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VALVE GEAR FOR OPERATING POPPET
VALVES OF INTERNAL-COMBUSTION

ENGINES -

Arthur 0. Kutz, Buffalo, N. Y., assignor to Worth-
ington Pump and Machinery Corporation, Har-
rison, N. J., 2 corporation of Delaware

Application September 16, 1847, Serial No. 774,332
(Cl. 123-—90)

' 5 Claims.
1 .
- This invention relates to mechanisms for op-
erating reciprocating valves and, in particular,

‘ refers to means for eliminating both transverse

forces on the valve stems and lost motion be-
tween the valves and their operating mechanism.

It will be recognized, even by those not in the
art, that in actuating a poppet valve it is highly
desirable to apply a force which has no compo-
nent transverse to the axis of the valve since
such side thrust may cause sufficient wear on the
valve guide and stem to result in serious operat-
ing difficulties. Nevertheless, it is almost uni-
versal practice in the construction of internal
combustion engines to actuate the valves by
means of pivoted rocker arms which, of course,
apply forces having components parallel and
transverse to the valve axes. Aside from ignor-
ing it, the problem of side thrust thus presented
can be solved in two ways; first, by designing the
valve actuating mechanism so that the trans-
verse component is so small as t6 have no ap-
preciable effect during the designed life of the
engine, and, second, by providing means to ab-
sorb or withdraw the transverse component com-
pletely so that only an axial force is transmitted
to the valve stem. The present invention is in
accordance with the second method whereby side
thrust on the valve is completely eliminated.

Another problem, which is accentuated by the
expansion and contraction of parts associated
with an internal combustion engine, is that of
lost motion or slack between the rocker arm and
the valve. This has been more or less satisfacto-
rily solved by those who have provided the art
with so-called lash adjusting mechanisms. In
their preferred form these comprise, in essence,
pressure loaded pistons which bear on the ends
of the valve stems. However, in the past, when
the lash adjusters have been used with the rocker
arm type of valve operating mechanism, they
have been mounted in movable bores so that they
simply transmit whatever forces are applied to
them. If side thrust was to be removed, suitable
means therefor had to be incorporated in the link-
age between the rocker arm and the lash ad-
Justers.

The concept of the present invention is to ar-
range the lash adjusters so that they perform the
double function of eliminating lost motion and
of absorbing the transverse component of rocker
arm motion. To this end they are mounted in a
stationary bore which may be in the engine block
or head or in a bracket attached thereto. The
side thrust applied to the lash adjuster is thus
transmitted to the walls of the hore instead of
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to the valves which, therefore, receive only direct
axial thrust, With this arrangement of the lash
adjusters there may be associated a novel com-
bination of pivoted pusher rods for actuating the
adjusters and a loosely mounted arm for actuat-
ing the pusher rods, the function of this com-
bination being to decrease the side thrust while
transmitting rocker arm forces to the lash ad-
juster. ‘

The invention consists in various features of
construction and arrangements of parts which
will be described in connection with the preferred
embodiments illustrated in the drawings in which

Figure 1 is a vertical section of a portion of an
engine cylinder and shows the invention applied
to a rocker arm mechanism for operating a sin-
gle valve. :

© - Pigure 2 is similar to Figuie 1 and shows the
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invention applied to a rocker arm mechanism for -
operating dual valves.

Figure 3 is a selected plan view along the line
3—3 of Figure 2. -

Figure 4 is a side elevation of a bracket which
may be used to support certain elements em-
bodied in the invention.

In Figure 1 the invention is embodied in an en-
gine { having a cylinder 2 with a reciprocal valve
3 which has a stem 4 mounted -in a guide 5. The
valve 3 is yieldably biased to a closed position by
means of a spring 6 which is compressed between
the combined cap.and spring retainer 1, fixed to
the top of the valve stem 4, and a suitable sta-
tionary part of the engine { circumjacent the
valve guide 5, as shown at 8.

Movements of the valve 3 are actuated in the
first instance by the usual rotary cam 9. Varia-
tions in the radii of the cam 9 are transmitted
through the usual cam roller or follower {0 to the
rocker arm |1 which, in response, rocks about its
pivotal mounting 12 in the upright support 13
that is fixed to the engine 1.

At the valve end, the rocker arm {{ preferably,
but not necessarily, carries a rocker push rod {4.
The push rod 4 is pivoted to the rocker arm at
15 and has its lower, “pushing” extremity 16 con-
vexly curved on a large radius. It is desirable
that the valve end of the arm {1 be forked and
the rod i4 be mounted within its legs so that
there is but a slight clearance 17 between the side
of rod 14 and the end wall of the bifurcation.
This provision allows only a limited pivotal move-
ment of the push rod (4 and insures operative-
ness of its extremity 16.

The push rod 14 bears upon the top of the lash

5 adjuster device 20, .This device bears upon the
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cap 7 on the valve stem 4 to comprise the last
of the parts which transmit the signals of cam 9
into reciprocal movement of the valve 3. The
lash adjuster chosen for illustration is well known
to the art and comprises a cylindrical housing 21
which has a recess 22 in its lower end. A piston
23 is slidably mounted in the recess 22 and re-
strained from excessive movement by a lock ring
24 in the wall of the cylinder 21. It is the lower
end of the piston 28 which bears on the cap 7.
The lash adjuster is actuated to prevent slack
and Jost motion by means of pressure fluid which
is admitted to the recess 22 and top of piston 23
through the ports 28. -

It is to be realized that the invention may em-
body any type of lash adjuster which may be
broadly construed as the equivalent of the con-
struction just described.

The lash adjuster 20 is mounted in a guide
support 30 which is stationary. This guide sup-
port may be rendered stationary in any of a
number of ways, as those in the art will realize,
but in the preferred form it is formed on the
end of the arm 3{ which depends from the rocker
arm support i8. The guide support 38 has a
bore which is coaxial with the valve 3 and this
may, If desired, be provided with the spaced liners
32. Pressure fluid to actuate the lash adjuster
28, usually ofl from the engine Iubricating sys-
tem, is admitted to the guide support 30 by means
of a suitable conduit 33 connected to the port 34
in the support walls. As shown, the lash adjuster
20 is mounted in the guide support 30 so that
the cylinder 21 is closely fitted to, but reciprocal
in, the liners 32. The ports 25 and 34 and the
space between the inner ends of the liners 32 are
adjusted so that oil may reach the recess 22 from
line 33 in &ny suitable position of the cylinder 21.

It has been indicated above that an object of
the present invention is to eliminate side thrust
on the valve 3 due to the motion of the rocker
arm Il. A mere inspection of the construction
in Pigure 1 will now show that this has been
accomplished since the cylinder 21 and piston 23
are constrained by the stationary guide support
38 to move only in a direction coaxial with the
valve 3. Thus, the piston 23 can apply only direct
axial thrust to the valve cap 71, providing, of
course, that their line of engagement is normal
to the axis of the valve as shown in Figure 1.
Transverse forces applied by the push rod (4 to
the lash adjusted 20 are transmitted through the
guide support 38 to the arm 31 and support 3.

In Figure 2 the invention is embodied in an
engine 8f having a cylinder 52 with dual recip-
rocal valves §3 which have stems 54 mounted in
guides 55. The valves 53 are yieldably biased to
a closed position by means of springs 56 which
are compressed between the retainers 57, fixed to
the ends of the valve stems 54, and suitable sta-
tionary parts of the engine 51 circumjacent the
valve guides 55 as‘shown at 58.

Movements of the valves 53 are actuated in the
first instance by the usual rotary cam 59. Varia-
tions in the radii of the cam 59 are transmitted
through the usual cam follower or roller 60 to
the rocker arm 61 which, in response, rocks on
its pilvotal mounting 62 in the upright support
63 that is fixed to the engine 5I.

The usual movable T-shaped bridge 65 is con-
nected at its midpoint to the valve end of the
rocker arm by means of a ball and socket joint
§6. The outer ends of the bridge 85 are forked
and carry the rocker push rods 67 which are piv-
otally mounted as shown at §8. As in Figure 1,
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4
slight clearances 89 are provided between the
sides of the push rods 87 and the slotted bridge
ends to limit the angular movement of the rods.
The lower extremities of the rods §7 are convexly
curved in the same manner as rod {4, previously
described. . :

The rods 87 bear upon the lash adjusters 18
which are no different than adjuster 28 which
has been described in connection with Figure 1.
Thus, they comprise cylinders Tf having recesses
12 with pistons 13 held therein by the lock rings
14, Pressure fluid to actuate the lash adjusters

.10 is admitted through the ports 15 to the re-

cesses 12. The pistons 73 bear upon the top ends
of the valve stems 54 to apply forces thereto,

The lash adjusters 10 are mounted in station-
ary guide supports 80. These may, if desired,
have spaced liners 82 and have ports 84 for the
admission of pressure fluid through conduits 83.
As before, the cylinder 11 is carefully fit for re-
ciprocating movement in the liners 82 and the
ports 84 communicate with the recesses 72 and
pistons 13 through ports 75.

Though the invention is not so limited, the
guide supports 80 are conveniently parts of a
bracket 90. This bracket, which appears most
clearly in Figures 3 and 4, is fixed to the engine
51 by means of bolts (not shown) through its
flange 81 and upright body section 92. The guide
supports 80 are fixed to and suitably positioned
upon the body section 92 so that they project
over and are coaxial with the valves 53.

It is also convenient to mount the bridge 65
on the bracket 80. For this purpose the bracket
90 has a central flange 94 at its lower end which
carries a bushing 95. The central leg or shaft '
86 of the T-bridge is mounted in the bushing 95
and the dimensions are arranged so that it is
a loose fit. The bridge 68 is yleldably biased up-
ward toward the rocker arm 61 by a compressed
spring 87 encircling the shaft 96 between the top
of the bridge and a washer 98 resting in an an-
nular recess about the bushing 98.

As was the case ‘with the device of Figure 1,
an important feature of the construction of Fig-
ure 2 is the stationary guide bore 80 for each lash
adjuster 70, Because of this construction, the
lash adjusters T8 not only eliminate lost motion
in accordance with the prior art but also elimi-
nate transverse forces due to the motion of the
rocker arm 6i so that only direct axial forces
are applied to the valves 53.

Another important feature of the device of Fig-
ure 2 is the loosely mounted, semi-floating T~
bridge 68, particularly, when used in conjunction
with the pivoted pusher rods 61. The bridge 65
may be moved somewhat in a transverse direction
and thus adjusts itself to non-axial loading by
the rocker arm 6. This reaction reduces the
transverse component of rocker arm force which’
Is transmitted to the push rods 61. Since the
push rods 67 are pivotally mounted at 68 and
convexly curved on their lower ends, they tend
to remain axially aligned with the valves 53 de-
spite the tilting of the bridge 65. ‘The outcome
of the combined action of the floating bridge 65
and the pivoted, convex push rods 671 is thus to
decrease to some extent the transverse force ap-
plied to the lash adjusters 70.

In addition to reducing the number of parts
and. providing a more economical construction,
the present construction has not only removed
side thrust on the valves but has also reduced
the inertia of the rocker arms by mounting the
lash adjusters in stationary guides. This ar-
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rangement also eliminates the necessity for run-
ning oil conduits through the rocker arm and
bridge in order to actuate the lash adjusters. In
the present invention, the lash adjusters can be
connected directly to the source of pressure fluid,
as shown by conduits 33 and 83.

As set forth above, except as claimed, it is not
intended to limit the invention to the specific
construction illustrated and, in particular, it will
be recognized that it can be applied to a rocker
arm mechanism for operating more than two
valves of various types or dispositions.

What is claimed is:

1. In an internal combustion engine having a
cylinder, reciprocable valves for said cylinder,
a rocker arm for providing valve opening forces,
means for pivotally mounting said roccker arm on
said cylinder, said means provided with station-
ary bores therein in axial alignment with said
valves, reciprocable lash adjusters slidably fitted
in said bores for transmitting axial forces only
“to said valves and provided with flat force re-
ceiving surfaces, means operatively connecting
said rocker arm to said lash adjusters including,
a movable bridge operatively connected to said
rocker arm, arms on said bridge provided with
pivotally mounted push rods having convex sur-
faces in engagement with said flat force receiv-
Ing surfaces of the lash adjusters to allow sub-
stantially tangential contact therewith at all
times, a stem on said bridge to loosely mount
said bridge on said cylinder in parallel alignment
with said bores to allow a relatively small degree
of transverse movement in said bridee whereby
substantially axial forces will be delivered to said
lash adjusters for opening said valves.

2. In an internal combustion engine having a
cylinder, reciprocable valves for said cylinder, a
rocker arm for providing valve opening forces,
means for pivotally mounting said rocker arm
on said cylinder, said means provided with sta-
tionary bores therein in axial alignment with
said valves, reciprocable lash adjusters slidably
fitted in said bores for transmitting axial forces
only to said valves and provided with flat force
receiving surfaces, means operatively connecting
said rocker arm to said lash adjusters including,
a movable bridge operatively connected to said
rocker arm, arms on said bridge provided with
pivotally mounted push rods having convex sur-
faces in engagement with said flat force receiv-
ing surfaces of the lash adjusters to allow sub-
stantially tangential contact therewith at all
times, means providing a stationary bore for said
bridge which ‘is parallel to the other bores, a
stem on said bridge loosely mounting said bridge
in said bore to allow a relatively small degree of
transverse movement on said bridge whereby
substantially axial forces will be delivered to said
lash adjusters for opening said valves.

3. In an internal combustion engine having a
cylinder, dual valves for said cylinder, recipro-
cable hydraulic lash adjusters engaging the ends
of sald valves, a support fixed to said engine,
said support having bores coaxial with the valves
and of substantially the same diameter as said
lash adjusters, said lash adjusters being slidably
mounted for transmitting axial forces only to
said valve, a T-bridge having arms projecting
over said lash adjusters, said lash adjusters hav-
ing force receiving ends comprising plane sur-
faces normal to the valve axes, push rods piv-
otally connected to said bridge arms and having
convex surfaces engaging said adjuster force re-
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ceiving ends, sald T-bridge having a stem, said 78

support fixed to said engine having a bore
slightly larger than said stem, said bore being
parallel to and between said adjuster bores, said
kridege beiflg mounted in said bore to allow a
small degree of transverse movement of said
bridge, a rocker arm providing valve opening
forces, said T-bridge being connected to said
rocker arm to receive valve cpening forces there-
from, and spring means urging said bridge
against said rocker arm and valve opening forces.

4. The combination with an internal combus-
tion engine having a cylinder, of a plurality of
valves in said cylinder, valve cams for said valves,
and at least one support between said valves and
said valve cams, a rocker arm pivotally mounted
on said support and having one end engaging
said cam and the other end extending over said
valves, a semi-floating spring mounted T bridge
loosely mounted on the end of said rocker and
extending over said valves, and a support having
stationary guide bores in alignment with said
valves between said T bridge and said valves, lash
adjusters closely fitted to said bores, said ad-
Jjusters operatively connected to the T bridge and
to the end of said valve, a central flange on said
support, a bushing in said flange to loosely re-
ceive said T bridge so that it may be moved in a
somewhat transverse direction to adjust itself
to non-axial loading by the rocker arm, said T
bridge in cooperative relationship with said sup-
port whereby only axial thrust is transmitted
from said rocker arm to said valve.

5. In an internal combustion engine having a
cylinder, a plurality of reciprocable valves for
said cylinder, a rocker arm for providing valve
opening forces, means for pivotally mounting said -
rocker arm on said cylinder, said means pro-
vided with stationary bores thereon in alignment
with said valves, a movable bridge operatively
connected to said rocker arm including, arms
thereon substantially perpendicular to the axial
line of sald bores, a main stem substantially par-
allel to said hores, and convex face push rods
pivotally mounted on the ends of said bridge
arms, saild main stem loosely mounted in said
cylinder to allow said bridge to move g relatively
small amount in the direction transverse to the
axial valve opening forces of said rocker arm,
reciprocable lash adjusters slidably mounted in
said bores for engagement at one end with one -
of said valves and at the other end with one of
said push rods, said movable bridge and said lash
adjusters so constructed and arranged that the
valve opening forces received from said pivotal
push rods will have a small transverse com-
ponent of force and only the axial component
of said force will be delivered to said valves by
the lash adjusters.

ARTHUR O. KUTZ.
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