EP 2 540 997 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
02.01.2013 Bulletin 2013/01

(21) Application number: 12167237.2

(22) Date of filing: 09.05.2012

(11) EP 2 540 997 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

FO1L 1/344 (2006.01) FO1L 13/00 (2006.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 28.06.2011 KR 20110063011
(71) Applicants:

« HYUNDAI MOTOR COMPANY
Seoul 137-938 (KR)

« KIA MOTORS CORPORATION
Seoul 137-938 (KR)

(72) Inventor: Park, Jong Bum
431-086 Gyeonggi-do (KR)

(74) Representative: Viering, Jentschura & Partner
Grillparzerstrasse 14
81675 Miinchen (DE)

(54)

(57) A continuously variable valve timing (CVVT)
system which may be operated in cooperation with a con-
tinuously variable valve lift (CVVL) engine may be includ-
ed. A reference position of a suction CVVT may be set
by a spring. In addition, a method for controlling a con-

Continuously variable valve timing system and method for controlling the same

tinuously variable valve timing (CVVT) system may be
included. The method includes setting a reference posi-
tion of a suction CVVT toa mostadvanced angle position,
and controlling a delayed angle amount at the reference
position of the most advanced angle.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Kore-
an Patent Application No. 10-2011-0063011, filed on
June 28, 2011 in the Korean Intellectual Property Office,
the entire contents of which is incorporated herein for all
purposes by this reference.

BACKGROUND OF THE INVENTION
Field of the invention

[0002] The presentinvention relates to a continuously
variable valve timing system and a method for controlling
the same, and more particularly, to a continuously vari-
able valve timing system and a method for controlling the
same which can improve a fuel efficiency by controlling
a reference position when a general hydraulic CVVT
(continuously variable valve timing) system is employed
in a continuously variable valve lift (CVVL) engine having
no self-advanced/delayed angle function.

Description of Related Art

[0003] In general, it is known in CVVL engines that a
valve lift and valve opening duration is directly controlled
by an electronic control unit (ECU) to improve fuel effi-
ciency, performance and responsibility, and reduce
emissions.

[0004] A valve lift changing property of the CVVL sys-
temis varied depending upon the structure of the variable
lift mechanism of the CVVL engine. In view of the engine
control, the valve lift changing property can be divided
into two types described below, depending upon whether
the maximum opening point (MOP) is varied or not when
the valve lift is changed.

[0005] FIG. 1is a view illustrating a lift changing prop-
erty of a CVVL system having no self-advanced/delayed
angle function. FIG. 2 is a view illustrating a lift changing
property of a CVVL system having a self-advanced/de-
layed angle function. FIGS. 1 and 2 show the change in
suction valve lift profile at a valve lift variation according
to the presence or absence of the self-advanced/delayed
angle function.

[0006] The CVVL system having no self-advanced/de-
layed angle function is a system in which the MOP is not
changed by the operation of the CVVL mechanism when
the valve liftis changed. The structure thereof is relatively
simple, which is preferable to CVVL embodiment, but the
cam timing is controlled by a separate CVVT system.
The CVVL system having the self-advanced/delayed an-
gle function is a system in which the MOP is changed by
the operation of the CVVL mechanism when the valve
lift is changed. If the advanced/delayed angle property
of the CVVL mechanism is utilized, it can share a portion
of separate CVVT operating necessity.
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[0007] In addition, it is necessary to perform a cam
timing control by monitoring a separate CVVT system to
the CVVL engine having no self-advanced/delayed angle
function. A conventional hydraulic CVVT system which
is generally employed in a common Non-CVVL engine
is used.

[0008] Inthe hydraulic CVVT system forthe Non-CVVL
engine, since a fixed suction value lift is used in the Non-
CVVL engine, a suction/exhaust cam timing is controlled
to minimize a fuel consuming amount under driving con-
ditions. In the case of the general Non-CVVL engine, a
reference position is selected on the basis of the optimum
cam timing in a low-speed and low-load region including
start and idle, and generally corresponds to a suction/
exhaust timing at which the value overlap is minimized.
[0009] That is, the reference position of the suction
cam timing is the most delayed angle position, while the
reference position of the exhaust cam timing is the most
advanced angle position. The reference position should
be maintained under a condition in which the oil pressure
sufficient for driving the CVVT is not generated at start
and low-speed driving.

[0010] In the CVVT, as shown in FIG. 3, if an outer
sprocket rotates, an inner rotor rotates slower than the
outer sprocket due to cam frictional torque, and thus the
timing is always shifted to the most delayed angle posi-
tion. In the case of the suction CVVT, the shifted position
becomes the reference position, but in the case of the
exhaust CVVT, a bias spring is installed between the
sprocket and the inner rotor to forcefully shift the timing
to the most advanced angle position, so that the most
advanced angle position is maintained through the resil-
ient force. If RMP is increased or the idle is increased as
compared with the idle driving condition, the optimum
cam timing should be shifted in such a manner that the
suction is shifted to the advanced angle direction and the
exhaust timing is shifted to the delayed angle direction,
in relation to the idle cam timing. In this instance, the oil
pressure created in a head oil gallery is respectively ap-
plied to the advanced angle chamber and the delayed
angle chamber in the CVVT apparatus by an oil control
valve (OCV) through two oil circuits (advanced angle oil
passage and delayed angle oil passage). In the case of
the cam frictional torque and the exhaust CVVT, the CV-
VT is operated againstthe resilient force of the bias spring
by the pressure difference between the advanced angle
chamber and the delayed angle chamber.

[0011] In the case of the hydraulic CVVT employed in
general Non-CVVL engines, an oil pressure of a prede-
termined level or more should be obtained to operate the
CVVT. Accordingly, since the stability and responsibility
in the CVVT control is significantly deteriorated at the low
speed (usually idle RPM) which cannot create the suffi-
cientoil pressure inthe Non-CVVL engine, the camtiming
of the reference position (suction the most delayed angle
position and the exhaust most advanced angle position)
should be used as it is. Therefore, the cam timing is se-
lected as the reference position, and the cam timing is
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controlled in such a manner that the suction is shifted in
the advanced angle direction and the exhaust is shifted
in the delayed angle direction, rather than the reference
position, in the engine driving region except for the low-
speed and low-load duration.

[0012] However, in the case where the CVVT system
forthe Non-CVVL engine is employedinthe CVVL engine
having no self-advanced/delayed angle function, it is not
possible to control the optimum cam timing, and thus
there are some problems of reducing the fuel efficiency,
generating knocking, decreasing vehicle responsibility,
and vibrating the vehicle.

[0013] Thatis, only when the RPM is increased to cre-
ate the oil pressure sufficient to operate the CVVT, the
suction/exhaust cam timing can be varied. However, in
the low-speed duration the CVVT is not operated due to
the lack of the oil pressure, and the suction/exhaust CV-
VT should be operated in the reference position (suction
most delayed angle and exhaust most advanced angle).
In the case of using the lowest delayed lift, there is an-
other problem in that the fuel efficiency is deteriorated
due to the increased pumping loss and the increased
effective compression ratio.

[0014] The information disclosed in this Background
of the Invention section is only for enhancement of un-
derstanding of the general background of the invention
and should not be taken as an acknowledgement or any
form of suggestion that this information forms the prior
art already known to a person skilled in the art.

BRIEF SUMMARY

[0015] Various aspects of the present invention are di-
rected to providing a continuously variable valve timing
system and a method for controlling the same, which
improves a method for controlling selection of areference
position of a CVVT (continuously variable valve timing)
inageneral Non-CVVL engine and a CVVL (continuously
variable valve lift) engine when a general hydraulic CVVL
system is employed in the CVVL engine having no self-
advanced/delayed angle function, thereby reducing a
pumping loss and thus improving a fuel efficiency and an
effective compression ratio to improve a knock property
and reduce variations of RPM in a cycle.

[0016] In one aspect of the present invention, there is
provided a method for controlling a continuously variable
valve timing (CVVT) system which is operated in coop-
eration with a continuously variable valve lift (CVVL) en-
gine, including the steps of, setting a reference position
of a suction CVVT to a most advanced angle position
controlling a delayed angle amount at the reference po-
sition of the most advanced angle.

[0017] Withthe above configuration, the presentinven-
tion can set a low valve lift and optimum cam timing,
which is necessary for the same in a low RPM region
including an idle condition, as a reference position.
Therefore, the optimum valve lift can be used inthe region
without employing the CVVT control, thereby improving
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the fuel efficiency in the idle and low-speed region. In
addition, a proper effective compression ratio is main-
tained to suppress generation of knock and decrease
variations of RPM. When the valve lift is changed, it is
possible to improve the fuel efficiency at the low speed,
without complicating the mechanism required to employ
the CVVL mechanism having the self-advanced/delayed
angle function and increasing rotational inertial and fric-
tion, as well as a cost. Furthermore, as compared with
the CVVL mechanism having the self advanced/delayed
angle function, when a temperature of cooling water is
low or atmosphere is low, the combination of the valve
lift and the cam timing optimized for various driving con-
ditions, such as full-load driving and costing driving, can
be achieved by using the general hydraulic CVVT module
to improve a merchantable quality.

[0018] The methods and apparatuses of the present
invention have other features and advantages which will
be apparent from or are set forth in more detail in the
accompanying drawings, which are incorporated herein,
and the following Detailed Description, which together
serve to explain certain principles of the present inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is a view illustrating a lift changing prop-
erty of a CVVL system having no self-advanced/delayed
angle function.

[0020] FIG. 2is a view illustrating a lift changing prop-
erty of a CVVL system having a self-advanced/delayed
angle function.

[0021] FIG. 3 is a view illustrating the structure of a
hydraulic CVVT system in the related art.

[0022] FIG. 4 is a view illustrating the structure of a
hydraulic CVVT system according to an exemplary em-
bodiment of the present invention.

[0023] FIG.5isagraphillustrating the efficiency based
on a valve lift and a suction cam timing.

[0024] FIG. 6 is aview illustrating an optimum valve lift
and a suction timing in a continuously variable valve lift
engine.

[0025] FIG. 7 is a view illustrating the optimum valve
lift and the suction timing for each driving condition.
[0026] FIG. 8is aview illustrating properties of the op-
timum valve lift and the suction timing.

[0027] FIG. 9 is a view illustrating an effective com-
pression ratio and a RAM variation according to a lift/
suction cam.

[0028] It should be understood that the appended
drawings are not necessarily to scale, presenting a some-
what simplified representation of various features illus-
trative of the basic principles of the invention. The specific
design features of the present invention as disclosed
herein, including, for example, specific dimensions, ori-
entations, locations, and shapes will be determined in
part by the particular intended application and use envi-
ronment.
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[0029] In the figures, reference numbers refer to the
same or equivalent parts of the present invention
throughout the several figures of the drawing.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to various
embodiments of the present invention(s), examples of
which are illustrated in the accompanying drawings and
described below. While the invention(s) will be described
in conjunction with exemplary embodiments, it will be un-
derstood that the present description is not intended to
limit the invention(s) to those exemplary embodiments.
On the contrary, the invention(s) is/are intended to cover
not only the exemplary embodiments, but also various
alternatives, modifications, equivalents and other em-
bodiments, which may be included within the spirit and
scope of the invention as defined by the appended
claims.

[0031] Hereinafter, a preferred embodiment of the
present invention will be described with reference to the
accompanying drawings. In the entire description of the
presentinvention, the same drawing reference numerals
are used for the same elements across various figures.
[0032] FIGS.4to9areviewsillustrating a continuously
variable valve timing system and a method of controlling
the same according to an exemplary embodiment of the
presentinvention. FIG. 4is a view illustrating the structure
of a hydraulic CVVT system according to an exemplary
embodiment of the present invention. FIG. 5 is a graph
illustrating the efficiency based on a valve lift and a suc-
tion cam timing. FIG. 6 is a view illustrating an optimum
valve lift and a suction timing in a continuously variable
valve lift engine.

[0033] In addition, FIG. 7 is a view illustrating the op-
timum valve lift and the suction timing for each driving
condition. FIG. 8 is a view illustrating properties of the
optimum valve lift and the suction timing. FIG. 9 is a view
illustrating an effective compression ratioand a RAM var-
iation according to a lift/suction cam.

[0034] In a CVVL engine, controlling a dimension of a
valve lift continuously and variably is to minimize a pump-
ing loss and thus improve a fuel efficiency. Since the
valve lift and a valve opening duration can be variably
controlled in the CVVL engine, the engine can be oper-
ated by selecting a suction valve opening position and a
suction valve closing position to have an optimum value
in cooperation with a CVVT mechanism.

[0035] Asshownin FIGS. 5 and 6, if the suction valve
closing timing is significantly shifted to an advanced an-
gle, the air confined in a combustion chamber is adiabat-
ically expanded to a bottom dead center (BDC), and then
is subjected to adiabatic compression as a piston is
raised.

[0036] In this instance, since the pumping loss is the-
oretically zero to a piston position during a suction valve
closing timing, the pumping loss is minimized by suction-
ing an air volume corresponding to a volume of a com-
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bustion chamber for the suction valve closing duration.
Meanwhile, in the case where the suction valve closing
position is significantly shifted to an advanced angle in
the general Non-CVVL engine having a constant valve
lift and valve closing direction, the suction valve opening
timing is significantly shifted to the advanced angle, and
thus the valve overlap becomes excessively large, so
that misfire occurs due to unstable combustion, which is
a condition which cannot drive a vehicle.

[0037] Meanwhile, in FIG. 5, a first diagram indicates
a combustion pressure and a volume at a maximum lift
(valve lift which is equal to MP1), and a second diagram
indicates a combustion pressure and a volume at a min-
imum lift (throttle minimizing lift by a throttle body).
[0038] In comparison to the pumping loss (area of a
border portion of the first diagram) in the case of using
the maximum lift, the pumping loss (area of red border
portion) in the case of using the minimum lift is varied
depending upon the minimum lift, but when the minimum
lift is 1 mm, the pumping loss can be reduced by 1/3 of
the Non-CVVL (or the maximum lift). It can reduce an
indicated mean effective pressure (IMEP) and fuel con-
sumption, thereby improving the fuel efficiency.

[0039] FIGS. 7 and 8 show the optimum valve lift and
a suction timing property, in which the below engine driv-
ing property is obtained according to the lift and the suc-
tion cam.

[0040] First, if the lift is minimum and the suction cam
is the most advanced angle, the pumping loss is mini-
mized and the fuel efficiency is improved. If the lift is
minimum and the suction cam is at the most delayed
angle, the effective compression ratio is excessive,
knocking occurs, and an RPM variation in the cycle is
excessive. If the lift is maximum and the suction cam is
the most advanced angle, the inner EGR is excessive,
and the combustion stability is deteriorated. If the lift is
maximum and the suction cam is at the most delayed
angle, the high-speed output is increased.

[0041] The properties of the continuously variable
valve timing for each load region will now be described.
[0042] Since the fuel efficiency is important in the idle
region including alow speed and a low load, the minimum
lift and the most advanced angle suction cam timing
should be used. In the engine equipped with the oil pump
and the CVVT system for a general Non-CVVL, since the
oil pressure sufficient to operate the CVVT is not created
due to the low RPM, the suction cam timing is fixed to
the most delayed angle condition. In this instance, the
pumping loss can be reduced by using the maximum lift
instead of the minimum lift, but the fuel efficiency is de-
teriorated in comparison with the minimum lift and the
most advanced angle suction cam.

[0043] With reference to the idle silence, a torque dif-
ference required for the compression process according
to the effective compression ratio occurs, and thus there
is a difference in the RPM variation properties within a
cycle. Ingeneral, if the effective compression ratio is low-
ered at the idle driving, the RPM variation is decreased



7 EP 2 540 997 A1 8

to improve the idle silence. Accordingly, as shown in FIG.
9, it can be known that the minimum lift and the most
advanced angle condition which lowers the effective
compression ratio are advantageous in order to reduce
the idle RPM variation.

[0044] The minimum lift and the most advanced angle
suction cam timing are required in a partial-load region
which is an important region, as well as the idle region.
In this instance, as the load is increased, the lift is in-
creased and the suction cam timing is slightly delayed.
[0045] In the full-load region, it is important to improve
a torque by suction the maximum air volume at the full
load, and thus a lift capable of obtaining the maximum
air volume, and a cam timing at that time are selected.
In general, 60% to 80T of the maximum lift at low and
middle speed is used, and the maximum lift is used at
the high speed.

[0046] Since there are the suction valve lift and the
suction valve timing which can maximize the fuel efficien-
cy and the combustion stability depending upon the driv-
ing condition, the CVVL engine having a self-advanced
angle function has an effect of obtaining the advanced
angle of the opening/closing timing and a valve profile
through reduction of the lift, but the CVVL engine having
no self-advanced angle function should have the opti-
mum cam timing by the control and operation of the CV-
VT.

[0047] The CVVT system capable of obtaining the op-
timum cam timing in the CVVL engine according to an
exemplary embodiment of the present invention, and the
method for controlling the same will be described.
[0048] As described above, the optimum fuel efficien-
cy, drivability and performance can be satisfied by simul-
taneously obtaining the optimum lift and cam timing for
every engine driving region. It can be seen that CVVT
requirements at the low speed are different from those
of the general Non-CVVL engine.

[0049] Therefore, the present invention relates to the
hydraulic control CVVT for driving the optimum cam tim-
ing for every valve lift in the CVVL engine having no self-
advanced/delayed angle function or remarkably insuffi-
cientadvanced/delayed angle amount, as compared with
the necessary advanced/delayed angle amount, when
the valve liftis varied. A reference position of the suction
CVVT is set to the most advanced angle position, and a
CVVT assembly with a bias spring to control the delayed
angle amount at the reference position of the most ad-
vanced angle.

[0050] According to an exemplary embodiment of the
present invention, the reference position of the suction
CVVTinthe CVVT system which operates in cooperation
with the CVVL engine is set by the spring.

[0051] Inorder to set the reference position of the suc-
tion CVVT to the most advanced angle position and con-
trol the delayed angle of the CVVT, the CVVT system is
provided with the bias spring so that the suction cam
timing is shifted in an advanced angle direction when an
oil control valve installed in the CVVT system does not
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operate (when PWM is zero). In the case where the oil
control valve installed in the CVVT system operates to
the max (when PWM is applied), it is preferable that the
oil control valve changes an oil pressure passage con-
nected to the CVVT system to change an oil circuit in a
head or an oil passage in a cam shaft.

[0052] As described above, in the state in which the oil
control valve does not operate or the head oil pressure
is not sufficient at the low speed, since the oil pressure
is not applied to the advanced angle chamber and the
delayed angle chamber in the CVVT module, the cam
timing is shifted to the advanced angle position by the
resilience force of the bias spring.

[0053] The position of the CVVT can be fixed by using
a lock pin, like a general CVVT module. If the oil control
valve is operated after the oil pressure is created, the oil
pressure is applied to the delayed angle chamber of the
CVVT module through the oil control valve and the oil
circuit. The delayed angle chamber is connected to a
drain passage through the oil control valve, and thus the
cam timing is shifted in the advanced angle direction by
the oil pressure difference in the advanced angle cham-
ber and the delayed angle chamber.

[0054] With the continuously variable valve timing sys-
tem and the control method according to an exemplary
embodiment of the present invention, the reference po-
sition of the suction CVVT is set to the most advanced
angle position in the CVVT system which is operated in
cooperation with the CVVL engine. After that, the delayed
angle amount is controlled at the reference position of
the advanced angle to improve the fuel efficiency at the
low speed and increase the merchantable quality.
[0055] The foregoing descriptions of specific exempla-
ry embodiments of the present invention have been pre-
sented for purposes of illustration and description. They
are not intended to be exhaustive or to limit the invention
to the precise forms disclosed, and obviously many mod-
ifications and variations are possible in light of the above
teachings. The exemplary embodiments were chosen
and described in order to explain certain principles of the
invention and their practical application, to thereby ena-
ble others skilled in the art to make and utilize various
exemplary embodiments of the presentinvention, as well
as various alternatives and modifications thereof. It is
intended that the scope of the invention be defined by
the Claims appended hereto and their equivalents.

Claims

1. A continuously variable valve timing (CVVT) system
which is operated in cooperation with a continuously
variable valve lift (CVVL) engine, wherein a refer-
ence position of a suction CVVT is set by a spring.

2. The continuously variable valve timing (CVVT) sys-
tem of claim 1, wherein the spring is adapted such
that a suction cam timing is shifted in an advanced
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angle direction when an oil control valve installed in
the CVVT system does not operate.

A method for controlling a continuously variable
valve timing (CVVT) system which is operated in co-
operation with a continuously variable valve lift (CV-
VL) engine, comprising the steps of:

setting a reference position of a suction CVVT
to a most advanced angle position; and
controlling a delayed angle amount at the refer-
ence position of the most advanced angle.

The method according to claim 3, wherein when an
oil control valve installed in the CVVT system does
not operate, a suction cam timing is shift in an ad-
vanced angle direction by a bias spring which is in-
stalled in the CVVT system.

The method according to claim 3, wherein when the
oil control valve installed in the CVVT system oper-
ates to the max, the oil control valve changes an oil
pressure passage connected to the CVVT system.
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FIG. 1 (Related Art)
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FIG. 3 (Related Art)
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FIG. 5

Max Lift

—— Min Lift(OPTIMUM CAM)

——-Min Lift(DELAYED ANGLE CAM)

Pavg(bar)
w

2

SECOND _|
DIAGRAM

i

FIRST DIAGRAM

Vol /Vmax(%)

10



EP 2 540 997 A1

FIG. 6
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