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@ Valve driving apparatus of an internal combustion engine.

@ The known valve driving apparatus of an internal
combustion engine including a hydraulic pressure
source (17) and an accumulator (16) for pressurizing
operating hydraulic oil and accumulating the pres-
surized operating hydraulic oil, and adapted to drive
an intake and exhaust valve (2) by controlling the
operating hydraulic oil in the accumulator, is im-
proved. The improved apparatus comprises two log-
ic valves (11, 14) communicated with each other for
opening and closing a high-pressure hydraulic oil
path communicated with an upper side of an intake
and exhaust valve driving piston (9), two electromag-
netically driven control valves (13, 15) for conirolling
opening and closure of the two logic valves, the

control hydraulic oil for opening and closing the logic
valves and the operating hydraulic oil for driving the
intake and exhaust valve to open being fed from the
accumulator at a high pressure, and means for clos-
ing the intake and exhaust valve with a resilient force
generated as a result of lift of the intake and exhaust
valve driving piston upon opening of the intake and
exhaust valve. Preferably, the means for closing the
intake and exhaust valve with a resilient force, con-
sists of an air cylinder (6), and an air piston (5)
adapted to slide within the air cylinder as driven by
the intake and exhaust valve driving piston (9) and to
generate a pneumatic resilient force.
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BACKGROUND OF THE INVENTION:
Field of the Invention:

The present invention relates to a valve driving
apparatus of an internal combustion engine of the
type of opening and closing an intake and exhaust
valve by means of an actuator.

Description of the Prior Ari:

One example of an accumulator valve driving
apparatus in the prior art is shown in Fig. 2. In the
construction of the apparatus, reference numeral 01
designates a hydraulic pressure control valve main
body having 5 ports. Numeral 02 designates a
control valve, which is driven in synchronism of a
crank shaft of an engine via a cam 03 and a roller
04. An intake and exhaust valve 07 is opened and
closed on the inside of an actuator 06 mounted to
a cylinder cover 05. The actuator 06 includes an
upper hydraulic oil chamber 06a and a lower hy-
draulic oil chamber 086b, which are respectively
connected to a control valve 01 via pipings 08 and
09. Reference numeral 010 designates a hydraulic
pressure feeder composed of a filter and a pump,
and numeral 010a designates a hydraulic oil tank.
Reference numeral 011 designates an accumuilator,
which is maintained at a necessary constant hy-
draulic pressure and is communicated with the
control valve 01 via a piping.

Next, description will be made on operations.
Fig. 2 shows the state where the roller 04 is
present on a basic circle of the cam 03 and the
intake and exhaust valve is closed, and under this
condition, hydraulic oil fed from the accumulator
011 flows from the control valve 01 through the
piping 09, acts upon the lower hydraulic oil cham-
ber 06b of the actuator 06, and pushes up the
intake and exhaust valve 07. At this time, the
hydraulic oil in the upper hydraulic oil chamber 06a
is led back to the hydraulic oil tank 010a of the
hydraulic pressure feeder or pressure source 010
through the piping 08 and the control valve 01.

As the cam 03 rotates, when the roller 04 has
lifted, the hydraulic oil in the lower hydraulic pres-
sure chamber 08b of the actuator 06 is discharged
through the piping 09 and the control valve 01 to
the tank O1a, and simultaneously the high-pressure
hydraulic oil in the accumulator 011 is led through
the control valve 01 and the piping 08 to the upper
hydraulic pressure chamber 06a of the actuator 06
and depresses the intake and exhaust valve 07 to
open the valve. As the cam 03 rotates further,
when the lift of the cam has been reduced up to
the basic circle, the hydraulic oil in the upper
hydraulic pressure chamber 06a is discharged to
the tank 010a, then the hydraulic oil in the accu-
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mulator 011 acts upon the lower hydraulic pressure
chamber 06b, and the intake and exhaust valve 07
is raised up to close the same valve.

However, the above-described structure in the
prior art involved the following problems.

The control valve 01 has 5 ports and is com-
plicated in structure, also it is necessary t0 make
the amount of hydraulic oil necessitated for open-
ing and closing the intake and exhaust valve flow
also through the control valve 01, and hence the
hydraulic pressure source is large-sized.

In addition, two pipings 08 and 09 for effecting
both opening and closing of the intake and exhaust
valve with high-pressure hydraulic oil, are provided,
a structure of an actuator is also complicated, con-
sumption of the high-pressure hydraulic oil is

‘much, and hence, a large amount of power is

necessitated for that purpose.

Furthermore, the control valve 01 is driven by
the cam 03, and so, opening and closing timing of
the intake and exhaust valve cannot be varied
arbitrarily.

SUMMARY OF THE INVENTION:

It is therefore one object of the present inven-
tion to provide an improved valve driving apparatus
of an internal combustion engine, which is free
from all the above-mentioned shoricomings of the
valve driving apparatus in the prior art.

A more specific object of the present invention
is to provide a valve driving apparatus of an inter-
nal combustion engine, in which a control valve is
simple in structure, a large-sized hydraulic pres-
sure source is not necessitated, pipings of high-
pressure hydraulic oil for opening and closing a
valve as well as a structure of an actuator are
simplified, consumption of high-pressure hydraulic
oil is reduced, and opening and closing timing of
an intake and exhaust valve can be arbitrarily var-
ied.

According to one feature of the present inven-
tion, there is provided a valve driving apparatus of
an internal combustion engine including a hydraulic
pressure source and an accumulator for pressuriz-
ing operating hydraulic oil and accumulating the
pressurized operating hydraulic oil, and adapted to
drive an intake and exhaust valve by controlling the
operating hydraulic oil in the accumulator, which
apparatus comprises two logic valves communi-
cated with each other for opening and closing a
high-pressure hydraulic oil path communicated with
an upper side of an intake and exhaust valve
driving piston, two electromagnetically driven con-
trol valves for controlling opening and closure of
the two logic valves, the control hydraulic oil for
opening and closing the logic valves and the op-
erating hydraulic oil for driving the intake and ex-



3 EP 0 455 937 A1 4

haust valve o open being fed from the accumulator
at a high pressure, and means for closing the
intake and exhaust valve with a resilient force gen-
erated as a result of lift of the intake and exhaust
valve driving piston upon opening of the intake and
exhaust valve.

According to another feature of the present
invention, there is provided the above-featured
valve driving apparatus of an internal combustion
engine, wherein the means for closing the intake
and exhaust valve with a resilient force, consists of
an air cylinder, and an air piston adapted to slide
within the air cylinder as driven by the intake and
exhaust valve driving piston and to generate a
pneumatic resilient force.

More particularly, according to the novel fea-
tures of the present invention, a structure such that
the operating hydraulic oil at a high pressure is
used only for opening an intake and exhaust valve
and closure of the valve is effected with a resilient
force of accumulated in a resilient means as a
result of lift of the intake and exhaust valve, is
employed.

Furthermore, two control valves and two logic
valves are provided, and provision is made such
that the control valves may be electrically driven to
only control the action of a hydraulic pressure
applied from an accumulator to large-diameter por-
tions of the logic valves, and hydraulic oil necessi-
tated for opening the intake and exhaust valve may
be made to act upon a piston of a hydraulic cyl-
inder within a valve driving actuator from the accu-
mulator via one logic valve and one high-pressure
piping.

In addition, the small-diameter sides of the two
logic valves are communicated with each other,
and upon closing the intake and exhaust valve, the
other logic valve is opened so as to release the
hydraulic pressure within the hydraulic cylinder and
within the high-pressure piping.

In operation, the operating hydraulic oil at a
high pressure accumulated in the accumulator acts
upon the piston within the valve driving actuator
when an opening side logic valve is opened by an
opening side control valve which can be electrically
driven at an arbitrary timing, and after the piston
has depressed the intake and exhaust valve, the
closure side control valve returns to its original
state and the opening side logic valve is closed.
While the intake and exhaust valve continues to be
opened by the hydraulic pressure, a compression
force of air caused by an air piston moving jointly
with the intake and exhaust valve acts as a bias-
sing force in the direction of opening the valve, and
as a result of balance between the pneumatic com-
pression force and a force generated by the hy-
draulic pressure, an appropriate lifft can be main-
tained. When intake or exhaust necessary for ihe
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engine has been carried out, the closure side logic
valve is opened by the closure side control valve,
and since the hydraulic pressure is released, the
intake and exhaust valve is closed by the pneu-
matic spring means.

The above-mentioned operation cycles are re-
peated.

According to the present invention, owing to
the above-described structural and operational fea-
tures, opening and closing characteristics of an
intake and exhaust valve which are optimum for an
engine can be obtained, and so, an internal com-
bustion engine of low fuel consumption and ex-
cellent performance can be provided. Moreover, as
consumption of high-pressure hydrauiic oil for driv-
ing a valve is also little, a hydraulic pressure
source can be designed small and it becomes less
expensive. In addition, power consumption is also
littte, and hence a further low fuel consumption
expense is resulted. Also, a small amount of hy-
draulic oil can suffice in the control valve portion,
hence a compact conirol valve is provided, and a
valve driving apparatus having a high reliability and
a good durability can be realized.

The above-mentioned and other objects, fea-
tures and advantages of the present invention will
become more apparent by reference to the follow-
ing description of one preferred embodiment of the
invention taken in conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

In the accompanying drawings:
Fig. 1 is a system diagram of a valve driving
apparatus according to one preferred embodi-
ment of the present invention; and
Fig. 2 is a system diagram of an accumulator
type valve driving apparatus in the prior art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT:

Now, one preferred embodiment of the present
invention will be described with reference to Fig. 1.
In this figure, reference numeral 1 designaies a
cylinder cover, numeral 2 designates an intake and
exhaust valve, numeral 3 designates an air reser-
voir, and numeral 4 designates a check valve.
Reference numeral 5 designates an air piston,
which slides within an air cylinder 6 jointly with the
intake and exhaust valve 2. Reference numeral 7
designates a valve driving actuator main body,
numeral 8 designates a hydraulic cylinder, numeral
9 designates an actuating piston, numeral 8a des-
ignates an upper hydraulic oil chamber, and nu-
meral 8b designates a lower hydraulic oif chamber.

Reference numeral 10 designates a high-pres-
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sure piping, numeral 11 designates an opening
side logic valve, and numeral 12 designates an
opening side logic valve oil path, which is con-
nected to an accumulator 16. Reference numeral
13 designates an opening side spool control valve,
which s driven by a controller not shown in syn-
chronism with rotation of a crank of an engine.
Reference numeral 14 designates a closure side
logic valve, numeral 15 designates a closure side
spool control valve, which is driven by a coniroller
not shown similarly to the opening side spool con-
trol valve 13, and which is a 3-port control valve.
Reference numeral 16 designates an accumulator,
and numeral 17 designates a hydraulic pressure
source, which feeds high-pressure hydraulic oil and
consists of a pump and a filter. Reference numeral
18 designates a low-pressure hydraulic pressure
source, which communicates with the valve driving
actuator 7 through a piping 18a. Reference numeral
19 designates an oil tank, numeral 20 designates a
communication oil path connecting the opening
side logic valve 11 with the closure side logic valve
14, numeral 21 designates an oil path connecting a
large-diameter side of the opening side logic valve
11 with the opening side spool control valve 13,
numeral 22 designates an oil path connecting an
opening side spool control valve 13 with the accu-
mulator 16, numeral 23 designates an oil path
connecting a large-diameter side of the closure
side logic valve 14 with the closure side spool
conirol valve 15, and numeral 24 designates an oil
path connecting the closure side spool control
valve 15 with the accumulator 16.

Reference numeral 25 designates an oil dis-
charge piping extending from the closure side logic
valve 14 to the oil tank 19, numeral 26 designates
an oil discharge piping extending from the spool
control valves 13 and 15.

These spool control valves are 3-port control
valves having a P-port, a C-port and a T-port, and
they are electromagnetically driven.

Next, description will be made on operations of
the illustrated apparatus.

Fig. 1 shows the state where an air pressure in
the air reservoir 3 acts upon the lower side of the
air piston 5 and the intake and exhaust valve 2 is
kept closed.

At this time, the opening side and closure side
spool control valves 13 and 15 would make the
hydraulic pressure fed from the accumulator 16 act
upon the large-diameter sides of the opening and
closure logic valves 11 and 14, and thereby the
logic valves 11 and 14 are kept closed.

When the valve opening timing of the intake
and exhaust valve 2 has come, the opening side
spool control valve 13 is driven at an appropriate
time determined by a computer in response to a
trigger signal issue in synchronism with an engine
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not shown and on the basis of the operating con-
dition of the engine. When the same control valve
13 operates, the oil path 22 is closed, the oil path
21 communicates with the oil discharge piping 26,
and since the hydraulic pressure on the large-
diameter side of the logic valve 11 is released, the
logic valve 11 opens, and hence the hydraulic
pressure in the accumulator 16 acts upon the up-
per hydraulic oil chamber 8a of the hydraulic cyl-
inder 8 within the valve driving actuator 7 through
the oil path 12 and the high-pressure piping 10.
The hydraulic piston 9 is depressed by this hy-
draulic pressure, and thereby the intake and ex-
haust valve 2 is opened.

At this time, the air within the air cylinder 6 is
compressed and exerts an upward force upon the
air piston 5, and the intake and exhaust valve 2 [ifts
up to the point where the upward force balances
with a downward force generated by the hydraulic
pressure.

Thereafter, the opening side control valve 13 is
returned to its original position, hence the hydraulic
pressure in the accumulator 16 acts upon the
large-diameter portion of the opening side logic
valve 11, and the opening side logic valve 11 is
closed.

When the intake or exhaust necessary for the
engine has been done, the closure side spool con-
trol valve 15 is driven, the oil path 23 and the oil
discharge piping 26 are communicated simulia-
neously with closure of the oil path 24, and since
the hydraulic pressure on the large-diameter side
of the logic valve 14 is released, the logic valve 14
is opened, hence the hydraulic pressure acting
upon the upper hydraulic oil chamber 8a is re-
leased through the high-pressure piping 10 and the
communication oil path 20 to the oil discharge
piping 25, and the acting force of the hydraulic
pressure disappears. Then, the intake and exhaust
valve 2 is closed by the resilient force generated
by compression of air and acting upon the air
piston 5. At this time, hydraulic oil fed from the
low-pressure hydraulic pressure source 18 is sup-
plied 1o the lower hydraulic oil chamber 8a, and so,
the actuating piston 9 returns to its raised position
under a stable condition without producing a cavity.

It is to be noted that while a return device for
the intake and exhaust valve by means of an air
spring was employed in the above-described em-
bodiment, a return device relying upon a conven-
tional coil spring can be also utilized.

As will be obvious from the detailed description
of one preferred embodiment above, according to
the present invention, owing to the fact that in a
valve driving apparatus of an internal combustion
engine including a hydraulic pressure source and
an accumulator for pressurizing operating hydraulic
oil and accumulating the pressurized operating hy-
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draulic oil and adapted to drive an intake and
exhaust valve by controlling the operating hydraulic
oil in the accumulator, there are provided two logic
valves communicated with each other for opening
and closing a high-pressure hydraulic oil path com-
municated with an upper side of an intake and
exhaust valve driving piston, two electromagneti-
cally driven control valves for controlling opening
and closure of the two logic valves, the control
hydraulic oil for opening and closing the logic
valves and the operating hydraulic oil for driving
the intake and exhaust valve o open being fed
from the accumulator at a high pressure, and
means for closing the intake and exhaust valve with
a resilient force generated as a resuit of lift of the
intake and exhaust valve driving piston upon open-
ing of the intake and exhaust valve, the following
advantages are offered:
(1) Since opening and closing characteristics of
an intake and exhaust valve which are optimum
for an engine can be obtained, an internal com-
bustion engine of low fuel consumption and ex-
cellent performance can be provided.
(2) Since consumption of high-pressure hydrau-
lic oil for driving a valve is also little, a hydraulic
pressure source can be designed small, and it
becomes less expensive. In addition, power con-
sumption is also little, and hence, a further low
fuel consumption expense is resulted.
(3) Since a small amount of hydraulic oil can
suffice in the control valve portion, a compact
control valve is provided, and a valve driving
apparatus having a high refiability and a good
durability can be realized.

While a principle of the present invention has
been described above in connection to one pre-
ferred embodiment of the invention, it is intended
that all matter contained in the above description
and illustrated in the accompanying drawings shall
be interpreted to be illustrative and not as a limita-
tion to the scope of the invention.

Claims

1. A valve driving apparatus of an internal com-
bustion engine including a hydraulic pressure
source and an accumulator for pressurizing
operating hydraulic oil and accumulating the
pressurized operating hydraulic oil, and adapt-
ed to drive an intake and exhaust valve by
controlling the operating hydraulic oil in the
accumulator; characterized in that said appara-
tus comprises two logic valves communicated
with each other for opening and closing a high-
pressure hydraulic oil path communicated with
an upper side of an intake and exhaust valve
driving piston, two electromagnetically driven
control valves for controlling opening and clo-
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sure of said two logic valves, the control hy-
draulic oil for opening and closing said logic
valves and the operating hydraulic oil for driv-
ing said intake and exhaust valve to open
being fed from said accumulator at a high
pressure, and means for closing said intake
and exhaust valve with a resilient force gen-
erated as a result of lift of said intake and
exhaust valve driving piston upon opening of
the intake and exhaust valve.

A valve driving apparatus for an internal com-
bustion engine as claimed in Claim 1, char-
acterized in that said means for closing the
intake and exhaust valve with a resilient force,
consists of an air cylinder, and an air piston
adapted to slide within said air cylinder as
driven by said intake and exhaust valve driving
piston and fo generate a pneumatic resilient
force.
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