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A compressed air-powered engine assembly with a compressed air
supplement circuit comprises an engine body, a multi-cylinder power
distributor, a power device, a controller system, an air inlet control speed
regulating valve, a high-pressure air tank group, a constant-pressure tank, an
electronic control unit (ECU) and a compressed air supplement circuit. The
compressed air supplement circuit comprises an air compressor, a
condenser, a pressure limit valve, a sequence valve, a tail gas recovery tank,
an electric turbine one-way air pump and a tail gas silencer. The air powered
engine solves the problem of tail gas recycling and achieves zero discharge.
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COMPRESSED AIR ENGINE ASSEMBLY WITH
COMPLEMENTARY COMPRESSED AIR CIRCUIT

Technical field
The invention relates to an engine, specially, relates to an air-powered engine

assembly which uses the compressed air as the complementary power source.

2012101950 26 Mar 2012

Background

Engine is widely used in all walks of life. It is commonly used the internal
combustion piston engines utilizing a fuel as the bpower source in the mbdem
means of transport such as cars, boats, etc.. The engine utilizing fuel as the
power source would discharge a gas with many harmful substance to pollute
environment because of insufficient fuel combustion on one hand, and on the
other hand, the fuel is extracted from petroleum, and the development and
utilization of the system using the fuel engine as the power source are
increasingly limited by the increasing lack of the petréleum source. So an
impending problem is t(; develop a new, clean ﬁnd pollution-free alternative
energy source or decrease fuel consumption and emissions as far as possible. So
the air-powered engine which uses compressed air as the power source meets the
need fitly.

Guy Negre, a designér of the French company MDI, earlier studied the
compressed air poweréd engine. He launched the first pure air-power~-

economy household-level sedan in 2002. It can be referred to FR27314722
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US6311486B1 and US20070101712A1 etc. about the research on compressed
air engine.

An engine operating at fuel supply mode and compressed air supply mode is
disclosed in FR2731472A1, the engine uses common fuel such as gasoline or
diesel oil on the highways, and when slowly moving in the urban and the suburb,
the compressed air (or other pollution-free compressed gas) is injected into the

combustion chamber. The engine can decrease the fuel consumption partially,

2012101950 26 Mar 2012

but the emission problem isn't solved because of utilizing fuel supply mode.

In order to further reduce pollution, a pure air-powered engine is disclosed in
US6311486B1. This type of engine utilizes three independent chambers: an
intake-compression chamber, an expansion and discharge chamber and a
constant volume combustion chamber. The intake-compression chamber is
connected with the consfant volume combustion chamber by a valve, and the
constant volume combustion chamber is connected with the expausioﬁ and
discharge chamber by a valve. One question of the engine is that the compressed
air takes a long time to travel from the intake-compression chamber to the
expansion and discharge chamber, so it takes a long time to obtain the power
source gas for driving piston to do work, at the same time, the high pressure gas
discharged from the »expansion and discharge chamber are not used, so the
operation efficiency and the continuous working period for one charge of the
engine are limited.

The research on the domestic compressed air engine is in late start. T
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current study is mostly in a theoretical study and conceptual design phase and is
failed to solve the compressed air emissions and the high-pressure compressed
air control and distribution problems. There is still a long way to go for a
product process of the compressed air engine.

An air-powered engine assembly used in a vehicle is disclosed in the patent

document CN101413403A (the family PCT application is WO2010051668A1)

2012101950 26 Mar 2012

of the present applicant. The engine includes a gas tank, an air distributor, an
engine body, a linker, a clutch, an automatic transmission, a differential
mechanism and an impeller generator provided in the discharge chamber. The
engine utilizes the compressed'air to do work without any fuel, so no exhaust
gas is discharged, and the "zero emission" is achieved. The exhaust gas is used
repeatedly to generate electricity, so it can save the energy source and reduce the
cost. But the engine is based on the traditional four-stroke engine, and when the
crankshaft rotates through 720 degree, the piston does work once. The high
pressure air used as the power source can push the piston to do work when
entering into the cylinder, and then discharge, i.e. the strokes of the compressed
air engine are intake-expansion stroke and‘ discharge stroke actually. Obviously,
the four-stroke engine disclosed in the patent document CN101413403A greatly
wastes the effective working stroke, and the efficiency of the engine is limited.
And the exhaust gas of the engine can't be recycled and utilized well, and it
needs an enough large gas tank to store the high pressure air for working a long -

time.
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The object of the invention is to provide an air-powered engine with the
complementary compressed- air circuit. The invention is aimed at addressing an
effectively acting problem and an exhaust gas recycling problem of the
air-powered engine in order to achieve a few compfessed air enginé with
economy, efficiency and zero-emissions.

Summary of the invention

2012101950 26 Mar 2012

In accordance with one aspect of the present invention, an air-powered
engine assembly is provided, which includes an engine body, the engihe body
includes a cylinder, a cylinder head system, an intake pipeline, a discharge
pipeline, a piston, a.connecting rod, a crankshaft, a discharge camshalft, an intake
cainshaft, a front gear box system and a back gear box. The said piston is
connected to the crankshaft via the connecting rod, said front gear box system is
adapted to transmit the movément of the crankshaft and the camshaft. An air
throat hole for the compressed air intake and a discharge hole for the exhaust gas
discharge are provided on the cylinder head system. The air-powered engine
assembly also includes a high pressure gas tank set which is connected to an
external charge device via a pipeline and a constant pressure tank which is
connected to the high pressure gas tank set via a pipeline. Wherein the s;aid
air-powered engine assembly with the electromagnetic auxiliary power unit also
includes an intake speed control valve which is communicated with the constant
pressure tank via a pipeline, a controller system, a multiple-column power

distributor which is connected to the crankshaft of the engine body, a pov

RECEIVED TIME 16 AUG. 10:35




‘0. Page 14 of 56 2012-08-16 00:35:46 (GMT) 61863136401 From: Armour |P

61863136401

equipment which is connected to the multiple-column power distributor to
receive the power which is passed over the crankshatt, an electronic control unit
ECO which controls the intake speed}control valve on the basis of the detected
signal of a sensor, and a complementary compressed air circuit which is
connected to a discharge header to complémentally supply to the engine body
with the exhaust emissions of the discharge header.

In an embodiment of the present invention, said air-powered engine

2012101950 26 Mar 2012

assembly is a two-strvoke engine.

In an exemplary embodiment, said complementary compressed air circuit
includes an air compressor, an exhaust gas recycle tank, an electro-drive turbine
unidirectionai suction pump , an exhaust gas muffler, a condenser, a pressure
limiting valve, wherein the exhaust gas eaters into the exhaust gas muffler
through the discharge header and is suctioned in the exhaust gas recycle tank by
the electro-drive turbine unidirectional suction pump, the exhaust gas
accumulated in the exhaust gas recycle tank is sent to the high pressure gas tank
sct through the pressure limiting valve after compressed and pressurized By the
air compressor and after cooled by the condenser.

Preferably, the said complementary compressed air circuit further includes a
sequence valve. When the pressure of the exhaust gas after pressurized by the air
compressor is less than 15Mpa, the exhaust gas 1s directly sent to the constant
pressure tank through the sequence valve.

Preferably, the air compressor is connected to the multiple-column pov

RECEIVED TIME 16, AUG. 10:35
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distributor by a coupling, so the air compressor is driven by the power
transmitted from the multiple-column power distributor to work for compressing
the exhaust gas from the exhaust gas recycle tank.

In the exemplary embodiment, a one-way valve is provided between the
electro-drive turbine unidirectional suction pump and an exhaust gas recycle
tank. The one-way valve prevents the exhaust gas reversely flows from the

exhaust gas recycle tank to the electro-drive turbine unidirectional suction pump.

2012101950 26 Mar 2012

Preferably, an exhaust gas filter and/or a one-way valve are provided in the
pipeline between the condenser and the high pressure gas tank set. The exhaust
gas filter is used for purifying exhaust gas after pressurized,. such that the
exhaust gas after filtered is suitable to be stored in the high pressure gas tank set.
In the meantime, the one-way valve prevents high pressure air from back
flowing from the high pressure gas tank set. In another exemplary embodiment,
the intake speed control valve can be an electromagnetic proportional valve or
combination of electromagngtic proportional valve and pressure reducing ValV_e?
such that requirement’fdr compressed air intake cam be easily realized when the
engine works at high speed, intermediate speed and low speed.

Preferably, the controller system includes a high pressure common rail
constant pressure pipe, a controller upper cover, a controller mid seat and a
controller bottom base, the controller upper cover, the controller mid seat and
the controller bottom base are connected by bolts removably and hermetically.

‘In another preferred embodiment, the sensor is an engine speed sensot, o

RECEIVED TIME 16. AUG. 10:35
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door-oil potentiometer or a combination of the both.

In another preferred embodiment, the intake pipeline is provided in the said
controller upper cover; the intake pipeline is connected to the high pressure
common rail constant pressure pipe via threaded connection.

Furthermore, a controller intake valve, a controller valve spring and a
controller valve seat are mounted in the controller mid seat; the controller valve

is abutted against the controller valve seat under the pre-action of the controller

2012101950 26 Mar 2012

valve épx'ihg.

Preferably, a controller tappet which controls the opening and closure of the
controller valve is provided in the controlier bottom base, and the controller
tappet is actuated by the intake camshaft.

In another embodiment, the number of the cylinders of the engine assembly
is six, and the crankshafts include six unit bell cranks.

Preferably, the six unit bell cranks are a first bell crank, a second bell crank,
a third bell crank, a fourth bell crank, a fifth bell crank and a sixth bell crank
individually, and the phase of each bell crank is set up as follows: the phase
difference of the first bell crank and the second bell crank is 120 degrees, the
phase difference of the second bell crank and the third bell crank is 120 degrees,
the phase difference of the third bell crank and the fourth bell crank is 180
degrees, the phase difference of the fourth bell crank and the fifth bell crank is
-120 degrees, the phase difference of the fifth bell crank and the sixth bell crank

is =120 degrees.

RECEIVED TIME 16. AUG. 10:35
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According to the other aspect of the present invention, a multiple-column
power distributor for air-powered engine, the said air-powered engine includes
an engine, the engine includes a cylinder, a cylinder head system, an intake
pipeline, a discharge pipeline, a piston, a connecting rod, a crankshaft, a
discharge.camshaﬂ, an intake camshaft. The aif—powered generator system also
includes a high pressure gas tank set which is connected to an external charge

device via a pipeline and a constant pressure tank which is connected to the high

2012101950 26 Mar 2012

pressure gas tank set via a pipeline and an intake speed control valve which is
communicated with the constant pressure tank via a pipeline. The said
multiple-column power distributor includes multiple stages, each stage all
include a planetary gear, an inner gear ring and a sun gear wherein the planetary
gear is located between the inner gear ring and the sun gear, and engages with
the inner gear ring through internal gearing and engages with the sun gear
throlugh external gearing.

The multiple-column power distributor of present invention can be
connected with crankshaft via various approaches. In the ‘exemplary
embodiment, the multiple-column power distributor engages With gear ring on
the flywheel of crankshaft via inner gear ring, so as to receive power from the
crankshaft.

In the illustrative embodiment of the present invention, the stages of the
multiple-column power distributor is five, and it is made up of a first stage. a
second stage. a third stage, a fourth stage and a fifth stage. The existence

multi-stage makes the multiple-column power distributor is easy to transt
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‘o:  Page 18 of 56 2012-08-16 00:35:46 (GMT) 61863136401 From: Armour IP

61863136401

power of the air-powered engine stably. |
Furthermore, the planetary gears in the first stage and the second stage of the
multiple-column power distributor are connected by a planetary gear pin. The
sun gears in the second stage and the third stage is connected by a sun gear pin.
The planetary gears in the third stage and the fourth stage are also connected by
a planetary gear pin. The sun gears in the fourth stage and the fifth stage is also
connected by a sun gear pin. As such, the power transmission from-the first stage

to the fifth stage is realized, and the power inputted from the first stage may be

2012101950 26 Mar 2012

outputted from the fifth stage.

In the illustrative embodiment of the present invention, the all planetary gear
pins are connected to the planetary gears by a smooth flat key, so as to transmit
movement of the first stage to the second stage or transmit movement of the
third stage to the fourth stage. Preferably, the planetary gear pin may be a
cylindrical pin. Alternatively, the number of the pins in every stage may be three,
four, five or the more. Furthermore, The planetary gear pin is also connected to
the planetary gear by a spline.

‘On Another aspect of the present invention, the number of the planetary
gears in every stage of the multiple-column power distributor can be an odd
number, such as three, five, seven. In the illustrative embodiment, each stage
includes five planetary gears and the five planetary gears are distributed
uniformly and relative to the sun gear into a circle.

- On Another aspect of the preseht invention, the rotary shaft of the planctary
gear in the fifth stage of the said multiple-column power distributor is the output
end. So the movement from the crankshaft could be selectively passed to the
external equipments.

By comparison with the gear box of the traditional engine, five stages of the
planetary is used to transmit power and re-distribute, so it can save labor and
reduce the torque vibration during the transmission. |

Brief description of drawings

RECEIVED TIME 16. AUG. 10:35
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Preferred but not limited embodiments according to the present invention
will be described. These and other characters aspects and advantages of the
present invention will be obvious when it is in detail described with reference to
the drawings.

Figure 1 is an overall schematic view of an air-powered engine assembly

with a two-stroke engine in accordance with the present invention;

2012101950 26 Mar 2012

Figure-2 is a front view of the engine body of the air-powered engine
assembly with a two-stroke engine in fig.1;

Figure 3 is a right side view of the engine body of the air-powered engine
assembly with a two-stroke engine in fig.1;

Figure 4 is a left side view of the engine body of the air-powered engine
assembly with a two-stroke engine in fig.1;

Figure 5 is a top view of‘ the engine body of the air-powered engine
assembly with a two-stroke engine in fig.1;

Figure 6 illustrates a crankshaft-connecting rod-piston assembly of the
engine body of the air-powered engine assembly with a two-stroke engine in
fig. 1, in which shows connection betwceﬁ one of piston-connecting rod units
and the cylinder body;

Figure 7 is a structural schematic view of a crankshaft unit of the
crankshaft-connecting rod-piston assembly in fig.6;

Figure 8 is a structural schematic view of a camshaft of the engine body in

fig.2;

RECEIVED TIME 16. AUG. 10:35
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Figure 9A is a perspective view of a controller system of the air-powered
engine assembly with a two-stroke engine in fig.|;

Figure 9B is a longitudinal sectional view of the controller system in fig.9A;

Figure 9C is a transversal sectional view of the controller system;

Figure 10A is a perspective view of a front gear box system of the

air-powered engine assembly with a two-stroke engine in fig.1;

2012101950 26 Mar 2012

Figure 10B is a left side view of fig. 10A;

Figure 10C is a partially sectional right side view of fig. 10A;

Figure 11A is a perspective view of a multiple-column power distributor of
the air-powered engine assembly with a two-stroke engine in fig.1;

Figure 11B is a traﬁsversal sectional view along a longitudinal sectiqnal line
n fig. 11A;

Figure 11C is a left side view of fig. 11A;

Figure 11D is a top view of fig. 11A.
Embodiments

The following description is exemplary only, and it is in no way to limit the
disclosure, the application and the usage. It should be understodd that the
corresponding  reference symbols indicate the same or corresponding
components and characters throughout all drawings.

Now referring to fig.1, fig.1 is an overall schematic view of a two-stroke
compressed air kengine assembly in accordance with the present invention,

arrows in the figure show the flow direction of the air flow. In fig.l,

RECEIVED TIME 16 AUG. 10:35
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compressed air engine assembly includes an engine body 1, a bmultiple-column
power distributor 2, a power equipment 4, a controllef system 6, an air
compressor 7, a condenser 11, an exhau‘sf gas recycle tank 9, a high pressure gas
tank set 13, a constant pressure tank 16, an intake speed control valve 23, an
electro-drive turbine unidirectional suction pump 19, an electronic control unit
ECU 29, a pressure limiting valve 702, a sequence valve 703 and an e.khaust gas

muffler 22. As shown in fig. 1, the high pressure air tank set 13 is connected to

2012101950 26 Mar 2012

an external charge station or an external charge device via a compréssed air
intake pipeline 14 for receiving the réquisile high pressure compressed air from
an outside device. A flow meter A, a pressure meter P and a manual control
switch (not shown) are provided on the compressed air intake pipeline 14. The
flow meter A is adapted to measure and monitor the flow rate of the compressed
air entering into the high pressure gas tank set 13, while the pressure meter Pis
adapted to measure and monitor the pfessure of the compressed air entering into
the high pressure gas tank set 13. When the high pressure gas tank set 13 need to
Be charged through the external charge device or externai charge station, the
manual control switch is turned on, and the high pressure compressed air enters
into the high pressure gas tank set 13. When thé readings of the flow meter A
and the pressure meter P on the compressed air intake pipeline 14 reach the
defined values, the manual control switch is turned off, and the charge process
of the high pfessure gas tank set 13 is finished. So the compressed air at the

nominal pressure such as 30MPa is acquired. In order to assure the safety of 1

RECEIVED TIME 16. AUG. 10:35
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gas tank, one or two or more safe valves (not shown) are provided on the high
pressure gas tank set 13.

The high pressure gas tank set 13 may be made up of one or two or three or
four or more high pressure gas tanks with enough volume in series or in parallel,
and the number of the high pressure gas tanks up of which the high pressure gas

tank set 13 is made is determined on the basis of the actual demand in the

2012101950 26 Mar 2012

application. The high pressure gas tank set 13 is connected to the constant
pressure tank 16 via a pipeline [5, a flow meter A and a pressure meter P and a
pressure reducing valve 701 for monitoring and controlling the flow rate and the
pressure of the compressed air are also provided on the pipeline 15. The pressure
reducing valve 701 is used to decompression the high-pressure compressed air
provided by the high pressure gas tank set 13 and fed it to the constant pressure
tank 16 with an appropriate pressure. The constant pressure tank 16 is adaptéd to
stabilize the pressure of the high pressure air from the high pressure gas tank sct
I3, and the pressure in the constant pressure tank 16 is slightly lower than the
pressure in t'he high pressure gas tank set 13, such as between 21-25MPa,
preferably about 2IMPa. A pipeline 17 is provided between the constant
pressure tank 16 and the intake speed control valve 23, and a tlow meter A and a
pressure meter P for monitoring and controlling the flow rate and the pressure of
the compressed air are zvﬂsov provided on the pipeline 17. After controlled and
adjusted by the intake speed control valve 23, the high pressure air from the

constant pressure tank 16 enters into the controller system 6.

RECEIVED TIME 16. AUG. 10:35
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- Now, the intake speed cdntrol valve 23 is described in detail. The function of
the intake speed control . valve 23 is to control the opening time of an
clectromagunetic valve on the basis of the command signal from the elecﬁ'onic
control unit ECU 29 for determining the compressed air intake quantity. Because
of the decompression function of the electromagnetic valve, the electromagnetic
‘valve is combined with a decompression and pressure adjustment valve to form

a speed control valve, therefore the rotary speed of the engine can be adjusted in

2012101950 26 Mar 2012

a suitable range. The intake speed control valve 23 is cdntrolled by the control
signal 26 from the ECU 29. Many kinds of sensors are optionally provided in
the engine body I, such as a speed sensor for measuring the rotary speed of the
engine, a position sensor for deciding the position 6f the top dead point of the
cylinder, an accelerator potentiometer for deciding the position of an accelerator
pedal and a temperature sensor for meaéuring the femperature of an engine block.
In accordance with an exemplary embodiment of the present invention, a speed
sensor 24 and/or an accelerator potentiometer 242 are shown. The speed sensor
24 may be a variety of speed sensors for measuring the rotary speed of the
engine i the prior art, and generally it is provided on the crankshaft 56. The
accelerator potentiometer 242 may be a variety of position sensors for
measuring the position of the accelex.‘ator pedal in the prior é.rt, and generally it is
provided in the position of an accelerator pedal. When in a non-vehicle
application, an engine load sensor may be similar to the accelerator

potentiometer of the acecelerator position, such as a torque sensor for monitori
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the outputting torque of the engine, a position sensor of an electric current
selector knob for controlling the generation current and so on. ECU 29 could
calculate on the basis of a speed signal of the speed sensor 24 and/or a position
signal of the accelerator potentiometer 242, and send out a control signal 26. The
intake speed control valve is controlled by the control signal 26, so the intake

speed control valve can meet the demand of high speed, middle speed or low

2012101950 26 Mar 2012

speed, and the engine can rotate at high speed, middle speed or low speed
accordingly. |
The high pressure compressed air passing through the intake speed control
valve flows into controller system 6 via a high pressure pipeline, and the high
pressure compressed air is supplied to .each cylinder of the engine by means of
~ the controller system 6, the pressure is about 7-18MPa for example, preferably
9-15MPa, more preferably 11-13MPa, so as to drive a piston 51 of the engine to
reciprocate in a cylinder system 40 (as shown in figures 2-6), and the
reciprocating movement of the piston 51 can be convefted to the rotary
movement of the crankshaft 56 by means of the connecting rod 54, so the
demand for every condition of the engine can be met. The special structure of
the controller system 6 will be described later in detail.
With reference to fig.l again, the rotary movement outputted from the
engine body 1 is distributed to application equipments by means of the
‘multiple-column power distributor 2, as shown in fig.l, the application

equipments include the air compressor 7 and the power equipment 4. The

RECEIVED TIME 16. AUG. 10:35
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compressor 7 may be a traditional vane type compressor or a piston type
compressor etc, it also may be a pressurizer unit disclosed. in the patent
document (CN201261386Y) of the present applicant. The power equipment 4
can be a transmission system, a generator or a transmission system and so on.
The multiple-column power distributor 2 may connect with the flywheel on the
crankshaft, and it also may connect with a connecting device such as a coupler.

The multiple-column power distributor 2 divides the power into two branches,

2012101950 26 Mar 2012

one branch power is distributed to the power equipment 4, and the other branch
power is distributed | to the air compressor 7. The power equipment 4 is
connected to the multiple-column power distributor 2 by the connecting device
such as a clutch 3 or the like, and the air compressor 7 is connected to a
multiple-column power distributor 2 by the coupler 5 such as a gear. When the
engine is set in operation, the rotation of the crankshaft 56 drives the
multiple-column power distributor 2 to operate, and then the power is distributed
to the power equipment 4 and the air compréssor 7, so the power equipment 4
and the air compressor 7 is driven to work.

Because the compressed air engine of the present invention is driven directly
by the high pressure air, the high pressure air drives the piSton 51 to move
during the crankshaft rotating 0-180 degrees. And when the piston continues to
move upward due to the inertia after reaching the bottom dead point, the piston
‘continues rotating '180-360 degrees, and the engine operates in the discharge

stroke, now the discharged gas has a high pressure yet, such as about 3MPa. ¢
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the one hand, the dis‘charged gas with the high pressure is prone to form a high |
pressure exhaust gas flow when directly discharged into the atmosphere and
bring about the exhaust gas noise, on the other hand, the energy of the
compressed air is lost. So the exhaust gas of the compressed air engine must be
re-used. The compleméntary compressed air -circuit is described as follovvsT

The exhaust gas discharged by a discharge header 28 of the engine body 1 is

2012101950 26 Mar 2012

transported to an exhaust gas muftler 22 via a pipeline 27, and the exhaust gas
after muffle treathent is drawn to the electro-drive turbine unidirectional suction
pump 19 via a pipeline 18. A pipeline 20 is provided between the electro-drive
turbine unidirectional suction pump 19 and an exhaust gas recycle tank 9, and a
one-way valve 21 is provided in the pipeline 20. The one-way valve 21 only
allows the exhaust gas flow from the electro-drive turbiﬁe unidirectional suction
pump 19 to the exhaust gas recycle tank 9, and the reverse flow isn't allowed. A
flow meter A and a pressure meter P are provided on the pipeline 8 between the
exhaust gas recyéle tank 9 and the air compressor 7 for detecting and monitoring
the flow rate and the pressure of the exhaust gas after compressed by the air
compressor individually. After compressed by the air compressdr 7, the pressure
of the exhaust gas increases remarkably, and it can reach range from about
10MPa to about 25MPa. The air compressor 7 divides pressurized exhaust gas
into two passages through pipeline 705 and complementally supply to the engine
1. Branch pipelines ’704 and 706 are provided at downstream of the pipeline 705,

the pipeline 706 liquidly connects to pipeline 12 which leads to the hi
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pressure gas tank set. When pressure of exhaust gas which is pressurized by air
compressor 7 is over 15MPa, pressurized exhaust gas passes through the
pres'sure ’limiting valve which opening pressure is set to 15MPa e.g. Then the
exhaust gas enters into a condenser 11 via a pipeline 10, after cooled by the
~ condenser, the gxhaust gas may be directly transported into the high pressure gas

tank set 13 via a pipeline 12, or the exhaust gas may transported into the high

2012101950 26 Mar 2012

pressure gas tank set 13 after passing through an exhaust gas filter (not shown in
the figure). The pipeline 705 liquidly conn.ects to pipeline 704 through sequence
valve 703. When pressure of exhaust gas which is pressui‘ized by air compressor
7 1s less than 15MPa, pressurized exhaust gas passes ‘through the sequence
valve ,of which limited pressure is set to 15MPa e.g. (the sequence valve opens
Whén mtake pressure is less than 15MPa and automatically closes when intake
pressure is over 15MPa), and then enters into the constant pressure tank 16
through pipeline 704. In alternative solutions, opening pressure of the pressure
limith'lg valve and closure pressure of the sequence valve can be set according to
actual requirements. For example it can be any pressure between 7MPa and
20MPa. Preferably , it can be any one of 10, 12, 15, 17, and 20MPa.
Alternatively, a one-way valve (not shown in the figure) may be provided in the
pipeiljne between the condenser 11 and the high préssure gas tank set 13, and the
clean exhaust gas is allowed to unidirectionally flow into the high pressure gas
tank set 13 after pressurized. So after working, most of the high pressure

compressed air for driving the piston 51 of the engine could be pressurized a
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;ﬁriﬁed by means of the complementary compressed air circuit (which includes
. the. exhaust gas muftler, the pressure limiting valve, the sequence valve, the
electro-drive turbine unidirectional suction pump, the exhaust gas recycle tank 9,
the air compressor 7, the condenser 11 and the connecting pipeline there
between) and then recycled back to.the high pressure gas tank set, thus the

recycle of the exhaust gas could be realized. The existence of the
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complementary cOmpreésed air circuit could not only considerably solve the
problem of the noise pollution due to the exhaust gas with a considerable
pressure (generally about 3MPa) discharged directly to the atmosphere, but also
effectively alleviate the problem of the large volume demand for the high
pressure gas tank set 13. In other words, for the high pressure gas tank set 13
\vith a given volume, the existexlée of the complementary compressed air circuit
considerably increases the continuous working period of the compressed air
engine. And in a vehicle or a generator using the compfessed air engine, the
‘continuous working period of the vehicle or the generator is increased
considerably, and the efticiency of the compressed air engine is improved
remarkably. |

Now return to figures 2-5, figures 2-5 illustrate the view of the engine body
I m fig.1 from different View points. Wherein fig.2 is a front view of the engine
body 1, fig.3 is a right side view of the engine body 1, fig.4 is a left side view of
the engine body 1, and fig.5 is a top view of the engine body 1. With reference

to fig.6, the engine body 1 includes the cylinder 40, a cylinder head system :
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the intake pipeline 42 (an intake valve throat), the discharge pipeline 27, the
piston 51, the connecting rod 54, the crankshaft 56, a discharge camshatt 800 (as
shown in fig.8), an intake camshaft 200 (which is mounted in an intake camshaft
- mounting hole 113 in fig.9), a ﬁ'dﬂt gear box system 43 and a back gear box 33.
The front gear box system 43 is adapted to drive the crankshaft 56 and the
camshaft. A gear ring 31 and a flywheel 32 Which can be connected with the

multiple-column power distributor 2 are positioned in the back gear box 33. An
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intake camshaft 200 and a discharge camshaft 800 are positioned in the
exemplary embodiment of the engine body 1, they are connected to the
crankshaft 36 by the front gear box system 43, and they can rotate suitably alohg
with the crankshaft 56. Becausé the compressed air intake is controlled and
distributed ny the controller system 6 directly, the intake valve on the cylinder
head system 36 of the engine is cliﬁlinated, and only the exhaust valve 62 is
positioned thercon. In the exemplary embodiment, each cylinder has four
exhaust valves, and the number of the exhaust valves can be one, two, ‘four or
six as required. The compressed air from the controller system 6 enters directly
into the expansion and discharge chamber 63 through the valve throat 42 (see
fig.6), and wﬁen the engine 1s working, the compressed air push the piston 51 to
move downwards. The linear movement of the piston 51 is converted to the
rotary movement of the crankshaft 56 by means of the connecting rod 54, and
the output of theéngine can be realized by the rotation of the crankshaft. After

the piston 51 reaches the bottom dead point, the crankshaft 56 continue to mo
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due to the inertia, and drives the piston 51 to move from the bottom dead point
to the top dead point. Now, the discharge camshaft 800 can open the discharge
valve 62 by meauns of the cam thereon and the corresponding rocker, and the
discharge stroke is done. In the exemplary embodiment, the discharged exhaust
gas preferably enters into the complementary compressed air circuit.

A starter 39 for starting the engine, a generator 391 which is connected to the
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crankshaft by a connecting component such as a belt pulley, a cylinder block oil
bottom casing 44 for the oil return and an engine oil filter 2 for filtering the
engine oil are provided on the éngiue body 1. The generator 391 may be for
example an integral AC generator, a brushless AC generator, an AC generator
with a pump or a permanent magnet generator and so on. When the engine
works, the generator can supply power to the engine assembly and charge a
battery cell or an accumulator cell (not shown in the figures).

Now with reference to fig.6, the fig.6 illustrates the crankshaft-connecting
rod-piston system of the engine body of the two-stroke engine assembly in fig.1,
wherein the connection of one piston-connecting rod unit and the cylinder 40 is
shown. In the illustrative embodiment, there are six cylinders 40 preferably, and
correspondihgly there are six pistons 51 and six connecting rods 54.
Alternatively, the numbers of the pistons 51, the cylinders 40 and the connecting
rods 54 can be one, two, four, six, eight, twelve or the others as desired by the
skilled in the art. Correspondingly, the crankshaft 56 must be designed

matchedly for accommodating the number of the piston-connecting rod units.
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the illustrative embodiment, as shown in the fig.6 and fig.7, preferably, the
crankshaft 56 has six unit bell cranks, which corresponds with the preferable
embodiment of the present invention. With reference to fig.6 agaiﬁ, in the shown
connection of one piston-connecting rod unit and the cylinder 40, the high
pressure compressed air from the controller system 6 enters into the expansion

and discharge chamber 63 via the intake pipeline 41 through a gas throat hole
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402 on the cylinder head 36. The high pressure gas expands in the expansion and
discharge chamber 63 and does Work, and pushes the piston 51 to move
downwards, so it -is the working stroke. The outputting work in the working
stroke may be supplied outwards through the crankshaft and connecting rod
| system. When the piston 51 moves from the bottom dead point to the top dead
point in the cylinder, the discharge valve 62 is opened, the air under a pressure is
discharged from the expansion and discharge chamber via the discharge pipeline
27, and which is the discharge stroke. Immediately before the piston reaches the
top dead point, the discharge valve 62 is closed, the controller system 6 starts to
supply the air to the expansidn and discharge chamber 63, and the next cycle
begins. Obviously, the engine does work once when the crankshaft 56 of the
engine of the present invention rotates one round (360 degrees), aljd it isn't
similar to the traditional four-stroke engine wherein the crankshaft could
complete the whole strokes of the intak_e, the compression, the expansion and the
discharge once when rotating two rounds (720 degrees). The present invention is

similar to the two-stroke engine, but it is different from the two-stroke engi
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because generally an intake port is positioned at the bottom of the cylinder in the
traditional two-stroke engine, and a scavenging port and a discharge port are
provided at a suitable pésition in the cylinder. In the two-stroke engine of the
present invention, the gas throat hole 402 for the intake of the high pressure
compressed air and a discharge port 272 are provided on the top of the cylinder,

and the opening and closure of the gas throat hole 402 is executed by the intake
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camshaft 200 via the controller system 6, and the opening and closure of the
discharge port is execcuted by the discharge camshaft 800 which is driven by fhe
crankshaft to rotate and though the opening and closure of the discharge valve
62 controlled by the rocker. So the two-stroke engine of the present invention is
completely different form the traditional two-stroke engine, it utilizes effectively
the high pressure air which can expand and do work directly, and the pistoﬁ 51
does work once when the crankshaft 56 rotates one round (360 degrees). So the
engine of the present invention can multibly the power one time in comparison
with the traditionai four-stroke engine in condition of the same gasdisplacement.

Now with reference to fig.5 and fig.6, the crankshaft includes a gear
connecting bolt 79, a leading end 80 of the crmlkshaﬂ, a bevel gear 61, a main
Journal 78, a unit bell crank 71, a balance weight 77, a crank pin 76, é trailing
end 75 of the crankshaft and a flywheel connecting bolt 72. One or more engine
oil holes for supplying engine oil to the crankshaft ’a_re provided on the main
Journal 78 and the crank pin 76 on the crankshaft 56. The gear connecting bolt

79 for connecting to the corresponding gear in the front gear box system 43
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provided on thc;, right (as shown direction in the figures) of the leading end 80 of
the crankshaft and at an adjacent position. The bevel gear 61 for driving the
camshait to rotate is provided on the left (as shown direction in the figures) of
- the leading end 80 of the crankshaft and at an adjacent position. The flywheel
connecting bolt 72 for fixedly connecting with the flywheel 32 is provided at the
outside of the trailing end 75 of the crankshaft and at an adjacent position. One

or two or more balance weight holes for adjusting the balance are provided on
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the balance vweight 77. In the preferred embodiment of the present invention, the
unit bell cranks 71 of the crankshaft include six unit bell cranks, i.e. a ﬁrst unit
bell crénk 71a, a second unit bell crank 71b, a third unit bell crank 71c, a fourth
unit bell crank 71d, a fifth unit bell crank 7le and a sixth unit bell crank ‘71f7
They are corresponding to first to sixth connecting rods 54 or pistons 51.
Alternatively, the number of the unit bell cranks 71 may be variable, such as one,
two, four, six, eight or the more as the skilled in the art known easily. In the
preferred embodiment in the fig.6 and fig.7, the phase of each bell crank is set
up as follows: the phase difference of the first bell crank 71a and the second bell
crank 71b is 120 degrees, the phase difference of the second bell crank 71b a.nd
the third bell crank 71c is 120 degrees, the phase difference of the third bell
crank 71c and the fourth bell crank 71d is 180 degrees, the phase difference of
the fourth bell crank 71d and the fifth bell crank 71e is -120 degrees, the phase
difference of the fifth bell crank 71e and the sixth bell crank 71fis =120 degrees;

So the operation sequence of the unit bell cranks is set up as follows: the fi
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and the fifth unit bell cranks work at the same time, then the third and the sixth
unit bell cranks work together, and at last the second and the fourth unit bell
cranks work together. So the operation sequence of the cylinders of the engine is
set up as follows: 1-5 cylinders, 3-6 éylinders and 2-4 cylinders. In the teaching
of the present invention, the unit bell cranks and their phase differences and

operation sequence which are different from that of the present invention can be
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set up by the skilled in the art, and which would fall in the scope of thé present
invention,

With reference to fig.6, the piston 51 is connected to the crankshaft 56 by the
connecting rod 54. The connecting rod 54 includes a small end of the connecting
rod; a connecting rod body and a big end of the connecting rod. The big end of
the connecting rod includes a connecting rod cover 58, a circular space is
formed in the connecting rod cover 58, so that the connecting rod cover 38 is
connected to the crank pin 76 of the crankshaft by a bearing bush 57 of the
connecting rod in the space. An oil stop ring 53 made from tetrafluoroethylene
and a piston ring 53 made from tetrafluoroethylene are provided on the
peripheral surface of the piston 51. In the illustrative cmbodiinent, four oil
piston rings 52 made from tetrafluoroethylene and two stop rings 53 made from
tetrafluoroethylene are provided on each piston 51. Alternatively, the numbers of
the oil stop rings 53 made from tetrafluoroethylene and the piston rings 53 mad¢
from tetrafluorocthylene can be two, three, four or the more. The oil stop rings

53 made from tetrafluorocthylene have the function of stopping the oil,
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piston rings 53 made from tetrafluoroethylene have the function of scraping off

the oil, they function together to assure the reliable lubrication and seal of the
lubricant oil.

Now with reference to fig.8, fig.8 illustrates a structural schematic view of
the discharge camshaft 800 of the engine body | in fig.2. The disgharge
camshaft 800 includes a unit cam 81 and a sprocket wheel 83. In the illustrative

embodiment, the unit cams 81 include six unit cams, i.e. a first unit cam 81a, a
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second unit cam 81b, a third unit cam Slc, a fourth unit cam 81d, a fifth unit
cam 81le ;and a sixth unit cam 81f. Alternatively, the number of the unit cams 81
can be one, two, four, siﬁ, e’_ight, twelve or the more, and it is dependent on the
number of the cylinders of the engine and the number of the discharge valves in
each cylinder. In the illustrﬁtive embodiment bf the present invention, each unit |
cam 81 includes two cams 82, and each cam 82 can control the bperlillg of the
corresponding discharge valve 62. In the preferred embodiment in fig.8, the
phase of each cam 81 are set up as follows: the phase difference of the first unit
cam 81la and the second unit cam 81b is 120 degrees, the phase difference of the
second unit cam 81b and the third unit cam 8lc is 120 degrees, the phase
difference of the third un‘it cam 81c and the fourth unit cam 81d is 180 degrees,
the phase difference of the fourth unit cam 81d and the fifth unit cam 81¢ is =120
degrees, the phase difference 6fthe fifth unit cam 81e and the sixth unit cam 81f
is -120 degrees. So the operation sequence of the unit cams is set up as follows:

the first and the fifth unit cams work at the same time, then the third and
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sixth unit cams work together, and at last the second and the fourth unit cams
work together. So the operations sequence of the cylinders of the engine is set up
as follows: 1-5 cylinders, 3-6 cylinders and 2-4 cylinders. In the teaching of the
present invention, the unit cams and their phase differences and operation
sequence which are different from that of the present invention can be set up by
the skilled in the art, and which would fall in the scope of the present invention.

Now with reference to fig.9, fig.9A - fig.9B are referred to as fig.9 together,
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and they are views of the controller system 6 of the two-stroke éompressed air
engine assembly in fig.1. As shown in fig.9, the controller system 6 includes a
high pressure common rail constant pressure pipe 91, a controller bottom base
97, a controller mid seat 89, a controller valve 92, a controller spring 94 and a
controller upper cover 108. The high pressure common rail constant pressure
pipe 91 has a cylindrical shape, as well may be rectangular, triangular etc. The
wmterior of the high pressure common rail constant pressute pipe 91 is a
cylindrical channel for example for receiving the high pressure intake gas from
the intake speed control valve 23, and the pressure of the compressed air in the
channel is generally kept balance, so that the high pressure air initially entering
into the expansion and discharge chamber 63 of each cylinder 40 is under the
same pressure, which makes the engine stably work. End covers 100 of the high
pressure common rail constant pressure pipe are fixedly assembled on two ends
of the high pressure common rail constant pressure pipe 91, and the end cover

100 connecting with the intake speed control valve 23 has a projecting flan
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(not marked in the figures), the flange extends into a pipeline between the high
pressure intake speed control valve 23 and the high pressure common rail
constant pressure pipe 91, and is fixedly connected to the high pressure pipeline
removably by the means of threaded coupling for example. The end covers 100
of the high pressure common rail constant pressure pipe are connected to the

high press common rail constant pressure pipe 91 by end cover connecting bolts.
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Upper cover connecting holés 111 whose number is corresponding to that of the
cylinders are provided on the high pressure common rail constant pressure pipe
an’dtin the illustrative preferred embodiment; the number of the upper cover
connecting holes 111 is six. The cross sectional shape of the controller upper
cover 108 along the central line thereof is an inverted T-shaped, there are a
- cylindrical branch intake pipeline and a circular under surface (not marked in the
figures), the branch intake pipeline 112 is connected in the 'bupper cover
connecting hole 111 by means of a male thread on the top end thereof, so it is
fixedly connected to the high pressure common rail constant pressure pipe 91
removably. The controller upper cover 108 is fixedly connected to the controller
mid séat 98 hermetically and rcxhovably by connecting bolts for the upper cover
and the mid seat or other fastener. The controller mid seat is fixedly connected to
the controller bottom base 97 hermetically and removably by connecting bolts
110 of the mid seat and the bottom base or other fastener.
As shown in fig.9, many holes with different diameter are provided in the

center of the controller mid seat 98, and they are a controller valve seat hole |
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a controller valve hole 117, an oil seal bush hole 116 and a controller valve
spring hole 119 in turn from top to bottom. In the illustrative embodiment, the
diameter of the hole 120 is larger than the diameter of the hole 117 and the
diameter of the hole 116. The diameter of the hole 117 is larger than the
diameter of the hole 116. The diameter of the hole 119 can or can not be the
same of the hole 117, but it is larger than the diameter of the hole 116. In a

preferred embodiment, the diameter of the hole 119 is equal to the diameter of
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the hole 117, but a little smaller thaﬁ the diameter of the hole 120. The controller
valve seat is mounted in the controller valve seat hole 120 and supported on the
controller valve hole 117. The controller valve hole 117 is a hollow cavity, and it
is communicated with a gas throat hole connecting hole 118, so that when the
controller valve is opening, the compressed air from the high préssure common
ratl constant pipe 91 enters into the gas throat hole connecting hole 118 through
the branch intake pipelmé 112. One end of the gas throat hole connecting hole
118 is communicated with the controller valve hole 117, the other end of the gas
throat hole connecting hole is communicated with the gas throat hole 402 of the
cylinder head system 36, and the hole is kept normal open, so that when the
controller valve 92 is opening, the compressed air is sent to the expansion and
discharge chamber 63 and drives the engine to do work. An oil seal bush 99 is
mounted in the oil seal bush hole 116 and supported on the controller valve
spring 94, and a valve stem (not marked in the figures) of the controller valve 92

passes through the interior of the oil seal bush 99. The oil seal bush 99 has i
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- function of guiding the Valve}ster.n besides the function of sealing the controller
valve 92. The control valve spring 94 is mounted in the controller valve spring
hole 119, and its bottom end is supported on a controller valve spring bottom
seat 95 and fixed on the controller valve Aspring bottom seat 95 by a controller
valve lock jaw. When the engine does not work, the controller valve spring 94 is
preloaded with a pretension, which pushes the c011tr011¢r valve 92 against the

controller valve seat 93, and the controller valve 92 is closed.
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Six illustrative controller tappet mounting hole 114 is provided in the
controller bottom base 97, and a variable number of controller tappet mounting
holes 114 can be set up on the basis of the number of the cylinders of the engine,
such as one, two, four, six, eight, ten or the more. The controller tappet 115 is
mouunted in the controller tappet mounting hole 114, and follows along with the
rotation of the intake camshaft 200 mounted in the intake camshatt mounting
hole 113 to reciprocate up and down. then the cylinder 40 of the engine need to
be supplied with the high pressure compressed air, the controller tappetlIIS is
Jjacked up by the cam of the intake cam shaft 200, and then the controller tappet
115 jacks up the valve stem of the controller valve 92, so that the valve stem
overcomes the drag force of the controller valve sbring 94 and moves away from
the controller valve seat 93, thus the controller valve is opened, the high
pressure compressed air enters the expansion and discharge chamber 63 through
the high pressure common rail constant pressure pipe 91 to meet the need of gas

supply of the engine. After the intake camshaft 200 rotates through an an
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along with the crankshaft 56, the valve stem of the controller A\"alve 92 is
‘repositioned on the controller valve seat 93 under the restoring reaction of the
controller valve spring 94, the controller valvc 92 is closed, and the‘ air supply is
finished. Because the compressed air engine .of the present invention is a
two-stroke engine, the controller valve 92 and the discharge valve 62 each is

opened and closed once when the crankshaft 56 rotates one round, so that the
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cam phases of the intake camshaft 200 and the discharge camshaft 800 and their
connection relation with the crankshaft are set up easily, and the detailed
structure and movement transmission is illustrated in fig. 10.

Now with reference to fig.10, fig.10A - fig.10C are referred to as fig.10
together, and they are different views of the front gear box system 43 of the
two-stroke compressed air engine assembly in fig.1. As shown in fig.10, the
front gear box system includes a polygonal cover 313, a transmission gear 308, a
crankshaft gear 307, a bridge gear 303, an intake camshaft gear 302 and a
discharge camshaft gear 306. The camshaft gear 307 is fixedly connected to one
end of tthe crankshaft 56 passing through the po'lygonél cover 313, so fhat the
rotation is transmitted from the crankshaft. The transmission gear 308 which is
an engine oil pump gear for example is provided under the crankshaft gear 307
(the orientation shown in fig.10B), so as to drive the component of the engine oil
pump to rotate by means of the fransmission gear 308. The intake camshaft gear
302, the bridge gear 303 and the discharge camshaft gear 306 are‘provided

above the crankshaft gear 307 in turn from left to right (the orientation shown
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fig.10B). The crankshaft gear 307 is engaged with the bridge gear 303 to drive
the bridge gear 303 to rotate. The bridge geér 303 is engaged with the intake
cémshaft gear 302 and the discharge camshaft gear 306 on the left side and the
right side simultaneously, so that the intake camshaft gear 302 and the discharge
camshaft gear 306 are driven to rotate via the crankshaft gear 307 and the bridge
gear 303 when the crankshaft 56 rotates, which causes the intake camshaft 200

and the discharge camshaft 800 to rotate, and ultimately the opening and the
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closure of the intake valve 62 and the controller valve 92 are realized. In the
illustrative embodiment, the discharge camshaft gear 306 is fixedly connected to
the discharge camshaft 800 directly, so the rotaﬁon of the discharge camshaft
gear 306 directly makes the dischafge camshaft 800 rotating. And a belt pulley
(not shown) is fixed in a suitable position on the cenfral shaft of the intake
camshaft gear 302, the belt pulley is connected to a belt pulley provided on the
intake camshaft 200 by a camshaft transmission belt 35, so the intake camshaft
200 is driven to rotate, and the opening and the closure of the controller valve 92
are realized. Alternatively, a sprocket wheel (not shown) may also be fixed in a
suitable position on the central shaft of the intake camshaft gear 302, the
sprocket‘wheel is connected to a sprocket wheel‘providc‘d on the intake camshaft
200 by a chain, so the intake camshaft 200 is driven to rotate, and the opehing
and the closure of the controller valve 92 are realized.

Many holes for different function are provided in the polygonal cover 313,

such as screw connecting holes 309, screw holes 310 and bolt connecting ho.
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311. The polygonal cover 313 is connected to the engine block via the screw
connecting holes 309, the bridge gear 303 is connected to the polygonal cover
313 via the screw holes 310, and the bolt connecting holes 311 is used to
connect the polygonal cover 311 with the engine block. The bolt connecting
holes 311 may be welded in a welding post 5 on the polygonal cover 311. An oil
hole 304 for the lubricant oil flow and a hoisting ring base 12 are also provided

in the polygonal cover 311.
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Now with reference to fig.11, fig.11A - fig.11C are referred to vas fig.11
together, and they are different views of the multiple-column power distributor 2
of two-stroke compressed air engine assembly in fig.1. As shown in fig.11, in
the illustrative embodiment of the present invention, the multiple-columu power
distributor 2 is a multiple-stage power distributor, and it is made up of a first
stage 601, a second stage 602, a third stage 603, a fourth stage 604 and a fifth
stage 605 (from left to right shown in fig.10B). Alternatively, the
multiple-column power distributor may be made up of the stages other than five
stages in the embddimen@ such as three stages, four stages, six stages or seven
stages. The structure of every stage is the same in general, and each stage
includes a planetary gear 401, a;l' inner gear ring 407 and a sun gear 405. The
number of the planetary géars 401 in every stage‘can set up equally, such as
three, five, seven or the more. In the illustrative embodiment, each stage
includes five planetary gears 401 distributed uniformly. The benefit thereof is

that the load of the main shaft is distributed uniformly because of the unifo. -
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distribution of the planetary gear, and the transmission can be stable and the
transmission power is high. As shown in fig.11B, the planetary gears 401 in the
first stage 601 and the second stage 602 are connected by a planetary gear pin
403, so that the first stage 601 and the second stage 602 rotate synchrously. The
planetary gear pin 403 is connected to the planetary gear 401 by a smooth flat

key 4021 or a spline. In the illustrative embodiment, the planetary gear pin 403
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may be a slender cylindrical pin, and its shape also may be rectangular,
trapezoidal and semicircular, and the number of the pins in every stage may be
two, three, four, five or the more. The sun gears in the second stage 602 and the
third stage 603 are connected by a sun gear pin 406, so the united movement of
the second stage 602 and the third stage 603 is reaiized. The connection relation
of the third stage 603 and the fourth stage 604 is similar to the cohnection
relation m the first stage 601 and the second stage 602, the connection relation
of the fourth stage 604 and the fifth stage 605 is‘ similar to the connection
relation of the second stage 602 and the third stage 603. As such, the power
transmission from the first stage 602 to the fifth stage 603 of the
multiple-;:olumn power distributor 4 is realiZed, and the power mputted from the
first stage 601 may be outputted from the fifth stage 605. Particularly, the
planetary gear 401 in every stage only spins about itself axis, and it does not
revolve about the corresponding sun gear 405, so the inner structure of the
multiple-column power distributor is simple and is easy to transmit power

stably.
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Now the operating principle of the multiple-column power distributér 2 1is
described. The flywheel 32 is provided on the crankshaft 51 of the engine body
1, the gear ring 31 is fixed on the periphery of the flywheel 32, and the gear ring
31 has an outer gear ring which is engaged with the inner gear ring 407 with
inner teeth on the first stage 601 of multiple-column power distributor 2 so as to

transmit the movement of the crankshaft 56 to the inner gear ring 407 in the first

2012101950 26 Mar 2012

stage 601. The planetary gear 401 in the first stage 601 is connected to the
planetary‘ gear in the second stage 602, the power is transmitted from the first
stage 601 to the second stage 602, and the planetary gear 401 in the second stage
602 drives the sun gear in the second stage to rotate. The sun gear 405 in the
sccond stage is connected to the sun gear in third stage by a sun gear pin 406
and drives the sun gear 405 in the third stage to rotate, and the power is
transmitted from the second ;tage 602 to the third stage 603. Be similar to the
first stage 601, the third stage 603 transmits the power from the third stage 603
to the fourth sfage 604 through the planetary gear 401. Be similar to the second
stage, thé fourth stage transmits the power from the fourth stage to the_ fifth stage
through the sun gear 405. In the illustrative embodiment of the present invcnﬁon,'
the rotary shaft of the planetary gear in the fifth stage 605 is the output end, the
power is divided into m.any branches (in the illustrative embodiment, two
branches) and transmitted to an element connected to the multiple-coluﬁm
power distributor 2, for example in the illustrative embodiment of the present

invention, the eclement is the power unit 4 of the generator and the
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compressor 7. So the power is outputted from the crankshaft 56 6f the engine,
and multiple-branch output is realized by the multi-column power distributor 2.
By comparison with the gear box of the traditional . engine, five stages of the
planetary is used to transmit power and re-distribute, so it can save labor and
reduce the torque vibration during the transmission.

The present invention is disclosed in detail in the description wﬁich includes

<

the preferred embodiments and makes the skilled in the art be able to enibody
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the present invention, which includes the manufacture and utilization of any
equipment or system and the introduced process. The claimed scope is defined
by the additional claims, and the present invention can be modified, varied or

altered without deviated from the scope and spirit of the present invention.
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What is claimed is

l. An air-powered engine assembly which uses the compressed air as the
complementary power source, which includes an engine body (1), the engine
body including a cylinder (40), a cylinder head system (36), an intake pipeline

(42), a discharge pipeline (27), a piston (51), a connecting rod (54), a crankshaft

2012101950 26 Mar 2012

(56), a discharge camshaft (800), an intake camshaft (200), a front gear box
system (43) and a back gear box (33); said piston (S1) being connected to the
crankshaft (56) via the connecting rod (54), said fiont gear box system (43)
being adapted to transmit the movement of the crankshaft (56) .and the camshaft
(800,200), an air throat hole (402) for the compressed air intake and a discharge‘
hole (272) for the exhaust gas discharge being provided on the said cylinder
head system (36); the air-powered engine assembly also includes a high pressure
gas tank set (13) which is connected to an external charge device via a pipeline
( 14) and a constant pressure tank (16) which is connected to the high pressure
gas tank set (13) via a pibeline (15), wherein the said air-powered engine
assembly also includes an intake speed control valve (23) which is
communicated with the constant pressure tank (16) via a pipeline (17), a
controller system (6) , a multiple-column power distributor (2) which is
connected to the crankshaft (56) of the engine body (1) , a power equipment (4)
which is connected to the multiple-column power distributor (2) to receive the

power which is passed over the crankshaft (’56), an electronic control unit EC
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(29) which controls the intake speed control valve on the basis of the deteéted
signal of a sensor (24,242), and a complementary compressed éil" circuit which
is comnected to a’ discharge header (28) to complementally supply to the engine
body (1) with the exhaust emissions of the discharge header (28).

2. The engine assembly according to claim 1, characterized in that said
eng'me assembly is a two-stroke engine.

3. The engine assembly according to claim 1 or 2, characterized in that said
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complementary compressed air circuit includes an air compressor (7), an
exhaust gas recycle tank (9), an electro-drive turBine unidirectional suction
pump (19), an exhaust gas muffler (22), a condenser (11), a pressure limiting
valve (702), wherein the exhaust gas enters the exhaust gas muffler (22) through
the discharge header (28) and is drawed in fhe exhaust gas recycle tank (9) by
the electro-drive turbine unidirectional suction pump (19), the exhaust gas
accumulated in the exhaust gas recycle tank (9) being sent to the high pressure
gas tank set (13) through the pressure 1imitihg valve (702) after compressed and
pressurized by the air compressor (7) and after cooled by the condenser (11).
4. The engine assembly according to claim 4, characterized in that said
complementary compressed air circuit further includes a sequence valve (703),
- when the pressure of the exhaust gas after pressurized by the air compressor (7)
is less than ISMpa, said exhaust gas is directly sent to the constant pressure tank
(16) through the sequence valve (703).

5. The engine assembly according to claim S, characterized in that said
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compressor (7) is connected to the multiple-column power distributor (2) by a
coupling, so the air compressor (7) is driven by the power transmitted from the
multiple-column power distributor (2) to work for compressing the exhaust gas
from the exhaust gas recycle tank (9).

6. The engine assembly according to claim 1 or 2, characterized in that said
controller sysfem (6) includes a high pressure common rail constant pressure
pipe (91) , a controller upper cover (108), a controller mid seat (98) and a
controller bottom base (97), the controller upper cover (108), the controller mid
seat (98) and the controller bottom base being connected by bolts removably and
hermetically.

7. The engine assembly according to claim 6, characterized in that a
controller intake valve (92), a controller valve spring (94), an oil seal bush (99),
a controller valve spring bottom base (97) and a controller valve seat (93) are
mounted in the said controller mid seat (98), the said controller valve (92) being
abutted against the controller valve seat (93) under the pre-action of the
controller valve spring (94).

8. The engine assembly according to claim 7, characterized in that a
controller tappet (115) which controls the opening and closure of the controller
valve (92) is provided in the said controller bottom base (97), and the controller
tappet (115) is actuated by the intake camshaft (200).

9. A multiple-column power distributor used for air-powered engine,

characterized in that the said multiple-column power distributor incluc
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multiple stages, each stage all including a planetary gear (401), an inner gear
ring (407) and a sun gear (405), wherein said planetary gear (401) is located
between the inner gear ring (407) and the sun gear (405), and engages with the
inner gear ring (407) through internal gearing and engages with the sun gear
(405) through external gearing.

10. The multiple-column power distributor according to claim 9,

characterized in that said multiple-column power distributor (2) engages with
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gear ring (31) on the flywheel (32) of crankshaft (56) via inner gear ring (407),
s0 as to receive power from the crankshaft (56).

Il. The multiple-column power distributor according to claim [0,
characterized in that the planetary gears (401) in the first stage (601) and the
second stage (602) are connected by a planetary gear pin (403), the sun gears
(405) in the second stage (602) and the third stage (603) is connected by a sun
gear pin (406), the third stage (603) and the fourth stage (604) are connected by
a planetary gear pin (403), the fourth stage (604) and the fifth stage (603) are
connected by a sun gear pin (405). |

12. The multiple-column power distributor according to claim 11,
characterized in that said planetary gear pins are connected to the planetary
gears (401) by a smooth flat key (4021), so as to transmit movement of the first

stage (601) to the second stage (602) or transmit movement of the third stage

(603) to the fourth stage (604).

Abstract

The invention relates to a engine, specially, relates to an air-powered engi
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assembly which uses the compressed air as the complementary power source.
The air-powered engine assembly of the present invention inéludes an engine
‘body (1), a multiple-column power distributor (2), a power equipmént (4), a
controller systém (6), an intake speed control valve (23), a high pressure gas
tank sef (13), a constant pressure tank (16), an electronic control unit ECO (29)
and a complementary compressed air circuit. The complementary compressed

air circuit includes an air compressor (7), a condenser (11), a pressure limiting
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valve (702), sequence valve (705), an exhaust gas recycle tank (9), an
electro-drive turbine unidirectional suction pump (19) and an exhaust gas

muffler (22).
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