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(54) Pressure balancing metering subassembly for use with a modular egr valve

(57) A leakage arresting system comprising a novel
gas arrestor 43, 43' for installation on an interrupted pin-
tle shaft in a pintle-type valve 10', 10", such as an ex-
haust gas recirculation valve for an internal combustion
engine, for preventing leakage of gas and moisture
along the pintle shaft 22'a, 22"a into the actuator, to pre-

vent corrosion and failure of the actuator. The system
comprises two elements: a pintle shaft which is inter-
rupted outside the actuator, and a positive vapor block
in the form of a cup-shaped arrestor disposed across
the pintle interruption. The invention is applicable to both
unbalanced and force-balanced valves.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application Serial No. 60/184,513, filed Febru-
ary 24, 2000 and U.S. Provisional Application Serial No.
60/184,533, filed February 24, 2000.

TECHNICAL FIELD

[0002] The present invention relates to pintle-type
valves; more particularly to solenoid-actuated pintle
valves for permitting the controlled admission of exhaust
gases into the fuel intake manifold of an internal com-
bustion engine; and most particularly to a system includ-
ing an interrupted pintle and gas arrestor for preventing
entrance of corrosive gases and moisture into the valve
actuator.

BACKGROUND OF THE INVENTION

[0003] It is well known in the automotive art to provide
a variable valve connecting the exhaust manifold with
the intake manifold of an internal combustion engine to
permit selective and controlled recirculation of a portion
of an engine's exhaust gas into the fuel intake stream.
Such recirculation is beneficial for reducing the burn
temperaturethe fuel mix in the engine to reduce forma-
tion of nitrogen and sulfur oxides which are significant
components of smog. Such a valve is known in the art
as an exhaust gas recirculation (EGR) valve.
[0004] Typically, an EGR valve has a valve body en-
closing a chamber disposed between a first port in the
exhaust manifold and a second port in the intake man-
ifold; a valve seat dividing the chamber between the two
ports; a pintle shaft having a valve head fitted to the
valve seat and extending from the valve head through
a bearing mounted in a third port in a sidewall of the
valve body; a spring-retained bearing splash shield; and
a solenoid actuator mounted on the exterior of the valve
body and having an armature into which the outer end
of the valve pintle extends.
[0005] A problem inherent to EGR valve applications
is that the managed fluid (exhaust gas) is moisture-lad-
en, corrosive, and dirty. If this gas enters the actuator,
for example, by leaking along the pintle shaft, then in-
ternal corrosion, malfunction, and ultimate failure of the
actuator can result. Such failure can lead to emission
non-compliance and can incur significant cost to a ve-
hicle manufacturer if a recall is required.
[0006] Two known solutions to this problem are a
sealed, impermeable actuator, or, alternatively, an actu-
ator having working components which are unaffected
by exhaust gas. Either of such actuators is currently im-
practical for cost and performance reasons. Further, a
sealed actuator would be even more vulnerable to dam-
age from trapped moisture if a leak should develop in

the seal; and a corrosion-resistant actuator would re-
quire materials of construction which are less magneti-
cally efficient than the currently used soft iron and pow-
der metals, thus dictating a substantially larger solenoid.
[0007] What is needed is a gas arrestor between an
EGR valve and actuator that prevents gas and moisture
intrusion into the actuator without impairing efficiency,
size, and performance of the valve and actuator. Pref-
erably, such an arrestor is simple and inexpensive to
fabricate and install.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to a leakage
arresting system comprising a novel gas arrestor for in-
stallation on an interrupted pintle shaft in a pintle-type
valve, such as an exhaust gas recirculation valve for an
internal combustion engine, for preventing leakage of
gas and moisture along the pintle shaft into the actuator
to prevent corrosion and failure of the actuator. The sys-
tem comprises two elements: a pintle shaft which is in-
terrupted outside the actuator, and a positive vapor
block in the form of a cup-shaped arrestor disposed
across the pintle interruption. The invention is applicable
to both unbalanced and force-balanced valves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other objects, features, and
advantages of the invention, as well as presently pre-
ferred embodiments thereof, will become more appar-
ent from a reading of the following description in con-
nection with the accompanying drawings, in which:

FIG. 1 is an elevational cross-sectional view of a
prior art EGR valve;
FIG. 2 is an elevational cross-sectional view of a
valve like that shown in FIG. 1 equipped with an in-
terrupted pintle shaft and a gas arrestor in accord-
ance with the invention;
FIG. 3 is a view like that shown in FIG. 2, showing
the invention adapted to a force-balanced valve;
and
FIG. 4 is an elevational cross-sectional view of the
valve shown in FIG. 2 mounted onto an actuator
modified for an interrupted pintle shaft.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0010] The benefits afforded by the present invention
will become more readily apparent by first considering
a prior art pintle valve. Referring to FIG. 1, a prior art
EGR valve 10 includes a valve body 12 having a valve
seat 14 separating a first chamber 16 from a second
chamber 18, which chambers may communicate with
the exhaust and intake systems, respectively, of an in-
ternal combustion engine (not shown) or the reverse.
Valve head 20 is disposed adjacent to seat 14 for selec-
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tively mating therewith to open or to close communica-
tion between chambers 16 and 18. Valve pintle shaft 22
extends from head 20 through an axial bore 24 in bear-
ing 26 and is captured within armature 28 of solenoid
actuator 30. Bearing 26 is disposed in a port 27 in a wall
of valve body 12 and guides shaft 22 in reciprocating
motion to open and close the valve when actuator 30 is
energized and de-energized, respectively.
[0011] Bearing 26 is provided with a circumferential
flange 32 having an axial face 34 for sealing against ax-
ial outer surface 36 of valve body 12 to prevent leakage
of gases therebetween. A cup-shaped bearing splash
shield 38 has an inward-extending flange 40 with a cen-
tral aperture for passage of shaft 22, preferably without
contact therebetween, and a cylindrical skirt 44 extend-
ing axially to shield a substantial portion of bearing 26
from external contaminants. Shield 38 is open in a
downwards direction to permit venting of any gases
which may leak along bore 24 during operation of the
valve. Actuator 30 is connected to valve body 12 via a
plurality of bolts 46 extending through a plurality of
standoffs 48. A coil spring 50 surrounding pintle shaft
22 is disposed within shield 38, being compressed be-
tween actuator 30 and a second surface 52 on flange
32 for urging flange 32 to seal against surface 36 under
all operating conditions. Spring 50 also serves to urge
shield 38 against surface 49 of primary polepiece 51 of
actuator 30 to inhibit dust intrusion into the actuator.
[0012] A second spring 54 disposed in compression
within actuator 30 between armature 28 and polepiece
51 keeps valve 10 in the normally-closed position shown
in FIG. 1 when the solenoid is de-energized, pintle shaft
22 thus being under tension. When the valve is opened,
by energizing of the actuator, pintle shaft 22 is subjected
to compressive force, an important consideration in pro-
viding an interrupted pintle shaft and gas arrestor in ac-
cordance with the invention.
[0013] Referring to FIG. 2, an improved valve 10' in
accordance with the invention is shown, for clarity with-
out an actuator. Like prior art valve 10, valve 10' has a
valve body 12' having a valve seat 14' separating a first
chamber 16 (outside of the valve body in this embodi-
ment but analogous to chamber 16 in FIG. 1) from a sec-
ond chamber 18. Valve head 20' having a mating ele-
ment 21 attached thereto as by any conventional means
is disposed adjacent to seat 14' for selectively mating
therewith to open or to close communication between
chambers 16 and 18. Pintle shaft 22' extends from head
20' through an axial bore 24' in bearing 26'. Bearing 26'
is disposed in a port 27' in a wall of valve body 12' and
guides pintle shaft 22' in reciprocating motion to open
and close the valve when the actuator (not shown) is
energized and de-energized, respectively. Bearing 26'
is provided with a circumferential flange 32' having a first
axial face 34' for sealing against axial outer surface 36'
of valve body 12' to prevent leakage of gases therebe-
tween. Preferably, the diameter of port 27' is slightly
greater than the diameter of the corresponding portion

of bearing 26', providing a gap 29 therebetween, such
that the bearing may be radially compliant to accommo-
date axial misalignments of other valve components.
[0014] For ease of assembly, pintle shaft 22' may be
provided in upper and lower sections 22'a,22'b which
are threaded appropriately to screw together to form pin-
tle shaft 22'. Alternatively, pintle shaft 22' may be pro-
vided as a one-piece element, and the metering head
may be attached conventionally. Pintle shaft 22' termi-
nates in a flared portion 39 having a flat outer surface 41.
[0015] A gas arrestor 43, cup-shaped and inverted
downwards, has a central aperture for receiving portion
39. Arrestor 43 is readily and inexpensively formed as
by stamping from sheet metal. A coil spring 50' is dis-
posed in compression around pintle shaft 22a' between
bearing flange 32' and the underside of arrestor 43, urg-
ing the arrestor into sealing contact with the underside
of flared portion 39. Actuator standoffs 45 are attached
to valve body 12' and are provided with one or more
vents 47.
[0016] Gases which may leak from chamber 18 along
pintle shaft 22a' through bore 24' are thus positively pre-
cluded from migrating past arrestor 43 and instead are
directed by arrestor 43 back toward valve body 12' and
are allowed to escape through vents 47.
[0017] Referring to FIG. 4, the valve 10' just described
and shown in FIG. 2 is here shown fully attached to an
actuator 30' modified as necessary to interface with the
shortened pintle shaft 22'. Valve 10' is shown mounted
for use as an exhaust gas recirculation (EGR) valve on
an internal combustion engine 104, exhaust manifold
100 and intake manifold 102 being attached to valve 10'
adjacent chambers 16 and 18, respectively. With re-
spect to actuator 30', second spring 54 is eliminated.
The outer portion of pintle shaft 22 extending into and
captured by armature 28 is replaced by a stub shaft, or
pintle lifter, 22'c which makes contact with but is not con-
nected to surface 41. Thus, the combination of pintle
shaft elements 22'a, 22'b, and 22'c may be thought of
as an "interrupted" pintle shaft having a positive gas-
arresting break between elements 22'b and 22'c. Pintle
lifter 22'c is radially supported and guided by a new
flanged bearing 62, similar to bearing 26', disposed pref-
erably as a press fit in a new axial bore 64 in modified
polepiece 51'. Preferably, the length of lifter 22'c in the
bearing is at least 1.5 times the diameter of lifter 22'c to
inhibit potential ingress of gas and moisture into actuator
30' through bearing 62.
[0018] Because valve head 20' is urged towards the
closed valve position by spring 50', armature 28 and pin-
tle lifter 22'c act on pintle shaft 22' only under compres-
sion. Because surface 41 presents a relatively broad
contact surface for pintle lifter 22'c, the axial alignment
of actuator 30' with valve 10' is significantly relaxed over
the tight tolerance required in prior art valve 10.
[0019] Referring to FIG. 3, a second embodiment 10"
of a valve with a gas arrestor in accordance with the in-
vention is configured as a force-balanced valve. Valve
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10' is not force-balanced in that pressure or vacuum in
chamber 18 exerts an opening or closing force on the
back side of valve head 20' which must be overcome by
spring 50' for the valve to remain closed or by actuator
30' for the valve to open. Thus, the operating range of
valve 10' is limited to pressures below the spring force
of the closing spring and the solenoid force of the actu-
ator. In valve 10", however, a piston 53 having a cross-
sectional area substantially equivalent to the area of
valve head 20' is disposed on pintle shaft 22a" in oppo-
sition to head 20' such that the opening or closing force
exerted on head 20' is balanced by an equal closing or
opening force exerted on piston 53. Thus valve 10" may
be used over a broader range of internal pressures than
valve 10'.
[0020] In valve 10", piston 53 effectively takes the
place of bearing 26' in guiding the pintle shaft in the
valve. A piston cylinder 55 is disposed in a bore 27" in
valve body 12" to be radially-compliant as described
above for bearing 26' in valve body 12'. Cylinder 55 is
provided with a flange 32" for supporting and sealing
against surface 36". Piston 53 is slidingly disposed with-
in cylinder 55, the diametral tolerance between piston
53 and cylinder 55 being as small as possible without
causing significant drag therebetween. Pintle shaft 22a"
extends beyond piston 53 and is terminated in a broad,
flat cap 56 having an upper surface 41. A second em-
bodiment 43' of a gas arrestor is disposed on shaft 22a"
and a coil spring 50" in compression is captured be-
tween arrestor 43' and flange 32", again for urging arre-
stor 43' sealingly against cap 56 and for urging head 20"
into closed relationship with seat 14". Because the cy-
lindrical surface area of piston 53 is substantially greater
than the surface area of shaft 22a' in valve 10', the po-
tential for leakage along the piston surface is also sub-
stantial. Therefore, cylinder 55 preferably is provided
with an inwardly curved flange 58 for receiving a shaft
seal 60 which may be formed from an appropriate ma-
terial, for example, an elastomer, metal, or polymer, and
disposed with minimal radial pressure on shaft 22a".
[0021] The foregoing description of the preferred em-
bodiment of the invention has been presented for the
purpose of illustration and description. It is not intended
to be exhaustive nor is it intended to limit the invention
to the precise form disclosed. It will be apparent to those
skilled in the art that the disclosed embodiments may
be modified in light of the above teachings. The embod-
iments described are chosen to provide an illustration
of principles of the invention and its practical application
to enable thereby one of ordinary skill in the art to utilize
the invention in various embodiments and with various
modifications as are suited to the particular use contem-
plated. Therefore, the foregoing description is to be con-
sidered exemplary, rather than limiting, and the true
scope of the invention is that described in the following
claims.

Claims

1. In a gas management pintle valve 10', 10" having a
valve body 12', 12" and an actuator 30 attached to
the valve body, a system for arresting gas leakage
from the valve body along a pintle shaft 22', com-
prising:

a) a first pintle shaft portion 22'a, 22"a extend-
ing from said valve body towards said actuator
and terminating at an end 41 outside of said ac-
tuator;
b) a gas arrestor 43, 43' disposed on said first
pintle shaft portion near said end for arresting
gas leakage along said shaft portion; and
c) a second pintle shaft portion 22'c disposed
within and extending from said actuator and ax-
ially operative by said actuator against said end
41 of said first pintle shaft portion to axially dis-
place said first shaft portion.

2. A gas management pintle valve 10' having a system
for preventing pintle shaft leakage of gas from the
body of the valve into the actuator thereof, compris-
ing:

a) a valve body 12' having a chamber 18 having
a first port defining a valve seat 14', a bore op-
posite said first port 27', and an axial shaft bear-
ing 26' disposed in said bore;
b) a valve head 20' disposed in said chamber
for mating with said valve seat to open and
close said first port;
c) a first portion 22'a of a pintle shaft connected
at a first end to said valve head, extending
through said bearing 26', and terminating at a
second end 41;
d) a gas arrestor 43 disposed on said first por-
tion of said pintle shaft near said second end;
and
e) a solenoid actuator 30' attached to said valve
body and having a second portion 22'c of the
pintle shaft disposed within and extending from
said actuator and being axially operative by
said actuator against said second end of said
first pintle shaft portion to axially displace said
first shaft portion to open and close said valve.

3. A valve in accordance with Claim 2 wherein said
valve is an exhaust gas recirculation valve in an in-
ternal combustion engine 104.

4. A valve in accordance with Claim 2 wherein said
gas arrestor 43 comprises a cup-shaped element
open towards said valve body and having a central
aperture for receiving said first pintle shaft portion
41.
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5. A valve in accordance with Claim 2 further compris-
ing a compression spring 50'disposed between said
gas arrestor 43' and said bearing 26' for sealingly
urging said arrestor against said first pintle shaft
portion.

6. An internal combustion engine104, comprising;

a) an intake manifold 102;
b) an exhaust manifold 100; and
c) an exhaust gas recirculation valve 10', 10"
connected to controllably pass exhaust gas
from said exhaust manifold to said intake man-
ifold, said valve including

i) a valve body 12, 12" having a chamber
18 having a first port defining a valve seat
14', 14", a bore 27', 27" opposite said first
port, and an axial shaft bearing 26' dis-
posed in said bore;
ii) a valve head 20', 20" disposed in said
chamber for mating with said valve seat to
open and close said first port;
iii) a first portion 22'a, 22"a of a pintle shaft
connected at a first end to said valve head,
extending through said bearing, and termi-
nating at a second end 41;
iv) a gas arrestor 43, 43' disposed on said
first portion of said pintle shaft near said
second end; and
v) a solenoid actuator 30' attached to said
valve body 12', 12" and having a second
portion 22'c of a pintle shaft disposed with-
in and extending from said actuator and be-
ing axially operative by said actuator
against said second end 41 of said first pin-
tle shaft 22'a, 22"a portion to axially dis-
place said first shaft portion to open and
close said valve.
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