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ACTIVE TORQUE RIPPLE RECTIFIER

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 61/697,904,
filed September 7, 2012 and U.S. Provisional Application No. 61/779,372, filed March 13,

2013, which are incorporated herein by reference in their entirety.
BACKGROUND OF THE INVENTION

[0002] There is a globally increasing trend towards engine downsizing as a result of the
recent improvements on combustion engine technology. The objective of this research can be
stated as providing more efficient vehicles, while keeping the same vehicle body and
performance characteristics. This technology implies the use of superchargers/turbochargers
to reach this target. Increasing the power output using these technologies provides the
possibility for downsizing (smaller engine displacement and reduced number of cylinders).
Moreover, higher torque potential enables the use of longer gear ratios, which in turn makes
down-speeding possible (i.e. operating at lower engine speeds). Developing smaller size

combustion engines can result in the following benefits:

o the fuel economy can be significantly improved,

o engine operation is shifted into highest efficiency area, and

o CO; emissions can be reduced.

o Weight and cost of the engine may be reduced, as well as packaging.

SUMMARY OF THE INVENTION
[0003] Downsizing and down-speeding usually lead to higher torque peaks at low engine
speed, requiring additional technologies to avoid transferring these torque ripples to the
powertrain.
[0004] Systems, devices, and methods for reducing torsional vibration and torque ripple in
engines and nearby associated components are disclosed. Torque ripples at low engine
speeds are compensated for by adding a compensation signal, for example, with various
motors or other mechanical mechanisms. Alternatively or in combination, torque ripples are
compensated for by multiplication with an additional signal, for example, at the power
transmission coupled to the engine.
[0005] An aspect of the disclosure provides a method of reducing torsional vibration in an

output of an engine. A torque ripple of an engine output is measured. A correction signal for
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reducing the measured torque ripple is determined. The correction signal is applied to an
output shaft of the engine such that the torque ripple of the engine output is reduced. The
torque ripple of the engine output can be measured with a torque sensor coupled to the output
shaft of the engine. In one embodiment, the correction signal is determined by evaluating a
Fourier series transformation of the measured torque ripple. In one embodiment, the
correction signal is applied by actuating an electric motor or a starter motor mechanically
coupled to the output shaft.

[0006] Another aspect of the disclosure provides another method of reducing torsional
vibration in an output of an engine. A gear set is coupled to an output shaft of the engine.
The gear set comprises a roller crank mechanism. A correction signal is introduced to the
output shaft of the engine with the roller crank mechanism. In one embodiment, the
correction signal is determined by evaluating a Fourier series transformation of the measured
torque ripple. The correction signal reduces a torque ripple of the engine output. The gear
set typically comprises a planetary gear set. The number of reductions in the gear chain may
depend on the order of the main ripple harmonics of the engine output that has to be
compensated with this device. The roller crank mechanism may comprise an adjustment
mechanism for adjusting a phase of the correction signal.

[0007] Yet another aspect of the disclosure provides yet another method for reducing
torsional vibration in an output of an engine. A continuously variable transmission (CVT) is
coupled to an output shaft of the engine. An input torque to the CVT and/or an output torque
from the CVT is measured. A correction signal is applied with the CVT based on the
measured torque such that the output of the CVT has reduced torsional vibration compared
with the output of the engine. The correction signal may be applied by a servo motor
mechanically coupled to the CVT, for example by adjusting the speed ratio of the CVT to
reduce torque ripple. Alternatively or in combination, the correction signal may be applied
with a ball ramp mechanism mechanically coupled to the CVT.

[0008] A further aspect of the disclosure provides a system for transmitting power having
reduced torsional vibration in its output. The system comprises an engine having an output
shaft and means for applying a correction signal to the output shaft.

[0009] The means for applying the correction signal may comprise an electric motor or a
starter motor mechanically coupled to the output shaft. The output of the electric motor or
the starter motor may depend on a torque measurement from a torque sensor coupled to the

output shaft.
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[0010] The means for applying the correction signal comprises a corrective gear set coupled
to the output shaft of the engine. The corrective gear set may comprise a planctary gear set.
The corrective gear set may comprise a roller crank mechanism. The roller crank mechanism
may comprise an adjustment mechanism for adjusting a phase of the correction signal. The
number of gear sets used may depend on the order of ripple harmonics of the engine output.
[0011] The means for applying the correction signal may comprise a continuously variable
transmission (CVT) coupled to the output shaft of the engine. The means for applying the
correction signal may further comprise one or more of an input torque sensor and an output
torque sensor coupled to the CVT, a servo motor mechanically coupled to the CVT and
configured to apply the correction signal to the CVT based on a measured torque from the
input torque sensor or the output torque sensor, and a ball ramp mechanism mechanically
coupled to the CVT and configured to apply the correction signal to the CVT based on a

measured torque from at least one of the input torque sensor or the output torque sensor.

INCORPORATION BY REFERENCE

[0012] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent,
or patent application was specifically and individually indicated to be incorporated by
reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0014] Figure 1 is a graph depicting engine power delivery during a four-stroke cycle;
[0015] Figure 2 is a sectional view of a flywheel and damper solution for reducing torque
ripple in an engine;
[0016] Figure 3A is a block diagram of a system with reduced torque ripple and torsional
vibration using a torque sensor and an electric motor according to an embodiment of the
disclosure;
[0017] Figure 3B is a block diagram of a system with reduced torque ripple and torsional
vibration using an electric motor without a torque sensor according to another embodiment of

the disclosure;
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[0018] Figure 4A is a block diagram of a system with reduced torque ripple and torsional
vibration using a torque sensor and a starter motor according to another embodiment of the
disclosure;

[0019] Figure 4B is a block diagram of a system with reduced torque ripple and torsional
vibration using a starter motor without a torque sensor according to another embodiment of
the disclosure;

[0020] Figure 5 is a block diagram of a system with reduced torque ripple and torsional
vibration using an electric starter motor for adding the compensation signal based on the
torque measured by the engine output torque sensor according to another embodiment of the
disclosure;

[0021] Figure 6 is a block diagram of a system with reduced torque ripple and torsional
vibration using an electric starter motor for adding the compensation signal without the
engine output torque sensor according to another embodiment of the disclosure;

[0022] Figure 7 shows graphs depicting the torque ripple of an engine, a transform computed
for compensating for the torque ripple, and a compensation signal according to an
embodiment of the disclosure;

[0023] Figure 8A is a block diagram of a system with reduced torque ripple and torsional
vibration using a planetary gear set and a crank-rocker mechanism according to another
embodiment of the disclosure;

[0024] Figure 8B is a block diagram of the crank-rocker mechanism of Figure 8 A which
enables the system to modify the coupler connection position up and down;

[0025] Figure 9 is a block diagram of a system with reduced torque ripple and torsional
vibration using torque sensors, a continuously variable transmission, and a servo according to
another embodiment of the disclosure;

[0026] Figure 10 is a block diagram of a system with reduced torque ripple and torsional
vibration without using torque sensors, a continuously variable transmission, and a servo
according to another embodiment of the disclosure;

[0027] Figure 11 is a block diagram of a system with reduced torque ripple and torsional
vibration using torque sensors, direct torque control implemented on the CVT device and a
ball-ramp mechanism according to another embodiment of the disclosure; and

[0028] Figure 12 is a block diagram of a system with reduced torque ripple and torsional
vibration without using torque sensors, direct torque control implemented on the CVT device

and a ball-ramp mechanism according to another embodiment of the disclosure.
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DETAILED DESCRIPTION OF THE INVENTION
Torque Ripple
[0029] Torque ripple is a periodic increase or decrease in output torque as the output shaft
rotates. As suggested in FIG. 1, it is measured as the difference in maximum and minimum
torque over one complete revolution. As a result the above mentioned potential advantages,
downsizing together with down-speeding can be seen as one of the mainstream improvements
on engine technology. Despite the promising advancements this technology can achieve, the
drivability and performance should remain satisfactory. One important negative aspect
caused by down-speeding is the degraded transient response at the lowest engine speeds. The
torque ripple at the engine output significantly rises with lower idle speed.
[0030] The issue of torque ripples can cause many problems such as increased stresses and
wear, large vibrations on the components near the engine, thus damaging the powertrain and
resulting in poor vehicle drivability. In order to improve the smooth operation and overall
performance of the engine, these stress and vibrations must be compensated by an engine
balancing method. On multi-cylinder configurations, many solutions can be suggested to
eliminate this vibration.
[0031] In many conventional vehicles, the vibration and torque ripples are compensated by
using a flywheel 2, as illustrated in FIG. 2, and by means of dampers and absorbers together.
In some cases, dual-mass flywheel mechanisms are used. The inertia of the flywheel smooths
out the rotational movement of the crankshaft 4; which keeps the engine running at a constant
speed. At this point, the decision on the flywheel weight plays a significant role in the sense
that a lighter flywheel would accelerate faster but lose the speed quicker, while a heavier
flywheel can retain the speed further but will be more difficult to slow down or accelerate.
On the other hand, with a heavier flywheel the power delivery will be smoother, but this will
make the engine less responsive (i.e. the ability to control the speed precisely is reduced).
Also considering the weight constraints, the flywheel can be replaced by other solutions.
FIG. 2 shows an example flywheel solution to compensate for vibration and/or torque ripples
including a damper that comprises at least a damper plate 8, a tension spring 10, and one or
more shims 6. FIG. 2 shows a friction facing 12 and a fiber bushing 14 as well as a gasket
16, sleeve 18, a rubber cone 20, and a fan pulley 22, all which coordinate to compensate for
the vibration and/or torque ripples of a conventional vehicle.
[0032] For at least the above reasons, improved systems, devices, and methods for reducing

vibration and torque ripple in engines and associated components are desired.
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[0033] This disclosure focuses on two solutions to reduce and minimize the torsional
vibration occurring at the engine output in an active controlled way.

Example 1:

[0034] One solution proposed to minimize the torque ripple at low engine speeds is described
as “compensation by addition”. The deviation from the desired torque value can be
eliminated by applying feedback (or feed-forward) techniques in several configurations.

Example Configuration 1.1al

[0035] A first proposed configuration as shown in FIG. 3A (1.1al) comprises a first servo
configuration 10. The torque ripple value can be measured using a torque sensor 101
mounted on output 102 of an engine 100 and an addition signal 103 can be computed to
cancel out some or all of the ripple. The engine 100 in this configuration is shown coupled to
a damper 107. This signal can then be applied by the actuator (e.g. an electric motor) 104 to
the original system through a set of gears (for example: counter shaft gear 105, and main
shaft gear 102). The electric motor can easily be synchronized to match the engine output
speed.

Example Configuration 1.1a2

[0036] A variant of this configuration shown in FIG. 3A comprises a second servo
configuration 20 without torque sensor, might be considered as shown in FIG. 3B. The
torque ripple characteristics 201 to compensate might come from many other sources in the
absence of a torque sensor. The first possible source might be an offline map providing the
phase, amplitude and any other relevant information on the torque ripple, based on the ICE
parameters (speed, throttle, etc...). The information might also come from a vibration sensor
along the driveline or from any other sensor that might give an indication of the
characteristics of the torque ripples. The working principle of the configuration is otherwise
the same as in FIG. 3A and thus elements labeled in FIG. 3B common to that of FIG. 3A
function similarly as described within the description of FIG. 3A.

Example Configuration 1.1bl

[0037] In an alternative configuration to FIG. 3A or 3B, which add the compensation signal
103 by an electric motor, a third configuration 30 still includes a torque sensor 101, an engine
100, and a damper 107, but varies by directly integrating the electric motor 304 on the main
shaft which may be the output shaft 102 as shown in FIG. 4A or another shaft. This third
configuration includes a rotor 308 and a stator 310 which coordinate with the electric motor

304 that computes the addition signal 103 to cancel out some or all of the ripple. This variant
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requires more axial length but avoids using gears and thus avoids some or all backlash
problems that may or may not occur in other variations.

Example Configuration 1.1b2

[0038] A variant of the configuration of FIG. 4A is a fourth configuration 40 comprising an
integrated electric motor 304, without torque sensor, an example of which is shown in FIG.
4B. Such servo configuration 40 still includes an engine 100, and a damper 107, however, the
torque ripple characteristics 201 to compensate might come from many other sources in the
absence of a torque sensor. The first possible source might be an offline map providing the
phase, amplitude and any other relevant information on the torque ripple, based on the ICE
parameters (speed, throttle, etc). The information might also come from vibration sensor
along the driveline or from any other sensor that might give indication on the characteristics
of the torque ripples. The working principle of this configuration is the same as that of FIG.
4A. This third configuration includes a rotor 308 and a stator 310 which coordinate with the
electric motor 304 that computes the addition signal 103 to cancel out some or all of the

ripple.

Example Configuration 1.1cl

[0039] In a fifth configuration 50, adding the compensation signal by an electric motor is not
necessary, rather the fifth servo configuration 50 utilizes the starter motor for this purpose as
shown in FIG. 5. By installing a high-torque (larger) starter motor 501 than would otherwise
be necessary for simple starting functions, the compensation torque can be directly sent to the
flywheel 502, based on the torque measured by the engine output torque sensor 101. Depicted
in FIG. § is the starter motor 501 and torque sensor 101 in relation to the engine 100 (which
may be a combustion engine) and a damper 107 on a main shaft 503, wherein the starter
motor is coupled to the flywheel 502 prior to the damper 107 on the main shaft 503, and the
torque sensor 101 also sits between the engine 100 and the damper 107. Other arrangements
of elements are contemplated, however, so long as the starter motor serves the function of
ripple and/or vibrational reduction and/or elimination.

Example Configuration 1.1¢2

[0040] A sixth configuration 60 comprises a starter motor S01 without torque sensor, for non-
limiting example, as shown in FIG. 6. The torque ripple characteristics 201 to compensate
might come from many other sources in the absence of a torque sensor. The first possible
source might be an offline map providing the phase, amplitude and any other relevant
information on the torque ripple, based on the ICE parameters (speed, throttle, etc.). The

information might also come from vibration sensor along the driveline or from any other
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sensor that might give indication on the characteristics of the torque ripples. The working
principle of this configuration is the same as shown in FIG. § as described herein. By
installing a high-torque (larger) starter motor 501 than would otherwise be necessary for
simple starting functions, the compensation torque can be directly sent to the flywheel 502
based on torque ripple characteristics 201 from the above-noted other sources. Depicted in
FIG. 6 is the starter motor 501 in relation to the engine 100 (which may be a combustion
engine) and a damper 107 on a main shaft 503, wherein the starter motor is coupled to the
flywheel 502 prior to the damper 107 on the main shaft 5S03. Other arrangements of elements
are contemplated, however, so long as the starter motor serves the function of ripple and/or
vibrational reduction and/or elimination.

Example Configuration 1.2

[0041] A seventh example 70 vibration and/or ripple reduction or elimination configuration
comprises a solution by the use of a crank and rocker mechanism. The characteristic of the
torque ripple will often be dependent on the engine cycle (e.g. 2-stroke, 4-stoke etc.) and the
number of cylinders. Based on the form of the ripple, a different cancellation would be
required (2™, 3", 4™ order harmonic cancellation or combinations). Simply put, if a torque
ripple exists as shown in FIG. 7, the system can be designed by evaluating the ripple by its
Fourier series transformation.

[0042] As illustrated in FIG. 8A, cancellation may occur by means of a planctary gearset 820
having a planet 824, sun gear 822, a carrier 821, and a ring gear 823. The internal
combustion engine (ICE) 100 may be connected to the carrier 821 of the planctary gearset
820, the compensation can be added to the system by the sun gear 822 and the ring gear 823
is the regulated output value. Initially, in order to generate the adding torque control signal,
the speed of the ICE may be multiplied by a single, double (or more) up-speed gear ratios
830a, 830b of one or more up-speed gears 825a, 825b depending on the order of ripple
harmonics to be compensated, meaning that the deviations in the ICE output torque may be
reflected on the sun gear 822. The deviation generated on the sun gear 822 turns the rocker
via a direct mechanical connection 811, so that the sum of both motions gives the
compensated output on the ring gear 823.

[0043] Furthermore, a generic roller-crank mechanism 810 enable the system to modify the
coupler connection position up and down, as shown in FIG. 8B, (left). This linear movement
may adjust the amplitude of the correction torque signal and the generic mechanism can be
mechanical (e.g. slider mechanism), hydraulic, electrical or something else. The phase of the

correction signal can be modified by adjusting the relative angle between the crank 814 and
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the gear rotating 815, (right, 1 and 2). Thus, the sun gear will typically only have a limited
rotational range to compensate as shown by arrows on the figure. These two adjustment
mechanisms 814, 815 can be operated separately, to adjust the amplutide 812, the phase 813
or both.

Example Configuration 2

[0044] A second general configuration is designed to eliminate the output torque ripples by
means of “multiplication” with an additional signal that cancels out the ripple. By connecting
a continuously variable transmission (CVT) device 901 after the engine 100, the fluctuations
in the torque value can be regulated by applying several methods, described below. The CVT
device 901 may also be after the damper 107. Example configurations of this multiplication-
based elimination are shown in FIGS. 9-12, and/or as described in the following examples.

Example Configuration 2.1a

[0045] In the first “multiplication” configuration 90, a control signal can be applied on the
torque value using the servo 910 (servo motor) mounted on the CVT device 901. This
control signal can be used to compensate the torque oscillations by changing the speed ratio
(depicted as the double-headed arrow in FIG. 9) of the CVT device 901 (i.e., shifting
actuators). By implementing an actuator (e.g. servo motor) with a high frequency, ensuring
fast response for the ratio change, the vibrations on the output torque can be compensated.
The control signal will depend on the actual torque value read by the torque sensor 101
located either on the input or the output of the CVT transmission or both the input and the
output of the CVT transmission for more precise control. As shown in FIG. 9, this solution is
illustrated with a ball type CVT, however, any other type of CVT might be used. FIG. 9
depicts an embodiment using both an input torque sensor 101a, and an output torque sensor
101b read and/or interpreted by the servo motor 910 which can compensate for the torque
oscillations by changing the speed ratio (depicted as the double-headed arrow in FIG. 9) of
the CVT device 901. The output of the CVT device 901 can then provide input to the
transmission via a shaft 903 with reduced or eliminated torque ripple and/or reduced or
eliminated torque oscillations and/or reduced or eliminated torque vibrations.

Example Configuration 2.1b

[0046] A variant of the configuration of FIG. 9 is a second “multiplication” configuration
1000, comprising a servo 910 mounted on the CVT device 901, without torque sensors, might
be considered as shown in FIG. 10. As was depicted in FIG. 9, and described with regard to
the same, such configuration 1000 may include a control signal that can be applied using the

servo 910 (servo motor) mounted on the CVT device 901. This control signal can be used to
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compensate the torque oscillations by changing the speed ratio (depicted as the double-
headed arrow in FIG. 10) of the CVT device 901 (i.c., shifting actuators). By implementing
an actuator (e.g. servo motor) with a high frequency, ensuring fast response for the ratio
change, the vibrations on the output torque can be compensated. Different from FIG. 9,
however, is that the torque ripple characteristics 201 this present configuration 1000 can
compensate might come from many other sources in the absence of a torque sensor, or in
addition thereto. The first possible source might be an offline map providing the phase,
amplitude and any other relevant information on the torque ripple, based on the ICE
parameters (speed, throttle, etc.). The information might also come from vibration sensor
along the driveline or from any other sensor that might give indication on the characteristics
of the torque ripples. Otherwise, however, the working principle of the configuration is the
same as depicted in FIG. 9 and described with regard to the same. This present solution
configuration 1000 is illustrated with a ball type CVT, however, any other type of CVT might
be used. FIG. 10 depicts an embodiment using torque ripple characteristics 201 read and/or
interpreted by the servo motor 910 which can compensate for the same by changing the speed
ratio (depicted as the double-headed arrow in FIG. 10) of the CVT device 901. The output of
the CVT device 901 can then provide input to the transmission via a shaft 903 with reduced
or eliminated torque ripple and/or reduced or eliminated torque oscillations and/or reduced or
eliminated torque vibrations.

Example Configuration 2.2a

[0047] In a third “multiplication” configuration 1100, similar to the configuration of FIGS. 9
and 10, direct torque control using a direct torque controller 1120 can be implemented on the
CVT device 901 now by using a ball-ramp mechanism 1140, instead of actuating by a servo
motor.

[0048] FIG. 11 shows the working principle of such third “multiplication” configuration
1100. The vibrations on the ICE (engine 100) output torque may be measured using at least
one of the sensors 101a, 101b on the input side (input torque sensor 101a) or the output side
(output torque sensor 101b) of the CVT device 901 and this signal can then be used to
compute by the controller 1120 the control input (i.e. desired input 1142) to compensate this
vibration. A mechanical system 1140 (e.g. ball-ramp mechanism) may be introduced to
generate this correction torque (applied 1144). The ball-ramp pushes the lever back and forth
to cancel out the ripple by changing the CVT speed ratio. This control signal may also be
compared with the ideal input computed from the sensor and finally applied in a closed

feedback system. The output of the CVT device 901 can then provide input to the
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transmission via a shaft 903 with reduced or eliminated torque ripple and/or reduced or
eliminated torque oscillations and/or reduced or eliminated torque vibrations.

Example Configuration 2.2b

[0049] A fourth “multiplication” configuration 1200 does not use torque sensors, for non-
limiting example as shown in FIG. 12. The torque ripple characteristics 201 to compensate
might come from many other sources in the absence of a torque sensor. The first possible
source might be an offline map providing the phase, amplitude and any other relevant
information on the torque ripple, based on the ICE parameters (speed, throttle,...). The
information might also come from vibration sensor along the driveline or from any other
sensor that might give indication on the characteristics of the torque ripples. Other than the
source of the torque ripple, however, the working principle of the fourth “multiplication”
configuration 1200 is the same as described in Configuration 2.2a, and/or as shown in FIG.
12.

[0050] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the
scope of the invention and that methods and structures within the scope of these claims and

their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method of reducing torsional vibration in an output of an engine, the method
comprising:

measuring a torque ripple of an engine output;

determining a correction signal, using a controller or processor, for reducing the
measured torque ripple; and

applying the correction signal to an output shaft of the engine such that the torque
ripple of the engine output is reduced.

2. The method of claim 1, wherein the torque ripple of the engine output is
measured with a torque sensor coupled to the output shaft of the engine.

3. The method of claim 1, wherein determining the correction signal comprises
evaluating a Fourier series transformation of the measured torque ripple.

4. The method of claim 1, wherein applying the correction signal comprises
actuating an electric motor or a starter motor mechanically coupled to the output shaft.

5. A method of reducing torsional vibration in an output of an engine, the method
comprising:

coupling a gear set to an output shaft of the engine, wherein the gear set comprises a
roller crank mechanism; and

introducing a correction signal to the output shaft of the engine with the roller crank
mechanism, wherein the correction signal reduces a torque ripple of the engine output.

6. The method of claim 5, wherein the gear set comprises a planetary gear set.

7. The method of claim 5, wherein a gear ratio of the gear set depends on the
order of ripple harmonics of the engine output.

8. The method of claim 5, wherein determining the correction signal comprises
evaluating a Fourier series transformation of the measured torque ripple.

9. The method of claim 5, wherein the roller crank mechanism comprises an
adjustment mechanism for adjusting a phase of the correction signal.

10.  The method of claim 5, wherein the roller crank mechanism comprises an
adjustment mechanism for adjusting amplitude of the correction signal.

11. A method of reducing torsional vibration in an output of an engine, the method
comprising:

coupling a continuously variable transmission (CVT) to an output shaft of the engine;
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measuring at least one of an input torque to the CVT and an output torque from the
CVT,; and

applying a correction signal with the CVT based on the measured torque such that the
output of the CVT has reduced torsional vibration compared with the output of the engine.

12. The method of claim 11, wherein the correction signal is applied with a servo
motor mechanically coupled to the ratio shifter of the CVT.

13.  The method of claim 11, wherein the correction signal is applied with a ball
ramp mechanism mechanically coupled to the ratio shifter of the CVT.

14. A system for transmitting power having reduced torsional vibration in its
output, the system comprising:

an engine having an output shaft; and

means for applying a correction signal to the output shaft.

15.  The system of claim 14, wherein the means for applying the correction signal
comprises an electric motor or a starter motor mechanically coupled to the output shaft.

16.  The system of claim 15, wherein the output of the electric motor or a starter
motor depends on a torque measurement from an input torque sensor coupled to the output
shaft.

17.  The system of claim 14, wherein the means for applying the correction signal
comprises a corrective gear set coupled to the output shaft of the engine.

18.  The system of claim 17, wherein the corrective gear set comprises a planetary
gear set.

19.  The system of claim 17, wherein the corrective gear set comprises a roller
crank mechanism.

20.  The system of claim 19, wherein the roller crank mechanism comprises an
adjustment mechanism for adjusting a phase of the correction signal.

21.  The system of claim 19, wherein the roller crank mechanism comprises an
adjustment mechanism for adjusting amplitude of the correction signal.

22.  The system of claim 17, wherein a gear ratio of the gear set depends on the
order of ripple harmonics of the engine output.

23.  The system of claim 14, wherein the means for applying the correction signal
comprises a continuously variable transmission (CVT) coupled to the output shaft of the

engine.
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24.  The system of claim 23, wherein the means for applying the correction signal
further comprises at least one of an input torque sensor and an output torque sensor coupled
to the ratio shifter of the CVT.

25.  The system of claim 24, wherein the means for applying the correction signal
further comprises a servo motor mechanically coupled to the ratio shifter of the CVT and
configured to apply the correction signal to the CVT based on a measured torque from at least
one of the input torque sensor or the output torque sensor.

26.  The system of claim 24, wherein the means for applying the correction signal
further comprises a ball ramp mechanism mechanically coupled to the ratio shifter of the
CVT and configured to apply the correction signal to the CVT based on a measured torque

from at least one of the input torque sensor or the output torque sensor.
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