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5 

DRIVE TRAIN OF A MOTOR VEHICLE 

The invention relates to the drive train of a motor vehicle, in accordance with selected 

features of Claim 1. 

Known drive trains of a motor vehicle possess a drive unit that is in driving connection 

with two vehicle wheels via a startup element, a transmission, an output shaft of the 

transmission, and a final drive. The drive train is a multidimensional oscillator or 

continuum oscillator that is excited to torsional vibrations as a consequence of 

10 fluctuating, nonlinear, or time-variable excitation resulting from the drive unit, from 

clutching conditions or shifting conditions, and from time-variable output drive 

conditions at the vehicle wheels. Further excitation mechanisms for torsional vibrations 

are the tooth sets of gear drive systems, a parameter excitation, and excitations as a 

result of the transfer behavior of universal joints in propeller shafts. In addition, when a 

15 hydrodynamic torque converter and a converter lockup clutch are used, further torsional 

vibrations of the drive train can occur upon actuation of the converter lockup clutch. 

Torsional vibrations of this kind have a disadvantageous effect on the dynamics of the 

motor vehicle, in particular with regard to noise characteristics and/or driving comfort 

characteristics. 

20 

In order to reduce such torsional vibrations, it is known to interpose spring-damper 

elements in the power path of the drive train. A two-mass flywheel is used, for example, 

in which the spring is arranged between a primary flywheel and a secondary flywheel 

(before a startup clutch in the power path). The inertial torque of the transmission parts 

25 is increased by the flywheels. The resonance region of the drive train is thus below the 

idle rotation speed of the drive unit, so that there is less transfer of rotation-speed 

fluctuations of the drive unit (see, for example, the documents listed in IPC class 

F16D003-14). 
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A further action for avoiding undesired torsional vibrations is the placement of a 

torsional damper in the region of the startup element. This is, for example, integrated 

into the entraining disc of a dry clutch, and/or associated on the input/output side with a 

hydrodynamic torque converter. 

A further possibility for influencing torsional vibrations is represented by the use of a 

hydrodynamic torque converter that exhibits improved vibration behavior as a result of 

the hydrodynamic power transfer. 

10 Also known is the use of a constantly or intermittently slipping wet or dry friction clutch 

in electronically controlled clutch systems. It is furthermore possible, when a 

hydrodynamic torque converter is used, to employ a controlled converter lockup clutch 

that likewise brings about an improvement in vibration behavior. 

15 In particular in order to attenuate resonance phenomena, it is furthermore known to 

utilize a canceller in the region of the universal joint shaft (cf. DE 19733478 A 1, DE 42 

01 049, DE 199 14871 A1, DE 19604160 C1, DE 42 38 683 C1). The use of a 

canceller in the region of a flywheel, of a two-mass flywheel, or of a clutch is known, for 

example, from the documents DE 10037680 A1, DE 19951577 A1, DE 19709092 

20 C1, DE 19709092 C1, and DE 19831 158 A1. 

The underlying object of the present invention is to propose a drive train that is 

improved in terms of dynamic transfer behavior. 

25 The object on which the invention is based is achieved by the features of Claim 1. The 

drive unit is in driving connection with one or more vehicle wheels via at least one 

startup element, in particular a clutch or a hydrodynamic torque converter; one or more 

(sub-)transmissions; at least one output shaft of the transmission which is connected, 

for example, to a propeller shaft; and one (or, in the case of all-wheel drive, two) final 

30 drives. The drive unit can be embodied as an internal combustion engine, hybrid drive, 
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or starter-generator system. A vibration-capable spring-mass system is not connected 

in series with the drive train, but instead is located in a parallel configuration with 

respect to it. This has the advantage that the elasticity of the drive train is not modified 

by the action according to the present invention, so that direct influence on the agility of 

5 the vehicle is precluded. The spring-mass system forms a canceller (cf. in this regard 

Magnus, Popp: Schwingungen [Vibrations], Teubner StudienbOcher Mechanik, 

Stuttgart, 1977). The canceller interacts with the torsional vibrations of the drive train. 

According to the present invention, energy exchange with the drive train, in particular 

10 the mechanical connection between the spring-mass system and other series

connected members of the drive train, occurs between the startup element and the 

output shaft of the transmission. This on the one hand has the advantage that 

installation spaces present in any case between the startup element and the 

transmission output can be used, so that no (or only insignificant) increases in 

15 installation space result despite the placement according to the present invention of the 

canceller. In addition, according to the present invention, interference forces caused by 

the startup element are attenuated by the canceller on the way to the output shaft. 

According to a preferable embodiment of the invention, the startup element is 

20 embodied as a hydrodynamic torque converter. In this case the damping influence of 

the torque converter, which is arranged in a serial configuration in the drive train, can be 

superimposed on the properties of the canceller. The use of the canceller in conjunction 

with a converter lockup clutch is advantageous because the canceller can attenuate 

any power pulses upon closure of the converter lockup clutch. The damping influence 

25 of the torque converter is eliminated when the converter lockup clutch is closed, so that 

by means of the canceller, the torsional vibrations can be influenced or reduced in 

targeted fashion in this working region of the hydrodynamic torque converter. 

According to a refinement of the invention, a torsional damper having two torsional 

30 damper stages is placed after the startup element. The torsional damper is located in 
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the power path of the drive train and produces a soft, damped drive train. The 

embodiment of the torsional damper with two torsional damper stages connected in 

series allows particularly soft transfer behavior to be achieved, ensuring long travel 

paths. According to the present invention the spring-mass system is arranged between 

5 the first torsional damper stage and the second torsional damper stage. This results in 

particularly good dynamic transfer behavior. The spring-mass system can moreover be 

integrated particularly effectively into the installation space provided for the two 

torsional damper stages, in particular radially between the two torsional damper stages. 

10 A torsional damper is preferably placed after the startup element. In this case the 

spring-mass system is coupled to the drive train between the torsional damper and a 

transmission member of a transmission stage. This is preferably the transmission input 

shaft. For example, the spring-mass system is embodied in accordance with known 

(tubular) vibration cancelling systems. 

15 

In a further drive train according to the present invention, the spring-mass system 

possesses a damper connected in parallel or in series with respect to a spring of the 

spring-mass system. The transfer behavior of the drive train can be further influenced 

by way of the damper. The damper is any nonlinear or linear damper known per se, for 

20 example a viscous damper. Alternatively, the spring and the damper can be embodied 

as one integral component, for example by means of a material that simultaneously 

possesses resilient and damping properties. Also conceivable is the use of a damper 

that (at least in part) possesses a dry friction, thereby making possible particularly 

effective damping of vibrations. 

25 

According to a preferable embodiment of the drive train, the spring-mass system is 

embodied as a torsion canceller. This embodiment represents a particularly simple 

implementation of the canceller, since the rotary motion of the drive train can be 

converted directly into the torsional vibrations of the spring-mass system. The torsional 

30 oscillator executes rotational vibrations around a shaft of the transmission. This results 
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in a particularly compact arrangement, in particular without additional inertial forces 

such as those that occur, for example, with translational vibrations. In addition, large 

inertial torques can be achieved for torsional vibrations with small masses over large 

radii. 

According to a particular embodiment of the invention, the spring-mass system is 

embodied as a transmission canceller. In accordance with this embodiment of the 

invention, the canceller is associated with a transmission member that is arranged in 

the power path between the transmission input shaft and the transmission output shaft. 

10 For example, the spring-mass system is articulated on a gear of a gear pair, on a 

transmission shaft, or on a transmission member of a planet gear set. Advantageously, 

the already-present conversion ratio of the transmission members can be used, so that 

the canceller is operated at a rotation speed that is modified with respect to the rotation 

speed of the drive unit. At the same time, the transmission member is embodied 

15 multifunctionally, thereby also ensuring a compact design. 

20 

According to a refinement of the invention, the spring-mass system possesses a 

variable natural frequency. This makes possible particularly effective utilization of the 

canceller effect over a wider frequency band. 

The vibration behavior of the spring-mass system can preferably be influenced by way 

of an open- or closed-loop control system. This influence can consist, for example, in 

bringing the canceller on- and offline in particular operating situations. It is furthermore 

possible to influence the natural frequency by way of the open- or closed-loop control 

25 system. A switchover of the dynamic parameters of the spring-mass system can 

likewise occur by way of the open- or closed-loop control system. Alternatively or 

additionally, the vibration behavior can be influenced by way of constant, harmonic, or 

stochastic interference forces in the region of the canceller. 
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According to a particular proposal of the invention, the spring of the spring-mass system 

is constituted by a steel spring. Such springs have the advantage that their mechanical 

properties are substantially uninfluenced by temperature, service life, and material 

tolerances, so that no changes in the dynamic behavior of the drive train can occur 

5 during operation or as a consequence of production inaccuracies. 

10 

15 

20 

25 

30 

Advantageous refinements are evident from the description and from the drawings. 

Preferred exemplifying embodiments of the drive train according to the present 

invention are explained in further detail below with reference to the drawings, in which: 

FIG. 1 

FIG.2 

FIG.3 

FIG.4 

FIG.5 

FIG.6 

FIG.7 

shows a mechanical equivalent model of a drive train, 

shows a mechanical equivalent model of a further drive train having a turbine 

torsional damper, 

shows a mechanical equivalent model of a further drive train having a turbine 

torsional damper and a universal joint shaft canceller, 

shows a mechanical equivalent model of a drive train having a transmission 

canceller, 

shows a mechanical equivalent model of a drive train having a turbine 

torsional damper and a canceller arranged between the transmission and 

turbine torsional damper, 

is a partial cross section of an example of a physical embodiment of a drive 

train having a canceller, 

is a partial cross section of an alternative physical embodiment of a drive train 

having a canceller, and 
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FIG.8 shows an alternative physical embodiment of a drive train having a 

transmission canceller. 

5 In accordance with the drive train depicted in FIG. 1, the latter possesses a startup 

element, in particular a wet or dry clutch or a hydrodynamic torque converter 10 

(depicted here) having a pump 11 and a turbine 12; an input shaft 13; a transmission 

14; a universal joint shaft 15; a rear final drive 16; and at least one driven stub shaft 17, 

which are arranged between a drive unit delivering a drive torque 18, and a vehicle 

10 wheel 19. 

15 

Drive torque 18 is constant or variable, in particular as stipulated by a driver's input, and 

is overlaid by torque fluctuations over time as a consequence of irregular driving by the 

drive unit. 

Hydrodynamic torque converter 10 can possess a guide wheel in addition to pump 11 

and turbine 12. 

Transmission 14 is embodied as any transmission, for example as a manual 

20 transmission, as an automatic transmission, as a planetary gearbox, or as a 

transmission of countershaft design, and can be operated manually or (partly) 

automatically. 

25 

Rear final drive 16 is a transfer case or differential gear known per se. 

Vehicle wheel 19 is in working engagement with road surface 20 via a frictional contact. 

The frictional contact constitutes a boundary condition for the oscillator chain depicted 

in FIG. 1. 
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Drive shaft 13, universal joint shaft 15, and stub shaft 17 are depicted in FIG. 1 as 

torsional springs, and hydrodynamic torque converter 10, transmission 14, rear final 

drive 16, and vehicle wheel 19 as (rigid) masses. In actuality, the resilient components 

13,15,17 can possess a mass, and components 10, 14, 16, and 19 can possess a 

5 finite stiffness. Components 11, 12, 13, 14, 15, 16, 17, and 19 are arranged in the 

aforementioned serial configuration one behind another in the power path. 

In a configuration otherwise corresponding to the drive train in accordance with FIG. 1, 

in the drive train depicted in FIG. 2 a turbine torsional damper 21 is interposed in a 

10 serial configuration between hydrodynamic torque converter 10 and input shaft 13. 

Divergently from the drive train depicted in FIG. 2, the drive train depicted in FIG. 3 

possesses a universal joint shaft canceller that is arranged in a mechanically parallel 

configuration with respect to the drive train and that, in the region of stub shaft 17, of 

15 rear final drive 16, or of universal joint shaft 15, performs an energy exchange or power 

introduction with the drive train. The universal joint shaft canceller is embodied as a 

spring-mass system 22. Spring-mass system 22 constitutes a vibration-capable system 

that possesses at least one degree of freedom. Spring-mass system 22 is embodied as 

a translational oscillator that engages at the circumference of an element of the drive 

20 train, or as a rotational oscillator that introduces a torque into the drive train. The spring

mass system is embodied in accordance with FIG. 3, in the simplest case, as a system 

having a linear or nonlinear constant or variable stiffness, and having a constant or 

variable mass. In supplementary fashion, the system can possess a linear or nonlinear, 

dry or viscous damping. The stiffness and damping of the spring-mass system can be 

25 arranged in a serial and/or parallel configuration between the drive train and the 

vibrating mass. 

Spring-mass system 22 is preferably embodied as a rotational oscillator; mass 24 at 

least partly surrounds a component of the drive train and is embodied, for example, in 

30 the shape of a hollow cylinder or a segment of a hollow cylinder. Mass 24 and the 
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component of the drive train are interconnected via a torsional spring 23, one spring 

base point of torsional spring 23 being connected to the component of the drive train, in 

particular in the region of its outer surface, and the other spring base point of spring 

element 23 being connected to mass 24, in particular in the region of its inner surface. 

5 Spring 23 is in particular an elastic intermediate material that at least partly fills up the 

cavity formed between mass 24 and the component of the drive train. 

Divergently from the drive train depicted in FIG. 2, the drive train depicted in FIG. 4 is 

equipped with a spring-mass system 22 corresponding to FIG. 3; divergently from FIG. 

10 3, spring-mass system 22 interacts with the drive train in the region of transmission 14. 

Coupling can occur between spring-mass system 22 and the input shaft of the 

transmission, the output shaft of the transmission, or any transmission element located 

in the power path between the input shaft and output shaft. 

15 Divergently from the drive train depicted in FIG. 2, the drive train in FIG. 5 possesses a 

spring-mass system 22 that, divergently from FIG. 3, interacts with the drive train 

between turbine torsional damper 21 and transmission input shaft 13. For the case in 

which multiple turbine torsional dampers 21 are provided in a series configuration one 

behind another, divergently from the embodiment depicted in FIG. 5 the spring-mass 

20 system 22 can be coupled between individual turbine torsional dampers 21. 

Divergently, coupling of spring-mass system 22 can occur between turbine 12 and 

turbine torsional damper 21. 

FIG. 6 shows a drive train having a hydrodynamic torque converter 30 that is connected 

25 on the input side to a crankshaft of a drive unit and on the output side, via a bushing 32 

by means of an internal tooth set 33, to a transmission input shaft (not depicted in FIG. 

6). A torque transfer occurs between the crankshaft and transmission input shaft by 

means of hydrodynamic torque converter 30, ensuring hydrodynamic slip in selected 

operating situations. 

30 
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Hydrodynamic torque converter 30 possesses a pump wheel 34, a turbine wheel 35, 

and a guide wheel 36. Pump wheel 34 is connected nonrotatably to housing 31. Guide 

wheel 36 is braced, in a manner usual per se, against a freewheel 37. Inner hub 38 of 

freewheel 37 is connected nonrotatably, by means of an internal tooth set 39, to a shaft 

5 (not depicted) arranged concentrically with the transmission input shaft. Turbine wheel 

35 is connected nonrotatably to an input side 39 of a turbine torsional damper 40. 

Turbine torsional damper 40 constitutes a torsional oscillator, having a rotational degree 

of freedom, in which the rotational stiffness is constituted by springs oriented in a 

10 circumferential direction. Torsional damper 40 can furthermore possess damping 

properties, for example as a consequence of viscous damping elements or dry friction 

such as the friction between the outer surfaces of springs 41 at the input or output side 

of turbine torsional damper 40. On the output side, turbine torsional damper 40 is 

connected via a transfer element 42 to the input side of a turbine torsional damper 43. 

15 Transfer element 42 is connected to the output side of turbine torsional damper 43 via 

springs 44, in particular multiple springs configured in series or in parallel, or springs 

nested inside one another. The output side is formed by a support ring 45 that is 

connected nonrotatably to bushing 32. 

20 Turbine torsional dampers 40, 43 are preferably arranged in a plane perpendicular to 

the longitudinal axis of the crankshaft. The turbine torsional dampers are connected 

one behind another in the power path. Turbine torsional damper 43 is arranged radially 

internally from turbine torsional damper 40. 

25 Hydrodynamic torque converter 30 furthermore possesses a converter lockup clutch 46. 

Connected nonrotatably to housing 31 is a plate carrier 47 in which plates 48 are 

received nonrotatably and axially displaceably. Converter lockup clutch 46 furthermore 

possesses an inner plate carrier 49 on whose outer surface plates 50 are held 

nonrotatably and axially displaceably. By way of a clutch actuation device 51, plates 48, 

30 49 are displaceable in an axial direction in such a way that they can be clamped 
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between clutch actuation device 51 and a stop 52 embodied on outer plate carrier 47. 

Clutch actuation device 51 is constituted by a basket that can be actuated via a 

hydraulic means as stipulated by a control device of clutch actuation device 51. Inner 

plate carrier 49 is connected nonrotatably to the input side of turbine torsional damper 

5 43 and to transfer element 42. 

When converter lockup clutch 46 is open, power flows from the crankshaft via housing 

31, pump wheel 34, the hydraulic medium, turbine wheel 35, input side 39, springs 41, 

transfer element 42, springs 44, support ring 45, and bushing 32, in the aforementioned 

10 sequence, to the transmission input shaft. When the converter lockup clutch is closed, 

transfer occurs via housing 31, outer plate carrier 47, outer plates 38, the frictional 

engagement between outer plates 48 and inner plates 50, inner plate carrier 49, springs 

44, support ring 45, and bushing 32, in the aforementioned sequence, toward the 

transmission input shaft. 

15 

In accordance with the exemplifying embodiment depicted in FIG. 6, a spring-mass 

system 22 is arranged in the region of input side 39 of turbine torsional damper 40 in a 

parallel configuration with respect to the power path. Spring-mass system 22 possesses 

an elastic holding element 60 that carries a mass 61. Mass 61 executes vibrating 

20 motions with respect to input side 39 of turbine torsional damper 40. 

In the embodiment according to FIG. 7, alternatively or in addition to the embodiment 

depicted in FIG. 6, a spring-mass system 22 is arranged in a parallel configuration with 

respect to support ring 45 or bushing 32. Spring-mass system 22 possesses a holding 

25 ring 70 that carries, via an elastic coupling element 71, a mass 72, in particular a 

hollow-cylindrical ring. 

Spring-mass system 22 is preferably arranged in a cavity 73 constituted by inner plate 

carrier 49, support ring 45, and clutch actuation device 51 (see FIG. 7). Spring-mass 

30 system 22 can likewise be arranged in a cavity 74 constituted by the outer surface of 
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turbine guide wheel 35, the housing, and input side 39 of turbine torsional damper 40 

(see FIG. 6). 

FIG. 8 shows a torque converter 80 as well as a portion of an automatic transmission 

5 81 located after it. In this case spring-mass system 22 is connected nonrotatably to 

transfer element 42 or to support ring 45. Spring-mass system 22 is arranged in a cavity 

82 formed between turbine torsional damper 43 and a constriction of turbine wheel 35 

in the direction of automatic transmission 81. 

10 Drive torque is transferred from bushing 32 to transmission input shaft 83 of automatic 

transmission 81. At least one further spring-mass system 22 is arranged parallel to the 

power path in the interior of automatic transmission 81, in particular in cavities formed 

between transmission members. In accordance with the exemplifying embodiment 

depicted in FIG. 8, spring-mass system 22 is directly coupled nonrotatably to 

15 transmission input shaft 83. Divergently, the spring-mass system can be coupled to a 

different transmission element, in particular one rotating at a divergent rotation speed. 

20 

The embodiments depicted can be combined arbitrarily with one another. For example, 

the use of several spring-mass systems 22 is possible. 

1200.950 (PCT/EP2003/007973, WO 2004/018897) 12 

Valeo Exhibit 1110, pg. 13



5 

10 

15 

CLAIMS 

1. 

2. 

3. 

A drive train of a motor vehicle, having a drive unit that is in driving connection 

with at least one vehicle wheel (19) via at least one startup element, a 

transmission (14), an output shaft (universal joint shaft 15) of the transmission 

(14), and a final drive (16), 

a vibration-capable spring-mass system (22) being provided parallel to the 

aforesaid power path, which system interacts as a canceller with torsional 

vibrations of the drive train, and the energy exchange of which system with the 

drive train occurs between the startup element and the output shaft (universal 

joint shaft 15) of the transmission. 

The drive train according to Claim 1, 

wherein the startup element is embodied as a hydrodynamic torque 

converter (10). 

The drive train according to Claim 1 or 2, 

wherein a torsional damper (21), in particular having two torsional damper 

stages, is placed after the startup element (torque converter 10), and the spring-

20 mass system (22) is arranged between the first torsional damper stage (18) and 

25 

4. 

the second torsional damper stage (19). 

The drive train according to Claim 1 or 2, 

wherein a torsional damper (21) is placed after the startup element 

(torque converter 10), and the spring-mass system (22) is arranged between the 

torsional damper (21) and a transmission member of a transmission stage of the 

transmission (14). 

5. The drive train according to one of the preceding claims, 

1200.950 (PCT/EP2003/007973, WO 2004/018897) 13 

Valeo Exhibit 1110, pg. 14



wherein the spring-mass system (22) possesses a damper (25) connected 

in parallel or in series with respect to a spring (23) of the spring-mass system 

(22). 

5 6. The drive train according to one of the preceding claims, 

10 

15 

20 

7. 

8. 

9. 

wherein the spring-mass system (22) is embodied as a torsion canceller that 

executes rotational vibrations around a shaft of the transmission (14). 

The drive train according to Claim 1, 2, 5, or 6, 

wherein the spring-mass system (22) is embodied as a transmission 

canceller. 

The drive train according to one of the preceding claims, 

wherein the mass (24) of the spring-mass system (22) is arranged with a 

radial spacing from a shaft of the drive train. 

The drive train according to one of the preceding claims, 

wherein the spring-mass system (22) possesses a variable natural 

frequency. 

10. The drive train according to one of the preceding claims, 

wherein the vibration behavior of the spring-mass system (22) can be 

influenced by way of an open- or closed-loop control system. 

25 11. The drive train according to one of the preceding claims, 

wherein the spring (23) of the spring-mass system (22) is constituted by a 

steel spring. 

1200.950 (PCT/EP2003/007973, WO 2004/018897) 14 

Valeo Exhibit 1110, pg. 15



ABSTRACT 

The invention relates to the drive train of a motor vehicle. The interposition of spring

damper elements, two-mass flywheels, or universal joint shaft cancellers in order to 

5 reduce torsional vibrations of the drive train is known. The object of the invention is to 

propose a drive train that is improved in terms of dynamics. According to the invention 

a vibration-capable spring-mass system (22) is provided parallel to the drive train, which 

system is arranged as a canceller between the startup element (10) and the output 

shaft (13) of the transmission. This brings about an effective reduction in vibrations of 

10 the drive train, with a space-saving design. The invention is utilized in drive trains of 

motor vehicles, in particular passenger cars. 
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