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(54) Roller rocker arm with valve bridge as integral part of the roller rocker arm

(57) A valve control system for an engine having a
pair of poppet valves (11,13), the system including a rock-
er arm (25) having a first end (25a), and a bridge member
(43;143) in engagement therewith. A shaft member (39)
fixes the lateral position of the bridge member relative to
the rocker arm to define an axis (A). The bridge member
cooperates with the poppet valves to define first and sec-

ond contact points (CP5, CP6). As the rocker arm en-
gages in pivotal movement, the lateral distances from
the axis (A) to the contact points (CP5,CP6) remain sub-
stantially constant and equal, thus insuring that the forces
transmitted to the poppet valves by the bridge member
remain substantially constant and equal, and further in-
suring that the valve velocity curves of the two valves will
conform to the "desired" valve velocity (Vo).
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Description

BACKGROUND OF THE DISCLOSURE

[0001] The present invention relates to a valve control
system for an internal combustion engine, and more par-
ticularly, to such a system which moves a pair of engine
poppet valves simultaneously, by means of a bridge
member.
[0002] Valve control systems of the type to which the
present invention relates typically include a poppet valve
which is moveable between an open position and a
closed position in response to pivotal movement of a
rocker arm. One end of the rocker arm engages some
sort of "fulcrum" type member, such as, but not limited
to, a hydraulic lash adjuster, such that the pivotal move-
ment of the rocker arm is about the fulcrum member, and
occurs in response to rotation of a cam shaft, in a manner
generally well known in the art.
[0003] In an attempt to achieve a greater power density
from modern internal combustion engines, engine de-
signers have, in some situations, provided each cylinder
with two intake poppet valves and/or with two exhaust
poppet valves. As is understood by those skilled in the
art, when there are two poppet valves of the same "type",
whether intake or exhaust, it is typical to design the valve
control system such that both poppet valves open and
close simultaneously (i.e., each of the poppet valves has
the same "lift", timing, and valve event duration).
[0004] One of the approaches utilized by those skilled
in the valve control art for actuating two poppet valves
simultaneously is to provide a bridge member which en-
gages the stem tip portions of both of the valves. Another
portion of the valve control system (for example, the end
of the rocker arm opposite the fulcrum member) engages
the bridge member, typically at a location intermediate
the two poppet valves such that the valve control system
is able to move both poppet valves simultaneously, sim-
ply by moving the bridge member.
[0005] However, it has been recognized by those
skilled in the art that, in order to utilize a bridge member,
and provide a properly functioning valve control system,
it is important for the bridge member to be able to impart
the same force and the same movement ("lift") to each
of the poppet valves with which the bridge member is
associated. In some valve control systems, this objective
of equal movement of the poppet valves by the bridge
member has been achieved by providing some sort of
guidance structure for the bridge member. For example,
it is known from U.S. Patent No. 5,535,710 to provide a
valve bridge with a guide pin received within a mating
bore in the cylinder head, such that the vertical movement
of the valve bridge is guided or constrained in such a way
that the opposite axial ends of the valve bridge inherently
have the same vertical movement, and therefor, the
valves in contact therewith also have the same vertical
movement.
[0006] Unfortunately, in many applications for such a

valve control system, utilizing a bridge member, there is
insufficient space available for use of a guide pin received
within a bore in the cylinder head, or equivalent structure.
Even if there is enough space, such a guide pin arrange-
ment adds substantially to the cost of such a valve control
system, both in terms of the additional cost of machining
the bores in the cylinder head, as well as the cost of
providing the guide pins which then must be rigidly at-
tached to the bridge members. Also, if the valve control
system is being utilized in conjunction with a diesel en-
gine having a fuel injector disposed approximately coin-
cidental with the axis of the cylinder, it may be impossible
to package, within the available space, four poppet
valves, two guide pins and the fuel injector.
[0007] In those valve control systems for which it is
desirable to use a bridge member, but wherein the bridge
member must be of the "unguided" type, such as for the
reasons mentioned above, it has been typical practice
for the bridge member to be laterally "fixed" relative to
the stem tip portions of the engine poppet valves, and
then to have the adjacent end of the rocker arm provided
with some sort of a cylindrical pad engaging an upper,
flat surface on the bridge member. Although the conven-
tional, above-described arrangement for imparting cycli-
cal movement of the rocker arm to the unguided bridge
member has been generally satisfactory in many engine
applications, it has been observed in connection with the
development of more recent valve control systems that,
at relatively higher engine speeds, certain aspects of the
dynamic behavior of the engine cannot be controlled to
the extent desirable, a detailed discussion of which is
beyond the scope of the present application.
[0008] In connection with the development of the
present invention, it has been observed and determined
that, in the conventional bridge arrangement as de-
scribed previously, whereas the contact between the cy-
lindrical (curved) pad on the rocker arm and the bridge
member is nominally equidistant from the contact points
defined between the bridge member and the poppet
valves, in reality, the movement of the cylindrical pad in
a generally arcuate path (as the rocker arm pivots during
valve actuation), results in the point of contact with the
bridge member not remaining equidistant between the
points of contact with the poppet valves. For example, in
one particular valve control system being developed in
connection with the present invention, it was observed
that the point of contact between the cylindrical pad on
the rocker arm and the upper surface of the bridge mem-
ber moves laterally along the bridge member by as much
as several millimeters during the cyclical movement of
the rocker arm.

BRIEF SUMMARY OF THE INVENTION

[0009] Accordingly, it is an object of the present inven-
tion to provide an improved valve control system of the
type which utilizes a bridge member, wherein the im-
proved valve control system overcomes the above-de-
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scribed problems of the prior art.
[0010] It is a more specific object of the present inven-
tion to provide such an improved valve control system
which achieves the above-stated object, and in which the
bridge member is able to impart substantially identical lift
movements to each of the poppet valves, throughout sub-
stantially the entire range of movement of the rocker arm.
[0011] It is a more specific object of the present inven-
tion to provide such an improved valve control system in
which the distance, laterally, between the contact point
between the rocker arm and the bridge member and the
point of contact with each of the poppet valves remains
substantially equidistant during the cyclical movement of
the rocker arm.
[0012] The above and other objects of the invention
are accomplished by the provision of an improved valve
control system for an internal combustion engine includ-
ing a cylinder head, first and second poppet valves move-
able relative to the cylinder head between open and
closed positions, and a cam shaft having a cam profile
formed thereon. The valve control system comprises a
rocker arm having first and second axially opposite ends
and a cam follower disposed intermediate the ends of
the rocker arm and adapted for engagement with the cam
profile. The first end is operably associated with a fulcrum
member which is generally stationary relative to the cyl-
inder head, whereby the rocker arm engages in pivotal
movement of the second end about the fulcrum member
in response to rotation of the cam shaft. A bridge member
is in engagement with the first and second poppet valves
and operably associated with the second end of the rock-
er arm, whereby the poppet valves move between the
open and closed positions as the rocker arm engages in
the pivotal movement.
[0013] The improved valve control system is charac-
terized by means operable to fix the lateral position of
the bridge member relative to the second end of the rock-
er arm to define an axis. The bridge member cooperates
with the first and second poppet valves to define, respec-
tively, first and second contact points, whereby, as the
rocker arm engages in the pivotal movement, the lateral
distances from the axis to the first contact point and to
the second contact point remains substantially constant
and equal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a perspective view of a valve control
system made in accordance with the present invention,
with the cylinder head omitted for ease of illustration.
[0015] FIG. 2 is a fragmentary, transverse cross-sec-
tion of the valve control system shown in perspective in
FIG. 1, but including a fragmentary portion of the cylinder
head as a point of reference.
[0016] FIG. 3 is an enlarged, fragmentary view, similar
to FIG. 2, illustrating in greater detail one aspect of the
present invention.
[0017] FIG. 4 is a further enlarged, fragmentary view

similar to FIG. 3 but illustrating an alternative embodi-
ment of the present invention.
[0018] FIG. 5 is a schematic representation of the ge-
ometry of the conventional, prior art bridge arrangement,
illustrating the change in lateral distance between the
rocker arm contact with the bridge member and the con-
tact points with the poppet valves
[0019] FIG. 6 is a schematic representation of the ge-
ometry on the present invention, illustrating the improved
ability to maintain equidistance to the poppet valve con-
tact points.
[0020] FIG. 7 is a graph of valve lift and valve velocity,
as a function of cam angle, in degrees, illustrating the
"designed" or intended velocity as opposed to the actual
valve velocity, utilizing the prior art valve bridge.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0021] Referring now to the drawings, which are not
intended to limit the invention, FIG. 1 illustrates a per-
spective view of a valve control system made in accord-
ance with the present invention. It should be noted that
in FIG. 1 no portion of the cylinder head is included, for
ease of illustration. It should also be noted in FIG. 1 that,
what is shown is, in effect, one complete valve control
system for all the valves of one cylinder, including a pair
of intake valves 11 and 13 and a pair of exhaust valves
15 and 17.
[0022] The valve control system includes a cam shaft
19 having an intake cam profile 21 and an exhaust cam
profile 23, each of the cam profiles including a base circle
portion and a lift portion, as is well known to those skilled
in the art. Valve actuation motion is imparted to the intake
valves 11 and 13, from the intake cam profile 21, by
means of an intake rocker arm 25, while valve actuation
motion is imparted to the exhaust valves 15 and 17, from
the exhaust cam profile 23, by means of an exhaust rock-
er arm 27.
[0023] Referring now to FIG. 2 in conjunction with FIG.
1, the intake rocker arm 25 has an end 25a supported
on an intake hydraulic lash adjuster ("HLA") 29, which is
received within a bore 30 defined in an engine cylinder
head 31, and is shown in external plan view in FIG. 2.
As may best be seen in FIG. 3, the HLA 29 includes a
moveable plunger portion 29P, as is well known in the
HLA art. Similarly, the exhaust rocker arm 27 has an end
27a which is supported on an exhaust hydraulic lash ad-
juster 33 (see FIG. 1). For the remaining description of
the present invention, reference will be made to only the
intake poppet valves 11 and 13, the intake cam profile
21, and the intake rocker arm 25, it being understood
that, for purposes of the present specification, the ex-
haust poppet valves 15 and 17, the exhaust cam profile
23, and the exhaust rocker arm 27 are, or may be, sub-
stantially identical in configuration and operation, except
for the necessary differences in timing of the opening and
closing of the valves.
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[0024] Therefore, referring now primarily to FIG. 2, the
rocker arm 25 includes an axially opposite end 25b (i.e.,
axially opposite the end 25a), and a cam follower 35 (also
referred to typically as a "roller follower"), disposed inter-
mediate the ends 25a and 25b of the rocker arm 25. The
cam follower 35 is preferably maintained in operable en-
gagement with the intake cam profile 21, as is conven-
tional, and well known in the engine valve train art. Dis-
posed toward the end 25b of the rocker arm 25 is a cy-
lindrical opening 37 defined by the two side walls of the
rocker arm 25, and disposed within the opening 37 is a
cylindrical shaft member 39, also referred to hereinafter
in the appended claims as a "pivot member". The shaft
member 39 is received within a mating saddle surface
41 (see FIG. 3) defined by a bridge member, generally
designated 43, the saddle surface 41 also being referred
to hereinafter in the appended claims as a "pivot member
receiving portion". It should become apparent from a
reading and understanding of the remainder of the spec-
ification that, although the present invention is illustrated
with the rocker arm 25 including the pivot member 39,
and the bridge member defining the pivot member re-
ceiving portion 41, such an arrangement could be re-
versed, as long as the bridge member is laterally fixed
relative to the rocker arm.
[0025] Referring now primarily to FIG. 3, in which the
cylinder head 31 is not shown, but the intake HLA 29 is
shown in cross-section, the bridge member 43 will be
described in some further detail. The engagement of the
cylindrical shaft member 39, which defines an axis A,
with the saddle surface 41, insures that the bridge mem-
ber 43 will not move "laterally", i.e., left-to-right, or right-
to-left in FIG. 3, relative to the axis A, and relative to the
end 25b of the rocker arm 25. The bridge member 43
includes axially opposite valve-engaging portions 45 and
47, in engagement with the intake valves 11 and 13, re-
spectively, the details of such engagement to be de-
scribed in greater detail in connection with a subsequent
embodiment.
[0026] Referring now primarily to FIG. 4, there is illus-
trated an alternative embodiment of the invention, in
which like elements bear the same reference numerals,
and modified elements bear the same reference numeral,
plus "100". Therefore, in the alternative embodiment of
FIG. 4, there is shown a bridge member, generally des-
ignated 143, which is preferably, but not necessarily,
formed as a flat, stamped steel member, although it
should be apparent that other metals, or even other form-
ing processes, could be utilized to manufacture the
bridge member 143. The bridge member 143 defines a
circular opening 141, also referred to hereinafter as the
"pivot member receiving portion", and disposed within
the opening 141 is the cylindrical shaft member 39.
[0027] The bridge member 143 includes, in the same
manner as in the first embodiment, a pair of axially
spaced-apart valve-engaging portions 145 and 147, in
engagement with the intake valves 11 and 13, respec-
tively. Preferably, each of the valve-engaging portions

145 and 147 includes an engagement surface, in direct
engagement with the valve stem tip, which is both radi-
used and crowned, for reasons to be described in greater
detail subsequently. For example, and as is best seen in
FIG. 6, the valve-engaging portions 145 and 147 each
include an engagement surface 149 which, preferably,
defines a slight curve in the plane of FIGS. 4 and 6, and
a slight crown in a plane perpendicular to that of FIGS.
4 and 6. Thus, the contact point (generically, "CP") of the
engagement surface 149 with the valve stem tip surface
will tend to remain at substantially the same distance
from the axis A of the cylindrical shaft member 39.
[0028] Referring now primarily to FIGS. 5 and 6, there
is presented a schematic comparison of the "Prior Art"
(FIG. 5) and the "Invention" (FIG. 6). In the Prior Art de-
vice, the contact point of each valve engaging portion
with its respective valve stem tip (labeled "CP2" and
"CP3" in FIG. 5) is relatively fixed, but the point of contact
("CP1") of the rocker arm ("ROCKER ARM") and the
bridge member ("BRIDGE") moves laterally (back-and-
forth between the valves 11 and 13) as the rocker arm
pivots, during the lift event. As the contact point CP1 be-
tween the rocker arm and the bridge moves laterally, the
distance ("X2") between CP1 and CP2 increases, where-
as the distance ("X3") between CP1 and CP3 decreases,
or vice versa. Thus, the forces applied by the prior art
bridge member to the valves will vary, inversely to the
changes in the distances between CP1 and CP2 and
CP3. As mentioned in the Background of the Disclosure,
such changes in the forces applied to each of the pair of
valves will have an undesirable effect on the dynamic
behavior of the valve train.
[0029] Referring now primarily to FIG. 6, illustrating the
geometry of the present invention, the point of contact
("CP4") between the rocker arm (actually, between the
shaft member 39) and the bridge member 143 is fixed
as the rocker arm pivots during the lift event. At the same
time, the contact point ("CP5") of the valve-engaging por-
tion 145 with the stem tip of the valve 11 remains "fixed"
on the portion 145, but moves laterally relative to the
stem tip of the valve 11. In the same manner, the contact
point ("CP6") of the valve-engaging portion 147 with the
stem tip of the valve 13 remains "fixed" on the portion
147, but moves laterally relative to the stem tip of the
valve 13. However, the distance from CP4 to CP5, and
the distance from CP4 to CP6, both remain substantially
constant, and therefore, the forces transmitted by the
bridge member 143 to the valves 11 and 13 will remain
substantially constant, as the rocker arm pivots during a
lift event.
[0030] As may best be seen in the graphs of FIG. 7,
although both valves (11 and 13, or 15 and 17) which are
intended to move as a pair, are designed to have the
same valve velocity (VD), such does not occur in actual
practice. Instead, as the distances X2 and X3 vary, the
valve velocities (VV1 and VV2) will differ from the designed
valve velocity (VD), and will vary from each other, as
shown. One adverse result is shown in the region of the
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graph in FIG. 7 identified as "Valve Close", wherein it
may be seen that the varying velocities of the two valves
results in quite different "profiles" just before closing of
the valves.
[0031] By utilizing the present invention, the same
bridge member (43 or 143) and the same rocker arm 25
design (i.e., the same "part number") could be used for
both the intake poppet valves 11 and 13 and for the ex-
haust poppet valves 15 and 17. The above statement is
true even if the intake valves 11 and 13 are disposed at
a somewhat different distance from each other than are
the exhaust valves 15 and 17. This is one additional ben-
efit of the engagement surfaces 149 being radiused, such
that if, for example, the separation of the intake poppet
valves 11 and 13 is slightly greater than that of the ex-
haust poppet valves 15 and 17, the crowns of the en-
gagement surfaces 149 will merely engage the stem tips
of the valves 11 and 13 slightly "inside" of their center
lines, while the engagement surfaces 149 will engage
the stem tips of the valves 15 and 17 slightly "outside" of
their center lines. However, in accordance with an im-
portant aspect of the invention, such slight changes in
geometry will not effect the resulting forces applied to the
valves, or the dynamics associated therewith.
[0032] The bridge member of the present invention
may engage the shaft member 39 about only 180 degrees
(i.e., the saddle surface 41), as shown in FIGS. 2 and 3,
or the bridge member may, alternatively, wrap all around
the shaft member, as shown in FIGS. 1, 4, and 6. It is
anticipated that the version of the invention in which the
shaft member 39 merely passes through an opening (as
at 141) in the bridge member may represent and improve-
ment, in terms of production and assembly cost.
The invention has been described in great detail in the
foregoing specification, and it is believed that various al-
terations and modifications of the invention will become
apparent to those skilled in the art from a reading and
understanding of the specification. It is intended that all
such alterations and modifications are included in the
invention, insofar as they come within the scope of the
appended claims.

Claims

1. A valve control system for an internal combustion
engine including a cylinder head (31), first (11) and
second (13) poppet valves moveable relative to said
cylinder head between open (FIG. 1) and closed
(FIG. 2) positions; a camshaft (19) having a cam pro-
file (21) formed thereon; said valve control system
comprising a rocker arm (25) having first (25a) and
second (25b) axially opposite ends and a cam fol-
lower (35) disposed intermediate said ends of said
rocker arm (25) and adapted for engagement with
said cam profile (21); said first end (25a) being op-
erably associated with a fulcrum member (29) which
is generally stationary relative to said cylinder head

(31) whereby said rocker arm (25) engages in pivotal
movement of said second end (25b) about said ful-
crum member (29) in response to rotation of said
camshaft (19); a bridge member (43;143) in engage-
ment with said first (11) and second (13) poppet
valves and operably associated with said second
end (25b) of said rocker arm whereby said poppet
valves move between said open and closed posi-
tions as said rocker arm engages in said pivotal
movement, characterized by:

(a) means (39) operable to fix the lateral position
of said bridge member (43;143) relative to said
second end (25b) of said rocker arm (25) to de-
fine an axis (A);
(b) said bridge member (43;143) cooperating
with said first (11)and second (13) poppet valves
to define, respectively, first (CP5)and second
(CP6) contact points;
(c) whereby, as said rocker arm (25) engages
in said pivotal movement, the lateral distances
from said axis (A) to said first contact point (CP5)
and to said second contact point (CP6) remain
substantially constant and equal.

2. A valve control system as claimed in claim 1, char-
acterized by said fulcrum member comprising a hy-
draulic lash adjuster (29) disposed within a bore (30)
defined by said cylinder head (31), said lash adjuster
(29) including a moveable plunger (29P), said first
end (25a) of said rocker arm (25) being in engage-
ment with said plunger (29P).

3. A valve control system as claimed in claim 1, char-
acterized by said means operable to fix the lateral
position of said bridge member (43;143) relative to
said second end (25b) comprises one of said bridge
member (43;143) and said second end (25b) defin-
ing a pivot member (39) and the other of said bridge
member and said second end (25b) defining a pivot
member receiving portion (37).

4. A valve control system as claimed in claim 3, char-
acterized by said pivot member comprising a gen-
erally cylindrical member (39) and said pivot member
receiving portion defining a saddle surface (41;141)
adapted to receive and engage said generally cylin-
drical member (39) over at least a substantial portion
thereof.

5. A valve control system as claimed in claim 4, char-
acterized by said generally cylindrical member (39)
comprises said second end (25b) of said rocker arm
(25), and said bridge member (43;143) defines said
saddle surface (41;141), receiving said cylindrical
member and closely spaced apart relative thereto.
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