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(54) AMULTI-CYLINDER INTERNAL COMBUSTION ENGINE
HAVING SELECTIVE CYLINDER CONTROL

(71) We, FORD MOTOR COMPANY
LIMITED, of Eagle Way, Brentwood,
Essex CM13 3BW, a British Company, do
hereby declare the invention for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be particuiarly described in and by the
following statement: —

This invention relates to a multi-cylinder
internal combustion engine having valve
train operated intake and exhaust valves for
each cylinder and a valve control system ad-
ding the capability of automatic selection as
to whether or not given cylinders are to be
in operation.

The concept of operating a multi-cylinder
internal combustion engine on less than a
total number of the cylinders available is not
novel. U.S. patent 2,166,968 issued July 25,
1939 to K. W. Rohlan entitled an “Apparatus
for Controlling the Operation of Internal
Combustion Engines of the Multicylinder
Type” is a rather complete thesis on the ad-
vantages of being able to operate an engine
under certain operating conditions on less than
the full number of cylinders available. The
patent discloses the use of multiple carburetor
jets arranged to deliver fuel charges to each
of the cylinders independently of the other.
The system includes a controlling means in-
cluding a device responsive to increased speed
for automatically cutting off feed of fuel to
one or more of the cylinders. The disclosed
system required a complex array of valves and
diaphragms for controlling its operation.

During the early days of petrol rationing
in the World War II era it was proposed that
fuel consumption could be decreased by per-
manently deactivating the intake and ex-
haust valves to one or more of the cylinders
of the engine. It was found that the loss of
horsepower resulting from the deactivation
of one or more of the cylinders was not pro-
portional to the number of cylinders that were
involved. That is, if half of the cylinders

were deactivated the horsepower output under

all conditions of operation was substantially

less than 509 resulting in poor acceleration

characteristics for the vehicle. Once the
change is made to the engine there is no way
to switch back and forth between full cylinder
and part cylinder operation without tearing
down the engine and rebuilding it. A recent
version of this-technique is disclosed in U.S.
patent 3,874,358 for an engine conversion
system issued to H. D. Crower on April 1,
1975.

It is an object of the present invention to
provide a mechanism in which the change-
over in the number of cylinders in operation
automatically occurs while the engine is pro-
pelling the vehicle. In its simplest form the
changeover from full power to half power
and back again occurs in response to throttle
position.

According to the invention there is pro-
vided in combination, a multi-cylinder in-
ternal combustion engine having intake and
exhaust valves for each cylinder, each intake
valve and exhaust valve being operable by a
valve train including a rocker arm pivotal
about a pedestal mounted fulcrum means, and
a control mechanism for controlling the opera-
tion of the intake and exhaust valves for
selected ones of the cylinders, the control
mechanism comprising an interposer assembly
mounted on the engine, the interposer
assembly including an interposer means
positioned adjacent the valve train of each
intake and exhaust valve of the selected
cylinders and being shiftable into a wvalve
train disabling position to render the latter
inoperative to actuate the valves,

a first plurality of control rods interconnect-
ing the intake interposer means of the selected
cylinders to each other and a second plurality
of control rods interconnecting the exhaust
interposer means of the selected cylinders to
each other, a selection actuator means, a com-
bined actuation and interconnection link
operable by the selection actuator means to

actuate the control rods to shift the inter-
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poser means into and out of valve train dis-
abling position, and mechanical interlock
means operable to ensure that the exhaust
valves are not deactivated until the intake
valves are deactivated.

The present invention will now be des-
cribed with reference to the accompanying
drawings, wherein:

Figure 1 is a perspective view of a control
mechanism adapted to be added to a multi-
cylinder internal combustion engine for con-
trolling the selective operation of the
cylinders;

Figure 2 is a plan view of figure 1 with
parts cut away to show the internal com-
ponents of the control mechanism;

Figure 3 is a view taken on the line 3—3
of figure 2;

Figure 4 is an enlarged view of a portion
of the valve train for controlling the opera-
don of an intake valve or an exhaust valve
and also showing the relationship of the con-
trol mechanism embodying the present in-
vention to the valve train; and

Figure 5 is a view in part similar to figure
4 showing the control mechanism and its
relationship to the valve train when the latter
is rendered inoperative to actuate a given
valve.

Many multi-cylinder internal combustion
engines in current use are valve-in-head
engines having the intake and exhaust valves
for the several cylinders mounted in the
cylinder head. Mounted on the cylinder head
are the rocker arm assemblies forming a part
of the valve train or valve gear for operating
each valve. Each rocker arm assembly com-
prises a rocker arm having intermediate its
ends pivotal bearing engagement with a ful-
crum carried on a pedestal. The rocker arm
is engaged at one end by a rocker arm
actuator such as a push rod which receives
its reciprocatory movement from a follower
riding on a cam of a camshaft. At its other
end, the rocker arm has operative engagement
with a valve or, more specifically, with the
valve stem. In the conventional engine the
fulcrum provides a fixed pivot axis about

. which the rocker arm rocks or pivots as it
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transfers motion from the rocker arm actuator,
such as the push rod, to the valve.

If the fulcrum is not held in a fixed posi-
tion but is permitted to move up as the push
rod moves the one end of the rocker arm
upwardly and then to drop back down as the
one end of the rocker arm follows the push
rod down, no effective movement will be
transmitted by the rocker arm to the valve
stem. Instead the rocker arm will pivot or
rock idly about its point of engagement with
the valve stem. If this is permitted to occur

~ with both the intake and exhaust valves for

a particular cylinder or cylinders, that cylinder
or cylinders will be rendered inoperative.

The valve control mechanism embodying
the present invention applies thie foregoing
principle to obtain split-engine operation of
a multi-cylinder engine. Thart is, under pre-
determined operating conditions a V-8 engine
could be operated on four cylinders or a six
cylinder engine could be operated on three
cylinders. In the embodiment of the present
invention this is accomplished by utilizing
a modified rocker arm assembly for each in-
take and exhaust valve of the cylinders to be
selectively rendered operative or inoperative
and by mounting a control mechanism in
proximity to the modified rocker arm
assemblies.

Referring now to Figs. 1 to 3, inclusive, a
control mechanism embodying the present
invention is generally designated 10. A ‘modi-
fied rocker arm assembly to be used with the
control mechanism 10 is shown in Figs. 4
and 5 and is generally designated 11.

The modified rocker arm assembly 11
depicted in Figs. 4 and 5 comprises a con-
ventional rocker arm 12 adapted to be en-
gaged at one end 13 by a rocker arm actuator
shown as the upper end of a push rod 14.
At its other end 15, the rocker arm has
operative engagement with the end of a valve
stem 16. Intermediate its ends the rocker arm
12 has bearing engagement with a fulcrum
17 mounted on a fulcrum supporting means.
The fulcrum supporting means comprises
an elongated stud 18 somewhat longer than
a conventional stud. The longitudinal axis of
the stud 18 extends in a generally vertical
direction to the engine surface 19 on which it
is mounted. As in a conventional engine, the
rocker arm 12 is provided with an elongated
aperture 21 and the fulcrum 17 is provided
with a cylindrical aperture through which the
center section 22 of the stud 18 projects. The
aperture 21 is elongated lengthwise of the
rocker arm 12 to provide the clearance
necessary to permit the rocker arm bearing
surface 23 to rock around the opposed bearing
surface of the fulcrum 17.

In a conventional engine, the fulcrum 17
is held in a down or operative position on the
stud center section 22 by a nut or retainer
threadedly mounted on the stud. In accord-
ance with the present invention the fulcrum
17 has a load transfer means positioned above
it, the superposed load transfer means com-
prising a tubular member 24 having a flange
25 at its lower end. The tubular member 24
is axially movable on the stud section 22.

The tubular member 24 is encompassed
by a compression spring 26 reacting between
the flange 25 and a lower support plate 27
that is a part of the control mechanism 10.

Referring now to figs. 1 to 3, inclusive, the
control mechanism 10 comprises the afore-
mentioned lower support plate 27 and an
upper or load bearing plate 28. The two
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plates 27—28 are bolted to each other in
parallel spaced relation and bave a laterally
extending end plates 29 and 31 secured to
the plate ends.

It should be noted that the length of the
plates 27—28 is such that the control
mechanism 10 will span the length of a
multi-cylinder engine cylinder head. In the
case of the V-8 engine, which has two banks
of four cylinders and therefore has two
cylinder heads, a separate control mechanism
10 will extend over each bank of cylinders
at each side of the engine and the two umits
will be operated in synchronism.

The plate 28 of the control mechanism 10
is bored to receive an extension 32 of each
fulcrum stud 18, the fulcrum studs being
longitudinally aligned lengthwise of the
cylinder head. When mounted the upper plate
28 rests on the shoulder 33 of the row of
studs 18.

(In a prototype installation the control
mechanism 10 was fitted into the upper panel
of a valve cover which normally conceals the
rocker arm assemblies of the engine from
view.)

Between the plates 27—28 are positioned
fingers or levers, hereinafter frequently re-
ferred to as interposers 34. There are two of
these interposers 34 of each intake valve and
for each exhaust valve of the cylinders of the
engine that are to be capable of being de-
activated. With reference to Fig. 2, the two
sets of interposers 34 shown at the left end
of the control mechanism 10 are associated
with one of the cylinders at one end of the
bank of four cylinders and the two sets of
interposers 34 located at the other end are
associated with the intake and exhaust valves
of the cylinder at the other end of the bank
of four cylinders, for examgle, the front and
rear cylinders of either bank in a V-8 engine.

There are no interposers 34 associated with -

the intake and exhaust valves of the inter-
mediate cylinders, a suitable spacer (not
shown) being permanently inserted between
the upper end of the tubular member 24 and
the load bearing plate 28 bottom surface 35.
In the alternative, conventional rocker arm
assemblies could be used at the cylinders not
capable of being deactivated.

As indicated, each interposer 34 is a lever.
Each lever is pivoted intermediate its ends
on a pivot pin 36. Each lever has at its inner
end 37 a recess 38 adapted to semi-encompass
the center section 22 of the stud 18 where
the center section of the stud projects into the
gap between the lower support plate 27 and
the upper load bearing plate 28. At its end
outwardly of the pivot 36, the interposer has
an end portion 39 projecting beyond the side
edges of the plates 27—28.

At each side of the support plates 27—28
are spaced parallel upper and lower control

rods 41 and 42. Each upper control rod 41 is
pivotally coupled at 43 to the projecting and
portion 39 of each intake interposer 34. Each
lower control rod 42 is similarly pivotally
coupled to the projecting end 39 of each ex-
haust interposer 34.

The control rods 41—42 are slidable in the
end plates 29 and 31 at each end of the plates
27—28. The control rods 41—42 are coupled
to an actuation control link 44 mounted in
the end plates 29—31 parallel to and out-
board of the control rods 41—42 at one side
of the plates 27—28. The actuation control
link 44 is coupled to both sets of control
rods 41—42 through coupler levers 45 and
46 which are pivoted intermediate their ends
on pivots 47 that extend through the plates
27—28.

The coupler lever 45 is pivotally connected
to each of the exhaust interposer control rods
42 and the coupler lever 46 is pivotally con-
nected to each of the intake interposer control
rods 41. Each coupler lever 45—46 has an
end extension 48 through which the actuation
control link 44 passes. Separate compression

springs 49 extend in opposite directions from

the extensions 48 and abut against stops 51
fixed on the control link 44. The springs 49
permit the actuation control link 44 to be
shifted in either direction without damage
if the control links 41—42 are blocked against
movement for any reason. All that will happen
is that the springs 49 will be compressed.
When the blocking force is removed, the
compressed springs 49 will drive the coupler
levers 45—46 in the direction the control link
44 was trying to move them. This then will
cause the desired movement of the control
links 41-—42.

A mechanism for deliberately blocking
movement of the control rods 41—42 is pro-
vided. This is a control rod interlock operative
to block movement of interposers 34 into a
position to cause deactivation of the exhaust
valves before the intake valves are deactivated.
The interlock comprises a lever member 52
pivoted intermediate its ends on a pivot 53.
One end 54 is pivotally coupled to one of the
control rods 41 at one side of the support
plates 27—28 and the other end 55 projects
across a control rod 42 on the opposite side
of the plates 27—28. This control rod 42
has an upstanding pin 56 abutting an edge
57 of the projection 55, for a purpose that
will become apparent.

The actuation control link 44 is shown in
Fig. 1 as being coupled to a solenoid 58 con-
nected to a switch 59 operatively related to
an accelerator pedal 61 coupled by a cable 62
to a carburetor (not shown). At a pre-
determined throttle position, the solenoid 58
becomes energized to shift the actuation con-
trol link 44 in a direction to ultimately cause
deactivation of the intake and exhaust valves
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of the cylinders capable of being deactivated.
It would be understood that additional con-
trols on the actuation of the solenoid 58, a
vacuum motor or equivalent or control link
movement inducer, can be built into the sys-
tem as suggested by the prior art. These
might include an engine vacuum sensitive
control to prevent cylinders being cut-out
during vehicle acceleleration regardless of
throttle position or an engine temperature
sensitive device to ensure full power opera-
tion until the engine reaches normal operating
temperature; or an override switch to present
less than full cylinder operation at any time.

Operation of the control mechanism 10 in
deactivation of selected cylinders may be
summarized as follows:

Under full power conditions, the inter-
posers 34 will be in the positions shown in
Fig. 2. That is, each pair of interposers will
have their end portions 37 in abutting rela-
tion to the stud section 22 and interposed
between the ioad bearing plate 28 and the

~upper ends of the load transfer tubular mem-

bers 24, sce Fig. 4. When in this condition,
the fulcrum 17 is immovable and provides
a fixed axis about which the rocker arm 12
rocks to transfer motion from the push rod
14 to the valve stem 16.

If the sensing device or devices signal that
the engine could be operated on half the
number of cylinders, which signal is translated
into energization of the solenoid 58 coupled
to the actuation contro! link 44, the actuation
control link 44 will be shifted to the left as
viewed in Fig. 2 to swing the couplers levers
45 and 46 in a clockwise direction about
their pivots 47.

The coupler lever 46 will cause the upper
control rods 41 to move in opposite directions.
That is, the control rod 41 adjacent the control
link 44 will move to the left and the one on
the opposite side of the support plate 27—28
will move to the right. This will cause the
interposers 34 associated with the intake valves
to move clockwise about their pivots 36 and
the end portions 37 to move out of abutting
position relative to the studs 18 to a position
beyond the path of upward movement of the
load transfer tubular members 24 (see Fig.
5). The interposers 34 associated with the ex-

~ haust valves will be acting in the same manner

as the control rods 42 move in synchronism
with the adjacent control rods 41.

With the interposers in the position shown
in Fig. S, upward movement of the push rod
14 will cause the rocker arm left end 13 to
move upward and actually lift the fulcrum
17 and load transfer tubular member 24
axially of the stud 18 against the resistance of
the spring 26. The pivot axis of the rocker
arm then in effect is shifted from the fulcrum
17 to the top of the valve stem 16 and the
valve remains in a closed condition as the

rocker arm rocks about the mew pivot axis,
To summarize, when the interposers 34 are
moved from the Fig. 4 position to the Fig.

5 position the intake and exhaust valves of

the selected cylinders are deactivated. The
reverse actuation of the actuation control link
44 then is required to move the interposers
34 back into the gap between the surface 35
of the load bearing plate 28 and the upper
end of each load transfer tubular member 24
to reactivate the selected cylinders.

The function of the control lever 52 is to
prevent deactivation of the exhaust valves
before the intake valves are deactivated. Thus,

if the intake control rod 41 coupled to the

end 54 of the lever 52 runs into any force
blocking its movement to the left as viewed
in Fig. 2, the lever 52 will be held against
movement in a clockwise direction. Its edge
57 will lie in the path of the pin 56 projecting
upwardly from the exhaust control rod 42

lying beneath the end 55 of the lever 52. The

exhaust control rod 42 on the one side is tied
into the exhaust control rod 42 on the other
side of the plates 27—28 by the coupler lever
45 so none of the exhaust valve associated
interposers 34 can move from the Fig. 4
position to the Fig. 5 position. As soon as the
interlock lever 52 swings in a clockwise
direction out of the path of pin 56, thus
signalling that deactivation of the intake valves
is occurring or has occurred, the deactivation
of the exhaust valves will occur.

WHAT WE CLAIM IS:—

1. In combination, a multi-cylinder internal
combustion engine having intake and exhaust
valves for each cylinder,

each intake valve and exhaust valve being
operable by a valve train including a rocker
arm pivotal about a pedestal mounted fulcrum
means, :

operation of the intake and exhaust valves
for selected ones of the cylinders,

the control mechanism comprising an inter-
poser assembly mounted on the engine,

the interposer assembly including an inter-
poser positioned adjacent the valve train of
each intake and exhaust valve of the selected
cylinders and being shiftable into a valve train
disabling position to render the latter in-
operative to actuate the valves,

a first plurality of control rods intercon-
necting the intake interposer means of the
selected cylinders to each other and a second
plurality of control rods interconnecting the
exhaust intérposer means of the selected
cylinders to each other,

a selection actuator means,

a combined actuation and interconnection
link operable by the selection actuator means
to actuate the control rods to shift the inter-
poser means into and out of valve train dis-
abling position,’
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and mechanical interlock means operable
to ensure that the exhaust valves are not de-
activated until the intake valves are
deactivated.

2. A multi-cylinder internal combustion
engine according to claim 1, in which:

the fulcrum means comprises a load trans-
fer means and the interposer means assembly
includes a load bearing plate,

control of the operation of a given valve
being accomplished by moving an interposer
means into a gap between the fulcrum load
transfer means and the load bearing plate to
prevent movement of the fulcrum in response
to operation of the rocker arm and thereby
causing motion of the latter to be transferred
to the given valve,

whereby with the interposer means out of
position, the load transfer means is free to
travel on the pedestal and the fulcrum to move
with the rocker arm thereby causing the given
valve to remain stationary.

3. A muld-cylinder internal combustion
engine accoiding to claim 1, in which,

each rocker arm is operatively engageable
at one end by a rocker arm actuator and
having operative engagement at its other end
with a valve, and includes a fulcrum support-
ing means positioned intermediate the ends of
each rocker arm, each fulcrum supporting
means being mounted on a surface of the en-
gine and extending generally perpendicular to
the mounting surface,

a load transfer means superposed on each
of the fulcrum means,

the fulcrum means and the superposed load
transfer means being slidably supported on
the fulcrum supporting means for movement
from and toward the engine surface,

eich of said means coacting with its
associated load transfer means,

support means mounting each interposer
means on the engine for movement trans-
versely of the fulcrum supporting means from
a nonblocking position into a position to block
movement of the load transfer means and
associated’ fulcrum means thereby to main-
tain the fulcrum means in a substantially
stationary position to provide a substantially
fixed pivot axis about which each rocker arm
is pivotable,

the interposer means for each load transfer
means . when in nonblocking position with
respect thereto permitting the latter and its
related fulcrum means to reciprocate relative
to the engine surface and render the rocker
arm inoperative to transmit motion from the
actuator to-the valve,

biasing means urging each load transfer
means toward a position in which each inter-
poser means is movable into blocking posi-
tion contiguous to the load transfer means,

the interposer means movable transversely

of the fulcrum supporting means into and out

of blocking position relative to the related.

load bearing means.

4, A multi-cylinder internal combustion
engine according to claim 3, in which:

each fulcrum supporting means comprises
an elongated stud having-its longitudinal axis
extending in a generally vertical direction to
the engine surface,

the rocker arm and fulcrum means have
apertures through which the stud projects,

and the load transfer means comprises a
tubular member encompassing the stud,

the load transfer means and the fulcrum
means being constrained by the stud to move-
ment along the longitudinal axis of the latter.

5. A multi-cylinder internal combustion
engine according to claim 4, in which:

the interposer means comprises independent
opposed levers pivotally mounted intermediate
their ends on support plate means,

the opposed levers being swingable in a
plane normal to the axis of the stud and
having end portions constructed and arranged
to semi-encompass the stud upon the end por-
tions being moved toward each other into
abutting relation to the stud,

the lever end portions when semi-
encompassing the stud being effective to
block movement of the load transfer means
axially of the stud. '

6. A multi-cylinder internal combustion
engine according to claim 5 in which:

the biasing means comprises:

compression spring means externally en-
compassing each Joad transfer means tubular
member and reacting against the support
plate means to urge the tubular member
axially of the fulcrum supporting means stud
on which it is mounted out of the plane of
movement of the opposed levers.

7. A multi-cylinder internal combustion
engine according to claim 3, in which:

the interposer means comprises opposed
levers pivotally mounted on support- plate
means positioned above the rocker arms,

each fulcrum supporting means comprises
an elongated stud having its longitudinal axis
extending in a generally vertical direction
relative to the engine surface on which each
fulcrum supporting means is mounted,

each stud at its end away from the engine
surface projecting through the support plate
means,

the opposed levers being swingable on the
support plate means in a plane normal to the
axis of the related stud and having end por-
tions constructed and arranged to partially
surround the latter,

the lever end portions when encompassing
the studs blocking movement of the coacting
load transfer means tubular members axially
of the support plate means.
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8. A multi-cylinder internal combustion
engine substantially as hereinbefore described PETER ORTON,
with reference to and as shown in the Chartered Patent Agent.
accompanying drawings.

Prihted for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1980.
Published by the Patent Office, 25 Southarapton Buildings, London, W.C2A 1AY, from
which copies may be obtained.
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