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VARIABLE COUNTERWEIGHT
TECHNICAL FIELD

[0001] The present disclosure relates to counterweight systems for internal combustion

engines.
BACKGROUND

[0002] Engine vibrations are impacted by various engine operating parameters. These
parameters vary based on engine type and operating conditions of the engine. For example,
engines with lower cylinder counts experience different vibration characteristics than engines
with higher cylinder counts. Furthermore, the conditions may vary as the engine parameters
such as speed and load vary or during operational modes such as downspeeding and cylinder
deactivation.  For architectures such as low cylinder count engines or those using
downspeeding and/or cylinder deactivation, vibration mitigating techniques such as the
implementation of dual mass flywheels and centrifugal pendulum vibration absorbers are
unable to adequately address noise vibration and harshness (NVH) issues created by such

architectures.

[0003] Low cylinder count engines, while generally having advantages associated with
reduced part count, lower cost, higher reliability, smaller size, higher mechanical efficiency and
higher closed cycle efficiency through lower relative combustion chamber surface area, are not
widely deployed due to disadvantages associated with NVH. The active side powertrain
vibrations of low cylinder count engines over 3 liters generate high engine vibrations that are
difficult to accommodate by NVH mitigation devices such as dual mass flywheels and

centrifugal pendulum vibration absorbers.
SUMMARY

[0004] Various embodiments disclosed herein provide apparatuses, systems, and methods

of varying counterweight moments for vibration mitigation in engine systems.

[0005] A first set of embodiments provides a variable counterweight apparatus including a
rotatable actuator, a first counterweight rotatably coupled to the rotatable actuator and a second

counterweight rotatably coupled to the rotatable actuator. The first counterweight is rotatably
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coupled to the rotatable actuator to rotate about a first axis. The first counterweight is
configured to geometrically reconfigure so as to change a first counterweight center of gravity
position with respect to the first counterweight. The second counterweight is rotatably coupled
to the rotatable actuator to rotate about a second axis. The second counterweight is configured
to geometrically reconfigure so as to change a second counterweight center of gravity position

with respect to the second counterweight.

[0006] A second set of embodiments provides a variable counterweight engine system
including an internal combustion engine, an engine block, a plurality of cylinder bores, and a
plurality of pistons. The plurality of pistons includes a plurality of piston rods coupled to a
crankshaft. The engine system includes a rotatable actuator coupled to the crankshaft. The
engine system includes a first counterweight rotatably coupled to the rotatable actuator to rotate
about a first axis. The first counterweight is configured to geometrically reconfigure so as to
change a first counterweight center of gravity position with respect to the first counterweight.
The engine system includes a second counterweight rotatably coupled to the rotatable actuator
to rotate about a second axis. The second counterweight is configured to geometrically
reconfigure so as to change a second counterweight center of gravity position with respect to

the second counterweight.

[0007] A third set of embodiments provides a method that includes providing a variable
counterweight apparatus. The variable counterweight apparatus includes a rotatable actuator, a
first counterweight and a second counterweight, each rotatably coupled to the rotatable
actuator. The first counterweight is rotatably coupled to the rotatable actuator to rotate about a
first axis. The first counterweight is configured to geometrically reconfigure so as to change a
first counterweight center of gravity position with respect to the first counterweight. The
second counterweight is rotatably coupled to the rotatable actuator to rotate about a second
axis. The second counterweight is configured to geometrically reconfigure so as to change a
second counterweight center of gravity position with respect to the second counterweight. The
method includes moving the first counterweight center of gravity position with respect to the
first counterweight by geometrically reconfiguring the first counterweight. The method
includes moving a second counterweight center of gravity position with respect to the second

counterweight by geometrically reconfiguring the second counterweight.
2
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[0008] The inventors have appreciated that described embodiments provide adjustable
engine mount vibration mitigation systems that permits engines, including, but not limited to
low cylinder count engines, to reduce engine vibration under varying engine operating

conditions and configurations.

[0009] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein. In
particular, all combinations of claimed subject matter appearing at the end of this disclosure are

contemplated as being part of the inventive subject matter disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the subject matter described herein. The
drawings are not necessarily to scale; in some instances, various aspects of the subject matter
disclosed herein may be shown exaggerated or enlarged in the drawings to facilitate an
understanding of different features. In the drawings, like reference characters generally refer to

like features (e.g., functionally similar and/or structurally similar elements).

[0011] Figure 1 is a perspective view of a variable counterweight system in accordance

with an embodiment.

[0012] Figures 2A -2D are schematics of the variable counterweight system in varying

positions and geometric configurations.

[0013] Figure 3 is a perspective view of an engine system including a variable

counterweight system in accordance with an embodiment.
[0014] Figure 4 is an end view of the engine system of Figure 3.

[0015] Figure 5 is a perspective view of an engine system including a variable

counterweight system in accordance with another embodiment.
[0016] Figure 6 is an end view of the engine system of Figure 5.

[0017] Figure 7 is a side view of the engine system of Figure 5.
3
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[0018] Figure 8 is side cross sectional view of the engine system of Figure 5.

[0019] Figure 9 is a perspective view of a 4 cylinder engine system including a variable

counterweight system in accordance with an embodiment.

[0020] Figures 10 and 11 are end views of the engine system of Figure 9.
[0021] Figure 12 is a top view of the engine system of Figure 9.

[0022] Figure 13 is a top cross sectional view of the engine system of Figure 9.

[0023] Figure 14 is an exploded perspective view of a four-bar linkage variable

counterweight system in accordance with an embodiment.

[0024] Figure 15 is a front view of the four-bar linkage variable counterweight system of

Figure 14.

[0025] Figures 16A and 16B are side views of the four-bar linkage variable counterweight

mechanism of the system of Figure 14.

[0026] Figure 17 is an exploded view of the four-bar linkage variable counterweight

mechanism of the system of Figure 14.

[0027] Figure 18 is a perspective assembled view of the variable geometry counterweight

mechanism of Figure 17.

[0028] The features and advantages of the inventive concepts disclosed herein will become
more apparent from the detailed description set forth below when taken in conjunction with the

drawings.
DETAILED DESCRIPTION

[0029] Following below are more detailed descriptions of various concepts related to, and
embodiments of, inventive variable counterweight systems and methods of operating variable
counterweight systems. It should be appreciated that various concepts introduced above and
discussed in greater detail below may be implemented in any of numerous ways, as the
disclosed concepts are not limited to any particular manner of implementation. Examples of

specific implementations and applications are provided primarily for illustrative purposes.
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[0030] Figure 1 is a perspective view of a variable counterweight system in accordance
with an embodiment. The variable counterweight system 100 includes two counterweight
assemblies and, in particular, variable geometry counterweight assemblies 101. The variable
geometry counterweight assemblies 101 are synchronous co-rotating counterweights. A
rotatable actuator 107 is configured to rotate about axis 109, for example, during operation of
an engine to actuate the variable geometry counterweight assemblies 101 to rotate about axes
108. The variable geometry counterweight assemblies 101 are synchronously deployed and
controlled to generate a variable moment to counteract torque roll generated by the force couple
created by piston thrust loading forces and main bearing reaction forces in an internal
combustion engine. For example, each of the variable geometry counterweight assemblies 101
may have an initial center of gravity position that corresponds to the axis 108 of rotation or
centerline of rotation about which the variable geometry counterweight assemblies 101 rotate.
Through actuation of the rotatable actuator, the center of gravity per assembly 101 can be made
to be eccentric about axis 108. Figures 2C and 2D show how this actuation, along with the
synchronous rotation of the counterweight system, creates a moment that can be varied in

magnitude by geometrically reconfiguring the assembly 101.

[0031] The variable geometry counterweight assemblies 101 include a plurality of linkages,
including a first radially outer linkage 102, a second radially outer linkage 103, a first radially
inner linkage 104, and a second radially inner linkage 105. The first radially outer linkage 102,
the second radially outer linkage 103, the first radially inner linkage 104, and the second
radially inner linkage 105, are pivotally coupled to each other by a plurality of linkage bearings
110 that allow the linkages to pivot with respect to one another to geometrically reconfigure the
shape of the variable geometry counterweight system 101. Geometrical reconfiguration of the
variable geometry counterweight assembly 101 changes the position of the center of gravity of

the respective variable geometry counterweight assembly 101 about axis 108

[0032] The variable geometry counterweight systems 101 can include a phaser system
configured to actuate the first radially outer linkage 102, the second radially outer linkage 103,
the first radially inner linkage 104, and the second radially inner linkage 105, for example, via a
change in a fluid pressure in the variable geometry counterweight system 101 in particular

embodiments. The phaser system can include a return spring configured to cause the first
5
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radially outer linkage 102, the second radially outer linkage 103, the first radially inner linkage
104, and the second radially inner linkage 105 to return to a starting position in example
embodiments. The phaser may be integrated, for example, onto the axis of each of the variable
geometry counterweight systems 101. In particular embodiments, a single phaser can be
employed to articulate both variable geometry counterweight systems 101 concurrently. The
phaser can be implemented to control the amount of offset that the center of gravity of each

variable counterweight assembly 101 is moved about axes 108.

[0033] Figures 2A -2D are schematics of a variable counterweight system in varying
positions of rotation and varying geometric configurations. In Figures 2A and 2B, the center of
gravity 201 of the variable geometry counterweight assembly 101 is centered within each of the
counterweight assemblies. Accordingly, as the variable geometry counterweight assemblies
101 spin about axis 108, the variable geometry counterweight assemblies 101 impart
substantially zero forces along the x and y axes and therefore apply no net moment on the
variable counterweight system 100. In Figures 2C and 2D the center of gravity 201 of the
variable geometry counterweight assemblies 101 is offset from the center of rotation or axis

108 by geometrical reconfiguration. Accordingly, as shown in Figure 2C when the variable
geometry counterweight assemblies 101 spin to the illustrated position, each applies a force that
is equal and opposite of one another such that no net moment is applied at the illustrated spin
location. In contrast, as shown in Figure 2D when the center of gravity 201 of the variable
geometry counterweight assemblies 101 is offset from the axes 108 and the variable geometry
counterweight assemblies 101 reach the illustrated spin position, a net force is applied by each
variable geometry counterweight assembly 101 which results in a net moment created by the
variable geometry counterweight system 100. The magnitude of the net moment applied is
variably controlled by the magnitude of the center of gravity eccentricity per variable

counterweight assembly 101.

[0034] The distance from the axis 108 to the center of gravity 201 or the separation
distance between the axes 108 per assembly 101 is actively controlled to generate an anti-roll
moment opposed to the engine roll caused by different engine operating conditions. For
example, larger distances between the axis 108 and the center of gravity 201 or larger distances

between the axes 108 per assembly 101 generate larger anti-roll moments for specific engine
6



WO 2016/167748 PCT/US2015/025741

load operations while lower distances between the axis 108 and the center of gravity 201
generate lower anti-roll moments for different, specific engine load operations. Accordingly,
the distance from the axis 108 to the center of gravity can be variably controlled in response to
conditions of engine operation, such as engine rotational speed, engine load, detected vibration

frequencies or amplitudes, or other relevant input parameters.

[0035] Figure 3 is a perspective view of an engine system including a variable
counterweight system in accordance with an embodiment. In the illustrated embodiment, the
variable geometry counterweight apparatus 100 is coupled to an engine system 300, which is a
3 cylinder engine system, including three pistons 305 coupled to piston rods 306(for example
housed within cylinder bores of an engine block), and a crankshaft 304. The rotatable actuator
107 is rotatably coupled to the crankshaft 304 via actuator shaft 307, actuator gear 308, and
crank gear 309 and is parallel to the crankshaft 304. Accordingly, as combustion occurs in the
engine system 300 to actuate the pistons 305, which drive the piston rods 306, and rotate the
crankshaft 304, the rotatable actuator 107 can be rotated. Rotation of the rotatable actuator 107
can cause rotation of the variable geometry counterweight systems 101 via variable geometry
counterweight system gears 302 among other potential forms of rotational transmission. The
variable geometry counterweight assemblies 101 rotate about variable geometry counterweight
shaft 108 and are activated as desired to move the center of gravity of the variable geometry
counterweight assemblies 101 away from or towards the variable geometry counterweight
shafts 108 via geometrical reconfiguration. The co-rotating variable geometry counterweight
systems 101 are configured to spin at some multiple of engine speed associated with

maximizing the NVH cancellation effects of the system on a given engine architecture.

[0036] Figure 4 is an end view of the engine system of Figure 3. As shown in Figure 3, the
variable geometry counterweight assemblies 101 are positioned such that they are parallel with
the pistons 305 (shown in Figure 3) and the piston rods 306 of the engine system 300. Note
that this system location with respect to pistons and rods is for illustrative purposes and does
not preclude assemblies 101 from being located in other positions on engine assembly 300. The
variable geometry counterweight system gears 302 are visible, with the center of gravity of the
variable geometry counterweight assemblies 101 offset via pivoting of the first radially outer

linkage 102, the second radially outer linkage 103, the first radially inner linkage 104, and the
7
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second radially inner linkage 105 of the variable geometry counterweight assemblies 101. The
variable geometry counterweight system gears 302 are coaxial with the variable geometry
counterweight shafts 108. The variable geometry counterweight shafts 108 are parallel with the
crankshaft 304. The variable geometry counterweight shafts 108 provide an access point for
pressurized fluid to enter the variable geometry counterweight systems 101 to cause the first
radially outer linkage 102, the second radially outer linkage 103, the first radially inner linkage
104, and the second radially inner linkage 105 to pivot and geometrically reconfigure the

variable geometry counterweight systems 101, in accordance with example embodiments.

[0037] Figure 5 is a perspective view of an engine system 500 including a variable
counterweight system in accordance with another embodiment. The engine system 500
includes a pair of synchronous co-rotating variable geometry counterweight assemblies 501.
The variable geometry counterweight assemblies 501 are configured to rotate about variable

geometry counterweight shaft 503 upon actuation by the rotatable actuator 107.

[0038] The variable geometry counterweight assemblies 501 include a rotating cam 506
configured to geometrically reconfigure the variable geometry counterweight assemblies 501 to
move or reposition the center of gravity of the variable geometry counterweight assemblies
501. The system can include a position sensor configured to detect a position of the cam for
feedback control of the variable counterweight system in any and all embodiments. The
rotating cam 506 is configured to, upon rotation in a first direction, cause the radially outer
linkages 502 and the radially inner linkages 504 to pivot to move the center of gravity of the
variable geometry counterweight assemblies 501 away from the axis of the variable geometry
counterweight shaft 503. The amount of offset of the center of gravity of the variable geometry
counterweight systems 501 can be controlled, for example, in response to an amplitude or
frequency of a vibration of the engine system 500 or in response to particular conditions of
operation of the engine system 500, such as the rotational speed of the engine, the load of the
engine, or the activation or deactivation of particular cylinders of the engine system 500. As
discussed herein, cylinders of the engine system 500 may be deactivated for fuel efficiency and
may be re-activated as power needs change. The change in operation of cylinders of the engine

system 500 impacts the vibrations of the engine system 500.
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[0039] Figure 6 is an end view of the engine system of Figure 5. The variable geometry
counterweight assemblies 501 are rotated about the variable geometry counterweight shaft 503
via variable geometry counterweight system gears 302, which are rotated by the rotatable

actuator 107 coupled to the crankshaft 204.

[0040] Figure 7 is a side view of the engine system of Figure 5, and Figure 8 is side cross
sectional view of the engine system of Figure 5. As demonstrated in Figures 7 and 8, one of
the variable geometry counterweight shafts 503 can be integrally coupled with the crankshaft
304 of the engine system 500. The actuator shaft 307 can be parallel to the crankshaft 304.

[0041] Figure 9 is a perspective view of a 4 cylinder engine system including a variable
geometry counterweight system in accordance with an embodiment. An engine system 900
includes a 4 cylinder engine including four pistons 905 coupled to piston rods 906 and coupled
to a crankshaft 904. In contrast to the engine system 500, the crankshaft 904 is not directly
coupled to the shaft 903 of variable geometry counterweight assemblies 901. The crankshaft
904 is directly coupled to actuator shaft 907 of rotatable actuator 908. The rotatable actuator
908 is configured to rotate the variable geometry counterweight assemblies 901 via the variable
geometry counterweight system gears 902. The variable geometry counterweight systems 901
are synchronous co-rotating counterweights configured for geometrical reconfiguration to
move the position of the center of gravity and thereby vary the moment applied to the engine

system 900.

[0042] Figures 10 and 11 are end views of the engine system of Figure 9. Figure 11 is an
end view showing a cross-sectional view through the variable geometry counterweight
assemblies 901. The variable geometry counterweight assemblies 901 are positioned transverse
to the axis of the pistons 905. It should be noted that this position does not preclude assemblies
901 from being mounted in other orientations with respect to engine assembly 900. The
variable geometry counterweight assemblies 901 include a plurality of extending linkages 1101
actuated by a rotating cam 1102 configured to rotate to extend or retract extending linkages
1101 to move or offset the center of gravity of the variable geometry counterweight assembly
901 from the center of the variable geometry counterweight assembly 901 and thereby generate

a varying moment on the engine system 900.
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[0043] Figure 12 is a top view of the engine system of Figure 9, and Figure 13 is a top cross
sectional view of the engine system of Figure 9. The shafts 903 of the variable geometry
counterweight assemblies 901 can include a fluid line, for entry or exhaust of oil or hydraulic
fluid configured to actuate a phaser. The change in fluid pressure provides or retracts force for
changing the position of the center of gravity of the variable geometry counterweight

assemblies 901, for example, in response to changing conditions of the engine system 900.

[0044] Figure 14 is an exploded perspective view of a four-bar linkage variable
counterweight system, in accordance with an embodiment. A four-bar linkage variable
counterweight system 1400 includes two variable geometry counterweight mechanisms 1420.
The variable geometry counterweight mechanisms 1420 are configured for geometric
reconfiguration to change a center of gravity of the mechanism 1420 via a plurality of pivotally
connected linkages. The variable geometry counterweight mechanisms 1420 couples to a chain
drive assembly 1421 driving the rotation of the variable geometry counterweight mechanisms
1420 from the crankshaft via a crank spacer 1422, The variable geometry counterweight
mechanisms 1420 is rotatably housed in a housing 1424 which also houses bearing 1423
permitting the variable geometry counterweight mechanisms 1420 to rotate within the housing

1424.

[0045] Figure 15 is a front view of the four-bar linkage variable counterweight system of
Figure 14. The four-bar linkage variable counterweight system 1400 is shown in assembled
state in Figure 15 and is coupled to a pump 1425 for pumping oil from an oil reservoir 1426 for

actuation of the variable geometry counterweight mechanisms 1420.

[0046]) Figures 16A and 16B are side views of the four-bar linkage variable counterweight
mechanism of the system of Figure 14. Figure 16A shows the variable geometry counterweight
mechanisms 1420 in a neutral position, and Figure 16B shows the variable geometry
counterweight mechanisms 1420 in an active position. The variable geometry counterweight
mechanisms 1420 include a first linkage 1401 having a pocket 1412. A second linkage 1402 is
recessed in the pocket 1412 in the neutral position of the variable geometry counterweight
mechanisms 1420. The second linkage 1412 is pivotally coupled to the first linkage by a third
linkage 1403 and a fourth linkage 1404. An actuation rod 1405 is coupled to the second

10
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linkage 1412 to re-orient the second linkage with respect to the first linkage 1401 via the third
linkage 1403 and fourth linkage 1404. The second linkage 1402 is rotatably positioned on
beariﬁgs 1406 and is rotatably coupled to the third linkage 1403 via a pin 1411 and to the fourth
linkage 1404 via bushing 1409. The third linkage 1403 is pivotally coupled to the first linkage
via bushings 1407. and pivotally coupled to the second linkage via bearing 1408. The fourth
linkage is pivotally coupled to the first linkage via pin 1415 and bushings 1409.

[0047] Figure 17 is an exploded view of the four-bar linkage variable counterweight
mechanism of the system of Figure 14. The variable geometry counterweight mechanism 1420
includes a phaser 1413 configured to activate the variable geometry counterweight mechanisms
1420, for example in response to changes in a fluid pressure of a fluid such as oil from oil
reservoir 1426 (shown in Figure 15). The phaser 1413 is configured to be coupled to sprocket
1414 driven by chain drive 1421 (shown in Figures 14) The variable geometry counterweight

mechanisms 1420 includes a variable counterweight shaft 1410

[0048] Figure 18 is a perspective assembled view of the variable geometry counterweight
mechanism of Figure 17. All four linkages of the variable geometry counterweight
mechanisms 1420 are assembled on the variable counterweight shaft 1410 for rotation via
sprocket 1414 and phasing to move from the neutral state to the active state and back via the

phaser 1413.

[0049] In certain embodiments, the engine system 900, 500 or 300 can include a variable
geometry counterweight control system configured to control the variable geometry
counterweight assemblies and thereby vary the moment generated to counteract the rolling
forces generated by the respective engine. The variable geometry counterweight control
system may include a controller structured to perform certain operations to cause actuation of
the variable geometry counterweight systems based on engine operation parameters. The
controller may be a single device or a distributed device, and the functions of the controller
may be performed by hardware and/or as computer instructions on a non-transient computer

readable storage medium.

[0050] In certain embodiments, the controller includes one or more modules structured to

functionally execute the operations of the controller. In certain embodiments, the controller

11
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includes sensor modules configured to determine engine rotational speed, engine load, cylinder
activation or deactivation, engine vibrations, (including vibration amplitude and frequency) or

other engine operating parameters impacting vibrations in the engine system.

[0051] The description herein, including modules, emphasizes the structural independence
of the aspects of the controller and illustrates one grouping of operations and responsibilities of
the controller. Other groupings that execute similar overall operations are understood within
the scope of the present application. Modules may be implemented in hardware and/or as
computer instructions on a non-transient computer readable storage medium, and modules may

be distributed across various hardware or computer based components.

[0052] Example and non-limiting module implementation elements include sensors
providing any value determined herein, sensors providing any value that is a precursor to a
value determined herein, datalink and/or network hardware including communication chips,
oscillating crystals, communication links, cables, twisted pair wiring, coaxial wiring, shielded
wiring, transmitters, receivers, and/or transceivers, logic circuits, hard-wired logic circuits,
reconfigurable logic circuits in a particular non-transient state configured according to the
module specification, any actuator including at least an electrical, hydraulic, or pneumatic
actuator, a solenoid, an op-amp, analog control elements (springs, filters, integrators, adders,

dividers, gain elements), and/or digital control elements.

[0053] Non-limiting examples of various embodiments are disclosed herein. Features from
one embodiment disclosed herein may be combined with features of another embodiment

disclosed herein as someone of ordinary skill in the art would understand.

12
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CLAIMS

1. A variable counterweight system comprising:

a rotatable actuator;

a first variable counterweight assembly rotatably coupled to the rotatable actuator to
rotate about a first axis, the first counterweight configured to geometrically reconfigure so as to
change a first counterweight center of gravity position with respect to the first counterweight;
and

a second variable counterweight assembly rotatably coupled to the rotatable actuator to
rotate about a second axis, the second counterweight configured to geometrically reconfigure

so as to change a second counterweight center of gravity position with respect to the second

counterweight.
2. The apparatus of claim 1, wherein the rotatable actuator includes a gear.
3. The apparatus of claim 1, wherein the first variable counterweight assembly includes a

first phaser configured to geometrically reconfigure the first variable counterweight assembly,
and wherein the second counterweight includes a second phaser configured to geometrically

reconfigure the second variable counterweight assembly.

4. The apparatus of claim 3, wherein the first phaser includes a plurality of adjustable
linkages.
5. The apparatus of claim 4, wherein the plurality of adjustable linkages are pivotally

coupled to each other.

6. The apparatus of claim 3, wherein at least one of the first phaser and the second phaser

includes a rotatable cam.

13
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7. The apparatus of claim 3, further comprising a position sensor configured to detect a

position of at least one of the first phasers and the second phaser.

8. The apparatus of claim 7, further comprising a controller coupled to the position sensor.

9. The apparatus of claim 3, wherein at least one of the first phaser and the second phaser

is hydraulically actuated.

10. The apparatus of claim 1 further comprising a condition sensor configured to determine

a condition of an internal combustion engine coupled to the variable counterweight apparatus.

11. The apparatus of claim 1, further comprising a controller configured to:

cause the first phaser to geometrically reconfigure the first variable counterweight
assembly in response to an output from the condition sensor; and
cause the second phaser to geometrically reconfigure the second variable counterweight

assembly in response to an output from the condition sensor.

12. The apparatus of claim 11, wherein the condition includes a vibration frequency.
13.  The apparatus of claim 11, wherein the condition includes a vibration amplitude.
14, The apparatus of claim 11, wherein the condition includes an engine operation

parameter of an engine coupled to the rotatable actuator.

15.  The apparatus of claim 11, wherein the condition includes a cylinder deactivation or a
cylinder activation of at least one cylinder of a plurality of cylinders of an engine coupled to the

rotatable actuator.

16. The apparatus of claim 11, wherein the condition includes a rotational speed of an

engine coupled to the rotatable actuator.

14
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17. The apparatus of claim 11, wherein the conditions includes position of an engine

coupled to a rotatable actuator

18. A variable counterweight engine system comprising.

an internal combustion engine comprising an engine block including a plurality of
cylinder bores and housing a plurality of pistons, the plurality of pistons including a plurality of
piston rods coupled to a crankshatft;

a rotatable actuator coupled to the engine;

a first variable counterweight assembly rotatably coupled to the rotatable actuator to
rotate about a first axis, the first variable counterweight assembly configured to geometrically
reconfigure so as to change a first variable counterweight assembly center of gravity position
with respect to the first variable counterweight assembly; and

a second variable counterweight assembly rotatably coupled to the rotatable actuator to
rotate about a second axis, the second variable counterweight assembly configured to
geometrically reconfigure so as to change a second variable counterweight assembly center of

gravity position with respect to the second variable counterweight assembly.

19. The variable counterweight engine system of claim 18, further comprising a first phaser
configured to geometrically reconfigure the first variable counterweight assembly, and wherein
the second variable counterweight assembly includes a second phaser configured to

geometrically reconfigure the second variable counterweight assembly.

20. The variable counterweight engine system of claim 18, wherein at least one of the first

counterweights and the second counterweight are rotatably coupled to the engine.

21. The variable counterweight engine system of claim 18, wherein the engine is configured

for deactivation of at least one cylinder in the plurality of cylinder bores.
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22. A method, comprising:

providing a variable counterweight system, the variable counterweight system
comprising:
a rotatable actuator;
a first variable counterweight assembly rotatably coupled to the rotatable
actuator to rotate about a first axis, the first variable counterweight assembly configured
to geometrically reconfigure so as to change a first variable counterweight assembly
center of gravity position with respect to the first variable counterweight assembly; and
a second variable counterweight assembly rotatably coupled to the rotatable
actuator to rotate about a second axis, the second variable counterweight assembly
configured to geometrically reconfigure so as to change a second variable
counterweight assembly center of gravity position with respect to the second variable
counterweight assembly;
moving the first variable counterweight assembly center of gravity position with respect
to the first variable counterweight assembly by geometrically reconfiguring the first variable
counterweight assembly; and

moving a second variable counterweight assembly center of gravity position with
respect to the second variable counterweight assembly by geometrically reconfiguring the

second variable counterweight assembly.

23. The method of claim 22, wherein moving the first variable counterweight assembly
center of gravity position with respect to the first variable counterweight assembly and moving
the second variable counterweight assembly center of gravity position with respect to the
second variable counterweight assembly includes moving the first variable counterweight
assembly center of gravity position and the second variable counterweight assembly center of

gravity position in synchronization.

24.  The method of claim 22, further comprising detecting a vibration of an engine coupled

to the rotatable actuator.

16
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25. The method of claim 22, further comprising detecting at least one of a frequency and an

amplitude of the vibration.

26. The method of claim 22, further comprising detecting at least one of an engine

condition and a change in an engine condition of an engine coupled to the rotatable actuator.
27.  The method of claim 22, further comprising changing a first phaser to cause

geometrical reconfiguration of the first variable counterweight assembly and changing a second

phaser to cause geometrical reconfiguration of the second variable counterweight assembly.

17



PCT/US2015/025741

WO 2016/167748

-
ol

510 .

L ainbi 201

.

i o

5 \\.\:\\
\ ..n#u\\

..... \\\\\\\ .

~01

001



PCT/US2015/025741

WO 2016/167748

JQioo=42N -
O=Ad '%XJ o
1BSHO B0 -

.

n“\\ Z 7

07

00

0=z
0 =Ad4 %4
18SH0 D0

s

o/

7
A

757

;s o
@NMNW

0= ZIN
0 =A4 %4
pataiusl OO0

.

\\\\\
.

\\\

\\

gg @inbi4

LOC
Ol

/

001

0= ZIN
0=Ad %4
palsluald 50

vz ein




WO 2016/167748 PCT/US2015/025741

318
S
L
149 O &S
oS AN o
= ve) % ™
; -
s A e s
A g 2
g -
e .
o~ A
o
N
................... -
-
e
3
149)
Fooe
e
=
m
-
:‘m

Figure 3

-
0



418

01

€0L___

40

GOl

601

 2.nbi4

90¢

80l

T YOl

- ¢0l



/305

WO 2016/167748 PCT/US2015/025741

518
= o ; °
L & ‘ w0 %
L)
% oy X9 ]
_—
4P )
;o<t - £

"
I

i TR
N

502

l RN
-

<3
S
AR
\\\\\\s .
. e
S
Oy O o
O
bl
—d
g
L

-
S



PCT/US2015/025741

WO 2016/167748

6/18

c0S

205 __ T~

90— )

.

vos \\\\\\ ’
)

g 2.nbi -

L0}

601

90€
€08

4 / \.\ %
) 7 Z
., o \..\ 7 7
. o
Z 20 7 %
; 7 o \ :
# o o
. % N 908
o 7 s i G e

i
\ 4
- \.

T~ b0C

Tz08



WO 2016/167748 PCT/US2015/025741

7118

308

500

_:\\

304

N N
s

Figure 7

A\

N \\

302



WO 2016/167748

308

8/18

309

PCT/US2015/025741




WO 2016/167748

900

905

906

89/18

M\

\\\\\\\\\\\\\\\\

o
o)

PCT/US2015/025741

Nt
R
R
kixt
NS

X
N

N
LR

THHRRREY
L

_

_— s
.

902
903

4

'903
01

902

R

R
T T TS
R
L
N

908

a03



0000000000000

05 Figure 10

RERW

N
-
(SN

IR
R N



7 A




PCT/US2015/025741

WO 2016/167748

12/18

406

£

06

| G06

ey

7
.

_

G06

- .

Z 1 8inbi

0 \\\\\\\\\\

. W\
22 R

N

vos 906 906

.
\ e

(6

77

-
-

106

€06



PCT/US2015/025741

WO 2016/167748

13/18

G06

06

\\\\\\\\\\\\\\

406

506

¢} aunbid
vos <06 806

\\\\\\\\\\\

(06

L 06 06

s T, o

@&&&NWWWWNM&&&W\ .......




0000000000000

/ 1400
1424

AW

b

N )
X R "2

[
. < N N i
£ S \
S N m\\\&\\\\w&\&\ 3
S Y N
\ u
N R <
R PN
2
% $

-

1420

1423

\
Figure 14



WO 2016/167748 PCT/US2015/025741

15/18

1400

14?@

B3 D

1423
1421
Figure 15




WO 2016/167748 PCT/US2015/025741

- 16/18

O
=T
—

1409 Figure 16B

>

{8
w

7

1407
2

-

Assermbly

’5202

i
&

1405

Figure 16A

AN

A

<

L«

(e 0 N

<

— N
=3 N
—

1420



PCT/US2015/025741

WO 2016/167748

17118

vyl

Eynosds

L1 ®inbi4

vovk /)

N m 4 \\\Nw

GLyi

0cvl



0000000000000




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US15/25741

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F16F 15/26, 15/28, 15/31 (2015.01)
CPC - F16F 15/28, 15283, 15/286

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) Classification(s): F16F 15/26, 15/28, 15/31 (2015.01)
CPC Classification(s): F16F 15/28, 15/283, 15/286

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); Google; Google/Scholar; ProQuest; Keywords:
counterweight*, countermass®, var*, chang®, mov*, relocate”, center, reconfigure®, rest”, inertia®, transform*, balance*, sensor*, detect”,
measure®, frequenc*, amplitude*, determin®, activat®, deactivat®, rotat*, speed, velocity

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of documefn, with indication, where appropriate, of the relevant passages Relevant to claim No.~

X GB 264,939 A (BRISTOL AEROPLANE) January 31, 1927; figures 5, 6; page 1, lines 52-55; 1-6, 22, 23, 27

e page 4, lines 9-19; page 4, line 66; page 4, lines 100-104; page 5, lines 2-23 RS EE—

Y 24-25

X US 2003/0221653 A1 (BREVICK JE et al.) December 4, 2003; figure 3; paragraphs [0032], 18-21
{0034}, [0038], [0041], {0046], [0060], [0066]

X US 2007/0179012 A1 (KIMURA Y et al.) August 2, 2007; paragraphs [0023], [0038], [0060}, 1,3,9-11, 14,16, 22,26

- [0065], [0066] _

Y 12-13, 15, 17

Y US 2002/0121816 A1 (QIU S-et al.) September 5, 2002; figure 1; paragraphs [0030], [0091], 12-13, 15,17, 24,25
[0095], [0102], [0125] : .

A US 5,178,038 A (HENIGES WB) January 12, 1993; entire document 1-27

A US 2,112,984 A (CHILTON R) April 5, 1938; entire document 1-27

A US 2015/0090073 A1 (GLANFIELD IS et al.) April 2, 2015; entire document 1-27

A WO 2009/099343 A1 (WHISPER TECH LIMITED) August 13, 2009; entire document 1-27

El Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

the priority date claimed

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubis on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X™ document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art |

“&” document member of the same patent family

Date of the actual completion of the international search

29 June 2015 (29.06.2015)

Date of mailing of the international search reporn

16 JUL 2015

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISAJUS, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Hetpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report

