chamber 24. 
The power ?uid exhausting through the port 128 

(FIG. 4a) moves through one of a pair of exhaust pas 
sages 135 or 137 (depending upon the displacement of 
the valve 60) to pass to the high-side duct 114. The pas 
sages 135 and 137 are separated by a relief valve struc 
ture 139 which includes a pair of pivotally-mounted 
?ap valves 141 and 143, connected together by a coil 
spring 145. The relief valve structure 139 functions to 
avoid cavitation. That is, if the pressure in one of the 
passages 135 or 137 drops to a point where cavitation 
might occur, one of the ?ap valves 141 or 143 opens 
to allow ?uid from the valve structure 139 (connected 
to the low side, e.g., duct 112) to relieve the condition. 
A related optional structure, the cable 54, in addition 
to avoiding excessive amplitude, avoids cavitation by 
maintaining a constant volume of operating ?uid. 
Considering the closed ?ow path from the valve 60 

to the turbine T, reference will now be had to FIG. 3 
showing details of the hydraulic ducts H. High-side 
?uid (pressure-velocity) ?ows from the valve 60 
through the duct 114 (incorporating a hydraulic accu 
mulator 137) to the exterior of the turbine T incorpo 
rating a wheel or rotor 140 in a housing 142, various 
forms of which are well known in the art of turbo 
machinery. The rotor 140 is coupled to the shaft S, 
which it actuates in the process of removing energy 
from ?uid received through the duct 114. Spent ?uid 
is returned to the valve 60 through the duct 112 to 
close the hydraulic system. 
Summarizing the description to this point, it is to be 

appreciated that the disclosed motive system burns fuel 
to accomplish supplemental displacement of a pair of 
resilient pistons which mutually act through a body of 
hydraulic ?uid to oscillate at resonant frequency. 
Power output from the system is provided in the form 
of pressurized hydraulic ?uid when the reciprocating 
pistons operate partly as pumps. Hydraulic ?uid is cir 
culated through a closed path which includes a rotary 
turbine T in the disclosed embodiment to provide me 
chanical output power. » 
As suggested above, a system in accordance herewith 

requires somewhat precise control for effective opera 
tion. The illustrative embodiment incorporates an elec 
trical control system C (FIG. 1) which receives infor 
mation indicative of piston position, power demand 
and power delivered and accordingly controls the burn 
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ing of fuel and the flow of hydraulic ?uid from the en 
gine E to the turbine T. As suggested above, and em 
phasized here, the system hereof might well take the 
form of any internal-combustion engine (Otto cycle or 
Diesel cycle) or other forms of gas expansion engines, 
e.g. compressed air or steam. 
Returning to a detailed consideration of the illustra 

tive embodiment, the piston motion may be described 
by the waveforms of FIG. 5. Speci?cally, the oscillatory 
motion of the piston means 26 is described by the 
waveform 150 while the motion of the piston means 28 
is described by the waveform 152. It is to be noted that 
the pistons are aligned at locations of equal displace 
ment (dead center) at the crossover points of the 
curves, indicated as time t, which is manifest by a pulse 
1‘ occurring each one-half cycle and variously derived, 
as for example by any “dead-center” sensor as may be 
incorporated in the transducers 100 and 102. A full 
cycle is represented as a time T. 
The waveforms 150 and 152 indicate a maximum 

amplitude or stroke displacement of the piston means 
26 and 28. Dashed-line curves 154 and 156 indicate 
amplitudes or displacements of lesser magnitude, how 
ever, in which resonant frequency is preserved. Gener 
ally, when the system is in an idling state, the piston 
means 26 and 28 oscillate at a somewhat lower ampli 
tude, e.g., approaching the curves 154 and 156. It will 
be recalled that if the amplitude or stroke displacement 
drops below a predetermined level, a fuel charge is 
burned to restore the oscillations to a satisfactory level 
of amplitude. During the production of output power, 
the system continues to oscillate at the resonant fre 
quency; however, piston displacement or amplitude 
may increase, e.g., approaching the curves 150 and 
152. 

In the diagram of FIG. 5, the vertical dashed lines 
designate instants of valve movement and ignition asso 
ciated with the two piston means 26 and 28. In that re 
gard, the illustrative system is a four-cycle engine as 
will be apparent from the diagram of FIG. 5. The mag 
netic transducers 100 and 102 (FIG. 2) serve to pro 
vide pulses position-indicative information on the pis 
ton means 26 and 28. However, in view of the substan 
tially-constant frequency of operation, timing of the 
various control functions is somewhat simpli?ed. 
During positive-going excursions of the curves 150 

and 152 (representing piston motion) the pulse t is pro 
vided upon crossing the reference level 157 (dead cen 
ter). The negative-going excursions of the waveforms 
(representing piston down strokes from dead center) 
results in a number of pulses p (a maximum of eight) 
depending upon the amplitude of the excursion (extent 
of the stroke). If a maximum stroke displacement oc 
curs, eight pulses p are provided as indicated by the dia 
gram I55 associated with the waveforms 150 and 152. 
The waveform 156 would result in the generation of 
less than four pulses p in accordance with the operation 
of the transducers 100 and 102. A variety of speci?c 
trandcuers or sensing devices may be incorporated in 
the magnetic transducer structures 100 and 102 as well 
known in the prior art to provide pulses as indicated. 

Referring to FIG. 6, the control system C is illus 
trated which receives the pulses p and t from the mag 
netic transducers along with signals representative of 
power demand to time power strokes as required. The 
pulses p, from the transducers 100 and 102 (bottom) 
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8 
drive a pair of counters 202 and 204 which indicate the 
current position of the piston means 26 and 28. Gener 
ally, the counters 202 and 204 are cleared or reset dur 
ing a positive-going portion of an associated piston 
stroke by the ?rst pulse p generated by the opposed pis 
ton in a negative-going portion of a stroke. The count 
ers accumulate pulses p during a negative-going stroke 
to digitally indicate the displacement or stroke on a 
scale of “eight.” 
The counters 202 and 204 provide information that 

is variously employed depending upon the current op 
erating conditions of the system. For example, in the 
event that the system is simply idling, the counters 202 
and 204 inhibit the burning of fuel unless or until the 
stroke length drops below an amplitude productive of 
four output pulses p as indicated with respect to the di 
agram 155 of FIG. 5. Should the engine be operating 
in a power-producing mode, the counters 202 and 204 
inhibit the burning of fuel only when the engine attains 
full-stroke displacement. Otherwise, fuel is burned, 
provided that a comparison (by a comparator 206, 
upper left) of signals from the power demand unit D 
and power delivery transducer 210 indicates unsatis 
?ed power demand. 

Generally, the input information to the control sys 
tem in the ?nal analysis serves to control a sequence 
unit 212 (upper center) which provides individual sig 
nals for actuating various components of the system in 
cluding: fuel injectors, intake valves, exhaust valves 
and spark plugs. Considering the control system of FIG. 
6 in somewhat greater detail, the pulses t are connec 
tively applied to synchronize the sequence unit 212. 
The timing pulses p are applied through trigger circuits 
214 and 216, respectively,ito reset and advance the 
counters 202 and 204. The trigger circuits 214 and 216 
may comprise various forms of triggers or pulse shapers 
as well known in the prior art including forms of 
Schmitt triggers. 
The shaped pulses p from the triggers 214 and 216 

are tallied by the counters 202 and 204, respectively, 
which each comprise four-stage binary units. The indi 
vidual stages are assigned conventional binary signi? 
cance, e.g. “one,” “two,“ “four,” and “eight.” The two 
most-signi?cant digit stages (“four” and “eight") of 
the counters 202 and 204 are connected through “nor“ 
gates 218 and 220, respectively, to “and” gates 222 
and 224 which actuate monostable multivibrators 230 
and 232. The gates 222 and 224 as well as the other 
logic elements associated with the counters 202 and 
204 are generally supplemental in the sense that the 
system provides operating signals for each of the two 
cylinders 6 and 8 as illustrated in FIG. 2. In that regard, 
the operation of the control system C involves resolving 
existing conditions to determine the times and cylin 
ders in which to burn charges of fuel. 
During the idling state, the “nor” gates 218 and 220 

in combination with the “and” gates 222 and 224 serve 
to inhibit a power stroke as long as the pistons 26 and 
28'are operating at a displacement to indicate a level 
of “four” or more in the counters 202 and 204. That 
is, in the event one of the counters 202 and 204 attains 
a count of binary “four” the associated “nor” gate 218 
or 220 will provide a low level (inhibiting) signal to an 
associated one of the gates 222 or 224. Conversely, 
quali?cation of the “and" gates 222 or 224 initiates a 
power stroke. These gates must also be quali?ed by the 
initial signal p as well as an inverse feedback signal that 
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is provided through inverters 226 and 228. Quali?ca 
tion of the “and” gate 222, for example, occurs during 
the ?rst of the pulses p and when the counter 202 indi 
cates a piston displacement below “four” providing the 
gate 222 is not inhibited by a monostable multivibrator 
230 acting through an inverter 226. Upon quali?cation 
of the “and” gate 222, a monostable multivibrator 232 
is actuated to provide a delay of slightly over two cy 
cles, e.g., 9/4 T. The multivibrator 232 then provides 
a high output which is inverted by the inverter 228 so 
as to inhibit the gate 224 from operation. Thus, it may 
be seen that if the engine is operating at a displacement 
below the level of “four" (on the scale indicated in 
FIG. 5) during a timing interval indicated by the pulse 
I, one of the multivibrators 230 or 232 will be set to ini 
tiate a power stroke in the manner as will now be ex 
plained further. 
The high-level binary signals from the multivibrators 

230 and 232 are applied to “or” gates 234 and 236, re 
spectively, the outputs of which in turn are applied to 
“and" gates 238 and 240, respectively, for providing 
power-stroke signals to the sequencer unit 212. The 
“and” gates 238 and 240 also receive signals through 
inverters 242 and 244, respectively, from monostable 
multivibrators 246 and 248 (having a period of 2T) 
which are actuated upon a count of “eight” in either of 
the counters 202 or 204. Thus, the “and” gates 238 and 
240 impose a ?nal test on the process of initiating a 
power stroke to assure that piston displacement is 
below the level of “eight” in the scale of the counters 
100 and 102. 
The “or” gates 234 and 236 each have two separate 

inputs. For example, the “or” gate 234 (controlling pis 
ton 26) receives one input from the multivibrator 230, 
which is high when a power stroke is desired, as during 
an idling state. The other input to the “or” gate 234 is 
from an “and” gate 252, which is high when current 
power demands indicate the need for a power stroke. 
Although either input to the “or” gate 234 indicates 
the need of a power stroke, such an indication is voided 
unless the gate 238 is quali?ed by a signal from the in 
verter 242, indicating that the current displacement is 
below less than an amplitude of “eight.” The operation 
of the “or” gate 236 controlling the ignition of a fuel 
charge to act on the piston 28 is similar. In that regard, 
the “or” gate 236 receives an idling-state command sig 
nal from the multivibrator 232, and a power-state com 
mand signal as will now be described. 
The power-state command signals provided to the 

“or” gates 234 and 236 are developed at the “and” 
gates 252 and 256 having opposed inputs from a ?ip 
?op 254 and a common input from the comparator 
206. A high signal from the comparator 206 indicates 
an unful?lled demand for power. Upon such an occur 
rence, the question arises as to which of the pistons 26 
or 28 is best positioned to initiate a power stroke. That 
determination is resolved by the sequence unit 212 
driving the flip flop 254 in an alternating pattern, syn 
chronized by the signals t from the transducers 100 and 
102. If the piston 26 is best positioned to initiate a 
power stroke, the ?ip ?op 254 is set to qualify the 
“and” gate 252. Conversely, if the piston 28 is in a pre 
ferred position, the ?ip flop 254 provides a qualifying 
high signal to the “and” gate 256. 
Depending upon which of the “or” gates 234 or 236 

receives a high signal, one of the “and” gates 238 or 
240 is quali?ed, assuming the amplitude of oscillation 

10 ‘ 1 

is below “eight." Thereupon, a high signal is provided 
to one of the “GO” inputs of the sequence unit 212. 
Depending upon which of these inputs receives a high 
signal, a series of timed operating signals are provided 
to one or the other of the cylinders 6 or 8 to result in 
a power stroke. Thus, each fuel charge burned in the 
motive system is fully controlled and timed. 

In addition to-controlling the individual engine oper 
ations, e.g., fuel injection, valve operation and ignition, 
the control system C also controls the hydraulic valve 
60 (FIG. 2). Speci?cally, as explained above, the valve 
60 rotates during power operation and remains ?xed 

v while the system is'idling (FIG. 4). The oscillatory rota 
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tion is commanded by signals from a pair of “and" 
gates 260 and 262 (FIG. 6 upper center) each of which 
receives one input from the sequence unit 212, and an 
other input from an “and” gate 264 which is quali?ed 
when a demand for power exists. Speci?cally, when the 
comparator 206 indicates that the power demand (con 
ductor 271) is greater than the power generated (signal 
from monitoring transducer 210) a high level signal is 
provided to the “and” gate 264. Also, the re 
triggerable monostable multivibrator 266 which has a 
period of T/2, provides a high signal through an “or’” 
gate 268 upon the occurrence of a count of “four" or 
more in either of the counters 202 or 204. If the count 
of “four” or more is repeatedly reached, the output of 
the multivibrator 266 remains constantly high. Thus, 
upon quali?cation of the “and” gate 264, one of the 
“and” gates 260 or 262 is quali?ed to actuate the valve 
60. It is to be noted that the gates 260 and 262 are qual 
i?ed to open the hydraulic valve 60 toward the cylinder 
in which a power stroke occurs at the time of opening. 

The description herein has been directed to an oper 
ating motive system which may be seen to have the ad 
vantages and features set out at the introduction. With 
regard to starting the system, various techniques may 
be employed as will be apparent to one skilled in the art 
of reciprocating machinery. For example, a source of 
hydraulic ?uid under pressure may be employed in co 
operation with the valve 60 and an auxiliary control 
therefor, to initiate oscillatory motion of the piston 
means 26 and 28. After such oscillatory motion is es 
tablished, the source of ?uid under pressure is with 
drawn and the system simply resonates in an idling 
state. Of course, upon the amplitude of oscillations 
dropping below a predetermined level as explained 
above, a charge of fuel is ignited to initiate a power 
stroke increasing the amplitude of oscillations. Also as 
indicated above, in the event that the system is called 
upon to provide output power, then fuel charges are ig 
nited alternately in the cylinders to establish a steady 
state operation. 

It now becomes obvious to anyone skilled in the art, 
from the above disclosure of one preferred embodi 
ment, that a principal feature of this invention consists 
in the method of converting thermal energy into hy 
draulic (mechanical) energy. Therefore, it also is obvi 
ous that the structure of the disclosed embodiment, 
being only a particular case of a much more general 
class of engines, is dominated by said method itself. 
Consequently, a further description of the majorfea 
tures of the method is perhaps appropriate. 
A diagram of the ?ow and conversion of energy, as 

well as of the ?ow of information to release and control 
that energy is provided by FIG. 7. A thermodynamic 
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process occurs in the combustion, or simply expansion, 
chambers of the engine and results in energy impulses 
in the form of expanding high temperature-pressure gas 
which enters the system at block 301..These impulses 
of energy may be irregular, occasional, and are a direct 
consequence of a trigger signal which starts an active 
cycle. It should be understood .that the active cycle 
could consist of admission and subsequent expansion of 
pressurized (hot) steam or of some other working ?uid; 
the active cycle could also be due to internal combus 
tion of a constant charge of fuel, in an Otto or self 
ignition cycle as known in ‘the art. 
The ?rst conversion of the said energy impulse oc 

curs at block 302 which represents the general case of 
a gas~liquid interface achieved by‘ a compound piston. 
Indeed, at this level the energy of every gas expansion 
is transferred to the liquid in the hydraulic system in a 
direct way, by a rectilinear motion of said piston. it can 

15 

easily be seen that this conversion is highly ef?cient , 
due to the minimal losses of a rectilinear motion with 
minimal lateral forces acting against the cylinder walls. 
The hydraulic energy which appeared at block 302 is 
transferred to a hydraulic oscillant system at block 303; 
the latter may consist of the supplemental hydraulic 
working chambers and pistons and the passage ways 
between them. The same impulses of hydraulic energy, 
along with the energy of the moving mass, set in motion 
the mechanically resonant system which results from 
interaction with the resiliency of springs or similar elas 
tic means mounted between the mobile and stationary 
parts of the engine. in virtue of basic physical princi 
ples, any such mechanically resonant system is a tank 
of energy, represented by block 304. Indeed, once set 
in oscillating motion, the system will oscillate for a rela 
tively long time without new additions of external en 
ergy. The resonant energy tank (block 304) interacts 
with, and is partly superimposed to, the hydraulic oscil~ 
lating system 303; this is shown by the two-way arrows 
between the two. There is also a two-way interaction 
with the gas~liquid interface, block 302,.in that the res 
onant system keeps moving the compound piston also 
between power strokes (energy impulses) due to the 
periodic reaction known to occur in any resonant sys 
tem. Therefore, at the, level of blocks 302, 303 and 304 
the irregular impulses of energy are converted into a 
periodic, regular motion which keeps the gas-liquid in 
terface means in linear oscillation; this oscillation can 
provide the pumping energy necessary to work an in 
ternal combustion cycle such as Otto or Diesel. 
When the rate of energy impulses from block 301 is 

high enough to provide a total energy larger than what 
is absorbed in friction losses and pumping work, the ex 
cess (energy) is extracted from the hydraulic oscillating 
system by timed opening of a controlled hydraulic 
valve, at block 305. At this level the oscillating hydrau 
lic energy is converted into continuous ?ow which is 
utilized at a load, block 306, which may be a hydraulic 
turbine to convert the energy into mechanical rotation. 
Obviously, the load could be any other kind of hydrau 
lic machinery including reciprocating devices. So far, 
the flow and conversion of energy has been described 
assuming that all processes are well coordinatedln 
order to achieve that coordination, however, a control 
system to process information at all times is needed. 
The ?rst problem in a system such as described is to 

constantly maintain the resonant oscillation. To that 
effect, the resonant energy tank, block 304, provides 
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information regarding the amplitude of the oscillation, 
which enters comparator 308 to be checked against the 
information coming from the ?xed reference 309. Any 
time the amplitude of oscillation drops below the refer 
ence, the comparator 308 will give a signal to the cen 
tral electronic control at block 311 to start active cy 
cles to restore said amplitude. This process occurs 
whether the engine is delivering power or idling and 
could be the only control of the system. The same 
would require, however, an initial decrease in the am 
plitude of oscillation before increasing the power out 
put. To avoid this unwanted delay, an output-power 
transducer at block 307 provides information to be 
compared with the power demand (desired power) in 
comparator 310. The latter can thus provide a signal to 
the central electronic control, block 311, before the 
amplitude of oscillations has decreased. This way ac 
tive cycles are started immediately following a com 
mand for increased output power. 
The command to start power strokes, from block 

311, is processed through a synchronizing mechanism 
at block 312, which provides the trigger signals for ac 
tive cycles. This mechanism receives information con 
cerning the frequency and phase of the resonant mo 
tion in order to provide synchronized sequenced trig 
gers. The loop energy-information-energy is thus 
closed as the trigger signal reaches block 301. 
The central control at block 311 also commands the 

extraction of hydraulic energy through the hydraulic 
valve synchronizing mechanism at block 313 and the 
hydraulic valve itself at block 305. This additional loop 
lets energy be extracted only when the conditions in the 
whole system are proper. 
To summarize, the method utilizes occasional im 

pulses of energy to keep oscillating a resonant energy 
tank and to convert’that energy into more regular hy 
draulic ?ow which eventually provides mechanical. en 
ergy. The whole process is controlled by information 
processing devices which close the loop and thus 
achieve one of the most rational ways to convert heat 
into mechanical work. The burning of constant 
amounts of fuel for each of the active cycles, which 
may occur at an irregular rate, offers the cleanest way 
to consume the chemical energy. 
As indicated above, the system hereof may be vari 

ously embodied in a variety of different expansion en 
gines using power provided by such engines in an oscil 
latory-motion mode to deliver output power in the 
form of hydraulic ?uid under pressure. The system has 

- substantial inherent advantages by reason of its ef? 
ciency, simplicity and adaptability to existing engine 

_ con?gurations. Of course, in view of the wide number 

60 

of possible variations for the system, the scope hereof 
shall be as de?ned in the claims set forth below. 
What is claimed is: 
l. A resonant, combustion -gas- expansion, ?uid 

pressurizing motive system comprising: 
block means de?ning at least one pair of combustion 

-gas- expansion working chambers, and at least one 
pair of hydraulic working chambers, each of said 
hydraulic working chambers being coaxial with one 
of said combustion -gas- expansion working cham 
bers; 

at least one pair of compound piston means, each pis 
ton means being intermediate one of said combus 
tion -gas- expansion working chambers and one of 
said hydraulic working chambers; 



3,848,415 
13 

spring means interposed between said piston means 
and said block means, 

said spring means, said piston means and a hydraulic 
fluid defining a spring-mass system; 

hydraulic inlet and outlet means coupled to said hy 
draulic working chambers; 

control means responsive to said spring-mass system 
including means for supplying and igniting a gas for 
driving said spring mass system at its frequency of 
mechanical resonance. 

2. A motive system according to claim 1 wherein said 
block means is of V con?guration. 

3. A motive system according to claim 1 wherein said 
piston means each comprise a pair of concentric inte 
gral pistons having working surfaces at opposed ends of 
said piston means. 

4. A motive system according to claim 1 wherein said 
control means includes valve means between said inlet 
and said outlet means for controlling the flow of said 
hydraulic ?uid. 

5. A motive system according to claim 1 (1) further 
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including coupling means interconnecting each of said 
piston means to each other so as to control the relative 
physical position therebetween. 

6. A motive system according to claim 1 wherein said 
control means includes means for sensing positions of 
said piston means. 

7. A motive system according to claim 6 wherein said 
control means includes means for supplying fuel to said 
combustion-gas-expansion working chambers in accor 
dance with the instant displacement of said piston 
means and with the amplitude of said resonant oscilla 
tion thereof. 

8. A motive system according to claim 7 wherein said 
control means further includes means for supplying 
fuel to said combustion-gas-expansion working cham 
bers in accordance with power demand on said system. 

9. A motive system according to'claim 1 further in 
cluding hydraulic drive means for providing rotary me 
chanical energy from displaced ?uid. 

* >l< * * * 


