;e3edd| | }<A6TAmQ~ ~ ~u~ 202 Internati.onal Patent Application PCT/ EP99/ 00790
KNORR- BREMSE System fur Schi enenfahrzeuge GrbH Qur Ref.: 2374 PCT E/ MSP
Bii/du April 25, 2000 New Introduction to the Specification The invention
relates to a brake control according to the preanble of Caim4 ap@tt 2
met hod according to the preanble of Caim10. ., y A device of gh tap i's
known from U. S. Patent Docunent US 4,743,072. There, a brake pressure

regul ating device for vehicles is described, in the case of which, by way

of a brake value generator, the driver defines a brakin rogpt signal or a
desired vehicle dec&QQQEHQﬁ?QﬂﬁﬂtHﬁ?%ﬂﬁlﬁﬂpkkﬂﬁRﬂQ?(ﬁQﬁ%éﬁ%ﬁiQQVQ%
measured by neans of wheel sensors. The regul ating device has a correction
val ue device whi ch, KNPREERENGR Sfsteenfe iUk iSsih isarandahnaaigs Saty pr onpt
signal and the neas@ur \Refi ci ke AE &/MHF, BR@U i es the brake pressure
control such that tH®Richidde 2%l eration pronpted by the driver is
reached. This is a classic continuous regulating, in which case several
channel s are provided for the individual regulating of the decel eration of

i ndi vi dual WesetIntroduc JUIt X0 Speifueatiion of Amended Page 1 U. S.

Pat ent Docunent 4, 805, 105 descri bes a pressure control device for road
vehicles, in which a regulating intervention takes place only if the

di fference between the brake pressure pronpted by the driver and the
actual | y exi®td nhnbemktopr esdatesi s®ud sbadeka deftned rangerdfug opearthe

Pat ent Docunent EP 0, 630, 788A1 descri bes an el ectronic brake pressure

cont r olpmeaanides faff Gladthitl - axdetovoadmeehodl eccomndihichol ahe persmtd earcet
provi ded and the brake pressure is regulated as a function of neasured axle
| oads. dlaSm Rat.ent Docunent US 5,501,512 describes a device for calibrating
pressure neasuring transducers of an el ectropneunmatic brake control of
towi ng vehicles. Anepded Page -1 a ? 1 JtlIL 200? When braking vehicles
and vehicfe trains, the driver, by way of a brake pedal or a brake |ever,
normal |y defd nisrixalest reigi yat yise of sakhoakeftomnce.or ehtandedoresherehivg e
decel eration (so-called braking pronpt). However, the actual vehicle

decel ergtia@) core .t hehkasi,s aobrbhespbesking PEOId t topedwtsi @ forphehaldlley of
paranmeters which are not known to the driver, such as the condition of the
brake sist gasctiBed padimgtht tdigsevebEchbiidile By opeyofof he reaské gradient ),
t he adhesi on val ue between the road and the wheels, etc. For exanple, in
the casprfratidrgetdrr rivierhasrihesehopeakery stdRPPtLibAL) g deeittha
brake system in which case the braking pronpt was the desired val ue and

t he neasyied eACleal1¢ehitclen, degel eeaki oact@sl t heecd ual acldieftidie is
regul ati ng. However, this resulted in nunerous difficulties. A main problem

arose heGaisR Dbyt hedmetot hathetthesensd @t Or shef régil a¥ ehgchevheakeasy st ens
ark operated, relatively long dead tinmes occur which, in the case of

street e o ¥RleRl eviiket RRiCANIENOEHE. velE WS devriaddidd Ptwen
relatively long tine period (pressure buildup tinme) is required for

bui | di RehelPbtder iy aﬂtﬁ::&ﬁpf: 0LGEnWhi Gihd StHY/ Phéabhye | Behhe1bamar Qe rhtaeeond.

Because of the inertia of such brake systens and because of diverse natural

frequengias ifs URIRY CaYIRDC A RICIcOtRAl @ such  that the vehicle
deceleration prompted by the driver is reached. This is a classic

continuous regulating, in which case several channels are provided

for the individual regulating of the deceleration of individual

wheels. QT
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conponents, regul ated braking operations can cause considerable -2 ~t 2
~UL 20~~ Continuation of Anended Page 2 jerking within the train qngﬁhi%ﬁ
which is extrenely undesirable. Thus, because of the above-nentioned 02
difficulties, a stable regulating with a feedback in the classic sense,
that is, wth a continuous signal feedback, is hardly possible. Another
difficulty, which stands in the way of a classic regulating, is the fact

t hat , ﬁﬁéglFHétéEPuaﬁ faeneedf PeEE vehicl e decel eration is defined by
differentiating rotational wheel speed signals, which are supplied, for
exanpl e, by inductive wheel sensors, relatively high percentage-rel ated
errors can occur which are the result of the scan timng and which, in_the
case of strHBefecaPateate Domimeat] # 8P 3 HO T ARRCILEIDR NPT EFSeEONESNt Thbse
errors present an additional difficulty with respect to nastering the

regul ademngcel forsroddredhieles, o ediidf a FeguAesangonnterpeotidn bhakeske
control and a nethod by neans of which a stable braking can be inpl enented
accor dphgceoconhe if ither ddé farendedbPiyeen2he brake) girez@iZz e pmompteldeby
braki ng pronpt in the case of arbitrary paranmeters influencing the braking.
Thi s obhectiriseachnedyadebaamerisl yofextist iclpractks imtessuradi g adedside Chai ns
1 and 10. Advant ageous enbodi nents and further devel opnents of the

i nvent defineé fengd.in the subclains. The basic principle of the invention
consists of arranging a regulating system behind the control, which

regul ating systemw ||l y intervene by neans of a correction signal only if
the devi ati on between the braking pronpt (as a desired decel eration signal)
and the actBakogean! emaiteat ofDédemerethi cER | 9©,6805i7d8aa defd etk seangean The
corrected brake pronpt signal will then be constant for the further control
as | onglastibriaberekenpresesraevoatirod idewidehi fotha daflitiedriangeoad

change of the correction signal will not b2 effecfive until the
above- ¢BRL £DAE UL Gl & Adh AbAS sensdrdeatBeptieri dedl-addrge brike FpeseehroN
signal will be kept constant for one or several clock pulses as |long as the

di ffergpceefelueen tbea"Eastanbanegusedecetarakion sagsal” and the desired
decel eration signal is within a defined value range. In contrast, the
correction signal is changed fromone clock pulse to the next when the

i nstant aneous decel eration is outside this "tolerance band". -3 12 UUL
202 Conti nugt §0n wft MENHEduRage I1d NSCOIPREL S0l 3 HelsASE ! @eARA0Yfor
control or a conventional digital control, in which, during the entire

regula&amgbggeiﬁgi@9esgueenhéagpyahFaefsnéauégﬁéiaﬂoyﬁ!alééérgack_and
processed, in the case of the signal processing according to the invention,

t he i nshaphapeeusrareet8hatboNor WbkiingaheRecvager stood to be the
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control variable, will be processed, that is, used for generating ahe
correction signal, only when the difference between the desired ¢ JuL 2002
decel eration signal and the instantaneous decel eration, which can be
understood to be the "regulating deviation”™ , with respect to its anount
beconmes too large, that is, is outside the tolerance band. Wen, in
contrast, the regulating deviation is so snmall that the difference is
wi thin the tol erance band, the instantaneous deceleration is not processed
and the correction signal is maintai ned unchanged. Amended Page -3a |? Z
~UL ?u~~ Since the "regulating intervention" takes place only in the case
of | arger deyiations ,and otherw se the control is _unrequlated, th
Cnitially mIAERoREaRIREd VEPIEL Sna T dSEAFLSDIPARS 1 FHEs CEan Be MistE¥ed
better. In addjtion, existi rake systens c be retrofitted with br ake
cont r oPfag RFIFAPE Y 1RF iang’gﬁﬁ)‘reoﬁe\')ﬁe ho%?r'ﬂiﬁ}ﬁg‘%%l%r?géieﬁé&%we pe
conponents of the existing brake _system The jnvention can be inpl epented
as a h&fdRam¥Fad& HIKAE i9F 1Pk # ofRPeFednveneet fodrPEePratiiPRad SRerridgda
software solution in the formof a conputer programfor a )
pr ogr akFasAngr BEPERtPr ocEOWEV S &%iea CERBLnYEPARL6f OERElERGLGRULFoRES
Particularly a software type inplenentation allows a very cost-effective
adapt abr6aSoPLt kEiex PEakA§Ib PIREPEoREPSNAE0OR BePLurALlENI fePangmesers
certain application conditions. According to the invention, a neasured
"cour sthigh @&recartsekneyn t f aethes drdveri nsight @fedute deerf bl bR oRfsityaal s
cal cul ated from speed signals is snoothed. According to a further
devel oprehe slysties,i ientlerding nefsthedvebdgrse" tdre sleprired " the road
ti me-di screte instantaneous -4 ~ Z JUL ?00? Continuation of Amended Page
4 decellgratientsi grrdles adhesiom hedlughbstwarss tpeacwadch andit the swbeehed
i nst ant aneous decel eration signal is fornmed froman actual neasured val ue,
whi ch ebpresBar sexdmerlastianttditecasedefesereetonraf ithdashhelreforenthebnom
nmeasur ed val ues of preceding clock pul ses. The snpot hing takes place by a
speci akttempeedngonreghletesitdes bokkeheybaen, t hat wainbnbeseothsubreksingel y
t aken neasured val ues are weighted differently and a wei ghted average val ue
i s forpedmbtomwddesheredgbi red maslreedandl uds heashiredcass,uadlhevekighei ng
is defined such that the neasured values which, with respect to tine, are
cl ose Bectheractval wapashe iamgysdl ntalive biEneharesgwl gidmeyg. hilghervetrhanhtbe
nmeasur ed val ues which are nore renbte with respect to the tine. In contrast
to a fregquénegd inl|memenoys fdifxantiess ( canhaingororl Hagerdse becafsendéd
Page -4a

the fact that when actuators of rail wvehicle brake systems are

operated, relatively long dead times occur which, in the case of
streetcars, are typically in the range of 0.7 seconds. In
addition, a relatively long time period (pressure buildup time) is
required for building up the braking force which is typically in

the range of 1 second.

Because of the inertia of such brake systems and because of
diverse natural frequencies of undercarriages and other vehicle

components, regulated braking operations can cause considerable



1 Z ~U~ 20.72 nunber of successively taken neasured val ues are wei ghted
differently and a wei ghted average value is forned fromthese wei ghted
nmeasured values. In this case, the weighting is defined such that}ﬂﬂbJUL ﬁmi
nmeasur ed val ues which, with respect to tinme, are close to the actual
measuring point in tinme are weighted higher than 5 the neasured val ues
which are nore renote with_respect 50 the time. In contrast to a frequency
fiIter@%@ﬁl?%ﬁtH%%dﬁfe@m%Qdﬁgaﬁ%g%f a lowpass filter, no signa
transformations are therefore obtained in the tine range. By neans of such
a snoot hing of the course of the deceleration signal, errors can be reduced
whi ch are made during the neasuring or during the calcul ation_of the

i ndi vi bREiring e thginyitder EraipnSeume BHeRbUY Her a¥tsamelpindrs s - t hi s
results in a snmoother course of the correction si.gnal and therefore in

br aki Mgprwher RecrEsa (Gf f &g poPve-mepEsPAPAg €oTAirulthes. devel oprele of
the invention, a "correction signal 1 S gradient” formed by two successive
cor r ecréphl at frml withnat heedbapk an the elessdicngesiseor thied fisd | iwifibet ow a
defined positive or negative maximal gradient, is limted to this maxinmal

gr adi esent iMucuhasignel afisedrage, t hathardy aregsdrl¢olts and resul ting
force inpulses at the vehicle or within a vehicle formation during the
braki ng operation are further mnimzed. This reduces the nechanical stress
20 to the vehicle, and the travelling confort for the passengers is

si mul t aneoshgtharcr daséd cullnyt, hevdiodh oatagdst her | thentwiagn of | b bel @xqpl @i ned
in detail by neans of an enbodinent in connection with the drawing. -5 1
Z JUL reguiltattimyy el d tilee £addtothadi, agham dheaabtakk cabheodbf atlcorekingcle® t he
invention; and Figure 2 is a schematic bl ock diagram of a brake system of a
vehi cl@dedeldratidrs g udepitedd b @i Hfekentciat 1ol wocor bl twhddle speed
invention. In Figure |, a generator G which may, for exanple, be a brake

| ever ,sppiel &t esvhd a¥echasi calprsl it  \dbirchexdmpleandyof iAGuctive wheel

el ectro-nmechani cal converter 1', is converted to an anal og el ectrical

br aki ngenyorgt s lgialve3AZ Higth PR rideethbai-trelaitbdasdrvhisChart ek ©S€ NS ¢h
desired deceleration of the vehicle to be braked which was requested by the
dri verarelhtBebriakdulxr ppdnpithsi gpah BA%irsgy and which, in the case of

streetcars, are typically in the range of 100 milliseconds. These
errors present an additional difficulty with respect to mastering

the regulating. :
It is therefore an object of the invention to provide a brake
control and a method by means of which a stable braking can

be implemented according to the driver de-
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supplied by way of a signal converter, 1 with an integrated A/D converter as
a digital signal BAto a jolt limting circuit 3 which limts the ¥Psiymg
and falling gradient of the signal BA and emits a "filtered" braking ﬂﬂon%mz
si.gnal BAR If 15 the signal BAZ defined by the drivers changes, for
exanple, in the event of an abrupt initiating of a full braking or a sudden
rel ease of the brake, the jolt limting circuit 3 has the effect that its
out put signal BAR can change within a defined tinme interval, for exanple, a
cl ock gulse, only by a defined value in conparisgn tqQ the previous clock
pul se. T¥RIBIf itheer B2 BLBR| RF PRSPt sEGRalCHEER PS (HPLFambr RAFEMBEEHEL
signal of _the control which is supplied to actuating el enents of the brake.
I n t helghdeeneingethAvbrBkaRI-this signal is nodified when certain
operating conditions occur. An adder 5 is provided for this purpose, to
whose one input the signal BAR is supplied and to whose other input a
correction signal -6 1 Z JIJL TO-Z Kis supplied. The output of the adder
5 then suppThes tdhjeont isl sthhaved fppreedst f heébect charagtereabhcs of
the brake. The correction signal Kis generated in a subordinate control

ci r cui indfFoat&dt i £iadmse andy 1 AeaAfvan; adeoudeaticshialerdseeddof ushbeor
several wheels of the vehicle, a neasuring sensor Mdetects a signal v

whi ch depetepmestthefi hbeannspebdenspredfotindhénvehecbebahdimbich is
differentiated with respect to tinme in a differentiaton 8, whereby a signal
bi is obtained which represents the vehicle accel eration or decel eration.
This signal - which, in the following, will be called 10 "decel erati on
signal" - iShenbasiedpaiatypitooédtha anvenbignetenentt40ofi armhanghngase
the nenory element 10 can store several successive neasured val ues, such as
four orefuvetsngcesstam elcth@rtdie aortixglyl srhithe raetdbediat apssegnaill
measured at thg actual point in time and several 15 deceleration signals of
pravi oust 61oeke pblysenadat esfi aedoduerngonr ecgdialg oMMgs Urfe nEmd sdangasioned
in the nenory elenent are supplied to a filter elenent 11 and are
"filtepetweby the Bhekingtprompentat dldesipedi gétalenytboncaighil eand
which, in general terns, 20 carries out only an anplitude standardi zation
of SUCERESh¥EUAE R € BéTONI 6h OBl thduteHieller aguenty itiel heabpgneadrahys.
snoot hes the tinme behavior of the signal course formed by the decel eration
si gnal she Therkastedpiratiep| grafipt héSgial t wilToBReAt Heofcdhi dractfdhathé he
actual deceleration value is nultiplied by a relatively high weighting
fact or funbhée ¢her 86T SRy alHesbolet henpieaed B8viation is within

the defined range. A change of the correction signal will not be
effective until the above-mentioned deviation is outside the

defined- range.

The correction signal will be kept constant for one or several
clock pulses as long as the difference between the "instantaneous
deceleration signal" and the desired deceleration signal is within
a defined wvalue range. In contrast, the correction signal is
changed from one clock pulse to the next when the instantaneous

deceleration is outside this "tolerance band".



2 uu~ zoos neasurenents are nultiplied by smaller weighting factors. The
i ndi vidual rmultiplied values are added up and are divided by theéf?n1of t he

i ndi vi dual weighting factors. This relationship is defined in thd £oJllow0id
calculation formula: 5 GOb0 + G1 b 1+ .... + GnbnF~ bO+b_ 1+ ....
=bnil10 1520 F =0EG bi i==n0EDbI i=-n;i, j, neNwherein Fj is a

decel eration signal snmoothed by the filter elenent 11 at the point 25 in
tinme j?Omhﬂéhaﬁé@él@ﬁaﬁﬂ@ﬁd§ﬁgﬁégecérresponds,~to t he snoot hed signal b of
Figure 1. Fj is calculated fromindividual deceleration values bi, wherein
by corresponds to the value of the instantaneous decel eration signal of the
actual |y considered clock pulse, b_ 1 corresponds to that of the preceding
cl ock pul seInecempard Soacttsr R G 1 a5&L e Rk h CPRIY @k sohpchoavent agegéd
corresponding to the 30 decel eration values bi, wherein the foll ow ng

appl i edipgétel Gntopl, 1inThaschi Muringithehgntireoneguhetdho ohanathen,
"present” but neverthel ess causes a snoothing, so that undesirabl e peaks
are avai dedtiolt merdebékeriat contdhynakly. fed backlard-~-p20068sBed,t ir phepose
of a clarification, a concrete calculation formula will be 5 indicated in
the fokthewi it thewWsignali npaddessingt actbedingt and anheusirdesred ssrat | dhe
signal b 0, four values preceding it are taken into account and are

wei ght ¢dscantaspondi Mpdel e Torsucebhsshomram be nmrieratansi of owdeghthag
factors 1 to 5 F=5b 0+4b1+3b2+2Db3+1Db-45+4+3+2+1 10 Wien
filtertogtitobctaphabaee wied be phbchstbd, athatenss tseédofeurgeheeatliyg it
is possible to arrange the differentiator 8 behind the filtering el enent;
that ighet@oftréstidnldinspeaethisi ghehstNe alik feratidd ®etRideat ehsubasiueat | y.
The snoot hed decel eration signal b is supplied to a subtracter 13 and is 15
subt r agtedlehet eohr eiighhe khlt ehedihsakhDgnpbasPic6e V8Lt BOR, BiivAYce&h a
switch 15, the thus generated differential gignal ~b is supplied to two

conpar Bt oksddrs Bk kb BEhe hewr ¥8hulst i fig usedi {0TosW hahingeiedtheocopsr ol
amount becomes too large, that is, is outside the tolerance band.
When, in contrast, the regulating deviation is so small that the
difference is within the tolerance band, the instantaneous
deceleration is not processed and the correction signal is

A

maintained unchanged.
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circuit, which is arranged on the-output side, at certain operating
conditions; for exanple, when there is a falling bel ow a defined,m ni num
speed of the vehicle; 20 at certain |ocking conditions, for exaﬁbﬂeJUthmz
all wheels of the vehicle have the tendency to | ock; when the bl ocking
brake is engaged, etc. In the normal condition, the swtch 15 is in the
illustrated ON-position. The conparators 17 and 18 are each foll owed by
multipliers 19 and 20. 25 The arrangenent of the conparators 17 and 18 and
of the multipliers 19 and 20 has the purpose of providing different

regul ati ng atmpkif tbat i"arepfler ipes| in tearvasnt iregatt akee gleyl &dé oonsy ghal shab.
Conparator 17 therefore allows only a signal ~b 9 1 Z JUL 2002 to pass
whi ch tase Of MWrder cuipalsicrs hhdabt haswosk ytive Siitato0l f anpagalwbeah is
< 0. Inthe multipliers 19 and 20, the correspond-ing signals are then

nul tipthedihyttibe19 fbateBhehagkats tkheandni2prébsairanBlii TBupstenast b¥no,
the two conparators 17 and 18 are bl ocked; a "regulating intervention" is
not neggsgat¥eragiBeceudiput signals of the nultipliers 19 and 20 are
supplied to a conmon connection of a switch 22, which is controlled by a

| ogic signal F of a wi ndow conparator 24. The filtered braking pronpt
signal BAR and the snoot hed deceleration 10 signal b are supplied to the
Wi ndow conpapakgh; 4on Thex DEKhG O PEICEy i iR lc AR $-eHoiriiRll@dwh Bhaa
first multiplier 31 by a factor Al and i'n a second multiplier 32 by a
factor T u ' : LRk LRI S d . aLer 6o in
t he coﬁﬁ%&gtgggeggﬁaﬁgﬁg%aa#ghe%hghgegg#EPg%?gnﬁé?gﬁgﬁ B;g+ﬁé Egngggg grs
33 and I hr.es d o} t and 36, 15 in

ahi oh TR O e R e g 5 Bk aor 33 1o
smal ler than or equal to O or whether the output signal of the conparator
34 is larger than 0. The output signals of the two conparators 35 and 36;
are |inked w.th. h [ : ' i ts .t i gna .20
By neans of %%ell\?mpﬁﬁggvg}éo%%r% g& p@%geg‘%%% %% a}\gqr?gxg%%qg( If,&ﬂﬁ&%ﬁ% Ql@) L%%d
(BAR * - p)_J s defl : 1 ned t e .hed .

decel eFé%Po%Ps?%neél ﬂ@vﬁa{&% n trEI sg%vg %Zé ?%%?Oﬁwﬁ%dgw%%%ﬁ&t Eh?ind
the pogiiionco i iLnd i pec e T e jon_val ue
b ar o HEFEr B neq bRy Br e Bl R RN ket Or e O R OER e G B AL E o

5|gnalag éscb%gination of the two solutions. Particularly a software-

type implementation allows a very cost-effective adaptation of the
existing brake control to a certain wvehicle and to certain

application conditions.

According to the invention, a measured "course" or a "course"
of time-discrete instantaneous deceleration signals calculated from

speed signals is smoothed.

According to a further development of the invention, a

measured "course" or a "course" of time-discrete instantaneous



~ 2 JUL 200Z within the thus defined wi ndow, no correction of the braking
pronmpt signal BA.Ris required. If, on the other hand, the signal b is
outside this window, the switch 22 will be in the position iIIustraﬂeﬁ\km
Figure 1, and the difference signal fib, as re-quired, nodified by the Zm”
factors K1 and K2, by way of a gradient limting 5 circuit 25, wll be
supplied to a nmenory 28 to whose control input the signal F is also

suppl i eenbinEREIRPNBEWAEERHERaPBBS24. The nenory 28 will then store the
gradient-limted differential signal ~b which is nultiplied by the factors
K1 or K2 and which is supplied as the correction signal K by way of a
switch 52 to an input of the adder 5. The gradient limting circuit 25
oper at 8sceherpbioams inakhnt® s5ookdefol t Thibt itekes relaee 3iandpay it s
within a defined time period of, for exanple, two successive clock pul ses,
only asmagthet thabgetayeougaidarienaiign stgaadutpuforxnehdlrdn e ahbuaknory
28 is conpared in a conparator 50 15 with a fixedly defined negative val ue
-X. Theesatpeat vajneal whitheremprpeerdtothBOiostentleseomes seicetkrBRioht of s
the purpose of this neasure to permt negative correction values only to a
fi xedl yhdefrehédleal uendx frdhembaakirag padbups of gnakcBARngnfitotkdphysehe
driver can therefore only be reduced by this value -x. This prevents, for
exanpl Eheaswoaphthe tekeasplacofby e dSpeakall f ilherdage wat cancopbikkbs26f
braking. If the output signal K of the nenory 28 is negative and

mat hemahécfbby skl er rundert et vlamesadvdlhe tsakdre hméRsuseswrathed, arad a
fixed value -x is supplied to the correspondi ng i nput of the adder 5. The
val ue wgightedl goflfersakeot addat aerightdaveraRetinge raslufohged herom
braki ng pronpt BAR but only corrections are to be permtted which increase
the brekese peaghiteBAMeaslred aluws .out put thtigndask oftHevad disloivng is
conparator 24 indicates that the snoothed deceleration signal b is within

the W gdpvhelihgusmi t 6l 22hd S ireiBdralad WhE EQr Waeh eBspakuetK tsme,
mai nt ai ned which was |ast stored in the nenory 28. For this purpose, in the

Wi I'i Ngadé ag ek fo Rl iR thall ReagUkRHY ©bihbei MBI 228 Rehi§heeANREEBErW th
the other input 30 of the switch 22, so that the output value of the nenory

28 is cHRR! tkd ay@Ye@fviNee SWHIdh 2dandridecticad @At kBEHERE €brenet 25
to the input of the nenory 28. As a result, it is achieved that a

correcgi@a, vatHeconeadet eonhnededuehdy £018eriggyi ndr SkahPeeyal ue range
defined by the conparator 24 will be nmaintained until the snoothed vehicle
decelqu@ﬁggngeagghnpgﬁgvgs.the defined val ue range. The following wll
expl ai ned concerning the val ue range of the w ndow

AN
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conparator: 15 If, for exanple, the constant Al has the value 1.0 anc~the
constant A2 has the value 1. |, the logic signal F emtted by the,uzn ndow
‘conparator will have the | ogical value "1" precisely when the val i tZBZ
decel eration signal b is in a range between 1.0 tinmes the value of the
braki ng pronpt signal BAR and 1.1 20 tinmes the value of the signal BAR
When t he snoot herurndess@lf sheaepsively itakenimdasured yalues are weghied ddfessnalycadraange”
defined by the two constants Al and A2 as a function of the value of the
signal BAR, the wtigheU aleregs vdleds fymich€ron theaww ¢ gitpdmahairedéhlwds] In fhéwve t he
| ogi cal value "0", which corresponds to the illustrated position of the
SWtch 22. -12 o450 AneWeighlRZisdBiAdEUEREG: @b rﬁéﬁﬁn&?ﬁlﬁé&lw}i’i&ﬁ Ryith8spect

regul ating intervention |IIustrate in Figure four di fferent cases can

occur which wll N fol l.owm n n 1

for exanpl e, havtloﬁlgmf\:/aFecg Saﬁit}&'ac%gmisuimg p?ﬁt gl&gnel r‘ié elge}ﬁédslaph | ptl on
of the four cases wll rel ate to the position of the switch 5 52

i |lustrated in Fingaeasured yalugssvitich g meseiemade VHAFCSPeRE (/e tiEnco N 6Rrasy gnal
29 is greater than the negative value "-x") In a first case, it wll be
assuned t hat t hetosnfrequendy fidtcengs fat exampdd, dyahedns pbared-fasofitetheo signeld

signal v is equal to 0.95 tinmes the filtered braking pronpt signal BAR
that is, the actualsfdapabey atiliefofe SHTEhéEn thbdimd fRAAgs eBIngdans bosuchG
prorrpted by the driver, in which case the signal b is outside the tolerance

band. In this ca otfnrﬁ o?'tffb%hr&go??r& d%cél&gflﬁ?é Péﬁ'éﬁﬁ)r Qan,besr@dﬁcléélﬁ,vhﬂaﬁ

switch 22 is int ustrated position an menory el ement

switched into a stor r.ea condi.tion ce e atlon of
the veniclo i sHiT ?%Pﬂg%ﬂi’ﬁaeaa‘é%rmdgnps@h %ﬁ%&%&*’@*ﬁ PREAE BbE°" be
differenti gnal Ohbh will be positive 15 and w t.herefore be ltiplied
in the mull 5. pli eﬁhsqrgteupsterﬁénqoaé@5@@@%%Cmflhr«' va@lf'eﬁblf feaftw %F‘@ﬂ&ger 21 by
way of the switch 22 to the gradient limting circuit 25. Signal 26

i ncreases its vatawsemfithe coreationdignat andhthedefars ipbalingewetsyionhwithriawrent
limting circuit 25. The nenory 28 correspondingly increases its stored 20
val ue. By way ofjoltke switch 52 in the illustrated position, this value is
emtted as the correction value K and is added to the braking pronpt signal
BA and the signal S rises correspondingly. The vehicle deceleration wll
rise, specifically as long as the supplied deceleration signal b is noving

into the perm ssible Xalug LAPR Ak dIBoMIHQFURINPREE A cohectiol sRihEN case

its output signal F assunes

15 gradient" formed by two successive correction signals, in the event of the
«:  exceeding of orthe falling below a defined positive or negative maximal gradient,

is limited to this maximal gradient. This has the advantage that deceleration jolts

and resulting force impulses at the vehicle or within a vehicle formation during

the braking operation are further minimized. This reduces the mechanical stress

20 to the vehicle, and the travelling comfort for the passengers is simultaneously

increased.

In the following, the invention will be explained in detail by means of an

embodiment in connection with the drawing.



-13 12 ~~~ 2002 logical value "1 ". The value in the nenory 28 wil|

remai n unchanged as long as the signal F has a logical value "1". It} IJUL ?CG
‘be assuned that, in case 2, the deceleration signal b will be 5 _ increased
in conparison to case 1 and will, for example, be equal to 1.05 tines the

braki ng pronpt signal BAR and will therefore be within the tol erance range.
In this case, signal Figws! ismeléakgiiggrhmwvéh bmke cdnttol agpdrding todhemvedtmnswi t ch
22 to the contact 30 and sinultaneously switches off the storage readi ness
of the menory el an@nt 28. Although, in this case, a differential signal ~b
and therefroma signal 10 21 continue to be generated, this signal is
further processed. Tn this case, the value 29 of the precedi ng cl ock pul se
filed in the nmenory 28 is again supplied to the adder 5 as the correction

signal K and the output signal is farnmed therefro It is assunmed.that in
the third case - for E)‘(%i‘ﬁ%gé;s aisgheénast\?&g%rﬁ%‘é‘ﬁgrag’l %{C‘I‘(g]ﬁ?geﬁmtg’g Oﬁ.satﬁ%“cé%ot hed
deceleration signal b is equal to 1.2 tines the filtered braking pronpt

si gnal BAR’and i ¥hithds efiyipredhyidh A brake spefeoltapeordinB de HISdRVEBHAR so t hat t he
switch 22 will be switched back again into the illustrated position and the
menory el enment 18 is changed into the storage-ready condi-tion. The
differential signal ~b is negative in this case and is nultiplied in the

nul tiplier 20 by the ZQF{@eé ofa F&mer%ﬂ_@!wﬁ@ﬁ%é}g o, bee Wwhedicost
limting circuit 25, the new value 29 is witten into the nmenory 28 and is

supplied as the i,0 I OF g A It is
assuned that in ggé%%g% r? glgglléagl?%!a Sg#%gt“{]}g%’ggggfeg?sap Fi]aginelgftéo;_g% EJAg‘ml%é?&equal
to the filtered braking,pronpt signal BAR  so.that.the differenti si gnal
0b has the vl ue CORerERLT ey B dorives il ok g prhe el B AR e |

that no correction signal Kat all is emtted. Thus, the output signal Sis
equal to tWe 5 f {the 380K A wiychy Faprgsents aglssiredaareleration of (ha Y dwenta by
manner, it is pointed out that the control with the regulating intervention
accordi ng t o t hebrakedmhidhomacrmgudstedibyttbgdaverd Thisttwakihg promnt algnabB Akas syst em
such that, in certain operating conditions, it is automatically 10 or

manual |y sw t chegulfed by wdieofSandifdh cdibvedter € avrithoeh Bigtadbd/Dibnwitep¥yea dri ven
by anot her component system such as an antiskid system A swtching-off

and an i ntervent iygiapPlioad AL 8 KdIdRU ML 3USRER limik Phe AXAPTRLE falthen al |
axles of a vehicle or of a vehicle formation have the tendency to | ock. 15

Figure 2 is a schemb: 6r Bl Yfghar AhE Wil a YRl t&3a ! DiGkidE pRrEEAiddaPBARONE T O

15 the signal BAZ defined by the drivers changes, for example, in the event of an
abrupt initiating of a full braking or a sudden release of the brake, the jolt limiting
circuit 3 has the effect that its output signal BAR can change within a defined
time interval, for example, a clock pulse, only by a defined value in comparison
to the previous clock pulse. This filtered braking prompt signal BAR is the

20 "normal" output signal of the control which is supplied to actuating elements of
the brake. In the case of the invention, this signal is modified when certain
operating conditions occur. An adder 5 is provided for this purpose, to whose

one input the signal BAR is supplied and to whose other input a correction signal



with the regulating intervention illus-trated in Figure 1 is a conponent of
an overall vehicle brake system In Figure 2, the deceleration cor,tE vmth
i'n

the regulating interven-lion illustrated in Figure 1 is conbined
marked R The braking pronpt signal BAZ defined by the driver is fed to the
bl ock R as 20 wel |l as the decel eration signal i obtained fromthe vehicle

speed v by diffeKekt§uppliedy iThe cH@UbPF ther adder étttwn 8ippHe Hct destrel gigaalsS BAZ

and bi, the decelera-lion control with the regu-lating intervention

gener at es the coruppdied $o theaktuRinghelednents oftppraked to a | oad detection unit
L. In addition, load signals LS are -15 2 .1 UL 2002 supplied to the | oad
detection unit L, in the schematic representation of Figure 2 only one
signal path LS being shown. When | ooking at a brake systemof a train, the

nunber of |oad signal g ls§orire‘§:t1%ﬁ%1§ﬁ§1”l{r§ g[%nergt%&'h??&% ndi€cd IEMH?@%P“

bogi es of the train; e carried by eac ogie is
processed As a functlon f the |b| fer | oads of dIVI

oo es. thd T oad HEPWEPH, Y msaturneghn B dicba weebfkonsitar gl whRe HF

out put S|gnals 44, which are supplied to a converter 45. 10 The, for
exanpl e, el ect r ovghielsmat meanwingesanser A6 dataviceret signalev swhishl Epmacntntthe f or ces
or pressures which operate braking nechanisns 47 (such a brake cylinders or

cal i pers) at t heisstansangoetpbaigpif e, veltloleahd ohichdsdiffelenaftedyithngdpediertahor e
changes the speed v. Froma new speed v occurring in the next clock pulse,

a new decel erati ¢ia 8iffefentialos B eashyMYiglal bSs 8818inBd SURRAIrEREscha thé'eehldle
decel eration control with the regulating i htervention R The additi onal

det ecti on of | oade 8}ttt iShdcaRly AHAREANSwhEn ARHR toh GuiriOhi

prevent in the case of a traint |ng Torces genéfrate ron1the

br ake control signal .S are. su i.ed o br akes e while
the 20 ot HEF bog! BelRiRnsisinbe garetgel Sorgfh 9epPGD:S wa‘:aﬁ?gm%lﬁgfr
Pat ent Appl | cation PCT/ EP99/ 00790 KNCORR- BREMSE Syst ene
Schi enenf ahr zeug&aginemeryglement 102@7%%@?\@1@6%9 Iaeassr%ﬁlueeeeﬁwm ch
28 Feb. 7, 2000

as four or five successive deceleration signals.

The deceleration signal measured at the actual point in time and several
15 deceleration signals of previous clock pulses determined during preceding
measurements and stored in the memory element are supplied to a filter element

11 and are "filtered" by it.

The filter element 11 is a digital numerical filter which, in general terms,

20 carries out only an amplitude standardization of successive deceleration signals
but no frequency filtering and thus smoothes the time behavior of the signal

course formed by the deceleration signals. The basic principle of this filter

consists of the fact that the actual deceleration value is multiplied by a relatively

high weighting factor, while the deceleration values of the preceding



NEW CLAIMS 1 TO 17 1. Brake control for vehicles, particularly rail

vehi cl es, having - a generator which can be operated by the driver for
‘generating a braking pronpt signal (BAZ) and having a control whi i Ut
connected with the generator and which, as a function of the braking pro

signal, generates a brake controll.i out pyt sigpal (S) , -..a nmeasuring
device (8, 10, 1DcaHFUA3ERe %%hegg@éé’é‘?@?ra‘f’?‘gﬁmég éar%ﬂrs'(b hecg‘ﬁ’rvé‘ﬁﬁi)ndi ng
to the vehicle deceleration, - a correction value device (6) which
generates a corr autliipliedsyadiesiarg kddedorn axbanedliviged by ttheesum fof dheelndiidial ween
t he braking pronpt signal (BAR) and the deceleration signal (b), and - a

| i nki ng device ( Sjeightingfacrodi f Tieis rtlagoshakisndefimed riptths ifgiteving Bakhlation
corresponding to the correction signal (K), characterized in that - a

w ndow conpar at offodddd: 1S provi ded whi ch exam nes whether a difference

bet ween the braking pronpt signal (BA.R) and the deceleration signal (b) is
wthin a prsedefi ned range and whi ch generates an output signal (F)
corresponding to the result of this exam nation, -17 12 ~ul 2002 a-:

nodi fication of the braking, pronmpt signal (BAR) b ans of a correction
signal (K) changed with reg%ﬁ)et&fgel SH ‘past takiﬂér\g?e-ace only when the

out put signal (F) of the wi ndow conparator (24) indfgates that" the
difference between the hraking pronpt signal (BAR) and the decel eration
signal (b) is outside the predebprad;rangeb.sand in that the measuring
device (8,109l0, 11) has a filtering device (10, 11) which processes several
successive tinme-discrete mpasured values (bi) of several successively
nmeasured decel eration signals (bi) to formthe deceleration signal (b). :y
2. Brake control accordingsto g.gim1, characterized in that the filtering
device (10, 11) weights the measuted values (bi) differently which are to
be processed during a cl ockKPulse. 3. Brake control according to Claim2,
characteri®ed in,that t he wei ghting takes pl ace by neans of different

wei ghting factors (G ¥j “measured—varues (br) bvhi'chNwer e measured later in
ti me being weighted higher Ot han measured val ues (bi) which were neasured
earlier in time. 4. Brake control according to one of Clains 1 to 3, -18
~ Z JUL 2072 characterized rbjthat the correction value device (6) has a
gradient Iggmnting device (25) which limts the variation in tine of the
correction signal (K, 26, 29),to a defined anount. 5. Brake control
according to Claim4, characterized in that correction val ue device (6) has
a nmenory device (28) which stores a signal (29) supplied by the gradient
limting device (drleidBs _aHQ%l&Htfid}Pstigrﬁl‘l SHEdthéd Dy EBRE! &8nbY 14 REmBLBHEW
conparator (24) has a I ned value.” 6. Brake control according to one of
Claii="Cs J5 10 54, GRA AGHRH d&Sekflioh\nal B5rEBEARID AP s¥BbHE dRKhiE of 6) has

a
Figure 1. Fj is calculated from individual deceleration values bj, wherein by
corresponds to the value of the instantaneous deceleration signal of the actually
considered clock pulse, b_1 corresponds to that of the preceding clock pulse, etc.
The factors Gj are weighting factors which are indexed corresponding to the

30 deceleration values b;, wherein the following applies here: Gj >Gj.j. Thus, the
“past” has a lower weight than the "present” but nevertheless causes a smoothing,

so that undesirable peaks are avoided in the deceleration signal b.



regul ating anplification device (19, 20, 22) which anplifies a difference
signal (Db) fornmed fromthe braking pronpt signal (BAR) and the 1

‘decel eration signal (b) to different degrees as a function of its rﬁre’dz‘édi?&'ﬁ
sign and supplies it to the gradient Iimting device (25) if the output

signal (F) generated he w ndo onparator (24) has a defined yal ue. 7.
Brake control accordi Eé" L&‘BPB’HPBSE'O‘?FN a(ﬂﬁ%{?nfpl‘f;é‘t“i”’tacfo ,cregf’rfﬁf"éﬂéfl“@P?%H‘?ﬁ St the
correction val ue devi ce.wghg) has a limting device (50, 52) which linmts a
correction si gnaind{qajed intiedollqvengemwhipheid afldition éxthie instpntaneousdasaleratinr onpt
signal (BAR) , to a defined anmobunt (-x). -19 ~ Z ~u~ 202 8. Brake control
according to onesighal® gj fomr baluas precediap achrertalzepdintonadcoant andsase twatigtngl devi ce
(15) is provided which switches the correction value device (6) on and off

as a function of I : ; i ; e of an
anti skid signal ,Cg%gﬁggn%%qgé%%%&g%é@gﬁg , ty?gg?{%ggg%é@ﬁﬁg?aﬁé f;a(%:g'upl ed

vehicles, aor the |like. 9. Bgake ntrqgl, a r di to one of Cainms 1 to 8§,
characteri?ed in that_a j oI€g1q+mgt%rhﬁgo%%%?gb'@§?lg\"§ provi ded whi ch
generates the braking pronpt signal (BAR froma signat (BAZ) supplied by
the generator (G and which Iints?tHe"ddrd &tlion in tine of the braking
pronmpt signal (BAR) to a defined anount. 10. Method for controlling vehicle
brakes, particular-ly rail vehicle brakes, wherein a brake controlling
brake out gt signal i ¥hpenfdteaingduhettnms ardnsddi ingwiich it agugrals H.p deudef i ned
by a driver, with the steps of - measuring the vehicle deceleration (bi)
and generating alif€irlyei RQOdsipe t6laefgetiad diferehti 40E8 bdhiid the filehRy ditmédy a

di fference between the braking pronpt signal (BAR) and the decel eration

signal (b), - ge ti I td j ' to the

di fference bet weg%E ?hfgr}g[?g%%r%éﬁ%?gﬁ lsg\{ %ﬁg}) di@&ﬁ?&g{lﬁﬁ?ﬁgg&«l}gel eration
signal (b), -20 1t JUL 2QQ~ - nodifying the braking pronpt signal (BAR)
corresponding to the correction signal (K), characterized in that - it is
exam ned whether the difference is inside or outside a defined range, - the
braki ng pronpt signal ThadRothed dgsgleratiog sigaplb {ffuppladdo dispbErctside aeisveen
the braking pronpt signal (BAR) and the decel eration signal (b) is outside
a defined lbange suhdracted tthere frons éheefiligred brakingi srompt signelaB ARedBy avayedd g bi ) of
several successively neasured decel eration signals are processed to form

t he decel er ati onswitgnadls, (thy .thdsl geddeiitbd ddifferentigli signdloAG! Bi sapplled to two
characterized by differently weighting the neasured values (bi) to be

processed duringcsmfir@els PHhSE18.1 8 he ARG 53 @98 FR SwiRhiFed fMhkloontrol
characterized by a weighting by neans of weighting factors (G ) during

whi ch neasured v Iy | e %ﬁx e . LAt re welghted

hi gher than mas%ﬂgé\%pgé%a%g)gg\?meho rgﬁﬁbggéﬁgag’gr ulggeérga|dﬁlo"lt?1 ?\qngg 13.

Met hod according to ®ne .of Clains.10 to 12, aract.erized limting of

the var fat i on | neREAenERE b abinedRiol 4eineq RiEhS et rBev e © o1
20 at certain locking conditions, for example, when all wheels of the vehicle have

the tendency to lock; when the blocking brake is engaged, etc. In the normal

condition, the switch 15 is in the illustrated ON-position.

The comparators 17 and 18 are each followed by multipliers 19 and 20.
25 The arrangement of the comparators 17 and 18 and of the multipliers 19 and 20
has the purpose of providing different regulating amplifications for positive and

negative deviation signals Ab. Comparator 17 therefore allows only a signal Ab

9.



~ Z ~u~ zooz 14. Method according to Caim13, characterized by a storage
of the possibly limted correction signal (K) under the conditionfh %Ul.t hmgz
‘di fference between the braking pronpt signal (BAR) and the decel erati

signal (b) is within the defined range. 15. Method according to one of
Clainms 10 to 14, characterlzed in that an anplificatigon is carried out of a
di fference si gna‘lO resbyhichisred, WhikRomparaseralid g ws os i sighah Alito pEARhidnd t he
decel eration signal (b), the difference signal (Db) being

di fferent|~~" anpisi € iOedIIasthQanfulmdte'ra)m aindi 205 the eomeipogd-sngynigndls. ard/hdmod
according to one of Clains 10 to 15, characterized by a limting of a

correction si gnazhlu(tlglxed vt fferefiemabatietarddor 2. rH@'?ﬁhMb Ishadtlyak ity onpt
signal (BAR), to a defined amount (-x). 17. Metho ccording to one of

Gaims 10 10 16, ofiAGKI7hE I3 bR iRk % L@?ﬂﬁl e3hteA%n0dn ds ”89‘%?% 0

signal (K) is carried out or not carri € as-a unc |ono
condltlons such vehi cl e speed, .a val antis naI a val ue
of a brake’signa Tﬁe Pﬂtgufﬂg@@lséﬁtﬁﬁ ]lpliﬁrﬁgg dﬂ)@rﬁl %‘PB ﬂ@nFci“ke -22

CAY. A A@QA@QA ALLA L AAO0 A LA AFFLA A Uy. AA A3 AL A3 A

A A3f. A A Ah. ALCOMSEtRaA ARl PRVEBIch(S centipblekpy a]lesis eenald efd winde®] ca] ca]
;]'i]c'(lz'a]a'ﬂ g] ca] ca] capmdtovd4al ca] ca] ca] ca] ca] cal caljcalcalcajcaljc"alUc"al & /
EQD\ZJu&| wr | gb] X] ca] ca] ca] c"alU] c"a] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c"alc"a]c"a]l
ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc a] ca] ca] ca! & #%;

e Lo B oy o LT POARATRhapfl hpefkclaaliad oo oo
e o $if{ca] cal ‘%“EEB]{%@ S“%pllgﬂ hed da°1”ca°l“(‘:%]f§a Pzl 13 Hlp(% Sfaglr{lilc

alcalcalc
a] ca] ca] ca] ca]cal cal ca] ca] ca] ca] ca]ca] cal < *
v o) SELITE bR GO RbTE Ui ot o antisa) Hape 4] GAPEA L A1) 8 peaiya) cal ¢
a] ca] ca] cal ca] ca] cajc aUc
a] ca] ca] ca] ca] cainwhiptiat Zhhcafacwf A] datbitpoBHs@ODhTmultighipr238844re445" 556
J6N6Y6D7F7f 7k77| w mhc”Y] ] ca] ca] ca] ca] ca] c2a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] cajaaga] pafheabapheads 3aUna 3] wih ted dakRralion Aighdl b; | THE

<Ok<<; ===>0>>?"???21@ xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]c

a] ca] ca] ca] ca] cay a@@ebﬁasbcanab%}é?ﬁhs&]s&a] %qul%]&aah&ead&&d Fdor GEIIIEB AAA#BNB
BBCaCCCGEDDD=EEEFL FFF6 GGKGGGEHH ]ca] ca] ca] ca] c$a] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ] ca] HHOI 1 |
I JwWdJJKcK PLLLMM%W%&%%%M@J@%g%f%% ]%%5 g‘}’ g]ca] ca]
o A R pas b R Bl0or ypeheAhS B GRSk S RELGRIFRLEH R RkERNEH ©2) o2l
VAWNWNOXXXAYYY6ZZZ} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] cgca] cal ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] &afl @959]@&1‘} sigpalapé s Q:aqreaqrefaf%lai aagd 30 prey lepked With, ens; ]]>Ann
T a#ata- a7aaa#bt bbbOccc$d| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] caljca]ca]c"alc"

a] ca] ca] ca] ca] cajredljear ) armAdE) gatt 38 whith ehusileajgnal Ea] ca] ¢" a] ca] ca! $dvdddNee
e: fffo%gvg~ggghLhhhAiiijfjjjoOkkk' lHPI R ]I}xsnid*Y]]c aUc

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c"a]ca]ca]calca]cal
calca]calcalcalcalcal]lrllll miZnnnLoooo pKpq

d, qaghskssgp#t Jt Auhupupywednd ¥f e ’mﬁé\o\a taRpsabe 84, @alafue range of (BAR * Al -
a] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c "a] ca] ca] ca] ca] caj] ca] ca] ca] ca]ca] ca] ca]ca

cajcalcalcal[v “222>2z2{| L1311 5~~~~ aljcalc
!a] c!a] c!a] c] ay E: a]‘f: a ‘AX%] cé];'cg[? }l r}ca ca ga ca Sq?%@%?@aﬁ“@aﬁ ca]]cc!a] c!a]
caJca]ca]ca!5%$,9 :
PY] dp} vq} gb] X ca%li‘:ﬁie&aa‘]oea?}%‘&] Ry withiothis yplue gepgetuagon Ihs 2agthapd cag ca ¢
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is required. If, on the other hand, the signal b is outside this window, the switch
22 will be in the position illustrated in Figure 1, and the difference signal Ab, as
re-quired, modified by the factors K1 and K2, by way of a gradient limiting
circuit 25, will be supplied to a memory 28 to whose control input the signal F
1s also supplied by the window comparator 24. The memory 28 will then store
the gradient-limited differential signal Ab which is multiplied by the factors K1
or K2 and which is supplied as the correction signal K by way of a switch 52 to
an input of the adder 5. The gradient limiting circuit 25 operates in the same
manner as the jolt limiting circuit 3 and permits within a defined time period of,
for example, two successive clock pulses, only a maximal change by a defined

value.

The output signal K of the memory 28 is compared in a comparator 50
with a fixedly defined negative value -x. The output signal of the comparator 50
controls the switch 52. It is the purpose of this measure to permit negative
correction values only to a fixedly defined value -x. The braking prompt signal
BAR injected by the driver can therefore only be reduced by this value -x. This
prevents, for example, a complete releasing of the brake in the case of an uphill
braking. Ifthe output signal K of the memory 28 is negative and mathematically
smaller than the value -x, the switch 52 is switched, and a fixed value -x is
supplied to the corresponding input of the adder 5. The value -x can also be
selected at zero if no corrections reducing the braking prompt BAR but only

corrections are to be permitted which increase the braking prompt BAR.
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10. p'i dE: / smoothed deceleration signal b is within the window, the switch 22 is switched,

10, 9!t $10% & () - @s$10% & () - ABSL0% & () -y" 10%& () -, @0% & ()-, 9$10% & ()

-' ?}dE/ 10, @ z 1GH@ &elcbrre@ichhQ¥e& ﬂsha&i’thﬂa@t%vﬁmh)vas last stored in the memory 28.
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9l 10% & ()-!hsf109%H( H( & (é Lle‘V & (

the memory 28 is supphed by way of the switch 22 and the gradient limiting

circuit 25 to the input of the memory 28.

As aresult, it is achieved that a correction value once determined during
10 a "leaving" of the value range defined by the comparator 24 will be maintained

until the smoothed vehicle deceleration b again leaves the defined value range.

The following will explained concerning the value range of the window
comparator:
15
If, for example, the constant A1 has the value 1.0 andthe constant A2 has
the value 1.1, the logic signal F emitted by the window comparator will have the
logical value "1" precisely when the value of the deceleration signal b is in a
range between 1.0 times the value of the braking prompt signal BAR and [.1
20 times the value of the signal BAR. When the smoothed deceleration signal b is
outside this "tolerance range" defined by the two constants Al and A2 as a
function of the value of the signal BAR, the signal F emitted by the window
comparator 24 will have the logical value "0", which corresponds to the

illustrated position of the switch 22.
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the constants Al and A2, for example, having values "1.0" and "1.1". In
addition, the de-scription of the four cases will relate to the position of the switch
5 52 illustrated in Figure 1 (it is to be assumed that the value of the signal 29 is
greater than the negative value "-x").
In a first case, it will be assumed that the smoothed deceleration signal b
formed from the speed signal v is equal to 0.95 times the filtered braking prompt
signal BAR; that is, the actual deceleration is smaller than the deceleration
10 prompted by the driver, in which case the signal b is outside the tolerance band.
In this case, the signal F has a logical value "0", so that the switch 22 is in the
illustrated position and the memory element 28 is switched into a storage-ready
condition. Since the actual deceleration of the vehicle is smaller than the
decelera-tion prompted by the driver, the differential signal Ab will be positive

15 and will therefore be multiplied in the multiplier 19 by the factor K1 and will be

emitted as signal:21 by way of the switch 22 to the gradient limiting circuit 25.

Signal 26 increases its value with the gradient which is provided by the

gradient limiting circuit 25. The memory 28 correspondingly increases its stored

20 value. By way of the switch 52 in the illustrated position, this value is emitted
as the correction value K and is added to the braking prompt signal BA and the

signal S rises correspondingly. The vehicle deceleration will rise, specifically as

long as the supplied deceleration signal b is moving into the permissible value

range of the window comparator 24, in which case its output signal F assumes the
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5 . increased in comparison to case 1 and will, for exam-ple, be equal to 1.05 times
the braking prompt signal BAR and will therefore be within the tolerance range.

In this case, signal F has the logical value "1" and switches the switch 22 to the

contact 30 and simultaneously switches off the storage readiness of the memory

element 28. Although, in this case, a differential signal Ab and therefrom a signal

10 21 continue to be generated, this signal is further processed. In this case, the
value 29 of the preceding clock pulse filed in the memory 28 is again supplied to

the adder 5 as the correction signal K and the output signal S is formed therefrom.

It is assumed that in the third case - for example, in a subsequent clock

15 pulse - the smoothed deceleration signal b is equal to 1.2 times the filtered
braking prompt signal BAR and is therefore again outside the tolerance band so

that the switch 22 will be switched back again into the illustrated position and the

memory element 18 is changed into the storage-ready condi-tion. The differential

signal Ab is negative in this case and is multiplied in the muitiplier 20 by the

20 factor K2. After passing through the gradient limiting circuit 25, the new value
29 is written into the memory 28 and is supplied as the correction signal K to the

adder 5.
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has the value "0" and the switches 15 switches, which has the result that no
correction signal K at all is emitted. Thus, the output signal S is equal to the

5 filtered braking prompt signal BAR.

In a supplementary manner, it is pointed out that the control with the
regulating intervention according to the inven-tion can be integrated into the
overall brake system such that, in certain operating conditions, it is automatically

10 or manually switched off by the switch 15 or can be switched off or overdriven
by another component system, such as an antiskid system. A switching-off and
an intervention of an antiskid system is useful, for example, when all axles of a

vehicle or of a vehicle formation have the tendency to lock.

15 Figure 2 is a schematic block diagram in which the decelera-tion control
with the regulating intervention illus-trated in Figure 1 is a component of an
overall vehicle brake system. In Figure 2, the deceleration control with the
regulating interven-tion illustrated in Figure 1 is combined in a block marked R.
The braking prompt signal BAZ defined by the driver is fed to the block R as

20 well as the deceleration signal b j obtained from the vehicle speed v by
differentiating in the differentiator 8. From the signals BAZ and bj, the
decelera-tion control with the regu-lating intervention generates the control signal

S which is supplied to a load detection unit L. In addition, load signals LS are
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When looking at a brake system of a train, the number of load signals LS,

5 for example, corresponds to the number of bogies of the train; that is, the load to
be carried by each bogie is processed. As a function of the possibly different

loads of individual bogies, the load detection unit L generates a corre-sponding

number of output signals 44, which are supplied to a converter 45.

10 The, for example, electro-pneumatic converter 45 converts the signals 44
into forces or pressures which operate braking mechanisms 47 (such a brake
cylinders or calipers) at the as-signed bogies, which causes a braking and
therefore changes the speed v. From a new speed v occurring in the next clock
pulse, a new deceleration b is calculated which is again supplied to the

15 deceleration control with the regulating intervention R.

19
The additional detection of load signals LS is advantageous in order to,
for example, prevent in the case of a train that the braking forces generated from
the brake control signal S are supplied only to the brakes of one bogie while the

20 other bogies remain unbraked.
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NEW CLAIMS 1 TO 17

1. Brake control for vehicles, particularly rail vehicles,
having

- a generator which can be operated by the driver for
generating a braking prompt signal (BAZ) and having a control which
t# connected with the generator and which, as a function of the
braking prompt signal, generates a brake controlling output signal
(8),

- a measuring device (8, 10, 11) which generates a
deceleration signal (b) corresponding to the vehicle deceleration,

- a correction value device (6) which generates a correction
signal (K) corresponding to the difference between the braking
prompt signal (BAR) and the deceleration signal (b), and
' - a linking device (5) which modifies the braking prompt
signal (BAR) corresponding to the correction signal (K),
characterized in that

- a window comparator (24) is provided which examines whether
a difference between the braking prompt signal (BAR) and the
deceleration signal (b) is within a predefined range and which

generates an output signal (F) corresponding to the result of this

examination,

-17-



| 7y109%&' ()- @f109%& ()- &3f10%& ()- OylO0%&' ()-3.9!10%& ()-

,F109%& ()-+[O[ L[ 2[3[?[[[[bC 9S10% 910% & ()- 4 10% & () -

y10%4 & ()-L' 10% & ()- 10 10 10S; 109 ()-[P\\\D]]] dELC 9S10%3F&! 10%{7&2 (JUL 2002
10%4 & ()- 10% & ()- 10% & ()- z10% & ()-f 10% & ()- ]>"""-_s "dEbC 9S10%
LOT10% & ()- , &L0% & () -Z3$& 10% & () - llO@&&f() z10% & () -

s10% & af#a(a) a*a+araabC 9S10% 10% u& ()-! 10% u Z 10( 10( 10( @
10%%‘?%0%31%70/&%123(9“ %%1%)‘@/@&*0%3 RF R 3910318%-'%1 A{u((&' ()( (
10% u& ()-f10% u& ()- 9y10% u& ()- 10% u& ()- y1l0% u& ()-0Occc$dvdddaBbC

means of a correction signal (K) changed with respect to the past
taking place only when the output signal (F) of the window
comparator (24) indicates that the difference between the braking
prompt signal (BAR) and the deceleration signal (b) is outside the
predefined range, and in that the measuring device (8, 10, 11) has
a filtering device (10, 11) which processes several successive
time-discrete measured values (bj) of several successively measured

deceleration signals (bj) to form the deceleration signal (b).

1Y e

2. Brake control according to Claim 1,
characterized in that the filtering device (10, 11) weights the
measured values (b;j) differently which are to be processed during

a clock pulse.

3. Brake control according to Claim 2,
characterized in that the weighting takes place by means of
different weighting factors (Gji), measured values (b;) which were
measured later in time being weighted higher than measured values

(bj) which were measured earlier in time.

4. Brake control according to one of Claims 1 to 3,
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the correction signal (K, 26, 29) to a defined amount.

5. Brake control according to Claim 4,
characterized in that correction value device (6) has a memory
device (28) which stores a signal (29) supplied by the gradient
limiting device (25) when the output signal (F) supplied by the

window comparator (24) has a defined value.

6. Brake control according to one of Claitis 1 to 5,
characterized in that the correction value device (6) has a
regulating amplification device (19, 20, 22) which amplifies a
difference signal (Db) formed from the braking prompt signal (BAR)
and the deceleration signal (b) to different degrees as a function
of its preceding sign and supplies it to the gradient limiting
device (25) i1f the output signal (F) generated by the window

comparator (24) has a defined wvalue.

7. Brake control according to one of Claims 1 to 6,
characterized in that the correction value device (6) has a
limiting device (50, 52) which limits a correction signal (K),
which is generated for reducigg the brakiné prompt signal (BAR), to

a defined amount (-x).

-19-



981

0
(
(
(

1l 10%UyU& ()-!N 109%Kké& ()- z10% U& ()-, 10% U& ()-10% U& ()-' 10%
) - nmVmmZnnn| ] >YNC 9S1@ L$10% U&' () -! 10% U&' () - @10%

) -1 @10%JU&' ()-! @10% U U ()- @10%& ()-nLoooo pKpaBYNC 9S1/! 1a®s
)- @ 10% U8 () - @310% U&' ()-)!10% U& ()-' 10% U&' ()-m @$10% U

JUL 2002

U&' ()-Kpggqq g, gaghsbC 9S1 $109B& ()--109B& ()-L' 10%8& ()-m 10 U 10 U 10
Uy>10%)U&'()-,1$10%)U&f()-hskssst#tQt}A?bC 9S1&109B& () -"109B& () -
s$109B& () - 8$109Bake) cong 1o ageEyding1 09y oge( pLiC4ahmsuidubaepd) uu~ @
9S1$10%

characterized in that a switching device (15) is provided which

switches the correction value device (6) on and off as a function

of defined conditions, such as a vehicle speed, a value of an

antiskid signal, a value of a brake signal, the types of mutually

coupled vehicles, or the like.

9. Brake control according to one of Claims 1 to 8,

characterized in that a jolt limiting device (3) is provided which

generates the braking prompt signal (BAR) from a signal (BAZ)

supplied by the generator (G) and which limits the variation in

time of the braking prompt signal (BAR) to a defined amount.

10. Method for controlling vehicle brakes, particular-ly

rail wvehicle brakes, wherein a brake controlling brake output

signal is generated from a braking prompt signal to be defined by

a driver,
with the steps of
- measuring the vehicle deceleration (bj) and generating

corresponding deceleration signal (b),

a

- determining a difference between the braking prompt signal

(BAR) and the deceleration signal (b),

- generating a correction signal (K) corresponding to the

difference between the braking prompt signal (BAR) and the

deceleration signal (b),
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characterized in that

- it is examined whether the difference is inside or
outside a defined range,

- the braking prompt signal (BAR) is modified only when the
difference between the braking prompt signal (BAR) and the
deceleration signal (b) is outside a defined range and in that

- several time-discrete measured values (bj) of several
successively measured deceleration signals are processed to form

the deceleration signal (b).

11. Method according to Claim 10,
characterized by differently weighting the measured values (bi) to

be processed during a clock pulse.

12. Method according to Claim 11,
characterized by a weighting by means of weighting factors (Gj)
during which measured values (bj; ) which were measured later in
time are weighted higher than measured values (bj) which were

measured earlier in time.
13. Method according to one of Claims 10 to 12,

characterized by a limiting of the wvariation in time of the

correction signal (K) to a defined amount.
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15. Method according to one of Claims 10 to 14,
characterized in that an amplification is carried out of a
difference signal (Db) formed from the braking prompt signal (BAR)

and the deceleration signal (b), the difference signal (Db) being

HY
differently amplified as a function of its preceding sign.

16. Method according to one of Claims 10 to 15,
characterized by a limiting of a correction signal (K), which is
generated for reducing the braking prompt signal (BAR), to a

v

defined amount (-x).

17. Method according to one of Claims 10 to 16,
characterized in that the generating of a correction signal (K) is
carried out or not carried out as a function of defined conditions,
such as a vehicle speed, a value of an antiskid signal, a value of
a brgke signal, the types of mutually coupled vehicles, or the

like.
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