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(57) A method of producing electrical energy from rotary motion of an axle of a vehicle utilizes a generator assembly
including a generator coupled to the axle. The method includes determining the rate of rotation of the axle, carrying out
the electrical energy production as well as the determination of the rate of rotation exclusively through the generator,
and evaluating pulse parameters of each induced electrical voltage pattern for the determination of the rate of rotation.
The generator assembly includes a rotor coupled to the axle and permanent magnets mounted on the rotor distributed
over the circumference thereof. The permanent magnets have radially extending polar axes. A stator includes mnduction
colls mounted coaxially around the circumierence of the rotor. An air gap 1s defined between the stator and the rotor.
The effective pole surface of the stator has an axial extension which 1s smaller than the axial extension of the pole
surface of the rotor, so that a pole overlap ratio between the rotor and the stator 1s greater than 1 1 any situation of
operation. The arrangement also includes an electronic unit for evaluating the generator functions. The method and
arrangement can be used 1n anti-skid systems of a plurality of coupled vehicles, particularly of vehicles traveling on
rails, and 1n a drive slippage control system of a vehicle, particularly a vehicle which travels on rails.
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ABSTRACT OF THE DISCLOSURE

A method of producing electrical energy from rotary motion of an axle of a

vehicle utilizes a generalor assembly including a generator coupled to the axle. The method
includes determining the rate of rotation of the axle, carrying out the electrical energy production
as well as the determination of the rate of rotation exclusively through the generator, and
evaluating pulse parameters of each induced electrical voltage pattern for the determination of
the rate of rotation. The generator assembly includes a rotor coupled to the axle and permanent
magnets mounted on the rotor distributed over the circumference thereof. The permanent
magnets have radially extending polar axes. A stator includes induction coils mounted coaxially
around the circumference of the rotor. An air gap is defined between the stator and the rotor.
The effective pole surface of the stator has an axial extenston which 1s smaller than the axial

extension of the pole surface of the rotor, so that a pole overlap ratio between the rotor and the

stator is greater than 1 in any situation of operation. The arrangement also includes an

electronic unit for evaluating the generator functions. The method and arrangement can be used

in anti-skid systems of a plurality of coupled vehicles, particularly of vehicles traveling on rails,

and in a drive slippage cOntrol system of a vehicle, particularly a vehicle which travels on rails. -



BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of producing electrical energy from the

rotary motion of the axles of vehicles, particularly of vehicles which travel on rails. The method

utilizes a generator arrangement in which, in addition to producing electrical energy, the rate
of rotation of the respective axle is determined.

The invention also relates to an axle generator arrangement, particularly for
carrying out the above-described method. In particular, the arrangement includes a rotor which
1s coupled to the axle of the vehicle and is provided with permanent magnets which are arranged
distributed over the circumference. The arrangement further includes a stator which is provided
with induction coils and is spaced from the fotor through' an air gap. The arrangement further
has an electronic unit for evaluating the generator functions.

. The,‘ihvéntion further relates to the use of ihé above-described axle generator

arrangement n the above-described method.

O GAMIMVU245156.APP I _ - -2-
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2. Description of the Related Art

German patent 25 51 009 discloses an alternating current generator to be mounted
in an axle-bearing cover of a railroad car. It is known from this patent to mount within the
alternating current generator a digital angle-of-rotation pick-up which is capable of determining
the rate of rotation of the axle of the railroad car connected to the rotor of the generator. This
known arrangement has the disadvantage that an additional rate-of-rotation pick-up is required
for determining the rate of rotation of the axle. This arrangement increases the structural
requirements in manufacturing such a generator. In addition, the additional pick-up requires
maintenance. The rotor of this known alternating current generator is rigidly connected to the
axle of the vehicle and is provided with permanent magnets whose flux lines emerge in the
direction qf the stator in axial direction. Consequently, located axially opposite the rotor is a
- stator with an appropriate arrangement of induction coils and ferrite cores. The axially
Oppositelylocate'd‘ stator and rotof are spaced apart from each other by a defined air gap. As

a result, the electrical energy which is genératfed dépends i.n ény situation of operation on the

size b_f the air gap betwéén rotor and stator and, thus, from the axial positioh of the vehicle axle.

Since axial displacements of the axle ce.rtainly oécurduring operation, for example, when ihe
' vehiéle travels through curves at high speéd, the reSultirig Changes in the air gap inevitably have
a disadvantag.eous ivnfluehce on the continuity and the conStancy of the energy production. It 1S

- apparent that such an axial diSplacement is.éyen 'incvitéblé because of the fact that the rotor must

be coupled | it{),.._thé: axle and rotates togeiher with the axle and that the stator must be kept

stationary, whnch is achieved, .for cxample, by a rigid connection with the axle bearing support.

In the known generator, the disadvantageous effect of axial displacements of the

. OAMIMUS156.APP - R R




axle are due to the fact that displacements in the range of millimeters already create a significant
change of the air gap and, thus, of the electrical energy which is generated. When the electrical
energy 1s used in sensitive measuring systems or control systems within the railroad vehicle, the
resulting voltage fluctuations of the electrical energy are a disadvantage because an essentially
voltage-constant electrical energy source must be available for an operationally safe supply of
such a controlled arrangement. As a rule, an accumulator is provided as a "buffer" between the
energy source or the “producer” and the "user." However, permanent fluctuations of the
~electrical {/oltage are also a disadvantage in this situation. In the event that the energy supply

of important elements must be ensured during the travel operation for safety reasons when the

accumulator fails or breaks down, an electrical energy source with substantial voltage fluctuation
constitutes a great disadvantage, and even a dangerous disadvantage. Since different voltage
values resuit in dependence on the speed, while‘ the voltage must be maint'ai.ned constant through
an electronic unit, the compénsation of the above-describéd addiﬁonal voltage fluctuation would
require an additidnal é]ectronic unit.

~The arrahgement of a separate :digital rate-of-rotation pick-up within the generator
as described abow)é with respect to the staie of the art causes the functions of energy preduction

and rate-'of-rotation pick-up to be uncoupled and makes the System more susceptible to trouble.

GAMIM\I2ASISS.APP ~4 -
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SUMMARY OF THE INVENTION

Therefore, it is the primary object of the present invention to provide a method
of operating an axle generator arrangement, an axle generator arrangement for carrying out the
method, and a method of using the axle generator arrangement in which a separate rate-of-
rotation pick-up is not required and in which a safe and reliable energy supply is ensured in all
~situations of operation, while the electrical voltage remains as constant as possible.

In accordance with the present invention, in the above-described Jmethod,'the_
eleétrical energy production, as well as the determination of the rate of rotation, take place
exclustvely through the generator function, wherein the pulse parameters of each induced voltage
‘pattern are evaluated for determining the rate of rotation.

In the above-described axle generator arrangement for vehicles, particularly
) vehicles which travel on rails, including a rotor which is coupled to the axle of the vehicle and
haspefmanent magnets arranged distribu.t‘ed over the circumference and a stator provided with
induc.tibn chls and an electrbnic unit for evaluating the gen‘erat.or function, the above-described B
_ objec;' 1S met: in accordance With the present in-véntion by arranging in the assembled state of the
arraﬁgement'thé stator coax‘ially around th.e outer circumference of the rotbr, and by constructing
the r'n_agn-etic' guide body of the Stator aés’embly, relative o its effective pole surfacé in the axial
‘ eXtenSiQn "thereof, smaller than the axial extension of the pole surface of the rotor assembly, .such
that the pole overlap ;atio'betwéen rotor assembly ‘and:stator 'assembly is greater than 1 in any
situation of operation In addition, p_ermanent magnets which extend radially with réspect to thé
- 'pole' axes _thereOf' arve: arranged within the'magnétic guide body.

. Fur.thermore, in accordance with the present invention, the axle generator

| GAMIM3245156.APP - -5
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arrangement 1s used in an anti-skid system in vehicles, particularly in vehicles which travel on
rails, i which the energy supplied to each anti-skid system is independent from one vehicle to
the next coupled vehicle, particularly of a railroad train, and in which the respeciively
determined information with respect to the rate of rotation is fed as an input value into the
control circuit of the anti-skid system.

The present invention further proposes that the above-described method and axie
generator arrangement is used in a drive slippage control in vehicles, particularly in vehicles
which travel on rails, in which the respectively determined information with respect to the rate

of rotation is fed in as the input value for carrying out the drive slippage control.

The method according to the present invention provides the advantage that a

separate,rate-of-rotation pick-up is not required because of the direct determination of the rate

of rotation from the pulse parameters of each induction voltage pattem. As a result, the method

FJ

1S 'simpliﬁec;i, and the safety of operation is additionally increased. The pulse width

' determination of the induction voltage patterns which is also proposed in accordance with the

' present invention is advantageously used for the determination of the rate of rotation as well as

for COmrolling the fun_t:tion of the generatot and the windings thereof. It is an advantage that

the speed of the vehicle can be determined simultaneously from the measured pulse widths and,

“thus, in a very simple manner. Althbugh the determination of the speed 1s known from the

. above-—méntioned state of the art, the state of the art utilizes a 'separate rate-of-rotation pick-up

‘which is not required in accordance with the 'pr'esent invention. The method according to the
| present invention provides another possibility because of the fact that the speed of the vehicle

- can also be determined from the pulse depth and from the rate of rotation of the induced voltage

G:AMIM\3245156.APP | -6~



pattern.

The features proposed in accordance with the present invention in an axle

generator arrangement result in a number of advantages.

The axle generator constructed in order to carry out the method of the present

invention provides the advantage that the pole overlap ratio ensures a higher continuity and
constancy of the generated voltage. This pole overlap is constructed in such a way that the axial
extension of the rotor assembly overlaps the axial extension of the stator assembly. In additien,
the arrangement of the stator assembly relative to the rotor assembly 1s selected in such a way
that the stator assembly is completely covered by the rotor assembly in any practically possible
axial displacement of the axle. Together with the above-described pole overlap, the fact that the
stator is arranged concentrically around the retOr. in the state .of operation has the result that the
induction in the resulting air gap between rotor end stator remains independent of axial‘
- displacements. - Thus, contrary to the above-described state of the art, an axiel displacement of
the vehiele'axle or of t'he.rotor con‘nected to the Vehicleaxle dees not result in a change of the
alr 'gep and, therefore, completely eliminates in an advantage011s manner any voltage fluctuations
caused by axial dispiacements.

In aechdance With another feat'ure of the present invention, the 'permanent
magnets of the rotor are Supported by a shmhk—on ring ef a nonemagnetic material whieh
. simultaneously acts as a reluctanee ring. This arrangement _‘of a shrunk-on ring of a non-

maghetic,. but "e]ee'trically conductive, material p;r.ovides' ihe advantage that this ring acts as a
 reluctant dampihg cage. This meansihet, eveh ‘in the case of displacements in the axial and

- radial direction, this displacement causes changes in the air gap in certain sections, however, the

GAMIMV324SIS6.APP o -7-
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changes in the air gap do not result in voltage fluctuations because the damping cage electrically
compensates the air gap changes.

The non-magnetic shrunk-on ring acting as a reluctant damping cage has the
additional mechanical function of securing the permanent magnets agaihst radial displacement
during the rotation of the rotor. However, the shrunk-on ring has the additional extremely
important electrical function of compensating the voltage fluctuations or harmonic oscillations
or peak voltages during a possible electrical load change of the generator. A load change is
intended to mean that, for example, a user is suddenly connected to the electrical generator
output which would produce an induction peak. However, the shrunk-on ring compensates this
~induction peak. This compensation is carried out by producing a current in the shrunk-on ring
because of a magnetic flux change in the air gap, wherein the current in the shrunk-on ring
produces an opposing field and thus, in sum, maintains constant the air gap induction even in
the caSe of an electrical 'load. éhange. As‘a resuit, p_eak voltagés and the hike are av'oided, which
1S particulatly important for protecting the electronic uhit for evaluating the rate of rotation.

. Thé_dimensions of the magnetic' circuit, i.e., the geometric conﬁguration of the

_ Stator in.re}ation- to thé rotor .relativie o the poles and the intended pole overlap ratio, are
advantageously adjusied in such a  way that thegenerator reaches a saturation with respect 1o its
generator output curreht, even at very low rates'of rotatidn, wherein the saturation essentially
- remainscbnstant, even when the“ rate of rotation is significantly increased. This is achieved in
a simplé'niann'er. By selecting 'the' dimensions in stu?:h a way that the magnetic saturation of the
entire magnétic_: circuit is reached very early, i.e., already at low rates of rotation. This earliest

~ possible saturation is intended to result in an intentional reduction of the efficiency of the

GAMIMUI2ISIS6.APP _ ' -8-
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generator.  This ensures that, at the output of the generator, it is possible in a simple

advantageous manner to connect an electronic evaluation unit for determining the rate of rotation

because the output is very stable. Because of the generator output current, which is maintained
as constant as possible, the generator is extremely resistant against short circuits and ensures that
the electronic unit required for determining the rate of rotation can be connected in an extremely
operationally safe manner. As a result, it is possible to ensure that the rate of rotation is

determined directly from the induction voltage pattern without endangering the electronic unit

for determining the rate of rotation.

In connection with the method according to the present invention, constructing the
axle generator as a three-phase generattor provides the advantage that each winding independently
generates an induction voltage pattern and, thus, because of the spatial distribution of the
~windings or of the induction coils, a high resolution With respect to location of the fate of
retation determined from the pulse width is'possible. '

The method of operatibn of the axle generator arrangement, as well as the
stmetura} features of the .axle generator, make it .possible that an output voltage can be delivered
| 'which is reliable, operationally safe, and main.tainedcontinuously at a constant level. The use
- of the axle generator arra'ngement in accordance with the method of the present invention results
in a number of advantages with respect 1o elements which determine a sensitive and safe
' operation of the vehicle. Accordingly, the ‘u.se ef the method and of the axle generatof

~arrangement operated in accordance with the method in an anti-skid system in vehicles,
part'ieti‘larly v:ehieles which travel on rails, in which the energy supply to each anti-skid system

"frem one vehi(:l‘e to the next coupled _vehicle is electrically independent, ensures high safety in

 GA\MIMBSIS6APP ' -9-



an advantageous manner. This can be achieved particularly in high-speed trains. When used
in accordance with the present invention, the advantages of the method are particularly apparent
because the respectively determined rate of rotation is fed in an advantageous manner as an input

value into the control circuit of the anti-skid system.

Since the method according to the present invention provides the advantage that
the energy supply and the determination of the rate of rotation take place in the generator itself
and, thus, in addition to the determination of the rate of rotation, the control of the function of
the generator itself can be carried out, the use of the present invention, particularly in an anti-
skid syﬁtem, ensures an extremely high safety level of the entire operation of a railroad train.

. The advantage of the simultaneous secure energy production and the determination
of the rate of rotation directly from the induction voltage pattern can also be utilized with the
assurance of high oper.ational safety in a drive slippage control system in vehicles, particulatly
'vehiCIes which t.ravel on ratls, In this situation,' the advantage is due to the fact that; when the
'axle‘ generator arrangement proposed in accordance with the present invention is used in the
méthod of the inﬁ’entibn for determi_ning ih'e rate of rotation, a high resolution with respect to
location of the positioh of rotation of the vehicle axle is obtained. This determination of the rate
of rotation with .a high resolution with respect to location and a quick resolution with respect to
rat'e of rOtation CauSes the drive slippage control system to be appropriately sen.Sitive. “This
sensitivity provides the basis for an extremely advantagéous possibtlity of combining 'methold,
~axle generator a'rran.gement, and-_' use .thereof in accordance with the present invention.
Accordingly, it i.é possible to meet the high requireme.nts with respect (o safety in high-speed

: trai_nsi"by'using- technically Simple but extrsc_mely reliable means.

©G\MIMIMSIS6APE o - -10-
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The arrangement according to the present invention is particularly advantageous
when used in high-speed freight cars. This is because such freight cars are subject to the same
safety regulations as are passenger train cars. This means that a deceleration from high speeds

must be ensured within a 1,000 meter zone. The independent energy supply of each individual
car and, thus, the possibility of the direct control of the brake system of each car make it
possible that the brake signal released by the engine simultaneously initiates the braking
procedure mdependently of the length of the train without delay from one car to the next car.
| -Accordmgly, delays caused for example by delays in the flow of pressure medium frem one
car to the next are completely eliminated. For controltmg the brake pressure and optimizing the
brekmg distance, an ant1 skid system or anti-blocking system is used which determmes the
~ optimum brake pressure in dependence on the traction value between wheel and rail and whieh:
con\teys this optimum brake pressure te the pressure medium and the brake being controlled.
It is important in this conneCtien that, when using the method according tofthe
L present mventxon and the axle generator for cafrymg out the method, the determlhed frequenc.y.
'.of the genet'ated Voltage 'serves as the mput value for the anti-skid system or antxmblockmg |
system. -Thne makes _1t unnecessary te monitortherate of retation of the aXIes .by means of
: . separaterate-of-rotetion piek-ups beceuse the rate of "'retatien 18 determined, for example, from '
 the meestti'ed pulse width of the generated voltage. -
: then ‘the method and the axle generator according to the present inventioe are

~ used iﬁ?COnﬂeC'tiOniwith af‘,'driveslippage Contro.l;_fOr H.exampl\e,' in train engines, it is also an

- advan tagethet the'_'rate _ef ‘retati_on' of the reSpeetiVe. axle can be determined in the manner already

deserzibed'.above. 1If such a system is mounted in a train engine, it would even be possible not
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to provide a tacho-generator because the determination of the speed can be derived from the

measured pulse parameters.

The various features of novelty which characterize the invention are pointed out
with particularity in the claims annexed to and forming a part of the disclosure. For a beller
understanding of the invention, its operating advantages, and specific objects attained by its use,

reference should be had to the drawing and descriptive matter in which there is illustrated and

described a preferred embodiment of the invention.
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BRIEF DESCRIPTION OF THE DRAWING

In the drawing:

Fig. 1 is a block diagram illustrating the manner of operation of the generator and
the determination of the rate of rotation:

Fig. 2 is a block diagram illustrating the determination of the induced voltage
pattern for the rate of rotation;

Fig. 3 is a sectional view of an axle generator according to the present invention;

and

Fig. 4 is a block diagram illustrating a parallel connection of several axle

generators during charging operation.

GAMIM32451S6.APP ~13-
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DESCRIPTION OF THE PREFERRED EMBODIMENT

The block diagram of Fig. 1 of the drawing illustrates the manner of operation

of the method proposed in accordance with the present invention and of the axle generator 10
operating in accordance with this method as follows.

The voltage generated by generator 10 is supplied to an electronic unit which
determines the appropriate parameters in accordance with the method and additionally supplies
an output voltage' which is controlied at constant. The electronic unit further supplies a digital
pulse width signal at an additional separate output. The pulse width signal which, for example,
is prepared as a rectangular signal, is supplied to an electronic unit 20 for determining the speed
of the apprOpfiate axle which supplies the determined speed at the output thereof.

The speed which has been determined or computed 1s supplied, on the one hand,
to a Spéed comparator24 as the actual va}ue. The speed co‘mparator 24, in turn, 'inqu'ires as {o
thedesifed value at the second input. Thié means that a détermination is being made whether
' the'circumferential.speed of the wheel éoincides With the réal speed. In other wofds, it.is being
- determined whether the wheel rotates with traction, i.le‘_. , -withéut difference in speed, or whether
the wheel rotates with 'Slidixig friction with the corresponding speed difference. The determined
spéed difference is supplied to a logical unit 25 which ca(ries out measures for initiating the |
braking _procedure and, thus., the cohtrol of. yalVes 26, 27 Which etfect the braking procedure.
~ Simultaneously, the acceleration iscomphtéd frbm the actual speed value by an electrohically

realized mathematical ﬁrst derivative and lthe accé_!eration is supplied paralle] to two comparaltors
- 22',,_231 which decide whether a positive acceleration or negative acceleration takes place; in other

words, the comparators 22, 23 decide whether there is an acceleration or a braking procedure.
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Depending on whether there is deceleration or acceleration, the appropriate output is connected
to the logical unit 25 in which a decision is made as to the braking effect to be obtained and the
decision is supplied at the output to an amplifier for producing the signals requircd for the
electrically controlled valves 26, 27. In summary, this means that a parallel evaluation of the
anti-skid system or anti-blocking system and of the drive slippage control is possible from the
speed observation and the acceleration observation. It would also be conceivable to feed the
anti-blocking system, as well as the drive slippage control, from the observation of the
acceleration conditions alone, however, the speed observation is interesting for the drive slipi)age
control'when the drive wheels spin at a high rate of rotation. In this state of operation, a
reference speed is formed within the engine, either as an imaginary value or through an
additional axle, so that an evaluation of the speed difference is more advantageous.

When the arrangemem 1s used in a drive slippage control system, the individual
elements interact in a similar manner. Initially, the pulse width of the generated electrical
- voltage which is proportional to the 'rate'of rotétion is measured and the speed 18 determined

therefrom. Subsequently, the deceleration or acceleration of the driven sets of wheels is

computed and a comparison of the speed differences within different sets of wheels is carried

' oui. ' By carfying out the evaluation of the speed differences of different sets of wheels of a car,
itis e_veh _possible‘ 'to determine oscillatio’ns of the set of whcels which may be due, for example,
to asymmetricai drive forces and, 'thus; to t’ors.idn. - Consequently, it is also possible in an .
advantégebus rnaﬁnet to inﬂuEhce the control of the rate' of .rbtation of the engine through which,
iﬁ turn; 'it.i's possible to compensate the'osc‘illations of the set of wheels.

- The logical unit 235 is provided with two outputs which, on the one hand, effect

O\MIM\I245156.APP -15-
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through an amplifier the ventilation of the valve 26 which controls the brake and, on the other
hand, effect through another amplifier the supply of the valve 27 which locks the work pressure.
If carried out in the appropriate coordinated sequence, this has the result, for example, in a
braking procedure, that pressure medium is supplied through opening of the work pressure valve
27 and the brake is actuated, and that during a short release, for example, when the anli-

blocking system is actuated, the brake must be released by ventilating the pressure medium line

controlled by valve 26 and by closing the work pressure valve 27.
The determination of the pulse parameters from the induced voltage pattern of the
, inductibn coils of the axle generator is illustrated in Fig. 2 of the drawing. Before being
supplied to a rectifier, the direct three-phase output of the stator is taken up in parallel and is
supplied to an arrangement of optical couplers 31, 31’ ... . The output phases are denoted by
U, V, and W. The optical couplers ére arranged 'in such a way that two optical couplers 31,
3.1_" are always arranged between two phases, 'Where‘in one of the optical couplers handles' the
upper half-wavc and the other of the optical couplers hahdles the ‘lower half-wave. Accordingly,
in this three~phas,e arrangement there are altogether six pulse width signals which are
appropriately offset with respect to time. These signals are each supplied through an RC-section
32 ... to a Schmitt trigger 33 ... which at the output side thereof controls a monostable
. multivibrator 34 ... . Each of the -six pulse width signals is ﬁnauy combined in a logical unit
‘and is coordinated an(i"eva]uated with respect to time. The L.nse' of optical couplers not only
results in a.galvanic separati'on between the output.phases U, V, W and the electronic unit‘for
~determining the rate of rotation, but the pulse _widih signals are formed essentially from the

~ induction voltage pattern. _The arrangement of the RC-section, of the Schmitt trigger and finally

G\MJMV324S1S6.APP | . -16-



of the monostable multivibrator has the result that spurious signals are kept away from the
logical evaluating unit 35 for the rate of rotation. To each monostable multivibrator 34 is
assigned a time constant of 0.5 mm/sec.; this means that spurious signals with a time constant
of less than 0.5 mm/sec. are not accepted as pulse width sighais, but are considered spurious
signals which have no influence on the determination of the rate of rotation. This time constant
of 0.5 mm/sec. can be changed in accordance with each situation, so that this selected time
constant is just smaller than the time constant of the detected pulse width signal. Since each
pulse, due to its time-delayed sequence relative to the next pulse, resolves with respect to
location the information of the final rotor/stator position, a sensitive resolution with respect to
location of the rate of rotation is provided. In other words, an evaluation of the rate of rotation
18 already possible after a sixth of a revolution of the wheel. Accordingly, it is not necessary
to wait until a full revolution of the wheel has occurred until the 'rate of rotation or speed can
- be evaluated. “This is of particular signiﬁcanée when used in an anti-blocking system or a drive
slippage control, Fig.. 2 also showé the parallel furthet conveyance of the three-phase alternating
.. ' voltage to a rectifier B6. A parallel control unit is arfzmged at the output. The parallel control
unit, in turn, maintains constant the entire eléctrical' output of the generator which is relevant
~ for the enel"gy. supply. Cohnected thereto are the comections for the individual users or in
parallel td the accumulator 40,
. - Fig.__ 3 of the drawing is a' seétional viéw showing the axle generator arrangement
.' . pnropol'séd _i.n -acco'rdance With the presént‘ in_vention. The rotor 13 is connected directly to the'
~axle -‘11 of the vehicle through 'a flange 12 The siator 14 is arranged within the axle cover 18,

which also serves as a generator housing. The stator 14 is mounted in such a way that, during
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the assembly, after the rotor 13 has been fastened to the axle 11, the stator 14 can be slid onto
the rotor 13 with an air gap remaining therebetween. The cover 18 of the axle generator 10
closes off the entire arrangement in the manner of a housing. The housing itself may be
fastened, for example, to the axle bearing support housing 11’ Accordingly, the air gap
between rotor 13 and stator 14 is oriented radially between rotor and stator, which is contrary
to the above-described state of the. art in which the air gap is oriented in axial direction.

The axial extenston of the poles or pole surfaces 13’ of the rotor 13 is greater than
the axial extension of the pole surface 14’ of the stator set 14; in other words, the pole overlap
réitio between rotor and stator is grea-ter than 1. Accordingly, it is apparent that, even when the
rotor 13 is axially disp'laced, the pole surface 14/ of the stator 14 is still entirely covered by theh

pole surface 13’ of the rotor 13. The dimensions of the stator 14 determine the effect of the
early magnetic saturation. The dimensions of the stator set depend on the desired magnetic
saturation and can;be computed by' .using the usual formal re]atiohships. The pole sxifface 13’
of the rot"or_13 1S overd‘imensioned, so that the aboﬁe-described éffect ot the axial displacement
- rcmains _wit_hoqt influence on the air gap induction. In th'is siiuation, the computation of the
_magnetic‘satur‘ation of 'th'e' stator set 14 is to be selected in such a way that a saturation of the
curre_ait' 1S already aChieQéd at the desired speéd. 'The stator set 14 and the rotor set 13 are
‘laminated, i.e., t.hey aréﬁ composed of stacks of s.heet,s for reducing the eddy cufrent losses. The
induct‘ion'c‘oils 15 of the stator 14 are to be arranged acéordingly in the illustrated manner. The
, permanent“magnetsl'ﬁ bf thé, rotor 13 are radiaily magpetized relative to the pole axes thereof,
) 'i.e.‘, the ﬂu# lihes emefge radi'ally-. Theﬁermanént mag,nets 16 are arranged relative to each

other in such 'a' way that the magnetic polarities emerging at the circumference are reversed from
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one magnet to the next magnet.

The rectifier 19 for rectifying the alternating voltage is arranged integrated within
the generator housing or cover 18, so that the entire electric output of the generator 10 is
arranged completely at the generator itself. The output of the generator 10 is connected, for
example, directly to a charge regulator 41 for feeding the accumulators 40 and supplying the
device for determining the rate of rotation.

In the axle generator according to the present invention, the flange 12 connected

to the rotor 13 and to be mounted on the axle 11 extends to the inner wall of the generator cover
18. The stationary generaior Cover is cbnstrﬂcted SO as to bé round on the inside thereof. The
- outer circumference of the flange 12 which contacts the cover is provided with a labyrinth-type
seal 12’. The labyrinth-type seal 12 is provided witn a toothed surface as 1llustrated in Fig. 3
of the drawnng This labyrinth- type seal 12’ may be integraily connected to the flange 12 by
provxdmg séveral parallel grooves on thc circumference of the flange. However' it is also
possible to pro_vide the flange 12 with a separate-labyrinth«type seal 12'. The labyxinth~type seal
- prevents bearing grease from penetrating into ihe genérﬁtor space and, thus, hermetically seals
' the generator space. .

’ Flg 4'0f the drawing shows a m‘ultiple 'arrangement of generators which are
connected in parallel. The capabxhty of connectmg the generators in parallel is particularly made
_ p0331ble by thé conﬁ.guratlon of the axle generator accordmg to the preaent mventxon n whnéh

‘ in the manner described above, an output 18 provndc_d which is controlled so as to be extremely
- éonst_ant' with r‘eSpeCt to the current. Since the voltage is also niaintained essentially constant,

- the aXl'c'.”generz.itor according to the preSent invention is high-ly suitable for the parallel
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connection. The combined output switches which are connected in parallel, are joined at a
temperature-guided charge regulator which monitors and controls the charging operation of the
accumulator. The temperature is monitored by means of a temperature-dependent resistor which

is connected to the accumulator mechanically and in a manner which conducts heat.

The method proposed in accordance with the present invention, as well as the axle
generator arrangement and the use of the method, provide an excellent solution for the above-
described ‘object because of the features thereof which are adapted to each other in an optimum
manner. A separate rate-of-rotation pick-up is not required, so that the system is simplified.
The configuration of the axle generator makes it possible to provide electrical energy in such a
way that an anti-blocking system and/or drive slippage control system can be used in an
extremely operationally safe manner. Together with the spatial arrangement of the coils ahd the
six-pulse evaluation of the induction vo]tage 'pattems, the feature of the method of the present
invention according io which the rate of rotation is determined directly from ‘the generator
function thi‘ough .the pulse width evaluation results in ‘é high resolmion with réspect to location
and, thus, i'n an extremely sensitive determination‘ of the rate of rotation which are of vita'l
importance in anti-blocking systems and drive slippage control systems,

The evaluation of the pulse parameters for determining the rate of rotation in

'aCCOrdance with the method of the present Invention and the proposed consideration of the pulse

- width as the pulse parameter in the discussed embodiment are advantageous for the reasons and

technical explanations alréady provided above. However, it is also possible to determine the rate

of rotation 'from different pulse parameters; for example, the pulse depth,' pulse spacing, pulse

- shape, etc., can be used. Since, depending on the type of winding of the induction coils of the
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Stator, a generator can deliver rectangular or triangular voltage patterns in addition to, for
example, a sine-shaped induction voltage, in some cases it may be more advantageous o use the
puise depth or pulse spacing rather than the evaluation of the pulse width for determining the
rate of rotation. Accordingly, the method provides additional application possibilities. In
addition, because of the fact that the method, the axle generator, and the use of the method are
clearly defined, they can be used also in other types of vehicles, for example, in trucks with
several trailers.

It should be understood that the preferred embodiments and examples described

are for illustrative purposes only and are not to be construed as limiting the scope of the presént

invention which is properly delineated only in the appended claims.
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We claim;

1. A method of producing electrical energy from rotary motion of an axle of
a vehicle, by means of a generator assembly including a generator coupled to the axle,
compristng determining the rate of rotation of the axle, carrying out the electrical energy
production as well as the determination of the rate of rotation exclusively through the generator,
and evaluating pulse parameters of each induced electrical voltage pattern for the determination
of the rate of rotation.

2. The method according to claim 1, comprising inducing a three-phase
alternating voltage, and evaluating pulse widths from induction voltage patterns of each phase
for the determination of the rate of rotation.

3. The method according to claim I, comprising utilizing the determination
of the rate of rotation for carrying out an operation control of the generator.

4, The method according to claim 2, comprising determining a ti'avel speed
of the vehicle from the_measured pulse widths of the induced voltage paitern.

5. A generator arrangement 'for producing electrical energy from rotary
motion of a. vehicle axle, comprising a generator with a rotor coupled to the axle, the rotor
having a circumferen.ce, permanent magnets being.mounted on the fotor distributed over the
| 'circuﬁifetence thereof, the permanent magnets héving..radially eﬁ(tending polar axes, and a stator
incl_uding' induction coils mounted coaxially' around the circumference of the rotor, an air gap
..being defined between the stator and thé rotor, the rotor having an effective pole surface facing

the stator, the stator havinga pole surface facing the rotor, the effective pole surface of the
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stator having an axial extension which is smaller than the axial extension of the pole surface of
the rotor, such that a pole overlap ratio between the rotor and the stator is greater than | in any

situation of operation, further comprising an electronic unit for evaluating the operation of the

generator.

6. The generator arrangement according to claim 5, comprising a flange for
directly connecting the rotor to an end face of the axle.

7. The generator arrangement according to claim 5, comprising a shrunk-on

ring acting as a reluctance ring for supporting the permanent magnets of the rotor, the shrunk-on

ring being of a non-magnetic material.
8. The generator arrangement according to claim 6, comprising an axle cover

member, the stator being mounted stationary within the axle cover member, the axle cover
member being mounted mechanically independently of the rotor and the flange on an axle
bearing support housing of the vehicle.

9. T he generator arrangement according to claim 8, comprising an electric
rectifier unit mounted integrally within t.he axle cover member of the genefator.

10. The generator arrangement according to claim 5, comprising means for
prOducing a three-phase alternating voltage, aﬁd means for producing a pulse width signal, and
‘optical couplers. for electrically connecting the phases for digitalizing the pulse with_ signal.

11.  The generator arrangement according to claim 10, wherein the alternating
voltage comprises an upper half-wave and a lower half-wave, two optical couplers being ‘
| 'arranged between two phases, such that the first optical coupler handles the upper half-wave and

-. the second 'optical.coupler handles the lower half-wave.
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12, The generator arrangement according to claim 8, wherein the axle cover
member of the generator extends partially over the axle bearing support housing, and wherein
the flange has at a circumference thereof a labyrinth-type seal which contacts an inner
circumferential surface of the axle cover member.

13. A method of operating anti-skid systems of a plurality of coupled vehicles,
comprising producing electrical energy from rotary motion of an axle of each vehic]é: by means
of a generator assembly including a generator coupled to the axle, further comprising
determining the rate of the rotation of the axle, carrying out the electrical energy production as
well as the determination of the rate of rotation exclusively through the gencrator, and cvaluating
pulse parameters of each induced electrical voltage pattern for the determination of the rate of
rotation, wherein each anti-skid system is electrically independent, and feeding the determined
rate of rotation as an input value into a control circuit of each anti-skid system,

14, A method of operéting a drive slippage control system in a vehicle,
comprising producing electrical energy from rotary motion of an axle of the vehicle by means
of a ' generator assembl.y, including a ge'nerator c’dupled to the axle, further comprisiﬁg
“determining the rate of rotation of the axle,. carrying out the electrical energy production as well
as thé determination of the rate of rotation eXclusively through the generator, evaluating pulse
parameters of eaéh induced elec'trica‘l vOItage pattern fdr the determination of the rate of rotation,
and feeding the determined rate of rotatio_n as: an inpuLvalue Into a control circuit of the drive
siippage .contrt)l system.

15. An arrangemem of anti-skid systems in a plurality of coupled vehicles,

“each vehicle comprising a generator arrangement for producing electrical energy from rotary
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motion of a vehicle axle, further comprising a rotor coupled to the axle, the rotor having a
circumference, permanent magnets being mounted on the rotor distributed over the
circumference thereof, the permanent magnets having radially extending polar axes, a stator
including induction coils mounted coaxially around the circumference of the rotor, an air gap
being defined between the stator and the rotor, the rotor having an effective pole surface facing
the stator, the stator having a pole surface facing the rotor, the effective pole surface of the
stator having an axial extension which is smaller than the axial extension of the pole surface of
the rotor, such that a pole overlap ratio between the rotor and the stator is greater than 1 in any
situation of operation, wherein each anti-skid system is electrically independent, further
comprising an electronic unit for evaluating the operation of the generator and determining the
rate of rotation of the axle, and means for feeding the determined rate of rotation as an input

value into a control circuit of each anti-skid system.
16. A drive slippage control system in a vehicle, comprising a generator

arrangement for producing electrical energy from rotary motion of a vehicle axle, further

comprising a rotor

coupled _to. the axle, the rotor having a circumference, permanent magnets being mounted on the
rotor distributed over the circumference thereof, the permanent magnets having radially
extending polar axes, a stator including induction coils mounted coaxially around the
circumference of the rotor, an air gap being defined between the stator and the rotor, the rotor
having an effective pole surface facing the stator, the stator having a pole surface facing the

rotor, the effective pole surface of the stator having an axial extension which is smaller than the

axial extension of the pole surface of the rotor, such that a pole overlap ratio between the rotor
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and the stator is greater than 1 in any situation of operation, further comprising an electronic
unit for evaluating the operation of the generator and for determining the rate of rotation of the

axle, and means for feeding the determined rate of rotation as an input value into a control

circuit of the drive slippage control system.
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