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(57) ABSTRACT 
A dynamically re-con?gurable multi-stroke internal com 
bustion engine, comprised of programmable computer pro 
cessor controlled engine components for decoupling the four 
classic strokes of an internal combustion engine and elec 
tronically managing engine cylinder components including 
such cylinder components as electronically controllable 
valves, fuel injection and air fuel mixture ignition, alloWing 
additional engine cylinder unit component states and thus 
cylinder strokes to be independently altered or re-sequenced 
by computer control to provide alternate engine modes of 
operation. Some alternate engine modes are facilitated by 
addition of a compressed air storage reservoir to receive 
cylinder generated compressed air or transfer compressed air 
to cylinder units in other modes to increase engine poWer, 
ef?ciency or utility. Sensor input and on-demand require 
ments drive control logic to manage engine strokes through 
control of individual cylinder component states. Dynamic 
recon?guration of individual component states provides 
re-generative engine energy modes, boost poWer modes, and 
mixed modes Which use compressed air stored energy re 
introduced for alternate cylinder state sequences and alter 
nate engine modes of operation Which add utility and 
ef?ciency to otherwise ?xed sequence multi-stroke poWer 
generation in internal combustion engines. 
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AIR-HYBRID AND UTILITY ENGINE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The ?eld of the present invention relates in general 
to the ?elds of internal combustion engines and alternate 
mechanical utilities such as compressors, siphons, and air 
engines. More particularly, the ?eld of the invention relates 
to a dynamically recon?gurable multi-stroke computer pro 
grammable internal combustion engine With selectable cyl 
inder component states, stroke sequences and changable 
cylinder ?ring order. The dynamically recon?gurable nature 
of the engine facilitates additional modes of operation that 
include compressed air production and storage, compressed 
air boost poWer, air compression braking, compressed air 
engine start, compressed air engine idle, suction and com 
binations of these and other modes of operation. 

[0003] 2. Background 

[0004] The internal combustion engine has seen thousands 
of improvements and developments. Some of the latest 
improvements include fuel ef?ciency, pollution reduction, 
electronic ignition, fuel mixture heating or cooling, fuel 
injection, variable displacement, air-fuel mixing and digital 
controlling of hydraulically actuated intake/exhaust valves. 
Camless hydraulically driven intake and exhaust valves and 
electronically controlled hydraulic fuel injectors are among 
the very latest innovations to impact internal combustion 
engines. 

[0005] A computer processor that provides commands to 
electronic assemblies can ?nely control and vary valve 
actuation, fuel injection and ignition. Electronic assemblies 
process commands and feedback signals from these devices 
to manage engine operation. Camless valve control alloWs 
engine control subsystems to vary timing, lift, and compres 
sion ratio in response to engine load, temperature, fuel/air 
mix, and other factors. The electronic valve-control system 
improves performance While reducing emissions. 

[0006] There are several methods of camless valve con 
trol. Sturman, U.S. Pat. No. 6,360,728 Control Module for 
controlling hydraulically actuated intake/exhaust valves and 
fuel injection, claim fast-acting electro-hydraulic actuators 
Which provide mechanical means for valve actuation under 
the control of an electronic assembly. Solenoid actuated 
tWo-Way spool valves can also be actuated by digital pulses 
provided by an electronic assembly. Camless technology 
brings the internal combustion engine under even more 
electronic control potential and aWay from in?exible 
mechanical controls. 

[0007] There have been attempts to build engines that 
have variable displacement, using maximum displacement 
for high load requirements and sWitching to a loWer dis 
placement for loWer poWer needs. These methods for vari 
able poWer requirements have been tried and so far not met 
With great success. 

[0008] Despite all the innovation, the internal combustion 
engine mindset is still, in the vast majority, a basic four 
stroke engine. Thus, the past and current technologies are all 
focused on operation ef?ciency and improvement of a basic 
four-stroke internal combustion engine that operates strictly 
on the intake-compression-poWer-exhaust cycle. The inter 
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nal combustion engine has four basic functions that corre 
spond With each stroke; suction, compression, poWer, and 
exhaust. Engines that can take advantage of alternate stoke 
sequences and operation modes are needed, Which Would 
produce higher economies of operation, loWer pollution 
emission, reduce add-on components and alloW alternate 
utility of applicable uses. 

Camshaft Constraints 

[0009] Engine camshafts are typically permanently syn 
chroniZed With the engine’s crankshaft so that they operate 
the valves at a speci?c point in each cycle. Efforts to Work 
around camshaft constraints have come in many forms, 
including variable-cam timing mechanisms. Variable-cam 
timing alloWs the valves to be operated at different points in 
the cycle, to provide performance that is precisely tailored to 
the engine’s speci?c speed and load at that moment. If 
conditions require earlier valve opening and closing, for 
example, to achieve more loW speed torque, the control logic 
commands solenoids to alter oil ?oW Within the hydraulic 
cam timing mechanism, Which rotates the camshafts slightly. 
If the valves should open later, to generate more high-speed 
poWer, the mechanism retards the cams as needed. HoWever, 
the cam timing is moved forWard or backWard for all the 
cylinders on the cam-shaft, solidifying the dependences and 
constraints betWeen cylinders. Furthermore, With limited 
exceptions, camshaft-using engines are constrained to the 
classic four-stroke internal combustion engine cycle. 

[0010] Variable displacement engines are designed With 
cam-shafts of slightly different forms to add the option to 
effectively reduce or increase engine poWer by taking cyl 
inders off and on poWer line respectively to folloW poWer 
requirements and minimiZe Waste. What are needed are 
Ways to add more ?exibility in internal combustion engines 
such that independent control of valve states and stroke 
sequences per cylinder unit can be achieved. 

Turbochargers and Superchargers 

[0011] Turbocharge and supercharge poWer boost systems 
for internal combustion engines compress intake air by 
exhaust turbo boosters or belt-driven bloWers. They com 
press intake air to higher than atmospheric air pressure to 
increase oxygen density in the fuel mixture and thus increase 
fuel burn poWer. A turbocharger is an engine add-on, Which 
generally comprises a pair of turbines mounted to a common 
shaft. One turbine is a drive turbine disposed in an exhaust 
?oW path, While the other turbine is a compressor turbine 
disposed, conventionally into the intake ?oW path. 

[0012] Turbochargers use engine exhaust gases discharged 
by the combustion chambers moving across the exhaust 
turbine to rotate it and the intake turbine thereby compress 
ing gases in the fuel air mixture. This compression permits 
an increase in the amount of air introduced into each 
cylinder during the intake stroke of its piston While main 
taining a desired fuel/air ratio, to produce an attendant 
increase in the engine’s poWer output. Essentially, the tur 
bocharger converts exhaust mechanical energy into com 
pressed intake air With higher oxygen concentration. 

[0013] Although these methods can increase an engine’s 
poWer output, turbochargers have many de?ciencies. At 
some operating points, turbochargers become unstable. A 
loW RPM engine gives little exhaust How to drive the turbine 
and high vacuum manifold conditions cause a reverse pres 



US 2007/0113803 A1 

sure differential in air?ow through the compressor side that 
applies rotational forces to the compressor blade in opposi 
tion to the drive turbine. Thus, When exhaust How is rela 
tively loW, the air?ow-produced forces may be suf?cient to 
cause reverse rotation of the compressor that renders a 
turbocharger inoperative. Most turbochargers do not engage 
until much higher than three thousand engine RPM for these 
reasons. In addition, the turbocharger is load following in 
that poWer must ?rst be expended to produce exhaust that 
can advantageously turn the compressor. Turbocharger 
poWer is loW or non-existent at loW engine RPM and is 
ineffective in response to short stop-go engine driving 
because of these de?ciencies. Turbos are useful When extra 
poWer is needed at high engine RPM. What is needed is a 
source of compressed air, enriched in oxygen, for engine 
poWer requirements that are not dependant on engine output 
but instead, independently feed compressed air into engine 
cylinders on demand. 

[0014] Us. Pat. No. 6,141,965, Charge air systems for 
four-cycle internal combustion engines, attempts to remedy 
some of the turbocharger de?ciencies by compressing air 
With a small electric motor for engine RPM beloW 2500, a 
region Where most turbochargers are ineffective, then 
sWitching to essentially classical turbo compression beyond 
2500 RPM. This shoWs that there is a need for compressed 
air at loWer engine RPM but the cost currently is an 
additional electric motor, complex conduit connections and 
an additional complexity in the control system. What is 
needed is a source of engine compressed air With settable 
engine speed independent compressed air densities, With 
minimal high maintenance add-on parts and unnecessary 
system complexity. 

[0015] A supercharger develops high-density intake air by 
separately compressing intake air With the use of a rapidly 
spinning rotor that acts as a positive displacement air pump. 
Although these provide large increases in poWer and torque, 
the bloWers drain energy from the engine crankshaft and 
generate high crankshaft friction losses that result in poor 
fuel economy. 

[0016] Turbo boosters and superchargers are separate 
engine component add-ons that also add Weight, unreliabil 
ity and cost to engines. What is needed are methods that do 
not add complex components, maintenance costs or add 
disproportionately larger costs to vehicle engines than the 
bene?ts that they provide. What is needed are charged air 
sources Which can provide extra boost poWer on driver 
demand regardless of engine RPM. 

Compression Braking 

[0017] Vehicles typically use friction brakes that throW 
aWay energy in the form of heat. Also, brake usage is not 
uniform. For a fully loaded truck, a full stop from 60 mph 
might raise brake drum temperatures to 600 degrees F. This 
is about the limit for safe operation. If the brakes are not Well 
maintained, or the load is not distributed properly, then some 
brake drums might go to 800-1000 degrees F., Which is 
dangerous. What is needed is a braking system to augment 
a friction braking system to reduce risk at peak brake use 
periods. 

[0018] In order to compensate and reduce brake Wear, 
drivers gear doWn the vehicle transmission, increasing the 
engine RPM, thus alloWing the engine to perform Work by 
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suctioning air. Although effective in deceleration, this 
method Wastes valuable energy in the form of suctioned air 
that cannot be used in poWer mode and heating While 
spinning up loWer gears. HoWever, the currently unchange 
able four-stroke engine cycle prevents any further practical 
use of this Wasted energy. 

[0019] Many large diesel trucks and some larger RVs are 
equipped With “Jake Brakes,” also knoWn as compression 
release engine braking systems. The basic idea behind a Jake 
Brake is to use the engine to provide additional braking 
poWer. A Jake Brake turns the engine into an air compressor 
to provide a great deal more braking poWer. Compressing 
the air in the cylinder takes poWer When the engine goes 
through a compression stroke. 

[0020] A Jake Brake modi?es the timing on the exhaust 
valves so that, When braking is desired, the exhaust valves 
open as the piston reaches the top of the compression stroke. 
The energy gathered in the compressed air is released, so the 
compression stroke actually provides engine braking poWer. 
The main advantage of a Jake Brake is that it saves Wear on 
the normal brakes. This is especially important on long 
doWnhill stretches Where brake shoes and linings can heat up 
in excess of 800 degrees F. The lasting disadvantage is that 
all of the compressed air that Was used to brake is throWn 
aWay. What is needed are Ways to store and reuse the 
compressed air throWn aWay in compression braking mode. 

Intake Stroke 

[0021] Much vehicle engine poWer is Wasted in stop and 
go driving, an unWanted consequence of road and traf?c 
conditions. During some of this time, drivers doWnshift 
transmissions to sloW vehicles. If doWnshifted to provide 
braking, engine draWing in of intake air is used to sloW the 
vehicle. Thus the intake stroke of the four-stroke engine has 
a braking feature While producing vacuum. HoWever, the 
suction Work produced by the engine is promptly throWn 
aWay. What is needed are Ways to harness that Wasted 
suction poWer. 

Re-Generative Braking 

[0022] Some statistics indicate that 40% of engine poWer 
generated is eventually lost through braking. What is needed 
are regenerative braking systems Which act to effectively 
brake a vehicle While incorporating methods to store and 
recover braking energy. What is needed are modes of engine 
operation that could produce, store and accumulate energy 
for later use. 

[0023] Typically, brakes expend much more energy and 
more quickly than today’s four-stroke engines can produce 
in terms of real-time engine braking. Re-generative ?yWheel 
approaches include such concepts as 4,171,029iVehicle 
propulsion system With inertial storage, but the applications 
are generally not economically practical from added large 
costs and complexity above their utility values. What is 
needed are engines that can substantially sloW a vehicle 
doWn Without applying irreversible energy loss during fric 
tional braking. What is needed are practical and economic 
methods of sloWing a vehicle doWn by converting a vehi 
cle’s kinetic energy reversibly into potential energy. This 
Would result in the capability of sloWing a vehicle doWn, 
storing energy instead of losing energy through irreversible 
processes, and re-using the energy. 
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Vehicle Dependence on Battery 

[0024] Most vehicles make heavy use of stored energy 
from a battery to start the engine. Other stored energy 
methods can be used to start an engine. Taking vehicle 
momentum, usually from an incline advantage, and turning 
the engine over Without a starter motor can start most 

standard transmission vehicles. Along this fashion, com 
pressed air can function as an alternate source of stored 
energy, Which can, With the correct engine cycle con?gura 
tion, be used to turn the engine crankshaft to start the engine. 
An engine With this capability Would be more ef?cient due 
to the smaller energy conversion losses currently encoun 
tered from converting mechanical energy of the engine to 
electrical energy and back to mechanical starter motor 
energy. Further more, at engine start, the starting motor 
draWs the largest single demand on the car battery Without 
Which a smaller battery may suf?ce. An alternative method 
of starting an internal combustion engine also adds reliabil 
ity, and therefore value. 

Hybrid Vehicles 

[0025] Due to demands for more e?icient engines, today’s 
vehicle market is experiencing bifurcation from the typical 
four-stroke internal combustion engine to hybrid engines. 
Hybrids use electric motors and battery banks to improve 
fuel ef?ciency, adding poWer during acceleration and 
reclaiming energy When braking and coasting. Hybrid 
engines do not come Without a price as the electric motors 
and battery banks add Weight and cost to the vehicle, and 
generally reduce the siZe and therefore available poWer the 
of engine. In fact, most hybrid auto manufactures are still 
selling hybrids at a loss. What is needed are hybrid type 
engines that do not add Weight and the cost of large, heavy 
battery banks, electrical generators and motors. Moreover, 
What is needed are hybrids that do not force engines to be 
smaller and loWer poWer in order to be more ef?cient. 
Furthermore, What is also needed are hybrids that do not 
have conversion losses from engine poWer to electrical 
poWer and back from electrical poWer to mechanical poWer. 
What is needed are hybrids that transfer mechanical engine 
energy or vehicle momentum to recoverable energy forms 
Which can be quickly re-introduced for engine or external 
uses, thus further extending the energy produced from 
combustion. While hybrids are a good future option to 
increase energy e?iciency, What is needed are alternatives to 
the current single option, the electric-combustion hybrid 
engine. 
Hydrogen PoWered Vehicles 

[0026] Some auto industry experts proclaim hydrogen Will 
be the next fuel used to poWer vehicles and some car 
manufactures have built model hydrogen fueled cars. These 
have come in tWo very different technologies. One Way is a 
hydrogen fuel cell electric vehicle. The other method is to 
use hydrogen to fuel an internal combustion engine. Here the 
hydrogen is combusted With oxygen to generate poWer, 
hence turbo and super charging increases engine poWer and 
idle engine strokes Wastes fuel. Innovations to the internal 
combustion engine Will be directly applicable to hydrogen 
fueled internal combustion engines of the future. A neW Ford 
model hydrogen fueled internal combustion engine is opti 
miZed to burn hydrogen through the use of high-compres 
sion pistons, fuel injectors designed speci?cally for hydro 
gen gas, a coil-on-plug ignition system, an electronic 

May 24, 2007 

throttle, and neW engine management software. This engine 
requires supercharging, Which provides nearly 15 psi of 
boost on demand, but the engine is claimed to be up to 25 
percent more fuel-efficient than a typical gasoline engine. 
Much Work is ongoing in this area and there is a continuing 
need to improve internal combustion engine performance, 
increase engine utility and e?iciency While reducing engine 
Waste and pollution. 

Air PoWered Engines and Idle 

[0027] Vehicle numbers and traf?c increases have substan 
tially increased the time of even short distance travel. 
Furthermore, internal combustion engines typically remain 
in idle mode While the vehicle is Waiting for stoplights, 
coasting, stalled in traf?c, etc. The idle mode is fuel Wasteful 
as any poWer is only used for keeping the engine crankshaft 
rotating so that ?yWheel rotation energy is preserved. An 
incline, or available compressed air source can serve the 
same function Without use of more fuel. What is needed are 

Ways to keep the engine crankshaft rotating during idle 
periods Without additional fuel costs. 

[0028] Currently, most engines use ?xed mechanical cams 
to open and close valves. Fixed mechanical cams enforce a 
rigid valve opening and closing timing sequence regardless 
of external conditions and circumstance. For this reason, 
When poWer is not needed such as in loW speed or halted 
tra?ic conditions, engine poWer is Wasted by cylinder 
strokes Working to draW in, compress, combust fuel and vent 
exhaust. This poWer is throWn out as a small Waste that is not 
cost effective to harvest. Based on the current engine design, 
this is probably a good approach. What is needed are 
methods to use those small individual quantities of engine 
produced compressed air that is otherWise discarded. 

[0029] HoWever impractical for most engine uses, U.S. 
Pat. No. 5,515,675 Apparatus to convert a four-stroke inter 
nal combustion engine to a tWo-stroke pneumatically poW 
ered engine demonstrates an attempt to use compressed air 
to poWer an engine. ’675 is not an internal combustion 
engine but a pneumatic engine Which consumes compressed 
air to push engine pistons in its single operating mode to turn 
a crankshaft. First, the compressing air source is an external 
arti?ce or contrivance outside of its engine cylinders. Sec 
ond, the timing of valve opening and closing is done by a 
camshaft, substantially constraining the control of the valve 
states solely for application of compressed air to crankshaft 
poWer. And third, it employs a pneumatic distributor With a 
rotor Which opens gate valves to supply compressed air to 
the cylinders, further precluding operation of any other 
engine modes save engine crankshaft poWer from com 
pressed air. 

[0030] In another invention using compressed air to poWer 
an engine, U.S. Pat. No. 3,980,152 Air poWered vehicle 
claims an engine poWered by compressed air from a sus 
pension type air compressor, Where the air compressor is 
operatively connected betWeen a vehicle’ s Wheel and chassis 
harnessing the vertical movement of the Wheel due to 
unevenness of the road. While poWering engines With com 
pressed air has been an environmentally laudable idea, no 
air-poWered engines have reached a practical standalone 
design or seen adoption to internal combustion engines as 
hybrids. What is needed are air-poWered engines that can be 
poWered With compressed air or by burning an air-fuel 
mixture, thus saving fuel and reducing environmentally 
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harming gases produced from internal combustion engines. 
What is also needed are Ways to take currently engine 
discarded compressed air and re-direct that to compressed 
air energy useful applications. 

Other Vehicle Applications Using Compressed Air 

[0031] Motor vehicle systems themselves need a source of 
compressed air to operate their air brakes, air suspensions, 
automatic maintained air pressure tires, conformable air 
seats, re-usable airbags, etc. Automatically maintained air 
pressure tire systems require a source of compressed air to 
keep tires in?ated. Ways are needed to produce a com 
pressed air source for the myriad applications driven by 
compressed air. Furthermore, vehicles and vehicle poWer 
plants have many potential pneumatic applications currently 
using electrical poWer such as starting motors, WindoW 
opening-closing mechanisms, etc., pneumatic applications 
Which can bene?t from a readily available compressed air 
source. 

Air Compressors 

[0032] Air compressors use gas or electric motors to 
compress air. Commercial uses of compressed air from 
mobile sources for building, and street contractors are Well 
knoWn and extensively used by a groWing building and 
construction industry. Usually, this requires an expensive 
and separate gas or electric poWered mechanical unit be 
brought to the Work site. These vary in poWer and air volume 
needs depending on the application. 

[0033] Almost all tools today for private or commercial 
use are poWered by either electrical or pneumatic poWer. The 
pneumatic tools require a compressed air source. Hundreds 
of vendors supply thousands of various designs and capaci 
ties of air compressors, pneumatic tools requiring various 
capacities of compressed air, pneumatic tool components 
and other portable pneumatic equipment. There is a groWing 
market for pneumatic tools, Which is predicated on some 
source of compressed air, mobile or stationary. 

[0034] A market that continues to groW, as pneumatic 
applications groW, offers the need for air compressors of 
various poWer, siZe, and capacity. Air compressors are 
continually advancing in the reliability and utility that they 
provide. HoWever, they do need to be leased or purchased as 
separate units. These compressed air sources are based on 
the siZe of the job and length of time needed. There are 
thousands of pneumatic tools for home, commercial and 
recreational uses. From small 5 CFM capacity hand paint 
sprayers to 110 CFM capacity air hammers, capacity for 
tools and needs di?fers, determining the siZe of the air 
compressor source required. Because their use and need is 
variable and job dependant, planning and investment must 
be made in order to make economical use of air compres 
sors. 

[0035] Private uses for pneumatic tools and applications 
have increased over the years. Today, home repairs and 
maintenance can require rental or purchase of air compres 
sors for such applications as sand blasting or spray painting 
the family home. Garage and home tools are also prime 
candidates for pneumatic applications. 

[0036] Currently, these pneumatic applications require an 
independent air compressor and air storage tank, Which 
typically includes an electric motor-driven reciprocating 
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piston that compresses air and stores the compressed air in 
a tank. Since the basic four-stroke internal combustion 
engine produces vacuum, compressed air, poWer and 
exhaust, What is needed is an engine that can be recon?gured 
dynamically such that engine cylinders can produce poWer, 
compressed air and vacuum in a re-usable form and on 
demand. What is needed are engines Which produce and 
store compressed air for later engine re-use and or use in 
external applications Where a ready source of compressed air 
is available Without the extra effort, ad-on equipment and 
expense of an external compressed air source. 

Suction Pumps 

[0037] Suction pumps and siphon applications generally 
require specialiZed equipment be brought in to siphon or 
collect debris. Work places need to be cleaned and vacuum 
is a good mechanism to collect debris and Work by-product. 
Suction pumps serve many useful purposes in cleaning up 
spills or siphoning ?ooded volumes. These require some 
independent device such as a motor to be obtained to collect 
or gather scattered matter or ?uid from one place to another. 
Since one of the strokes of a four-stroke engine (commonly 
called intake stroke) acts to suction, What is needed are Ways 
to convert a four-stroke engine into a suction device When 
needed. 

Engine Utility 

[0038] Much has been done to improve internal combus 
tion engines but there is still untapped utility in an internal 
combustion engine. What is needed is a utility engine 
analogous to a utility vehicle. An internal combustion engine 
Which can go off regular poWer mode and provide utility 
needed for more than just poWer, such as compressed air or 
vacuum for external applications is needed. Since the current 
internal combustion engine has four strokes, What is needed 
are Ways to fully utiliZe all of those strokes in alternate Ways 
to increase the internal combustion engines usefulness. 

SUMMARY OF THE INVENTION 

[0039] Internal combustion engines With electronically 
controlled engine components are programmed to operate 
individual engine cylinders With component states and stoke 
sequences that provide alternate modes of engine operation. 
In doing so, a dynamically re-con?gurable engine provides 
functions Which are currently done With external devices, 
add-ons or energy Wasteful engine functions in pursuit of 
engine poWer generation. By dynamically recon?guring a 
multi-stroke internal combustion engine, it is possible to 
generate compressed air that can be used to increase the 
engine poWer and ef?ciency, used for various vehicle pneu 
matic applications, and used for external applications requir 
ing compressed air. 

[0040] The present invention discloses a dynamically re 
con?gurable multi-stroke internal combustion engine, com 
prised of electronically programmable computer control 
system for decoupling the four classic strokes of an internal 
combustion engine and independently managing engine 
cylinder components including such engine components as 
electronically controllable valves, fuel injection and air fuel 
mixture ignition, alloWing engine cylinder unit component 
states to be independently altered to change stoke sequences 
by electronic means to provide alternate engine operation 
modes. Some alternate engine modes are implemented by 
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addition of a compressed air storage reservoir to receive 
cylinder unit compressed air or to transfer compressed air to 
cylinder units. Cylinder unit isolation from the compressed 
air storage reservoir is maintained through electronically 
controllable valves Which meter compressed air into cylin 
ders and compressed air out of cylinders. Sensor input and 
on-demand requirements drive control logic to manage 
engine strokes through control of individual cylinder com 
ponent states. Dynamic recon?guration of individual com 
ponent states provides alternate engine modes of operation 
such as re-generative engine energy modes, boost poWer 
mode, and mixed modes, Which add utility and ef?ciency to 
otherWise constrained four-stroke poWer generation internal 
combustion engines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] These and other features and advantages of the 
present invention Will become more apparent to those skilled 
in the art from the folloWing detailed description in con 
junction With the appended draWings in Which: 

[0042] FIG. 1 is an engine cutout vieW illustrating a 
dynamically re-con?gurable internal combustion (DRIC) 
engine cylinder unit in accordance With an embodiment of 
the present invention. 

[0043] FIG. 2 is a high-level engine system diagram of a 
DRIC engine in accordance With an embodiment of the 
present invention. 

[0044] FIG. 3 shoWs a high level DRIC engine controller 
block diagram in accordance With an embodiment of the 
present invention. 

[0045] FIG. 4 is a timing diagram illustrating a PoWer 
Mode according to an embodiment of the present invention. 

[0046] FIG. 5 is a timing diagram illustrating Compres 
sion Braking Mode according to an embodiment of the 
present invention. 

[0047] FIG. 6 is a timing diagram illustrating Boost PoWer 
Mode according to an embodiment of the present invention. 

[0048] FIG. 7 is a timing diagram illustrating Compres 
sion Start Mode and Compression Idle Mode according to an 
embodiment of the present invention. 

[0049] FIG. 8 is a timing diagram illustrating Re-genera 
tive Compression Braking Mode according to an embodi 
ment of the present invention. 

[0050] FIG. 9 is an engine block cutout vieW illustrating a 
DRIC engine cylinder unit according to a vacuum genera 
tion embodiment of the present invention. 

[0051] FIG. 10 is a timing diagram illustrating a Vacuum 
Mode according to an embodiment of the present invention. 

[0052] FIG. 11 is an engine block cutout vieW illustrating 
a DRIC engine cylinder unit in accordance With a three valve 
embodiment of the present invention. 

[0053] FIG. 12 is a timing diagram illustrating Com 
pressed Air Production Mode according to a three-valve 
embodiment of the present invention. 

[0054] FIG. 13 is a schematic of a vehicle having a DRIC 
engine and an engine control system for controlling the 
DRIC engine according to an embodiment of the present 
invention; 
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[0055] FIG. 14 is a high level How chart of a method for 
controlling a DRIC engine coupled to the operation to a 
vehicle in accordance With an embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0056] Through decoupling and altering of cylinder com 
ponent states and and stroke sequences, a multi-stroke 
internal combustion engine is created to perform any num 
ber of useful functions in addition to applying poWer to a 
crankshaft. With the combined advent of computer proces 
sors, electronic fuel injection, electronic ignition, and elec 
tronic intake and exhaust valve actuation in internal com 
bustion engines, it is possible to electronically and 
independently control an internal combustion engine’s fuel 
in, ignition timing, air in, exhaust out, and air-fuel mixture, 
independently and changeably in real-time to individual 
cylinders. Thus, by computer programmed control of these 
components, an aspect of the invention dynamically recon 
?gures an internal combustion engine’s cycles for the pur 
poses of creating alternate modes such as regenerative 
braking, poWer boost, compressed air engine start, engine 
fuel-less idle and general air compression or suction for 
internal or external use applications. These various engine 
modes are facilitated With the use of a compressed air 
storage reservoir operatively connected to the internal com 
bustion engine to provide storage of engine produced com 
pressed air. This compressed air can be re-introduced to the 
engine for modes such as engine poWer boost, engine idle, 
engine start or used for external compressed air applications 
currently requiring a separate and mobile air compressor. 

[0057] An aspect of the present invention provides vehicle 
engine regenerative braking through programmed logic 
Which determines the number of engine cylinder units, 
informed by various signals such as speed, rate of braking, 
descent incline angle, Weight of vehicle, etc. to operate in air 
compression mode to decelerate the vehicle While storing up 
compressed air for alternate use. Compressed air from 
compression braking may be later re-introduced into engine 
cylinders for increased poWer demands such as for incline 
loads or for generally faster acceleration. This is accom 
plished by recon?guring an internal combustion engine from 
a poWer cycle to a compression cycle at microprocessor 
speed, virtually in real-time. This alloWs an engine’s poWer 
requirements and load functions to be altered dynamically to 
take full advantage of vehicle circumstantial momentum, 
inertial energy conditions and engine load requirements by 
re-con?guring the operation of an engine. 

[0058] Essentially, an aspect of the invention provides a 
programmable computer means for starting, transitioning 
and controlling individual cylinder units for selected modes 
of operation, Wherein a mode is comprised of settable 
cylinder unit component states, sequences of strokes and 
computer programmed duty cycles. These modes of opera 
tion are selected from a set of modes further discussed beloW 
labeled poWer mode, compression start mode, re-generative 
compression brake mode, boost poWer mode, vacuum mode, 
compression idle mode, compressed air production mode, 
compression braking mode and combinations of these 
modes. 


































