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Method for driving a brake device of alift system

The invention relates to a method for actuatingaéké device for an elevator system, to
an elevator system having means for executing #tbaod, and to a computer program

for implementing the method.

In this method, a brake device of an elevator systeactuated, which brake device is
known in principle. The brake device comprises,gaample, an electromagnetically
disengageable spring-actuated brake and an elezhyractuatable electromagnet for
disengaging the spring-actuated brake. The brakitign is achieved by means of the
spring force of at least one spring. On accoutthefspring force, a pressure element of
the spring-actuated brake, which pressure elensnalbrake lining, rests against a
counter surface, for example on a brake disc oétbeator drive, at least when the
electromagnets are de-energized. The pressure mieare be a pressure plate that can be
pressed against the brake disc, or it can be aymeshoe or brake shoe that can be
pressed against a brake drum, for example. By tiotuthe electromagnet, the braking
action can be canceled by the pressure elemerg bftéd from the counter surface,

against the action of spring force, by means ofthetromagnet.

A brake device of this type, or a comparable biddce, of an elevator system is
intended to hold an elevator car of the elevatstesy in a holding position. An elevator
system comprising a plurality of elevator cars cdsgs an individual brake device for
each elevator car. In the interests of improvedabdity, but without dispensing with
further general validity, the following descriptianill proceed using the example of an
elevator system having precisely one elevator ¢aclnis movable in precisely one
elevator shaft. Said elevator system should albaysnderstood to mean an elevator

system having a plurality of elevator cars in on&fsor even in a plurality of shafts.

In addition to holding the elevator car in a holglposition, a brake device is necessary
and designed in order to be able to safely braéekbvator car at any time during
operation, that is to say even in the event ol# &tuation. Possible fault situations are,
for example, unexpected opening of a car doorxaassive travel velocity, loss of

holding position, and so on.
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When the brake device is activated, the activatiten takes place in a manner that
results in a maximum braking action. This leadariontense deceleration that is
unpleasant for the passengers in the elevatofrcarder to prevent this, systems are
known which control, in a closed-loop or open-lgoanner, a particular effective

braking torque.

JP 2004/131207 A discloses a brake device in whiglurality of electromagnets are

actuated in each case by means of a pulse-widthulated actuation signal.

GB 2 153 465 A discloses load-dependent and trdivettion-dependent control of a
brake device. EP 1 870 369 A contains explanafimndetermining mass parameters of

an elevator system.

An object of the invention consists in providingrake device of the type mentioned at
the outset, which effects efficient metering oEkevant expended braking torque over a
long operational period of the elevator system thiedorake device it comprises, in such a
way that both a required deceleration of the etavedr is achieved and passengers in the

elevator car are not disturbed by the forces adaiming deceleration.

This object is achieved by a method for actuatibgake device, in particular a brake
device of the type mentioned at the outset haviegéatures of claim 1. The brake
device comprises at least one pressure elemenhwgiotended to effect the intended
braking action, can be automatically released (djaged) from a counter surface, and
comprises a brake lining, in particular at least electromagnetically disengageable
spring-actuated brake having such an element. &umibre, the brake device comprises
means for automatically releasing the or each presslement from the counter surface,

for example by means of an electronically actuataéctromagnet.

The following is provided in the context of the imad for actuating the brake device: A
braking torque required for braking the elevatarisascertained by means of a model of
the elevator system by taking into account a resmeoperational state of the elevator
system, such as a respective direction of travahadlevator car of the elevator system to
be braked, an automatically ascertained respestate of charge of the elevator car, and

a predetermined or predeterminable desired caletation.
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For this purpose, the model of the elevator systentains a mass, reduced to the
location of the brake device, of the moved elevptits, such as the elevator car,
permitted load capacity, counterweight, inertiasses of rotating rollers and drives,
cable masses, taking into account take-up faagea;ings, and roller diameters and drive
diameters. Furthermore, the model of the elevatstiesn contains an empirical friction
part that opposes a movement of the elevator pemtsbraking torque required for
braking the elevator car can be ascertained by snefathese model variables and the
previously already noted variables correspondinipéarespective operational state of the

elevator system.

In one embodiment, the model of the elevator sysseaready sufficiently precisely
described just by providing a weight ratio of tregmitted load capacity to car weight and
by detailing a degree of counterbalancing. The ekegf counterbalancing determines the
proportion of load capacity in the elevator car athiis required in order to produce a
mass equilibrium between the counterweight sidethedar side. A degree of
counterbalancing of 50% determines, for exampha, when the elevator car is loaded
with half the permitted loading capacity, the megsilibrium is produced. Therefore,
generally, just by means of these few parametatsterespective operational state of
the elevator system - direction of travel and aurstate of charge of the elevator car to
be braked - the braking torque required for brakimgelevator car can thus be
ascertained. The required braking torque shouldeatnderstood here as being an
absolute indication of value; rather, the requiveaking torque can be a braking
relationship. Depending on the size, overall medse-up factors and the type of elevator,
an appropriately dimensioned brake device havingpgmopriate possible braking torque
is required. The braking relationship thus sub&#ntprovides a braking torque factor,

which is known as braking torque in the presentexdn

On the basis of the braking torque ascertainetdigwtay, or the corresponding braking
relationship, a actuation signal for actuating @eickeis generated and is supplied to the
respective device, such that the elevator carakdat, which device functions as a means
for automatically releasing the or each presswemeht from the counter surface, i.e. for
example a actuation signal for actuating the oh@dectromagnet. A mutual dependency

between the braking torque and the actuation sigr&ibred in a braking characteristic of
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the brake device. This means that in the caseed@red braking torque, the required
actuation signal can be read from the braking dtarsstic. In the following, in
accordance with conventional linguistic usage at@matically releasable pressure
element or even a plurality of such pressure elésnéogether with the counter surface,
are referred to as a “brake” for short. If the devior releasing the brake is not actuated
at all, this results in the maximum braking actirthe device for releasing the brake is
actuated to its maximum, the brake is fully releleaed there is no braking action at all.
Actuating the device for releasing the brake beihntbese extremes allows metering of
the braking action. In principle, the actuatiomsiggenerated on the basis of the
ascertained braking torque effects the meteringebraking action according to the

ascertained braking torque.

In order to ensure that the resulting braking acti@tches the previously empirically
ascertained required braking torque (i.e. the bgakharacteristic) as well as possible, an
actual car deceleration is ascertained during bgp&f the elevator system. On the basis
of the ascertained actual car deceleration, caltr®f the braking characteristic of the
brake device is performed, specifically calibratafrthe ascertained required braking
torque and/or calibration of the actuation signhial is generated on the basis of the

ascertained required braking torque.

The actuation signal used for actuating the defdceeleasing the brake, or a
corresponding control variable for actuating thecebmagnetically disengageable
spring-actuated brake, has a physically defineaticgiship with the resulting pressing
force of the pressure element on the counter sgjréand thus by taking into account a
corresponding coefficient of brake friction witrspect to the braking torque. This
physically defined relationship determines the pesgion of the braking action between
the extremes, whereby metering of the braking adtdacilitated. This physically
defined relationship is the basis of the brakingrabteristic. On the basis of the
ascertained actual car deceleration, in a detedhoperational state of the elevator
system, calibration of the brake device, or th&ibgacharacteristic of the brake device,
is performed. The physically defined relationsluipthe braking characteristic, is thus
recalibrated on the basis of the actual car demiiber. If the actual car deceleration
corresponds precisely with the desired car ded#&erahe braking characteristic is not

changed.
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In one embodiment, the braking characteristic regames the expected braking torque as a
function of the actuation signal. The expected imgkorque of an electromagnetically
disengageable spring-actuated brake can be foonddrspring-force value and a
magnetic-force value. The spring-force value caorstdine spring force effected by a
spring and the magnetic-force value takes into aacthe counter force effected by the
electromagnet. The counter force effected by theteimagnets is typically determined

in quadratic dependence on a coil current of teetedmagnet, and the actuation signal
generally directly defines the coil current. Alsdén into account in the spring-force
value and the magnetic-force value are respectiefficients of friction, lever systems
and, if necessary, other influencing variableshsagan air gap or a summation of a

plurality of braking surfaces.

Calibrating the brake device, or the braking chiréstic of the brake device, thus
includes correction of the spring-force value amelnagnetic-force value. The braking
characteristic recalibrated by means of the coetespring-force value and the corrected

magnetic-force value thus reflects an actual bigakehavior.

The approach proposed here is advantageous ia firetdefined or predefinable desired
car deceleration is incorporated in the methodhfituating the brake device. The desired
car deceleration is selected such that a requigedlération of the elevator car results and
that passengers in the elevator car are not dexiuolp the forces acting during
deceleration. Keeping to these boundary conditi@msferred to for short in the

following as efficient metering of the braking toegy Furthermore, the approach proposed
here is advantageous in that efficient meterinthisftype of a respectively expended
braking torque is possible over a long operatingppleof the respective elevator system,
theoretically during the entire service life of #levator system. By ascertaining an
actual car deceleration and by recalibrating ttailbg characteristic on the basis of the
actual car deceleration, transient effects in therall system of the elevator system or in
the brake device, such as temperature differenclesroidity differences and the
accompanying effects on the braking process, dsasehaterial wear in the elevator
system and changing kinetic resistance and thehikiecorrelate therewith, can be taken
into account, and so, irrespective of such effectsaking action that remains the same

even over a long service life is achieved.
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Calibration of this type is performed in such a \lagt, for example, in the case of an
actual car deceleration that is only half as geeatpared to the desired car deceleration,
calibration is performed which, in a subsequenkin@process, leads to the ascertained
required braking torque being doubled, or to cqoesling adaptation of the actuation
signal, for example adaptation of a pulse-width olatd actuation signal. Continuous
calibration during operation of the elevator sysedfacts the braking action that remains
the same, even over a long service life, i.e.attla period of several months or at least
during a conventional service interval. On accafrihe efficient metering of the
respective expended braking torque, the elevakiesyas a whole, the passengers
traveling therewith, and the brake device and th&enmals that come into contact in order

to achieve the braking action are protected.

Advantageous embodiments of the approach presaetedorm the subject matter of the
dependent claims. Dependencies used therein mofatther development of the subject
matter of the main claim through the features efgiarticular dependent claims and are
not to be understood as a waiver of obtaining iedédpnt, objective protection for the
combinations of features of the dependent clainvghich reference is made.
Furthermore, in view of an interpretation of thaiwis in a closer specification of a
feature in a subordinate claim, it should be assuihat such a restriction does not exist

in the respective preceding claims.

In an advantageous embodiment of the method, fi®at@d braking characteristic is
evaluated in respect of tolerable limiting chardstes. In this case, the calibrated
braking characteristics are approved for furthey, ifghe calibrated braking
characteristic is within the limits determined by timiting characteristics. The
calibration is performed automatically. The limgioharacteristics indirectly specify the
extent to which deviations between the actual eaetration and the desired car
deceleration are classified as being comparatieslyand fundamentally tolerable
deviations. Automatically performing the calibratim the event of such a low level of
deviation, i.e. without operating staff or servataff having to intervene, results in

continual automatic adaptation of the brake detgogeossible transient effects.

In another, additional, or alternative advantagemubodiment of the method, a warning
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message is output as soon as the calibrated brekargcteristic goes beyond the limits
determined by the limiting characteristics. Therafiag staff or service staff thus
receives notification of an existing or an imminerteptional situation and can take
suitable counter measures, for example they cackdhe brake lining of the pressure
element and replace it if necessary, they can ctieckounter surface and replace it if
necessary, and/or they can check the spring, dikéhewhich acts on the pressure
element and replace it if necessary. The warningsage can be output in the form of an
optical and/or acoustic warning message and/otemtrenic message by automatic
activation of at least one corresponding actudtbe. warning message can additionally
or alternatively also be output such that the et@vsystem is automatically switched into
an associated, predefined or predefinable operaiog. In the operating mode, the
elevator car is moved only at a reduced speedXample. Alternatively, the
automatically activated operating mode may alsigbin the elevator car being

immovable until there has been an acknowledgement dperating staff or service staff.

In another embodiment of the method, a pulse-widbldulated actuation signal is
generated as the actuation signal on the baskhedafdlibrated required braking torque. A
pulse-width modulated actuation signal is advargagen that, when producing the
circuitry of a pulse-width modulator using electimswitching elements, in particular
bipolar or MOS transistors or IGBTs, these elemeatsfunction in a low-loss switching

operation.

In yet another embodiment of the method, a preddfor predefinable number of
braking processes and a respective calibratiobeararried out in order to start up the
elevator system and/or for one-time or regular stdjent of the brake device during an
initialization phase of the brake device. A plusabf braking processes allow improved
calibration of the brake device, in that, with gvegcalibration during the initialization
phase, the respectively performed calibration larithg actual car deceleration
increasingly well in line with the desired car decation. In an advantageous addition to
this embodiment of the method, within the brakinggesses carried out during the
initialization phase, at least one braking proécegerformed following an upward
movement of the elevator car and at least one hgghiocess is performed following a
downward movement of the elevator car. An elevatwineer assigned the task of

adjusting the elevator system therefore no longsrth manually carry out appropriate
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adjustment work; instead, the brake device caldsréself automatically according to the

method.

In another embodiment of the method, an expectakiy period is calculated in each
case on the basis of the desired car deceleratibredter the expected braking period has
elapsed, the actuation signal is predefined suattlie brake device generates a
maximum braking torque. As a result, the elevagstesn is held at a standstill in a safe
and energy-saving manner. In the brake device ptedat the outset, this means,
specifically, that the device for releasing thekleras not actuated at all; i.e. the actuation
signal is set to zero. The maximum braking actesults there-from. At the same time,

this means that the electronically actuated elatignet is switched without power.

Overall, the innovation proposed here is also amagbr system having at least one
elevator car and a brake device intended for brpttie elevator car, as well as means for
executing the method described here and in theviidllg. The means for executing the
method preferably include at least the model ofeflegator system and an elevator
control unit. An implementation of the method ivantageously considered in the form
of software or a combination of software and hamdwH the control program is executed
by means of an elevator control unit of the respealevator system, the innovation is
also a computer program, which functions as a obptogram for the elevator system
and comprises program code means, for carryinglobtiie steps of the method described
here and in the following. In an implementatiortfed method, and optionally in
individual embodiments of said method, the elevatmtrol unit comprises a memory in
which the control program is loaded, and also @ggsing unit in the form of or in the
manner of a microprocessor, by means of which ¢imérol program can be executed.
During operation of the elevator system and dudperation of the elevator control unit,
the method, or the method in an optional embodimsmixecuted accordingly by

executing the control program.

An embodiment of the invention will be describedymeater detail in the following, with
reference to the drawings. Items or elements thraiespond to one another are provided
with the same reference signs in all of the drawifidhe embodiment should not be
understood as restricting the invention. Rathethiwithe scope of the present disclosure,

numerous modifications are possible, in particthase variants, elements and
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combinations which, for example, can be inferredlperson skilled in the art with
respect to solving the problem, by combining or ifyiig individual features, elements,
or method steps, which are described in conjunciim the general or specific part of
the description and are contained in the claimgaariie drawings, and lead to a new
subject matter or new method steps or method sigpenices through combinable

features, and also if they relate to testing antking methods.

In the drawings:

Fig. 1 shows an elevator system comprising an &ewar and a brake device for
braking the elevator car;

Fig. 2 shows a possible embodiment of a brake devic

Fig. 3 is a drawing to illustrate an implementatafrthe approach proposed here for
actuating a brake device;

Fig. 4 shows an alternative implementation opteng

Fig. 5 is a graph of a calibration process.

The view in Fig. 1 shows in a schematic and higityplified manner an elevator system
10 of a type known per se, comprising an elevadorl@, a suspension cable 14 for
moving the elevator car 12 and a counterweightrithe end of the suspension cable 14
opposite the elevator car 12. The suspension dabie guided over at least one cable
sheave 18. The cable sheave 18, or at least dhe oable sheaves 18, is driven by
means of an electric motor that functions as aed?®. In order to brake the elevator car

12 during operation of the elevator system 10eastl one brake device 22 is provided.

The specific type of brake device 22 is not esaétdithe invention. The approach
proposed here can be applied to any type of brakiee 22, provided these types are
automatically releasable. The drawing in Fig. lvehthe brake device 22 in a
schematically simplified manner, in a form thakmown, for example, from GB 2 153
465 A. The brake device 22 - as shown in greateilda the enlarged view in Fig. 2 -
accordingly comprises an automatically releasatdegqure element 24 which is intended
to effect a braking action. In order to achieveltheking action, the pressure element 24
is pressed against a counter surface 26 which nrelasve to the pressure element 24
during movement of the elevator car 12. The coustieiace 26 can, for example, be a

peripheral surface or a lateral surface of a bchge 28 which is driven, together with the
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driven sheave 18, by a drive 20, or a surfacegafide rail (not shown), which surface

functions as a brake path.

In the configuration shown in Fig. 2, the presselmment 24 rests on the peripheral
surface of the shown brake disc 28, which periglendace functions as the counter
surface 26, such that the brake device 22 depl®yprtovided braking action. The brake
device 22 is passively effective. This means thatiraking action is always provided
without an external influence canceling said brglaction. This is achieved by means of
a spring 30 in the embodiment shown in Fig. 2. 3jméng 30 is braced between a brace
and the pressure element 24, and the pressurergl@héherefore rests against the
counter surface 26 on account of the spring fof¢bespring 30. In the embodiment
shown in Fig. 2, an electromagnet 32 functions eams for automatically releasing the
pressure element 24 and thus as means for autathatianceling the braking action.
Said electromagnet comprises, in a known mannail athrough which current flows
when activated, and a ferromagnetic core. A pistdrich carries the pressure element 24
on the end thereof, functions here as the ferroetigoore.

The strength of a magnetic field that results f@ftow of current through the coll
determines the force that acts in each case, bypsrefavhich force the pressure element
24 is raised or pulled away from the counter serf2@ against the spring force of the
spring 30. When the electromagnet 32 is actuatednaximum, the braking action
disappears; by contrast, the braking action issanaximum when the electromagnet 32
is not actuated at all. Actuating the electroma@2etwhich functions as a device for
releasing the brake, between these extremes ther@fows the braking action to be
metered and the respective actuating action thiiisedethe strength of the braking action
of the brake device 22 and, accordingly, the bigikamque applied by means of said
brake device 22. Spring-actuated brakes in the furdisc brakes are often used here.
Here, the counter surface 26 is defined by a bd#éethat rotates together with a drive of
the elevator. The pressure element 24 is providddanbrake lining that can interact
with the counter surface 26. The pressure eleméid taised or pulled away from the
counter surface 26, against the spring force osghang 30, by means of the
electromagnet 32. A brake clearance between the lirsing of the pressure element 24
and the counter surface 26 is minimal here wherlbetromagnet 32 pulls the pressure

element 24. The brake clearance is in the ran@@f almost zero up to a few tenths of
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a millimeter. The influence of an air gap in thegmetic circuit is thus negligible. In
addition, an impact noise when the brake deviceedas minimized since the brake

lining almost rests against the counter surface.

On the basis of the drawing in Fig. 3, the ascemtant of a respectively required braking
torque M and the generation of a actuation sigfdbd actuating the device for releasing
the brake (in the embodiment shown, this is thesggtion of a actuation signal 40 for
actuating the electromagnet 32) will be explaimethe following: The respectively
required braking torque M is ascertained by medi@smodel 42 of the elevator system
10. In order to ascertain the braking torque M,tfwalel 42 takes into account a
respective direction of travel R of the elevatar X2 and a current state of charge m of
the elevator car 12. The model 42 receives eleiciatyn processable values for these two
parameters R, m from an elevator control unit 4é (hodel 42 can also be realized as
individual functionality of the elevator control itd4). As a further specification, the
model 42 processes an input value that encodesiedear deceleration Vs. This can
also be transmitted to the model 42 by the elewaintrol unit 44. However, the
parameters can also be input as external paranagtdrthus supplied directly to the
model 42. The desired car deceleration Vs is safeahd adjusted such that there is a
required deceleration of the elevator car 12 arsdgragers in the elevator car 12 are not
disturbed by the forces acting during deceleration.

The model 42 functions as a system model of theagbe system 10 and includes a
mathematical description of the dynamics of thealer system 10. The model 42 takes
into account an elevator mass, a permitted cardaadcity, a degree of counterbalance,
possible gearing factors and, optionally, a cogffitof friction of the system. The
elevator mass comprises inertial masses of the @y of pulleys 18 and of linearly
moved masses such as cables 14, counterweightdléaai?2. The permitted car load
capacity corresponds to the permitted maximum tdatie elevator car 12. The degree of
counterbalance determines the proportion of peedhittad capacity in the elevator car
12, so as to achieve a static equilibrium statheflevator system 10 (counterweight
side and car side). The coefficient of frictiontloé system determines a level of
resistance that counteracts a movement of thetelevar 12 as a result of friction. These
system-specific data can be determined in varicaswFor example, said data can be

predetermined in the factory. Alternatively, saedadcan also be learned by the elevator
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system, for example in a manner as described ifh R0 369 Al.

In the embodiment shown, the required braking terguascertained by means of the
model 42 is supplied to the elevator control udit Bhe subsequent processing of the
ascertained braking torque M can, in principleg étke place outside the elevator control
unit 44, and includes implementation of conventidaactions of the elevator control

unit 44 that are not taken into account and, adéoglyl are not described here, for
example also in the context of the model 42 or limake control unit. Of course, the
model 42 can, in principle, also be realized asviddal functionality of the elevator
control unit 44. For the rest of the descriptidre tonfiguration shown by way of

example is assumed.

Within the elevator control unit 44, or, where apgble, a corresponding brake control
unit, the ascertained required braking torque pricessed by means of a functional unit
that can be considered to be an additional modte.flinctional unit includes an
implementation of the braking characteristic of lineke device 22 and is therefore
referred to in the following as a brake device midde in order to distinguish it from the
model 42 of the elevator system 10. The ascertaieguired braking torque M is
converted by means of the brake device model 46amhanipulated-variable value of a
manipulated variable, which manipulated-variableigas required in order to obtain said
braking torque. The relationship between the mdaipd variable and the braking torque
M, which is a theoretical relationship, or, in athrds, the braking characteristic of the
brake device, is stored in the brake device mo6lelT4is can take place by means of a
table (look-up table) stored as an implementatioihe brake device model 46, or by

means of a mathematical relation stored as an mgigation.

In a brake device 22 that comprises an electronié8thas means for releasing the brake,
the manipulated variable is the coil current, whghpplied to the electromagnet 32. The
manipulated-variable value is the amplitude ofabié current | or the pulse-duty factor

in an electro-magnet 32 to which a pulse-width ntatehal coil current is applied. The
table or the mathematical relation of the brakeai=model 46 takes into account the
spring force of the spring 30 and the electromdgrietce that results in the case of a
respective manipulated-variable value and countethe spring force. In another type of

brake device and a different manner of releasiegtake, there is a different
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manipulated variable and, accordingly, a diffem@anipulated-variable value. However,
the principle remains the same. Processes fortaujuae electro-magnet 32 by means of
a pulse-width modulated (PWM) coil current aredramd tested. Of course, other types
of actuation processes, such as phase angle cont®lerse phase control, are also

known for influencing the strength of a magnetatdi

The view in Fig. 3 shows a configuration in whichal current | is ascertained by means
of the brake device model 46 on the basis of tkeipusly ascertained required braking
torque M as a manipulated-variable value, which @airent is subsequently converted
into a pulse-width modulated actuation signal 48, Ineans of a pulse-width modulator
48. The actuation signal 40 is shown in Fig. 3 Imytmbolically as a square-wave signal
or as a pulse-width modulated actuation signal 40d. as the actuation signal 40

conveyed to the brake device 22.

Actuating the brake device 22 using the actuatignas 40 generated in this way results
in a determined actual braking action and a rexyikictual car deceleration Vi. These can
be measured by means of an acceleration sensgrmeans of an incremental sensor or
a different position-measuring system, such as bgma of an encoded displacement
sensor, on the basis of which a position of theagts car 12 can be determined, or can
be at least indirectly measured. When the elevatstem 10 is braked, that is to say
when the elevator car 12 is braked by means dbtthlee device 22, the respective actual
car deceleration Vi is ascertained. When deterrgittie actual car deceleration Vi, zones
having a discontinuous deceleration curve, whidugdor example, at the beginning of
the braking process, are not taken into accourdréfare, in order to determine the actual
car deceleration Vi, only a reliable region is udédnexpected variations are observed
during the braking process, if necessary the measent is not used further. Unexpected
variations can be effected, for example, by a faulliscontinuousness in a guide system.
If the actual car deceleration Vi is ascertainethis way, an actual braking torque,Ns
calculated on the basis of this actual car dedéber&i and by using the model 42. This
actual braking torgque jthus determines a working point or a test poird bfaking
characteristic. On the basis of this working paintest point, the braking characteristic
stored in the brake device model 46 is calibrateal ¢alibrator 50 or recalibrated. A

calibration curve of this type is explained in mdegail in conjunction with Fig. 5.
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In the drawing in Fig. 4, which substantially refsethe details shown in Fig. 3, the pulse-
width modulator 48 is an individual functionality the brake device model 46, and
therefore said brake device model comprises a tatbteathematical relation, on the basis
of which an ascertained required braking torqueviiich is supplied to the brake device
model 46 at the input side, is converted into § dattor of a pulse-width modulated
actuation signal 40.1 for actuating the brake de2. In such a configuration, the
calibration is also performed on the basis of $wegained actual car deceleration Vi and

the actual braking torque \Mascertained therefrom.

The view in Fig. 4 additionally indicates that tleealibrated braking characteristic (see
graph K3 in Fig. 5) that is determined from theuatbraking torque M is compared

with at least one limiting value G by means of enparator 51. The limiting values G
are, as explained in the following description witspect to Fig. 5, actually limiting
characteristics K2', K2, which determine upperddower limiting values that cannot be
exceeded by or be less than the recalibrated lyakiaracteristic K3. The limiting
characteristics K2’, K2” are selected such thah#y are exceeded, this indicates an
exceptional situation. In a case of this kind eaist one actuator 52, shown in Fig. 4 in the
form of an optical display element, is actuatedpi®ans of which actuator operating
staff or service staff for the elevator system tOaderted to the exceptional situation.
Other actuators, for example an actuator for engjtéin acoustic warning signal, or an
actuator that triggers the sending of a warningsags in the form of an email, SMS or
the like, are, of course, also considered as annative or in addition. If the comparator
51 establishes that the recalibrated braking ckeniatic K3 remains within the limits
determined by the limiting characteristics K2’, KZaid recalibrated braking
characteristic K3 is stored in the brake device ehdé and is approved for use in future

braking processes.

Finally, Fig. 4 also shows a database 54, by mebw#ich the variables that are used
and/or result during operation of the elevatorexsysi10 and when the brake device 22 is
actuated can be logged for the purposes of aranivibleast the actual car deceleration
Vi, the corresponding above-described parametatsitge calibration resulting therefrom

are logged.

Fig. 5 is a schematic view of a possible calibrapoocess of the actuation signal 40. The
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brake device model 46 comprises a theoreticaliogistiip, shown by graph K1, of the
braking torque M effected by the brake device 223 &unction of the actuation signal 40.
In this context, the braking torque M should alsaubpderstood as a braking relation. The
scaling shown in Fig. 5 is not an absolute indaatf value but instead, pertaining to the
braking torque M, it is magnitude information itat®n to the effective braking torque,
and, pertaining to the actuation signal 40, is ntage information in relation to the coil
current |. The theoretical relationship betweenabgiation signal 40 and the resulting
braking torque M can be shown by a parametric fanctn intersection of graph K1

with the zero line of the braking torque M resiitsvhat is known as the closing point P1
of the brake device 22. If the actuation signajd@s beyond this closing point P1, the
electromagnet lifts the pressure element 24 away the counter surface and a resulting
braking torque M is canceled or becomes zero. Hewaf/the actuation signal 40 is
reduced and does not meet the closing point Phrties device 22 is in the control
range in which a braking torque M ensues that spords to the actuation signal 40. If
the actuation signal 40 reaches the value of teecelectromagnet is switched off. The
intersection of graph K1 with the zero line of tiuation signal 40 results therefrom.
This intersection can be referred to as the opegauoint P2 of the brake device 22.
Therefore, in the operating point P2, the springdmf the spring 30 alone determines

the braking torque M.

The braking characteristic, or also the theoretiekitionship between the actuation
signal 40 and the resulting braking torque M, repnéed by the graph K1, can thus be
shown as follows:

braking torque M = spring force value FF - (magnétirce value FM x actuation signal

40 squared)
M2 FF—-(FMx 12)
Here

- the spring force value FF is a portion of brakiogyue effected by the spring
force of the spring 30,

- the magnetic force value FM is a portion of bngkiorque which can be effected
by the electromagnet on the basis of the contgnladi40, and

- the control signal 40 is the signal correspondmthe coil current |.

Taking into account expected deviations in thea@vsystem, such as frictional
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influences, mass inaccuracies, and tolerancesafdmponents used, the theoretical
relationship is based on a tolerance range K2 .tdleeance range is delimited in Fig. 5
by tolerance graphs K2’, K2". The tolerance grap®s, K2” define the limiting values
G and/or the tolerable limiting characteristics KiR2”. Actuating the brake device 22
using a actuation signal 40, which is defined anldhsis of the theoretical relationship
K1, results in a determined actual braking actiod a resulting actual car deceleration
Vi, from which the actual braking torque can becaldted by means of the model 42 of
the elevator system 10. New monitoring points T4, Th arise during each subsequent
braking process. On the basis of these subsequanitaring points T1, T2, Tn, a
calibrated braking characteristic K3 is generata@dgithe theoretical relationship, on
which the graph K1 is based. Here, the calibrate#fibg characteristic K3 can, for
example, be ascertained using a standard matheaithod for adjustment
computation, which method is referred to as a isgatires method. In this case, the
calibrated braking characteristic K3 which passeslase as possible to the data points is
sought using the data points, which are predeterniy the theoretical relationship and
are shown in graph K1, and using the monitoringntsol' 1, T2, Tn, which are also
logged. Provided this calibrated braking charastierK3 is within the tolerance range
K2 determined by the limiting characteristics KR2", further braking processes are
carried out using the calibrated braking charastierK3. The accuracy of the car
deceleration that is performed can thus be imprevidid every additional braking

process.

Each subsequent monitoring point T1, T2 can beigeavwith a weighting. This means
that the monitoring points picked up during openattan be reduced in relation to the
theoretically predetermined braking characteristitj so changes in the braking
characteristic or corresponding calibrations chamgg gradually. If the calibrated

braking characteristic K3 goes beyond the toleraange K2, a person skilled in the art

is required to assess the braking system and apat®marning messages are emitted. A
multi-stage alert system can be used here. Irsbdiage, a person skilled in the art can be
informed, in a second stage a service can be regliasd in an additional stage an

elevator system can be brought to a standstill.

The approach for actuating a brake device 22 @lewator system 10, which approach is

described in the introductory part of the descooiptand is described in further detail on
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the basis of the drawings in Fig. 3, 4 and 5,dsekample, implemented in software and
is executed during operation of the elevator syst8rhy executing a control program
containing an implementation of the method propdss=é. In this respect, the functional
details shown in Fig. 3 and 4 and explained hepeesznt appropriate software
functionality of the control program, for examptegtsvare functionality that functions as
a model 42 of the elevator system 10, softwaretfanality that functions as a brake
device model 46 and a routine that functions aaliarator 51 and is realized in soft-
ware, which routine is used in the example forlraling the ascertained required
braking torque MM, such that the recalibrated brgléharacteristic K3 can be supplied
to the brake device model 46.

Although the invention has been further illustrad@d described in detail by the
embodiment, the invention is not limited by thectbsed example(s), and other
variations can be derived there-from by a persdiedkn the art without going beyond

the scope of the invention.
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Claims

1. Method for actuating a brake device (22) of lawagor system (10),

wherein the brake device (22) comprises at leastaoiomatically releasable
pressure element (24), which is intended to etidmtaking action, and also means (32)
for automatically releasing the or each presswgmenht (24),

wherein a respectively required braking torqueroékevator car (12) of the
elevator system (10) is ascertained by means ajdeh{42) of the elevator system (10),
a respective direction of travel, a state of chamye a desired car deceleration,

wherein a actuation signal (40) for actuating a@kwhich functions as a means
(32) for automatically releasing the or each presslement (24), is generated on the
basis of the braking torque and is supplied to daidce,

wherein, when the elevator system (10) is brakedcéual car deceleration is
ascertained and
wherein calibration of a braking characteristipésformed on the basis of the ascertained
actual car deceleration,

specifically calibration of the ascertained reqdibeaking torque or calibration of
the actuation signal (40) which is generated orbdses of the ascertained required

braking force.

2. Method according to claim 1, wherein the calibdabraking characteristic is
evaluated in relation to tolerable limiting chasagdtics K2', K2”, and the calibrated
braking characteristic is approved for further ufsthe calibrated braking characteristic is
within the limit defined by the limiting charactstics K2', K2”.

3. Method according to claim 2, wherein a warnirgssage is output as soon as the
calibrated braking characteristic goes beyondithid determined by the limiting

characteristics K2', K2".
4, Method according to claim 1, claim 2 or claimm@erein, proceeding from a
required braking torque, a pulse-width modulatddat@n signal (40.1) is generated as

the actuation signal (40) on the basis of the calléal braking characteristic.

5. Method according to any of the preceding clamtgerein, during an
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initialization phase of the brake device (22), edafined or predefinable number of

braking processes and respective calibration obthking characteristic are carried out.

6. Method according to any of the preceding claiwigerein an expected braking
period is calculated in each case on the basiseodi¢sired car deceleration, and wherein,
after the expected braking period has elapsedidtuation signal (40) is predefined such
that the brake device (22) generates a maximunirigagrque.

7. Elevator system (10) comprising at least oneagte car (12) and a brake device
(22), which is intended for braking the elevatar @), and a model (42) of the elevator
system (10) and an elevator control unit (44) faoriting the method according to any

of the preceding claims.

8. Elevator system (10) according to claim 7, wimetiee brake device (22)
comprises at least one electromagnetically disesefalg spring-actuated brake (24, 30)
and an electronically actuatable electromagnet f@2)isengaging the spring-actuated
brake (24, 30).

9. Computer program having program code meansaioyiag out all the steps
from each of claims 1 to 6 when the computer pnogisaexecuted by means of an

elevator control unit (44) of an elevator systei®)(1

10. Elevator system (10) according to either cl@ior claim 8, comprising the
control unit (44), which functions as a means faariting the method for actuating the
brake device (22), wherein a computer program aiegrto claim 9, which functions as
a control program and can be executed by mearteaevator control unit (44), is

loaded into a memory of the elevator control ut)(



