EP 3 109 422 A2

(19)

(12)

(43)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3109 422 A2

EUROPEAN PATENT APPLICATION

Date of publication:
28.12.2016 Bulletin 2016/52

Application number: 15196013.5

Date of filing: 24.11.2015

(51)

Int Cl.:
FO1L 1/344 (2006.01)

(84)

(30)

(71)

Designated Contracting States:

AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA ME

Designated Validation States:

MA MD

Priority: 26.06.2015 KR 20150091602
Applicants:

Hyundai Motor Company
Seoul 137-938 (KR)

(74)

Kia Motors Corporation
Seoul 137-938 (KR)

Inventors:

OH, Chung Han

463-731 Seongnam-si, Gyeonggi-do (KR)
KIM, Yun Seok

448-537 Yongin-si, Gyeonggi-do (KR)
PARK, Jong Kuk

446-912 Yongin-si, Gyeonggi-do (KR)

Representative: Viering, Jentschura & Partner
mbB

Patent- und Rechtsanwailte

Am Brauhaus 8

01099 Dresden (DE)

(54)

(57)

ROTATION CONTROL APPARATUS OF CVVT

The present disclosure provides generally for a

rotation control apparatus of a CVVT (Continuous Vari-
able Valve Timing) that includes an advanced-angle
compensating unit. This unit may be disposed at a rotor

to always apply torque in an advancing direction of the
rotor between the rotor and a stator. This unit may
achieve self-locking of a lock pin to provide rotational
control of a CVVT
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Description
FIELD
[0001] The present disclosure relates generally to a

rotation control apparatus of continuous variable valve
timing (hereafter, referred to as a CVVT).

BACKGROUND

[0002] The statements in this section merely provide
background information related to the present disclosure
and may not constitute prior art.

[0003] In general, a CVVT is applied to a vehicle to
reduce exhaust gas and improve fuel efficiency and out-
put.

[0004] The structure of a common CVVT will be de-
scribed first with reference to FIG. 1 to help understand-
ing of the present disclosure.

[0005] As shown in FIG. 1, the CVVT includes a cam
position sensor 11 for detecting a rotational angle of a
camshaft and a crank position sensor 12 for detecting a
rotational angle of a crankshaft. A timing belt 14 driven
by the crankshaft drives a variable valve timing unit 15
and a vane type is used for the variable valve timing unit
15.

[0006] An ECU (Electronic Control Unit) 13 controls
valve timing of the cam in accordance with the position
of the crank in response to signals from the cam position
sensor 11 and the crank position sensor 12 and a control
signal from the ECU 13 is sent to an oil flow valve 16 that
is supplied with engine oil from an engine oil pump 16,
so the cam is rotated.

[0007] When the oil control valve 16 allows the cam to
rotate in response to a control signal from the ECU 13,
the cam position sensor 11 detects the position of the
camshaft and feeds it back to the ECU 13 and the ECU
13 estimates the amount of rotation of the cam on the
basis of the fed-back position information of the camshaft
and transmits a signal for controlling the position of the
camshaft back to the oil control valve 16 on the basis of
the estimated amount of rotation of the cam. Continuous-
ly variable control is performed on valve timing in accord-
ance with this control logic.

[0008] On the other hand, in order to smoothly perform
the feedback function, a control logic for the oil control
valve 16 according to the crank position and the cam
position is mapped to the ECU 13. Accordingly, when the
mapped position of the camshaft and the cam position
detected by the cam position sensor are different, the
ECU controls the oil control valve 16, so the rotation of
the camshaft is increased/decreased.

[0009] FIG.2isagraphshowingavalve opening timing
according to a crank angle. The ECU 13 controls valve
control timings in an exhaust stroke and an intake stroke
in accordance with a crank angle, and generally, it ad-
vances or retards the valve timings in the exhaust stroke
and the intake stroke.

($]
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[0010] A CVVT system improves fuel efficiency by re-
ducing a pumping loss by increasing valve overlap of
intake and exhaust valves and a re-combustion effect of
non-burned gas is achieved by internal exhaust gas re-
cycling with optimization of the valve overlap, so exhaust
gas is reduced.

[0011] As shown in FIG. 3, recently, intermediate
phase CVVT systems remove limits in both response and
operation area of the existing CVVT systems. These in-
termediate phase CVVTs control the position of a cam,
not at the most advanced (intake) position and the most
delayed (exhaust) position, but rather at an intermediate
position, so response is quick and the use area of a cam
can be increased, so fuel efficiency is improved and an
exhaust gas is reduced.

[0012] Inintermediate phase CVVT, a lock pin on the
rotor is locked into a lock pin hole between the advance
chamber and the delay chamber while the RPM of an
engine is reduced, thereby preparing for later engine
start. The action that the lock pin is automatically locked
into the lock pin hole when the RPM of an engine is re-
duced is called 'self-lock’.

[0013] The self-lock is a function that allows a CVVT
system to mechanically return to an accurate position
without specific adjustment so that operational stability
of an engine can be maintained in periods where the
CVVT system is not used, that is, when the engine is
idling or is started.

[0014] However, when the valve timing reaches the
most or more retarded position without returning to the
intermediate phase, and an engine of a vehicle is idling,
a surge tank may not be vacuumized and the internal
pressure of the surge tank may increase up to the atmos-
pheric pressure, so the performance of a brake using the
vacuum of the surge tank may be deteriorated.

[0015] Further,whenthe valve timing reaches the most
retarded position without returning to the intermediate
phase, excessive overlap of valve timing may be gener-
ated between an intake valve and an exhaust valve, so
the operational stability of the engine decreases and vi-
bration of the engine increases, and in some cases, the
engine stops.

[0016] That is, so-called self-lock of a lock pin in an
intermediate phase CVVT may not be automatically per-
formed, so when the rotor and the lock pin are positioned
at the most advanced position or the most retarded po-
sition, the engine stops and the brake system may not
operate because negative pressure is not normally gen-
erated.

[0017] The foregoing is intended merely to aid in the
understanding of the background of the present disclo-
sure, and is not intended to mean that the foregoing is
already known to those skilled in the art.

SUMMARY

[0018] Accordingly, the present disclosure proposes a
rotation control apparatus of a CVVT that prevents poor
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self-lock.

[0019] The presentdisclosure provides, in one embod-
iment, that by returning to a predetermined intermediate
phase position even after a phase is advanced or retard-
ed, a lock pin can be accurately inserted into a lock pin
hole.

[0020] Additionally, the present disclosure provides, in
one embodiment, a specific advanced-angle compensat-
ing unit that can compensate torque of a rotor in advanc-
ing to solve the problem of ensuring an intermediate
phase, because a CVVT can rotate against friction of a
valve system while an engine is operated, particularly in
advancing the intake.

[0021] According to one aspect of the present disclo-
sure, there is provided a rotation control apparatus of a
CVVT that includes: an advanced-angle compensating
unit disposed at a rotor to always or continuously apply
torque in an advancing direction of the rotor between the
rotor and a stator, and achieving self-locking of a lock
pin; and a stopper locking a side of the advanced-angle
compensating unit and releasing the advanced-angle
compensating unit after the advanced-angle compensat-
ing unit reaches a predetermined position.

[0022] Theadvanced-angle compensatingunitmay be
a bias spring.
[0023] The advanced-angle compensating unit may

have a first end connected to the rotor and a second end
connected to the stator.

[0024] The stopper may be inserted in the rotor where
the first end of the advanced-angle compensating unit is
positioned.

[0025] A rotational groove allowing the first end of the
advanced-angle compensating unit to rotate within a pre-
determined range may be formed on the rotor.

[0026] Theadvanced-angle compensatingunitmay be
compressed, when the rotor rotates in a retarding direc-
tion, and the advanced-angle compensating unit may in-
crease torque of the rotor with a compressive force when
the rotor rotates in the advancing direction, and the lock-
ing pin may be continuously locked by a solenoid valve
when the rotor rotates in the advancing direction.
[0027] Since load of the advanced-angle compensat-
ing unit is increased over a cam torque difference from
the most retarded state to the self-lock, and since the
advanced-angle compensating unit is prevented from ro-
tating by the stopper when the rotor reaches the self-lock
position by the advanced-angle compensating unit, it is
possible to prevent poor self-lock and ensure more stable
operation of the CVVT by ensuring a predetermined ac-
curate intermediate phase.

[0028] Further areas of applicability will become ap-
parent from the description provided herein. It should be
understood that the description and specific examples
are intended for purposes of illustration only and are not
intended to limit the scope of the present disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In order that the disclosure may be well under-
stood, there will now be described various forms thereof,
given by way of example, reference being made to the
accompanying drawings, in which:

FIG. 1 is a view showing a known configuration of a
CVVT;

FIG. 2 is a graph showing valve opening timings ac-
cording to rotational angles of a crankshaft of a CV-
VT;

FIG. 3 is a graph showing valve opening timings ac-
cording to rotational angles of a crankshaft of an in-
termediate phase CVVT;

FIG. 4 is a view showing a rotation control apparatus
of a CVVT according to an embodiment of the
present disclosure;

FIG. 5 is a view showing a locking state when the
lock pin of the rotation control apparatus of FIG. 4 is
fixed; and

FIG. 6 is a view showing a most retarded state of the
rotation control apparatus of FIG. 4.

DETAILED DESCRIPTION

[0030] A rotation control apparatus of a CVVT accord-
ing to exemplary embodiments of the present disclosure
is described hereafter with reference to the accompany-
ing drawings.

[0031] As shown in the Figures 4-6, a rotation control
apparatus of a CVVT (Continuous Variable Valve Timing)
according to an embodiment of the present disclosure
includes: an advanced-angle compensating unit 500 that
is disposed at a rotor 100 to always apply torque in an
advancing direction of the rotor 100 between the rotor
100 and a stator 300 and achieves self-locking of a lock
pin 900; and a stopper 700 that locks a side of the ad-
vanced-angle compensating unit 500 and releases the
advanced-angle compensating unit 500 after the ad-
vanced-angle compensating unit 500 reaches a prede-
termined position.

[0032] According to the present disclosure, the ad-
vanced-angle compensating unit 500 is disposed at a
rotor 100 to always apply torque in an advancing direction
of the rotor 100 between the rotor 100 and the stator 300
and achieves self-locking of a lock pin 900.

[0033] As shown in FIG. 3, the advanced-angle com-
pensating unit 500 is a coil (e.g. a metal wire or strip)
wound several times, particularly, it may be a bias spring.
The advanced-angle compensating unit 500 has a first
end 510 connected to the rotor 100 (for movement there-
with, such as rigidly attached, fixed or immovably con-
nected) and a second end connected to the stator 300
(such as rigidly attached, fixed orimmovably connected),
such that the compensating unit 500 applies an elastic
force in the advancing direction so that an advancing
chamber can always be expanded. The stopper 700 is
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inserted in the rotor 100 where the first end 510 of the
advanced-angle compensating unit 500 is positioned,
and it may have a cylindrical shape such as a pin. A
rotational groove 110 for the first end of the advanced-
angle compensating unit 500 to rotate within a predeter-
mined range is formed on the rotor 100.

[0034] The advanced-angle compensating unit 500 is
compressed when the rotor 100 rotates in a retarding
direction, and it increases torque of the rotor 100 with its
compressive force when the rotor 100 rotates in the ad-
vancing direction. Further, when the rotor 100 rotates in
the advancing direction, the lock pin 900 is continuously
locked by a solenoid valve.

[0035] Thatis, when the rotor 100 rotates in the retard-
ing direction, the advanced-angle compensating unit 500
is wound and keeps an elastic force therein, and when
the rotor 100 rotates in the advancing direction, the torque
of the rotor 100 is increased by the kept elastic force.
Accordingly, it is possible to preclude the problem that
rotation in the advancing direction is not smoothly made
due to torque of a camshaft and friction force of a valve
system, and hence the lock pin 900 may be actuated at
any time.

[0036] When the rotor 100 rotates in the advancing di-
rection, the torque of the rotor 100 is increased by the
advanced-angle compensating unit 500 and the lock pin
900 can be locked into a lock pin hole 910, soitis possible
to prevent the problem that an engine stops and a brake
system is not operated by poor negative pressure, be-
cause an intermediate phase cannot be ensured in the
related art.

[0037] The elastic force kept in accordance with the
length and diameter of the advanced-angle compensat-
ing unit 500 is selected at an appropriate level in consid-
eration of the friction force of an engine valve system and
the pressure of engine oil, as will be understood by those
skilled in the art.

[0038] However, when only the advanced-angle com-
pensating unit 500 is provided, theoretically, there is no
problem in ensuring an intermediate phase, but it may
be difficult to ensure an accurate intermediate phase in
actual manufacturing of a vehicle due to differences in
engines, parts, cam torque, and the advanced-angle
compensating unit 500, so poor self-lock may still result.
Accordingly, the stopper 700 is optionally provided, and
preferably disposed at a side of the advanced-angle com-
pensating unit 500 to prevent rotation beyond the inter-
mediate phase. The stopper 700 prevents the advanced-
angle compensating unit 500 from being further pressed
by driving torque of the camshaft after the CVVT ensures
an accurate intermediate phase by means of the ad-
vanced-angle compensating unit 500, thereby ensuring
apredetermined intermediate phase and preventing poor
self-lock.

[0039] The operation of the rotation control apparatus
of a CVVT of the present disclosure having the configu-
ration described above is described with reference to
FIGS. 5 and 6.
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[0040] FIG. 5is a view showing a locking state when
the lock pin 900 of FIG. 4 is fixed. The rotor 100 and the
lock pin 900 that has advanced beyond an intermediate
phase are rotated in the retarding direction by driving
torque of the camshaft, and when the rotor 100 reaches
the intermediate phase while rotating, self-lock in which
the lock pin 900 is locked into the lock pin hole 910 is
automatically performed by a solenoid valve.

[0041] On the contrary, FIG. 6 is a view showing the
most retarded state of FIG. 4, in which in order to change
from the most retarded state to the self-lock position, the
lock pin 900 of the rotor 100 that has been rotated beyond
the intermediate phase is rotated in the advancing direc-
tion, thereby achieving self-lock. However, even if the
same number of rotations of the engine and the same oil
pressure as that of the related art are supplied to an ad-
vancing chamber, the torque of the rotor 100 is increased
by the elastic force kept by the most retarded state of
FIG. 4 that has been wound in advance, so the rotor 100
can more easily rotate to the intermediate phase against
the torque of the camshaft and the friction force of the
valve system. Thus the lock pin 900 may be locked into
the lock in hole 910 by the solenoid, and accordingly,
self-lock is achieved. The stopper 700 prevents the ad-
vanced-angle compensating unit 500 from being contin-
uously pressed beyond the intermediate phase, so it is
possible to ensure an accurate intermediate phase and
preclude poor self-lock. That is, when the advanced-an-
gle compensating unit 500 reaches a position where self-
lock is achieved, the advanced-angle compensating unit
500 is not further pressed by the stopper 700, so the force
rotating the cam is removed by the advanced-angle com-
pensating unit 500.

[0042] Thatis, by increasing load of the advanced-an-
gle compensating unit 500 over a cam torque difference
from the most retarded state to the self-lock, and by stop-
ping the advanced-angle compensating unit 500 with the
stopper 700 when a parking position is reached, the CV-
VT is not further rotated in the advancing direction, so an
accurate intermediate phase can be achieved and poor
self-lock is prevented.

[0043] Therefore, according to the rotation control ap-
paratus of a CVVT, since load of the advanced-angle
compensating unit is increased over a cam torque differ-
ence from the most retarded state to the self-lock and
the advanced-angle compensating unitis prevented from
rotating by the stopper when the rotor reaches the self-
lock position by the advanced-angle compensating unit,
it is possible to prevent poor self-lock and ensure more
stable operation of the CVVT by ensuring a predeter-
mined accurate intermediate phase.

[0044] Although embodiments of the present disclo-
sure have been described forillustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without depart-
ing from the scope and spirit of the disclosure as dis-
closed in the accompanying claims.
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Claims

Arotation control apparatus of a Continuous Variable
Valve Timing (CVVT), the apparatus comprising:

a stator;

arotor positioned for rotation relative to the sta-
tor and having an advancing direction and a lock
pin;

an advanced-angle compensating unitdisposed
at the rotor and having a side, the advanced-
angle compensating unit operable to apply
torque in the advancing direction of the rotor be-
tween the rotor and the stator, the advanced-
angle compensating unit operable to achieve
self-locking of the lock pin; and
astopperlocking the side of the advanced-angle
compensating unit and releasing the advanced-
angle compensating unit after the advanced-an-
gle compensating unitreaches a predetermined
position.

The apparatus of claim 1, wherein the advanced-
angle compensating unit is a bias spring.

The apparatus of claim 1 or 2, wherein the advanced-
angle compensating unit has a first end connected
to the rotor.

The apparatus of any one of claims 1 to 3, wherein
the advanced-angle compensating unit has a sec-
ond end connected to the stator.

The apparatus of claim 3 or 4, wherein the stopper
is inserted in the rotor at the first end of the advanced-
angle compensating unit.

The apparatus of any one of claims 3 to 5, wherein
the rotor comprises arotational groove forming a pre-
determined range such that the first end of the ad-
vanced-angle compensating unit rotates within the
predetermined range.

The apparatus of claim 1 wherein the advanced-an-
gle compensating unit has a first end connected to
the rotor and a second end connected to the stator,
the stopper being inserted in the rotor at the first end
of the advanced-angle compensating unit, the rotor
comprising a rotational groove forming a predeter-
mined range such that the first end of the advanced-
angle compensating unit rotates within the predeter-
mined range.

The apparatus of any one of claims 1 to 7 further
comprising a solenoid valve to perform locking, and

the rotor having a retarding direction.

The apparatus of claim 8, wherein the advanced-
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10.

1.

12.

angle compensating unit is compressed when the
rotor rotates in the retarding direction, and the ad-
vanced-angle compensating unit increases torque
of the rotor with a compressive force when the rotor
rotates in the advancing direction, and

the locking pin is continuously locked by the solenoid
valve when the rotor rotates in the advancing direc-
tion.

The apparatus of claim 9 wherein the locking pin is
automatically locked.

The apparatus of any one of claims 1 to 10, wherein
the advanced-angle compensating unit always ap-
plies torque in the advancing direction of the rotor.

The apparatus of any one of claims 1 to 10, wherein
the advanced-angle compensating unit continuously
applies torque in the advancing direction of the rotor.
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