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NORMALLY CLOSED FAST-ACTING SOLENQOID VALVE

CROSS-REFERENCE TO RELATED APPLICATION
This application claims prionity to U.S. Application No. 15/629,859 filed June 22, 2017,

the disclosure of which is incorporated in its entirety by reference herein,

TECHNICAL FIELD
Example aspects described herein relate to solenoid valves, and, more particularly, to
fast-acting solenoid valves used in vanable valve hft or variable valve timing systems of

internal combustion engines for automobiles.

BACKGROUND
Variable valve hft (VVL) and vanable valve timing (VVT) systems of internal
combustion (IC) engines often manage hydravhic fluid flow, leakage or pressure within a
network of fluid galleries to vary the output of these respective systems. This type of hydraulic
fluid management is typically handled by a solenoid valve which can be precisely controlled
by an electronic controller or an engine control unit (ECU). A solenoid valve that can quickly
respond and actuate to an BCU command s cnitical to the function of many VVL and VVT

systems.
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Within these IC engine systems it is often desirable to prevent leakage or drain-out of the
hydranlic flmid from the fluid gallery or galleries after the engine has been shut down to enable
timely actuation of these systems upon start-up. In sorse VVL or VVT systems, such leakage
can lead to extended start-up times or erratic combustion, both of which are undesirable to the
end-user.

FIG. 5 shows a prior art normally open fast-acting solenoid valve (NOFASV) 160
together with a simplified representation of a housing 104 that includes a fluid gallery 106 and
a hydraulic system 108. The housing 104 could also be a cylinder head and the hydraulic
system 108 could also be a VVL or VVT system. In FIG. 5, the NOFASY 100 is shown in a
de-energized state. In this state, a bias clement 140 forcibly acts upon a valve body 136,
moving it upward to open up a passage between the valve body 136 and a valve seat 144, This
de-energized state could be representative of an engine shutdown condition during which no
electrical energy is provided to the NOFASY 100 through electrical terminal 164, Duning this
engine shutdown condition, hydranlic fluid 107 1s allowed to flow out of the fluid gallery 106,
through an outlet port 146, through the passage between the valve body 136 and valve seat
144, and out through either of three inlet ports 154A, 1548, 154C. Upon start-up of the IC
engine, valuable time is required to re-fill the fhud gallery 106, potentially delaying usage of
the VVL or VVT gystern. A solution 1s needed to prevent hydraulic fluid leakage from these

systerns after engine shutdown.
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SUMMARY OF THE INVENTION

A normally closed fast-acting solenoid valve is provided that prevenis hydraulic fluid
leakage from a fluid gallery of a hydraulic system in a de-energized state. The solenoid valve
includes a bobbin, an armature, a yoke, a core, a push pin, a hydraulic housing, a valve body,
and a valve seat. The bobbin is configured to support a coil; the coil, when energized with
clectric current, is capable of producing a magnetic field. The armature has at least a portion
that is circumferentially surrounded by the bobbin and is axially displaceable by the magnetic
field. A yoke circumferentially surrounds at least a portion of the armature. A core is axially
adjacent to a lower axial end of the armature. A push pin has a first portion coupled to the
armature, a second portion disposed within a clearance through-aperture of the core, and an
actuating portion that is arranged to axially displace the valve body. A biasing element is
engaged with the valve body. A hydraulic housing, engaged with a hydraulic end of the core,
has a central aperture, at least one inlet port, at least one outlet port, a valve seat, and a retainer.
The retainer 1s engaged with a lower end of the biasing element.

The valve body has a first coil-de-energized axial position and a second coil-energized
axial posttion. In the first axial position, the valve body is biased into engagement with the
valve seat by the biasing element. In the second axial position, the valve body is disengaged

with the valve seat.
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BRIEF DESCRIPTION OF DRAWINGS
{0008} The above mentioned and other features and advantages of the embodiments described
herein, and the manner of attaining them, will become apparent and be betier understood by
reference to the following descriptions of multiple example embodiments i conjunction with

the accompanying drawings. A brief description of the drawings now follows.

{00091 FIG. 1 is a perspective view of an example embodiment of a normally closed fast-acting

solenoid valve.

{00010} FIG. 2A 1s a cross-sectional view of the solenoid valve of FIG. 1 in a de-energized state,

{00011} FIG. 28 is a detailed view taken from FIG. 2A.

{00012} FIG. 3A is a cross-sectional view of the solenoid valve of FIG. 1 in an energized state.

[00013] FIG. 3B is a detailed view taken from FIG. 3A.

{00014} FIG. 4 is an isometric view of 3 valve body and valve seat shown in FIGS. 2A through
3B.

100015] FIG. 5 is a cross-sectional view of a prior art normally open fast-acting solenoid valve,
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DETAILED DESCRIPTION OF THE INVENTION

Identically labeled elements appearing m different figures refer to the same clersents but
may not be referenced in the description for all figures. The exemplification set out herein
iltustrates embodiments which should not be construed as limiting the scope of the claims in
any manner. A radially inward direction s from an outer radial surface, toward the central axis
or radial center of the component. Conversely, a radial outward direction indicates the
direction from the central axis or radial center of the component toward the outer surface.
Axially refers to directions along a diametric central axis. The words “upper”, “lower”,

32

“upward”, “downward”, “above” and “below” designate directions in the drawings to which
reference was made.

Referring to FIG. 1, an example embodiment of a normally closed fast-acting solenoid
valve (NCFASVY) 10 is shown with a central axis 11. Referring now to FIG. 2A, a cross-
sectional view of the NCFASVY 10 1s shown in a first coil-de-energized axial position; FIG. 2B
shows a detailed view of a portion of the NCFASV 10 of FIG. 2A; FIG 3A shows a cross-
sectional view of the NCFASY 18 in a second coil-de-energized axial position; FIG. 3B shows
a detatled view of a portion of the NCFASY 10 of FIG. 3A; and, FIG. 4 is an isometric view of
a valve body and valve seat shown in FIGS. 2A through 3B. The following description should

be viewed in hight of FIGS, 1 through 4. The NCFASYVY 10 includes a bobbin 28 that radially

houses a coil 32. The coil 32 becomes energized when it receives electric current via an
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clectric terminal 64. The presence of electric current in the coil 32 induces a magnetic field
which causes an armature 16, at least a portion of which is circumferentially surrounded by the
bobbin 28, to move axially downward. A vyoke 12 circumferentially surrounds at least a
portion of the armature 16. A core 20 15 axially adjacent to a lower axial end 17 of the
armature 16. The armature 16 is coupled to a first portion 25 of a push pin 24, possibly
facilitated by a press-fit; a second portion 26 of the push pin 24 extends through a clearance
through-~aperture 21 that extends through the core 20; and, an actuating portion 27 of the push
pin 24 displaces a valve body 36. The valve body 36 can be partially disposed within 3 valve
body aperture 23 arranged at a hydraulic end 22 of the core 20 and partially within a central
aperture 49 of a hydraulic housing 48 that 1s engaged with the hydraulic end 22 of the core 20,
Other valve body interface arrangements along with other core and hydraulic housing designs
arg possible. The valve body 36 is forcibly engaged by an upper end 41 of a biasing clement
40. Other design variations of how the biasing element 40 engages the valve body 36 are
possible. The valve body 36 has a radially cutward protrusion 37 configured with a seating
land 38 to engage a receiving surface 45 of a valve seat 44 disposed within the ceniral aperture
49 of the hydraulic housing 48. The seating land 38 can be of any shape that serves as an
optimum contact interface, including angled or crowned. A lower end 42 of the biasing
element 40 1s engaged with a retainer 52 arranged at an inlet end 50 of the hydraulic housing
48. Both the valve seat 44 and the retainer 52 can be integrally formed within the central

aperture 49 of the hydraulic housing 48, or be separately formed components that are installed



[00018]

[00019]

WO 2018/236804 PCT/US2018/038186

within the central aperture 49. Various attachment methods of the valve seat 44 and retainer 52
within the central aperture 49 are possible, such as a press-fit or other suitable design forms;
for example, a retaining chip 47 may be applied to limit axial movement of the valve seat 44, as
shown in Figure 2B.

An overmold body 60 extends radially from the top of the NCFASY 10 and houses the
clectrical terminal 64. A solenoid housing 56 circurmnferentially surrounds the cotl 32 with a
bottora end 57 of the solenoid housing 56 engaging a coil end 51 of the hydraulic housing 48.
{Other designs for coupling the solenoid housing 56 to the NCFASY 18 are possible.

The valve body 36 is capable of two axial positions. In a first coil-de-energized axial
posttion, shown in FIGS. 2A and 2B, the biasing element 40 pushes the valve body 36 axially
upward until the seating land 38 engages the receiving surface 45 of the valve seat 44. In this
first coil-de-energized axial position, hydraulic is prevented from flowing through the outlet
port 46 {or multiple outlet ports 46A-46C) and exiting the NCFASY 10 through the inlet port
54 {or multiple inlet ports 54A-54C). Simply stated, the first coil-de-energized axial position
prevents flow from the outlet port 46 to the inlet port 54, The first coil-de-energized axial
position is a likely state for the NCFASY 10 during an IC engine-off condition. With the valve
body 36 in a closed position, drain-out of fhud galleries for a hydraulic system, such as a VVL

or VVT system, 18 prevented.

":J
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An optional design feature includes a damper 68 that can be arranged at a top end 18 of
the armature 16 of the NCFASV 10. Many different forms and locations of dampers are
possible to satisfy any variety of damping functions.

In a second coil-energized axial position, shown in FIGS. 3A and 3B, the armature 16
and push pin 24 move axially downward due to the presence of electric current in the coil 32
and resultant magnetic field; the valve body 36 1s displaced downward such that separation
occurs between seating land 38 of the valve body 36 and the receiving surface 45 of the valve
seat 44, In this second coil-energized axial position, hydraulic fluid that enters the inlet port 54
{or multiple inlet ports 54A-54C) tlows between the valve body 36 and valve seat 44 and exits
through the outlet port 46 (or multiple outlet ports 46A-46C) supplying hydraulic fluid fo a
flwid gallery (or galleries) of a hydraulic system such as a VVL or VVT system of an IC
engine. Therefore, it could be simply stated that the second coil-energized axial position
facilitates tlow of hydraulic fluid from the inlet port 54 to the outlet port 46 of the NCFASY
10.

While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms encompassed by the claims. The words used in the
specification are words of description rather than limitation, and it is understood that various
changes can be made without departing from the spint and scope of the disclosure. As
previously described, the features of various embodiments can be combined to form further

embodiments that may not be explicitly described or illustrated. While various embodiments
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could have been described as providing advantages or being preferred over other embodiments
or prior art implementations with respect to one or more desired characteristics, those of
ordinary skill o the art recognize that one or wore features or charactenistics can be
compromised to achieve desired overall system attributes, which depend on the specific
application and implementation. These attributes can include, but are not limited to cost,
strength, durability, life cycle cost, marketability, appearance, packaging, size, serviceability,
weight, manufacturability, ease of assembly, etc. As such, to the extent any embodiments are
described as less desirable than other embodiments or prior art implementations with respect to
one or more characteristics, these embodiments are not outside the scope of the disclosure and

can be desirable for particular applications.
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What we claim is:
1. A solenoid valve comprising:
a central axis;
a bobbin configured fo support a coil, the cotl, when energized with electric current,
capable of producing a magnetic field;
an armature, at least a portion circumferentially surrounded by the bobbin and
axially displaceable by the magnetic field;
a yoke, circumferentially surrounding at least a portion of the armature;
a core, axially adjacent to a lower axial end of the armature;
a push pin having:
a first portion coupled to the armature;
a second portion disposed within a clearance through-aperture of the core;
and,
an actuating portion arranged to axially displace a valve body;
a biasing element engaged with the valve body; and,
a hydraulic housing, engaged with a hydraulic end of the core, the hydraulic
housing having:
a central aperture;
at least one inlet port;
at least one outlet pori;
a valve seat for recerving the valve body; and,
a retainer engaged with a lower end of the biasing element; and,

the valve body having:

10
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a first coil-de-energized axial position with the valve body biased into engagement
with the valve seat by the biasing element; and,
a second coil-energized axial position with the valve body disengaged with the

valve seat.

2. The solenoid valve of claim 1, wherein the first coil-de-energized axial position prevents

flow of hydraunlic fluid from the at least one outlet port to the at least one inlet port.

3. The solenoid valve of claim 1, wherein the second coil-energized axial position facilitates

flow of hydraulic thud from the at least one inlet port to the at least one outlet port.

4, The solenoid valve of claim 1, wherein the retainer 1s formed with the at least one inlet port.

5. The solenoid valve of claim 1, wherein the retainer is arranged on an inlet end of the

hydraulic housing.

6. The solenoid valve of claim 1, wherein a valve housing circumferentially surrounds the

coil.

7. The solenoid valve of claim 6, wherein a bottom end of the valve housing is engaged with

the hydraulic housing.

11
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8. The solenoid valve of claim 1, further comprising a damper arranged at a top end of the

armature.

9. The solenoid valve of ¢laim 1, wherein the valve body 1s configured with a radially outward

protrusion having a seating land.

10. The solenoid valve of claim 1, wherein the valve body is at least partially received by a

valve body aperture arranged at the hydraulic end of the core.

12
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