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METHOD FOR CONTROLLING THE
OPERATION OF A GENERATOR IN A
VEHICLE POWER TRAIN, AND A VEHICLE
POWER TRAIN

ible, and a generator connected to an electrical energy storage
unit. The poWer train also contains a drive device that driv
ingly connects the drive shaft to the generator When the trans

mission of torque betWeen the engine and the drive shaft is

interrupted.
BACKGROUND OF THE INVENTION

The interrupting device can be an overrunning clutch that
interrupts the transmission of torque When the vehicle is in the
deceleration mode.

1. Field of the Invention
The present invention relates to a method for controlling
the operation of a generator connected to an electrical energy
storage unit in a vehicle poWer train. An engine is connected

The drive device contains a clutch controllable by a control

unit, for example, Which control unit engages the clutch When
the transmission of torque is interrupted.

to a drive shaft of the vehicle through a transmission, and an

The drive device can also include an additional transmis

interrupting device is provided With Which the transmission
of torque from the engine to the drive shaft is interruptible.

sion having a changeable transmission ratio. Advantageously,

The invention also relates to a vehicle poWer train including
an engine that is connected to a drive shaft of the vehicle
through a transmission, an interrupting device With Which the

the transmission ratio of the additional transmission is
changeable as a function of at least one operating parameter
of the poWer train.
The generator can optionally be drivable by the engine or

transmission of torque from the engine to the drive shaft is

by the drive shaft.

interruptible, and a generator connected to an electrical

energy storage unit.
2. Description of the Related Art

In one embodiment of the vehicle poWer train in accor
20

input shaft that is non-rotatably connected With the engine

Vehicle poWer trains are knoWn that contain a transmission

betWeen an engine, for example an internal combustion
engine, and a drive shaft of the vehicle, in Which the trans
mission does not enable any transmission of torque from the
drive engine to the drive shaft When the vehicle is decelerat
ing. Thus, in an operating state in Which the vehicle is not

25

being propelled by the engine but is traveling due to the
kinetic energy stored in it, the vehicle cannot be braked With
the aid of a drag torque of the engine. The same is true of

and an output shaft that is non-rotatably connected With the
drive shaft. BetWeen the input shaft and the output shaft of the
transmission a free-Wheel device is arranged that disengages
When the vehicle is in the deceleration mode. The input shaft
and the output shaft are each connected With the generator
through an overrunning clutch in such a Way that the genera
tor is driven by the output shaft, Which is rotating at a higher

speed.
30

vehicle poWer trains that contain an overrunning clutch or a

The generator can be a component of a starter/ generator.

The electrical poWer produced by the generator is advan

clutch that is actuatable by a control unit and With Which the
transmission of torque from the engine to the vehicle can be
interrupted When decelerating, so that the engine can be shut
off in order to save fuel. Such vehicles must be braked exclu

dance With the present invention, the transmission has an

tageously controllable as a function of at least one operating

parameter of the poWer train.
The generator canbe connected through a sWitching device
35

sively by actuating the Wheel brakes, Which not only requires

to the electrical storage element and/ or to an electrical

energy-consuming component.

habituation, but also means additional brake Wear With addi

tional burdening of the environment.

BRIEF DESCRIPTION OF THE DRAWINGS

An example of a transmission in Which the transmission of

torque is interrupted When decelerating is, for example, a

40

The structure, operation, and advantages of the present

continuously variable gear-neutral transmission, for example

invention Will become further apparent upon consideration of

a crank CVT (a continuously variable transmission, one hav
ing a continuously variable transmission ratio), such as is

the folloWing description, taken in conjunction With the
accompanying draWings in Which:

knoWn from published German patent application DE 102 43
535 Al, for example.
An object of the present invention is to provide a remedy
for the above-mentioned problem.

FIG. 1 is a schematic diagram of a ?rst embodiment of a
45

SUMMARY OF THE INVENTION
50

Brie?y stated, in accordance With one aspect of the present
invention, a method is provided for controlling the operation

Advantageously, electrical energy produced by the genera

FIG. 4 is a cross-sectional vieW of a knoWn crank CVT and

FIG. 5 is a schematic diagram of a third embodiment of a
55

DESCRIPTION OF THE PREFERRED
EMBODIMENTS
60

As shoWn in FIG. 1, an engine 10 is connected through a

energy-consuming component.

transmission 12 to a drive shaft 14 of a vehicle, Which drives
vehicle Wheels through a differential 16.

Another solution to the problem of the invention is

transmission, an interrupting device With Which the transmis
sion of torque from the engine to the drive shaft is interrupt

poWer train in accordance With the present invention, modi
?ed relative to FIG. 1.

tor When the energy storage unit is full is fed to an electrical

achieved With a vehicle poWer train that contains an engine
that is connected to a drive shaft of the vehicle through a

FIG. 3 is a schematic diagram of a second embodiment of
a poWer train in accordance With the invention, modi?ed
relative to FIG. 1;

including a generator and overrunning clutches in accordance
With an embodiment of the present invention; and

of a generator connected to an electrical energy storage unit in
a vehicle poWer train. An engine is connected to a drive shaft

of the vehicle through a transmission, and an interrupting
device is provided With Which the transmission of torque from
the engine to the drive shaft is interruptible. When the trans
mission of torque betWeen the engine and the drive shaft is
interrupted the generator is driven from the drive shaft.

poWer train in accordance With the present invention;
FIG. 2 is a graph shoWing characteristic curves to explain
the operation of a generator;

Engine 10 is preferably an internal combustion engine.
65

Transmission 12 can be of any type of construction, for
example a manual shift transmission, an automated shift
transmission, an automatic transmission, etc., and is distin

US 8,210,290 B2
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guished by the fact that it is connected to the drive shaft 14
through an overrunning clutch 18. The overrunning clutch 18
is such that the torque can be transmitted from the engine 10
to the drive shaft 14, but no torque is transmitted from the
drive shaft 14 to the transmission 12 or to the engine 10. Thus,
overrunning clutch 18 disengages When the vehicle is in the
deceleration mode. Overrunning clutch 18 can be an integral

advantageously remains at its setting for maximum poWer, so

that it supports the Wheel brakes in providing the braking
effort.

If battery 36 is fully charged (the charge state of the battery
is detected by control unit 38), the poWer produced by gen
erator 20 is fed to electrical resistor 30, so that it is converted

into heat that is fed into cooling system 29 and is discharged

component of transmission 12, as is the case for example in a
crank CVT such as that described in published German patent

to the environment. Alternatively, or in addition, excess
energy that is not storable in battery 36 is fed to starter 32,

application DE 102 43 535 A1. A startup component (not
shoWn) can be positioned betWeen engine 10 and transmis
sion 12 and can be a torque converter or a startup clutch, for

Which supports the rotation of the idling internal combustion
engine, or begins to rotate internal combustion engine 10
Without the latter being supplied With fuel or ignited. Alter

example.

natively, excess electrical energy can also be stored in a spe

A generator 20 for producing electrical energy is con
nected to drive shaft 14 through a clutch 22 that is operable by

cial additional electrical energy storage unit, so that it is
subsequently available for the vehicle or can be fed to elec
trical energy consuming components that can receive it.
As soon as the accelerator pedal is actuated again and the

an actuator and through a gear stage 24, and is connected to a

drive shaft of engine 10 through an overrunning clutch 26 and
another gear stage 28.

vehicle is again being driven by engine 10, generator 20 is
again driven directly by internal combustion engine 10

A cooling system for engine 10 is identi?ed by 29. An
electrical resistor 30 is situated in cooling system 29. And a
starter for engine 10 is identi?ed by 32.
The electrical energy produced by generator 20 can be fed

20

speed from the output of gear stage 28 is greater than the
speed of drive shaft 14. Those rotational speeds are advanta
geously detected by speed sensors, so that control unit 38,

via a controllable DC/AC converter 34 optionally to an elec

trical energy storage unit 36, for example a battery, or to
electrical resistor 30. Starter 32 can be supplied With current
from electrical energy storage unit 36 through converter 34,

disengages clutch 22 as soon as generator 20 is appropriately
25

FIG. 2 shoWs characteristic curves of a normal high-capac

represents the poWer L in kiloWatts. The solid curve shoWs the
30

the electrical poWer that is represented by the dashed curve
can be produced. In the illustrated example, the maximum

sensors for detecting operationally relevant values. Outputs
44 of control unit 38 are connected to converter 34, to clutch

22, and possibly to additional actuators of the poWer train.
The construction and function of the individual sub-compo
nents are knoWn and therefore Will not be explained in detail.
The operation of the poWer train as a Whole Will be explained
beloW:

35

When the vehicle is being propelled by engine 10, over
running clutch 18 is engaged. Clutch 22 is disengaged and
generator 20 is driven by internal combustion engine 10
through gear stage 28 and engaged overrunning clutch 26, and

40

45

ing components of the vehicle.
When the operator’ s foot is WithdraWn from the accelerator
pedal, the vehicle goes into the deceleration mode. In that

mode the speed of engine 10 drops and overrunning clutch 18
disengages. Clutch 22 is then engaged by control unit 38, so

mechanical poWer consumption of the generator, i.e., the
mechanical poWer that is needed to drive the generator so that

pedal position sensor (not shown), and possibly additional

it charges battery 36 in the usual manner or it produces elec
trical energy to supply the various electrical energy consum

being driven directly from internal combustion engine 10.
ity vehicle generator. The abscissa represents the speed N of
the generator in revolutions per minute, and the ordinate

Which is designed in a knoWn manner as a semiconductor

circuit.
The described system is controlled by an electronic control
unit 38, Whose inputs 40 are connected to sensors, for
example an accelerator pedal position sensor 42, a brake

through gear stage 28 as soon as the corresponding drive

electric poWer of the generator is about 2.7 KW, Which cor
responds to approximately 190 A at a voltage of 14 V. That
necessitates a mechanical poWer input of fully 8 kW. That
value corresponds to the braking torque of a normal internal
combustion engine having a displacement of 2 liters and at a
speed of 2000 rpm.

Despite the interruption of torque transmission betWeen
the internal combustion engine 10 and the drive shaft 14 When
in the deceleration mode, it is possible With the system shoWn
in FIG. 1 to achieve a driving performance of the vehicle With
Which an operator is accustomed Who expects engine braking
of the vehicle When actuation of the accelerator pedal is
WithdraWn.
The system in accordance With FIG. 1 can be modi?ed in
several Ways. For example, transmission 12 can be a conven

that generator 20 is driven from drive shaft 14 through gear
stage 24. As soon as the speed of drive shaft 14 is greater than

tional manual shift or automatic transmission. Overrunning
clutch 18 canbe a clutch operable by means of an actuator that
is actuated by control unit 38 When an interruption of torque
transmission is not Wanted While in the deceleration mode, for

the speed from the output of gear stage 28, overrunning clutch

example during a long descent. Internal combustion engine

50

26 disengages automatically.
The poWer produced by generator 20 is controlled by con

10 can idle When in the deceleration mode, or it can be shut off
55

completely, as is customary With modern stop-start systems.

trol unit 38 as a function of the operation of the accelerator
pedal, so that almost no braking effect comes from generator

Overrunning clutch 26 can also be a clutch actuatable by
control unit 38. Gear stages 24 and 28 are chosen so that the

20 When the operation of the accelerator pedal is reduced so
far that the vehicle requires no drive torque. If the actuation of

best possible overall charging ef?ciency of generator 20 is

the accelerator pedal is reduced further, i.e., if braking of the
vehicle is desired, the poWer produced by generator 20 is
increased by control unit 38 by actuating DC/AC converter

achieved in normal operating cycles. Gear stage 24 can be
60

tion engine 10, and gear stage 28 and overrunning clutch 26

34, so that the braking effect of generator 20 increases until it
reaches a maximum When the accelerator pedal is not actu

ated. If strong braking is desired, an operator actuates the
brake pedal, Whereupon the vehicle is braked in the usual
manner With its Wheel brakes. At the same time, generator 20

executed to have a variable transmission ratio, Which is con
trolled from control unit 38. Generator 20 can be present in
addition to a normal generator provided on internal combus

65

can then be eliminated entirely.
FIG. 3 shoWs an embodiment of the invention that is modi
?ed from that shoWn in FIG. 1, and the same reference numer
als are used for corresponding components. In contrast to the

US 8,210,290 B2
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operatively connected With a differential that transmits
poWer to a drive Wheel of the vehicle;
connecting a ?rst torque interrupting device betWeen an
output shaft of the transmission and the drive shaft for

FIG. 1 embodiment, the generating function of generator 20
of the FIG. 3 embodiment is provided in the FIG. 3 embodi
ment as a component of an electrical machine 50 that func
tions as a starter/ generator. Internal combustion engine 10 can

interrupting the transmission of torque from the engine

be started by means of starter/ generator 50 through clutch 52,
controlled by control unit 38, and through gear stage 28.

to the differential;

Clutch 22 of the FIG. 1 embodiment is replaced by an over
running clutch 54, Which is connected to the drive shaft 14
through a transmission 56 having a variable transmission
ratio. The transmission ratio of transmission 56 is control
lable by control unit 38. The speed of the electrical machine

providing betWeen the ?rst torque interruption device and
the differential a generator input torque connection;
connecting a second torque interrupting device betWeen

50 can be increased by means of the transmission 56 if a high

braking torque is necessary When the drive shaft is rotating

connecting a generator output torque connection betWeen
the engine and the transmission through a third torque

sloWly. Overrunning clutch 54 disengages as soon as starter/
generator 50 is driven at a higher speed from clutch 52 than
from transmission 56.

driving the generator from the drive shaft When the trans
mission of torque betWeen the engine and the drive shaft

the drive shaft and the generator input torque connec

tion;
interrupting device; and
is interrupted.

FIG. 4 shoWs a cross-sectional vieW of a crank CVT, such

2. A method in accordance With claim 1, including the step
of feeding to an electrical energy-consuming component of
the vehicle electrical energy produced by the generator When

as is described in published German patent application DE
102 43 535 Al . That transmission, identi?ed in the aggregate

as 60, includes an input shaft 62 that is drivable by engine 10
of FIG. 1, and has an output shaft 64 that can be connected to

the differential of the driven axle of the vehicle, for example,
or, in the case of an all-Wheel drive system, to the differentials

of the other axles. The transmission transmits torque only
from input shaft 62 to output shaft 64, and not in the opposite

25

direction. With a transmission of that design, a generator 20

can be situated in a simple manner, by connecting it to input
shaft 62 through a ?rst overrunning clutch 66 and to output
shaft 64 through a second overrunning clutch 68, Wherein the

tWo overrunning clutches only transmit torque from the

30

an energy storage unit of the vehicle is full.
3. A motor vehicle poWer train comprising:
an engine that is operatively connected to a drive shaft of
the vehicle through a ?rst transmission, Wherein the ?rst
transmission is operatively connected With a differential
that transmits poWer to a drive Wheel of the vehicle;
a ?rst torque interrupting device positioned betWeen an
output shaft of the ?rst transmission and the drive shaft

and With Which transmission of torque from the engine
to the differential is interruptible;

respective shaft to the rotor of the generator. In that Way,

a generator operatively connected to an electrical energy

generator 20 is driven by input shaft 62 When the internal
combustion engine is running, and is driven by output shaft 64

storage unit of the vehicle, the generator having a gen
erator input torque connection betWeen the ?rst torque
interruption device and the differential and having a

When the vehicle is in the deceleration mode.
FIG. 5 shoWs an embodiment of the present invention that
is modi?ed from the embodiment shoWn in FIG. 1, and shoW

35

ing schematically the system including a crank CVT of the
type shoWn in FIG. 4. The same reference numerals are used

to identify corresponding components. Generator 20 is con
nected to internal combustion engine 10 through a ?rst over
running clutch 26 and a gear stage 28, and to drive shaft 14
through a second overrunning clutch 54 and a gear stage 24.
The tWo overrunning clutches only transmit torque from the
respective shafts to the rotor of the generator. In that Way,

generator 20 is driven by the internal combustion engine
When internal combustion engine 10 is running and the
vehicle is traveling at less than 30 km/h. At vehicle speeds
greater than 30 km/h generator 20 is driven by the vehicle
itself.
The invention can be used in any poWer train in Which in

40

generator output torque connection positioned betWeen
the engine and the ?rst transmission
a second torque interrupting device betWeen the generator
input torque connection and the drive shaft for selec
tively connecting the drive shaft to the generator When
transmission of torque betWeen the engine and the drive
shaft is interrupted; and
a third torque interrupting device connected betWeen the
generator output torque connection and the generator.
4. A motor vehicle poWer train in accordance With claim 3,

45

Wherein the ?rst torque interrupting device is an overrunning
clutch that interrupts the transmission of torque betWeen the
engine and the drive shaft When the vehicle is in a deceleration
mode.

operating phases the transmission of torque betWeen an
engine and the driven Wheels of the vehicle is interruptible in

5. A motor vehicle poWer train in accordance With claim 3,
Wherein the second torque interrupting device includes a
clutch controlled by a control unit, Wherein the control unit
engages the clutch When the transmission of torque betWeen

the deceleration mode.

the engine and the drive shaft is interrupted.

50

Although particular embodiments of the present invention
have been illustrated and described, it Will be apparent to
those skilled in the art that various changes and modi?cations
can be made Without departing from the spirit of the present
invention. It is therefore intended to encompass Within the
appended claims all such changes and modi?cations that fall
Within the scope of the present invention.

55
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What is claimed is:
1. A method for controlling the operation of a generator

connecting an engine With a drive shaft of the vehicle
through a transmission, Wherein the transmission is

changeable as a function of at least one operating parameter
of the poWer train.
8. A motor vehicle poWer train in accordance With claim 3,
Wherein the generator is selectively drivable by at least one of

the engine and the drive shaft.

connected to an electrical energy storage unit in a motor

vehicle poWer train, said method comprising the steps of:

6. A motor vehicle poWer train in accordance With claim 3,
including a second transmission positioned betWeen the drive
shaft and the second torque interrupting device.
7. A motor vehicle poWer train in accordance With claim 6,
Wherein the transmission ratio of the second transmission is

65

9. A motor vehicle poWer train in accordance With claim 3,
Wherein the ?rst transmission has an input shaft that is non

rotatably connected With the engine and has an output shaft
that is connected With the drive shaft; Wherein the ?rst torque

US 8,210,290 B2
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interrupting device is a free-Wheel device that disengages to
prevent torque transfer from the differential to the engine
When the vehicle is in deceleration mode, and Wherein the
?rst transmission input shaft and the ?rst transmission output
shaft are each connected With the generator through a respec
tive overrunning clutch so that the generator is driven by the
shaft of the ?rst transmission that is rotating at a higher speed.
10. A motor vehicle poWer train in accordance With claim

3, including an electrical energy-consuming component of
the vehicle, Wherein the electrical energy consuming compo
nent is a component of a starter/generator.

8
11. A motor vehicle poWer train in accordance With claim

3, Wherein electric poWer output produced by the generator is
controlled as a function of at least one operating parameter of

the poWer train.
12. A motor vehicle poWer train in accordance With claim
3, Wherein the generator is connected to one of an electrical
energy storage unit and an electrical energy consuming com

ponent of the vehicle through a sWitching device.

