WD 20051000727 1 PCT/ CH2004/ 000393 Safety systemof a lift installation and
nmet hod for checking a safety systemof a lift installation The invention
relates to a bus-based safety systemof a |lift installation and a nethod for
checking the safety systemof a lift installation. Lift installations
conprise a safety circuit in which several safety elenents, such as, for
exanpl e sa¥REY05O8MEACt s and safety switches, are arrang¥dl/FHZHIEUEPLS
connection. The contacts nonitor, for exanple, whether a shaft door or the
cage door S-etopsystenThoe d iift tinstalgtion cadlmethodvied obetkingVzeBafelyesgadrat of ailiftcui t
and thus all 'ng ety contacts integrated therein are closed. Sone of the
safety el re actuated by the doors. O her safety contacts, such as,
for exanple, an over-travel switch are actuated or triggered by the lift
cage. The safety. circujt .is connected with the drive or the brake unit of a
"7t i ot aredorRon 1Saieadp a B Parearag Staiemcatan I TefRlpletT ot Ao ko et y
circuit i shegdmpthe sSadtebysteanf ani instdllatisraf ety circuits of this kind are

subj ect to nunerous di sadvantages, which are briefly listed in the
following on the basis of a few exanples: Every safety circuit has inherent
probl ens; Uireirstyatnghst corbfrdeea gafetit biecuitangiticho$eviehst satan rithérms Ssuchhs, ¥l t age

drop in the safety circuit and t conparatively high cost of unting. The
arvi dualSraipl: sATe doRlAcls AR sHERNIERY Sbtelorbiba Brtr SOWEIHLe The

un Pecessarcwnt_@ﬁe(rjrg@ﬂw fot e, the@hdriafsfch_a&ws_buecﬁntﬁapag&@mﬁ@bﬁmamm ca'ﬁfbe
safety circuit does nqgt permt eci fic diagnpsi,s; i.e. en t saf ety
crreu s canGisanoTat P uhey The sdiehl Siiuts apr dhoR P Sardy copfists kg e 1 s
open. A prg€aldse@nasymenbintrenssfey eismeals pesaithhted 19 fee doorsi nditeat 478ty
about the state of the safety contacts of \H:fg safew cjrcuit t ligys gl, ce.
It is t huSORBLISHELR B Ot BXarie h YR THAYPY SN T8I 3¢ P§ FO9RMeEoY Pstfton
and repl agagworn safety contacts in good tine at a point when the lift
installation can be shut down w thout problens, be it wthin the scope of a
periodi c inspection, wherein, however, in many cases taking the lift

i nst al | at iTpa saféty EifclRPEEGneeted WHN thE diive Hiathe braketuhitlof aMaGRISREYR in Gdéabr i ed
out .

interrupt the travel operation if the safety circuit is opened.

Safety systems with safety circuits of this kind are subject to numerous disadvantages,

which are briefly listed in the following on the basis of a few examples:

- Every safety circuit has inherent problems; belonging to these are the length of the
connections, the voltage drop in the safety circuit and the comparatively high cost
of mounting.

- The individual safety contacts are relatively susceptible to disturbance;
unnecessary emergency stops of the lift system can therefore happen.

- The safety circuit does not permit a specific diagnosis; i.e., when the safety circuit

is open it is only established that at least one safety contact is open.
A precautionary maintenance is not possible, since no indications about the state
of the safety contacts of the safety circuit takes place. It is thus not possible to
preventatively maintain the lift installation and replace worn safety contacts in good
time at a point when the lift installation can be shut down without problems, be it
within the scope of a periodic inspection, wherein, however, in many cases taking
the lift installation out of operation, which is not in itself necessary, is carried out.

- The avaitability of the installation can be restricted in an unnecessary manner,
since the detection of an open safety contact always has the consequence of
placing the lift installation out of operation.



The availability of the installation can be restricted in an unnecessary
manner, since the detection of an open safety contact always has the
consequence of placing the lift installation out of operation. WO

2005/ 000727 2 PCT/ CH2004/ 000393 It was therefore proposed to equip lift
installations in the future wwth a safety bus system instead of with the
ment i oned WaRePIER? cuit. The safety busZsystem typi cal MGT/EHAMIH0YES3 a
control unit, a safety bus and one or nore bus nodes. A safety systemwth a
safety bus is described in Application EP 01810903 3, which was filed on 18
Sept enber 2001. The safety bus is n_ order enabl e a safe and

Col i abl e 16 TG BPPoTRs Cratie W GeEIBHoTSE the THteneiae sataty Bus Fistem

further patasdd appii th@tm@rﬁnoﬁed QafsbPBiRbitl, THatWardty Was shétbectypiballSochapisester
2001, there is descr d a saf et i)emwlth safety bus which allows an

i ntel | i gerfeNEddinia? F%’lﬁty us %”Hé’r@t%t’@%ﬁ Ug88%Sand shaft doors. A safety
systemw th safety bus conprises, in the case of sone of the proposed forns
of enbodi rent, at be connected

I
with a saf/*eﬁilfefvetva?aﬁ?vﬁtt“ ﬁo%fatérb%s gﬁt%vgﬁ@gbf*ep'mté%ﬁs’t %1?93%81‘ whigh ye@s

i nformat i gedediP¥d SepembieR20ENt ARG SafstyHualiusdd ihRd&rab ehdblelLsmatifd Faiablee
provided. In siml ar manner to, conventjional |ift installations with a

safety ci reQnitering,ortag spaibAorgRf Bie Iftingjaiatied dependi ng on  the respecti ve
state of the safety el errent Such saf ety systems vvlth a safety bus have to
be construct ed to be safe. undefi ned states or

err oneous 'i‘r‘?t%‘FB?%P%@PBW"@Q’&’P%EB&@W?% ba‘ﬁ”t"F!&Maérf”e‘i' RE 1§ ReeterbgaeP®h of

the saf et yh&tb @BEHIE alsBfonp i Wit Tariy Bis WAKh &llowd an SRéIRent RYSIUBRbN ofbe
absol utely safe and reliable. The object” of the invention is thus to be seen

in indi cathhgalerlicape 30eanaheeq’s system of the kind stated in the
i ntroduction, by which the di sadvantages of the state of the art can be

avoi ded or_ at | east si gnl ficantly reduced. The Obfj ect is fulfilled by the
features dfSaEliSYSEMWEN SR Rus ERERIISEP. IB|the RS OT/RAM P8 AiRPased dPBISEnt s

of the safeipsdmysiteam BEQUHE Bl kot WBich R4S Nor @R‘alﬁFI@ sefdonﬁétted)w.thtaesafety
dependent patent clains 2 to 8. Advantageous devel opments of the nethod
element in order to interrogate the state thereof. Thus information about the
instantaneous state of the safety elements can be provided. In similar manner to
conventional lift installations with a safety circuit, a reaction can be triggered depending on

the respective state of the safety element.

Such safety systems with a safety bus have to be constructed to be safe. Otherwise, for
example, undefined states or erroneous interpretations can happen. In particular, the
interrogation of the safety elements of the safety system by way of the safety bus must be

absolutely safe and reliable.

The object of the invention is thus to be seen in indicating an improved safety system of
the kind stated in the introduction, by which the disadvantages of the state of the art can
be avoided or at least significantly reduced.

The object is fulfilled by the features of claim 1 and the features of claim 9.
Advantageous developments of the safety system according to the invention are defined

by the dependent patent claims 2 to 8. Advantageous developments of the method
according to the invention are defined by the dependent patent claims 10 to 14.



according to the invention are defined by the dependent patent clains 10 to
14. WO 2005/ 000727 3 PCT/ CH2004/ 000393 The invention is described in nore
detail in the following on the basis of exanples of enbodinent and with
reference to the drawing, in which: Fig. 1 shows a schematic block circuit
diagramof a first safety systemaccording to the invention; Fig. 2A shows
a schemat iWOBMEWROBTrcuit di agram of a skcond safety syREEGH2HWIEHBE ng to
the invention; Fig. 2B shows details of the second safety system according
tot hg i n\ntefét utngéhnoané dtélsgnbe%i PhRvEe d@ttamnrh $he]£3folla\tmtn|@| t?tdtth?@bﬁél%’ &)?gﬁllﬁlﬁ ofh
according to the i ntion shows a first safety system ichis
part of aqmqqd'm?@taﬁglv‘éqjlrﬁfﬁre"f‘%éo%@?V'"Qy'gt"\‘-ﬂ'ﬁ 10 conprises a control unit
11, at |east one bus node 13, and a bus 12 in order to enable comrunication
bet ween the control nit 11 and th us no . In_Fi 1l there is

hd cat ed o dat et v SBHSA G Rk e LSRR § At DA P BT RECYHge of
a shaft door or cagetsioaveiononitors a |ock. As safety elenments in
connection with the present invention there are denoted safety-rel evant

el enents such as, for exanple, door contacts, |lock contacts, buffer
contacts, Hig.ap cont adbws & edtheiatic AbekCRESNL dtargaaml ofSei b&dted Gafefy eyasml e on
the i nspection panel or in the feedback control) and energency stop
switches. The bus RGE¥ AN IR PRHFYEUONG first sw tching means 14 and second
swi tching neans 15. According to the invention the control unit 11 presets
for the bus node 13 a ta tude, for exanple a current strength or a
vol tage. TH& %Bont roIShBWFldg?PiS Phih 588?’5‘ sadety system acaprdingrta fginyendion: arehe
presetting of the target nagnltude is carried out by transm ssion of a
digital caommand or d| information by way of the bus 12 to the bus node
13. A firdt9ahal og S gWé e3P PER BWARAIRY gxsﬁ?fxtaﬁ%orﬁ'f‘g§‘éih9t'5‘1‘9j\é'9"-rragni tude is
provided by the first sw tching neans 14. The safety elenent 16 is acted on
by this first anal og ignal, as indicated by the ar 1. The second

o0 t ohi ng TGOS it S0GsysRTL0. WA §@8rH ST metaIalogy ThersERY S 4¥Rond

anal og si g@adonfgneeg blteneal @ity 1€ LerRBs onkbusaodel 130 aRdbasLsbYL hhﬁd@frtb%\f\{aaaé 2.
The bus node 1 rocesses the second anal og signal and nmakes_avail abl e

digital fé@ﬂl'?&t!'!kcqt'ﬁ‘l* AEt¥RS O GRfItech und ?H‘érthq PyRgHdet tY HY) May! d\“erleh'é bus

indicated a safety eiement 16 which, for example, interrogates the state of a shaft door or
cage door or monitors a lock. As safety elements in connection with the present invention
there are denoted safety-relevant elements such as, for example, door contacts, lock
contacts, buffer contacts, flap contacts, sensors, actuators, travel switches (for example on
the inspection panel or in the feedback control) and emergency stop switches. The bus
node 13 comprises a first switching means 14 and second switching means 15.

According to the inventiocn the control unit 11 presets for the bus node 13 a target
magnitude, for example a current strength or a voltage. The control unit 11 thus acts as a
"command transmitter”. The presetting of the target magnitude is carried out by
transmission of a digital command or digital information by way of the bus 12 to the bus
node 13. A first analog signal corresponding with the preset target magnitude is provided
by the first switching means 14. The safety element 16 is acted on by this first analog
signal, as indicated by the arrow 16.1. The second switching means 15 are s¢ arranged
and designed that they derive a second analog signal from the safety element 16, as
indicated by the arrow 16.2. The bus node 13 processes the second analog signal and
makes available digital feedback information, which is either transmitted by way of the bus
12 to the control unit 11 or is picked up by the control unit 11 by way of the bus 12 at the



12 to the control unit 11 or is picked up by the control unit 11 by way of
the bus 12 at the WD 2005/ 000727 4 PCT/ CH2004/ 000393 bus node 13. In

addi tion, the bus node 13 can nmake digital diagnostic informtion

avai l able. The following interrogation pattern in accordance with the
invention can thus be inplenmented: 1. The control unit presets a target
magni t ude WRZBH Y2 ransmtted as digitat infornmation RFT/GH204880P% al
command by way of the bus 12 to the bus node 13; 2. The first swtching
means 14 aosvesdes 18 helni afiditiorat thenbusndody dBi ckes neakei digital diagrostc snfgmadtioaf t he
correspondi ng .magni tude; 3. The first analog signal is applied to the safety
el enent 16V 8%' osed in the safety elenent 16; 4. The second sw tching
nmeans 15 picks up a second anal og si gnal, which is <correlated with the
first anal rod ytheflrst ngl o si.gnal The
second” andBg URRe MErigaBhr BHTE) BhabnTiersauiBten Tyshlitt i s B
qualitati \Irﬂpl@ﬁda/nm’d guantitative corrparl son with the first anal og Si gnal and
6. The bus node 13 kes f eedback .i nf or.mat i av |IabI

Cont fol uni t 13- T BeGTShun] heesBRe Ao et vl areited Syale

i nformati on avai | ablua‘orrffdstmncmrasaa tighal qoreh®idab)t way akew blks.amto thettie rast r ol
unit 11 in order to %e able to nake a reliable and safe statenent about the
safety el enent 16. THe control unit 11 can thus establi sh, for exanpl e,

whet her the safety dhenfest svifthing opans 04 cohwestedhe lirffoinsatidhemdpessited e first t he
case of preparation of, the ana to und ake a qualitative

eval uation of the fid@lCoHI%G tg\g(‘jﬂré%po\ﬂﬂ'ggé'?%”ﬁﬁ ‘eval uation is not

saf et y-rel evant3. and mrﬂrsttdirerdgf@grml Beapphisd tocttle Gafetyealeiviedt ¥6 or infjatskd yn g t he
bus node 13. This quat a[tl ve %/al uation allows a diagnosis about the
qualitative state ofIME®EHEt {%el enent (for exanple, the wear and/or the
functional capabili ﬂme(ﬁecanctewltdﬁrﬁg caang hiipicke upsssssadanalkl sighahavHidicigl ar |y

correlated with the first analog signal, or is produced by the first analog
signal;
5. The second analog signal is prepared by the bus node 13 in order to enable
a qualitative and/or quantitative comparison with the first analog signal; and
6. The bus node 13 makes digital feedback information avaitable to the control
unit 11. In addition, the bus node 13 can make digital diagnostic

information available.

The comparison preferably takes place in the control unit 11 in order to be able to make a
reliable and safe statement about the safety element 16. The control unit 11 can thus

establish, for example, whether the safety element 16 is open or closed.

It is also possible in the case of preparation of the analog signal to undertake a qualitative
evaluation of the first analog signal, wherein the evaluation is not safety-relevant and can
therefore be carried out entirely or partly by the bus node 13. This qualitative evaluation
allows a diagnosis about the qualitative state of the safety element (for example, the wear
and/or the functional capability of a contact can thus be assessed). It is particularly
advantageous to carry out this diagnosis in the bus node 13 in order to minimise data
traffic on the bus 12 and thus not load the safety-relevant control unit 11. The result of the

diagnosis is provided as digital diagnostic information.



advant ageous to carry out this diagnosis in the bus node 13 in order to
mnimse data traffic on the bus 12 and thus not | oad the safety-rel evant
control unit 11. The result of the diagnosis is provided as digital

di agnostic information. WO 2005/000727 5 PCT/ CH2004/ 000393 Dependi ng on the
respective formof enbodi nent and inplenentation of the invention a

st at enent Wa3ldWR@dAe about the switching state of the BGKEH00IRENt s 16,
as al so about the function of the entire interrogation chain. By

i nt er r ogatp&penaingioh ﬂhB&é@pécﬁvé forReof eHBRIIvEMOshd ihrplém@tamcﬁsemeqma@m on,
t he chai nﬁggt?t he co i Vi a

njt, e bys, the buys, node, t
Ll ent e a0 s Drd gbouiate Sntdine stateor ira ShiRy SnSits 18- 2 AS st o
unit 11 priesetisctionsgrethel batire Unhtetbateh thdiget Byagrrogdton whaiahtheke id kebe

way ot t ARG L fieCRRTR) crBRsronSE e B enER! (o vedgasgeis b

i nf or mat i adahet Bafetyt SlemefENdEBP GNE bAtK UKE Edritrodunit.f or exanpl e, vol tage,
which is correlated with the current, or is nmeasured. In the case of a
guantitative conparison of the analog signals there is ascertained by the

control unf Tforlakavﬁmﬁ ey corft@r usk atpleetst ahepaj'uf@r@lrreﬁt aftﬁrgét&ﬁﬁg’miad%\/i iHicH ise
on actor et

si gnal S*l see .. 2B In that case tra en

o cons et dtrosnt B g selan Sefant 16 Bimont a i Cau LR RIRItapy wey bffe

clarificatde@tnd @w&trmﬁ)é ENEBHENS Gild B gHne ofSth@i fe%abaaihmforer@ﬂbn abhettnert the1

presets a current 1A. The swi tching neans 14 provi e@é@?@ tﬁrrent with a
t

current stPERHPH 5'19 QUArenirAr. Jolexanaple. Oltags WHeh [Fgtpriaiate S SHERENDT B6. On

the eval uaédsoressi de, a voltage of 5V is neasured by the sw tching neans 15,
wherein the sw tching nmeans has the resistance of 5 Chns, in order to
convert the current into a voltage. It can be inferred froma table, which,

for exanpligthd sadel dfesdqthamnaawe@empa@éontdsfah@uﬁalo@@@@a&&heﬁehgtas@eﬁanidda@,eth@f 5V
corresponds with a curr se t i son of the value

nt n this c ar
ot 1L RO Ll PBRTER ST BETHI; HE 1A O ORPTRAGEE MO RN SinBeFans.
The qual i trg.iam. QQﬂIﬁkﬂrda%@ﬂraﬁ'l@!'aﬁ@'m tRAIE daf ibagarsi Mlo tonddhtnadt & valde gogi gned
that a certa|n tol erance i s taken IQtO consideration. In or er to rg%urn to

t he numer i%BIPeSXHAREE fropha tabley BPr GRYHCRURD. aiSiNple RYESEG) §XaMBle IS 9ME0ndtPoni ng
as | ong asohfi@ uhalt1agesslewicatresdt o M THEswitching means 14 provides a current with a

current strength of 1A.  This current flows through the safety element 16. On the
evaluation side, a voltage of 5V is measured by the switching means 15, wherein the
switching means has the resistance of 5 Ohms, in order to convert the current into a
voltage. It can be inferred from a table, which, for example, is filed in a memory of the bus
node 13, that a voltage of 5V corresponds with a current of 1A. In this case the
comparison of the value pair (1A; 5V} has given the result that the interrogation chain

functions.

The qualitative comparison (also termed diagnosis) is preferably so designed that a certain
tolerance is taken into consideration. In order to return to the numerical example, the
interrogation chain was evaluated as functioning as long as the voltage deviated from the
voltage 5V by, for example, less than 0.5 Volts. It can thus be taken into account that

certain inaccuracies and losses are inherent in such an interrogation chain.

The tolerance or tolerances can be absolute or relative. The tolerances can also be

variable.



vol tage 5V by, for exanple, less than 0.5 Volts. It can thus be taken into
account that certain inaccuracies and |osses are inherent in such an

i nterrogation chain. The tol erance or tol erances can be absol ute or

rel ative. The tol erances can al so be variable. WO 2005/ 000727 6

PCT/ CH2004/ 000393 I f the voltage val ue ascertained by the switching neans 15
| i es out siVM@ 2003899737 er ance range, then & reaction can Hel/FHPMOFAR06SE Thi s

t akes place, for exanple, by the control unit 11. In the case of a small
devi at i on |atmkeysliage wmld agcntaireedt by ggeseitcHng hrsansort lied ouiide thé. tolerancehe

case of a rea er tion this .ha e _interpreted as nct.i on”
and | ead t" nge i %x‘?ﬂFﬁP%,Caaﬁ?eéwﬁ%inﬁ'sq%%s %I?c ng PP ?nbsyatﬁfe %p{r%’l O gs.
2A and 2B 1ghdwthe sawooich sabletipvistysi 2 se2ide calhica beemgwéd by the toritiol unit 11.
installatio The . saf et st.em. .20, co | ses _a,cont (.o nit.21 | east
one. bus ndadieie ol USSR RN S paE I b PikinBel S Bumiibcieh e rabiEen

t he cont r dbr exahipie hnantergdreylstisp sfabe iR dstallatidn. 9. 2A and Fig. 2B there is
shown a switch 26 as a safety elenent, which, for exanple, interrogates the
state of a shaft door or cage door or nonitors a (shaft door) | ock. The bus
node conprrige RAF a'crrdSZB shbw chéetgniBafety %tmdoswbmhds BwittothillftgnstalwmanEI'heThe

first svmtcEen 24 co rlse g tra ed f rrthrIIJ
processor 354 %’ %ogrﬂpr}sg tr8| ﬁn'{ ‘thﬁ tb ﬁ”B@ \%]Q ‘? g '5' 22
as i ndi cateeglerhy ehéigle ardmurﬁ&mbn bétvesed the c@mtmrudem andntid Buelhcﬁdmﬁ A&
whi ch pro des gna SS. lied to (e ul abl e
Current sl aad 3ig SENETe s Bo00h. 20 gtk R ey sttty which” B SRl
pur pose t hgtembgdies tlecstms tof aéhaﬂ daor cmwgé lds@r orfrmsnneb@aairpdreft daor) lock. The bus
dlgltal-to nalog ofnvtert é ‘%"\ﬁ%ﬁ r eval uates t digital
i nf or mat i SKWYF FODPHESS e sydteaing y A SF&? TVHEEE TTUE 4he control unit
21 has preset and nakes available to the wite elenment 24.2 a digital
signal DSQll1l.. The current her e Ier I st nal, S1. This first signal
2 9e corMBiTERAITETR s e, Bige ubStedidi or s eR. 56 eesirosed
the currerm. ﬁmhth Q4R reddven@iitad inforneation My &rlyl 6¥nhe? busl 22 Ndsdintiibated Wytthd atbwand a
current S*, connection 26.2 into, SW féé ans
5 5 Rl cERte &Y PR PRI ST 36 2 HicH D IERE o PA SedTu Bo t he
current Sthpplidd ©. a té@l@le’ﬂbtﬁrm sbo®ee 3 and hersvadsel p?26duclibe of SWukreht, NEprmeans
25.3 is, in the ?ent g? r’[g % %onverter V\:hl?h conv rts thef‘ curreln
this purp se he write ment 242 can comprise, for example, a digfal-to-analog
converter. A processor 24.1 evaluates the digital information in order to ascertain which
target magnitude the control unit 21 has preset and makes available to the write element
242 a digital signal Ds,. The current is here termed first signal S;. This first signal S, is
correlated with the "control” signal S5. When the switch 26 is closed the current S; flows
by way of the connection 26.1 into the switch 26 and a current S*,; flows by way of the
connection 26.2 into the switching means 25.3. In the case of an ideal switch 26 the
current S¢ is thus equal to the current S*,, i.e. there are no losses in the switch 26. The
switching means 25.3 is, in the present example, a converter which converts the current
S*, which is supplied by way of the line 26.2, into a voltage S,. The voltage S, is here
termed second signal S;. The converter 25.3 can comprise, for example, a resistance
divider and a filter. The converter 25.3 is followed by a read element 25.2 which
processes the second signal S,. The read element 25.2 converts the second signal S; into
a digital magnitude D, which is fed to a processor 25.1. For this purpose the read

element 25.2 can comprise, for example, an analog-to-digital converter.

The second form of embodiment is so designed that the bus node 23 carries out a

diagnosis by a qualitative comparison of the first analog signal S, with the second analog



S*,, which is supplied by way of the line 26.2, into a voltage S2. The
voltage S2 is here terned second signal S2. The converter 25.3 can
conprise, for exanple, a resistance divider and a filter. The converter
25.3 is followed by a read el enent 25.2 which processes the second signal

S2. The read el enent 25.2 converts the second signal S2 into a digital
magni t ude W@ 2005M978h is fed to a processbr 25.1. For thWGI/gHEPAW3Phe read
el enent 25.2 can conprise, for exanple, an anal og-to-digital converter. The

second f orsigraf Senboels rnmntpairisws&adeué gﬂmddtwyatfort bﬂarbple mwlero’bassmrzs tstheut a

Second. andlSEH0 ZbosT GOTBPoTERES P LB PR00S8YTEr Gharorba9h Coe BB son
can be forcmlydormyof t’herpr@:easanlseﬁﬂtbm mmce&,sms &P Peakt onélerospircomea:snon bétﬂvebnor

bot h proc and 25.1 toge A.CO ri son_o ation one
of the pr dRedes, Svsing e 24 IR Fasony riMBAE “BRamE Phe. T seibe ol

bet wleen ftdampfansm |ssw:ﬁs@huerglymaams aﬂdalwnadtd tre S@ﬁmnldmg}/m aﬁld@tanﬁagaoﬂ‘iﬁ The
result of 't S Su uen aval e to the control., unit
0 s di gt ARG BE HRBSIR T Oavel Conear e g dadert Pe oP Y on
can eit her21hs tigablietbdgd (punphheplepatthelbusmoae 223;a|&1trah§lﬁlt thesdigied @iagrodtieul |
principle) or the bus nog%%23 can tr di agnost i

e taI
i nf or mat i JHOBYAURAYPYolaY 19 ﬁﬁ%’?ﬁd'B’ﬁ ?n%h?f P L}g B GP&“?'H@" tBhiRSh uni t
Zéd(push lqlblhtlﬁfébpﬁﬁ)a dé%tﬁmdesqmaldtmdeqtmhpér&bnv& c:emear IoEt)][laddﬁlogallyr It@ﬂth@Ut
a |t|ona uantitative c arls er ned.in, t.
cont ol ifEnsgtish SomeBT Rt e e TR iF S Boliel il i fsiBass BeiBieance
of the quaéedbablk\rﬁormmnarl son in the bus node 23 has the advantage that the
bus 22 is not | oaded by the transm ssion of signals, but in each instance
only the digital diagnostic information which in principle represents the
result of A perfértanté af theeqeningliae icdmparigindinttie bueedaacie hay mermivbmagécuﬁatt he

titat to. b d. out h t
O ansr £t dUF By onp s e b D Bieonien ¢ el Butif £ash fotange aplyis deil i pea
forns of @“dg@dsmntorrahh@vwmch & ;brampﬁe fdppdRARhe Adrtiof tHeeqfdlifgilé esmpiridoRe

entlrelnterr . nc ve of t esafet eIe nt. A further form
o enbod B RaTergRack doleAPUAT 1< *b8 eigiies SoRERTSB: CoRF A edoalh B8n o

t he anal ogomirgnaltss tringmitésby way evakwak 200 e dolﬂﬁ‘oISLﬁ*@tCH‘ld anal og signal S2 is
undert aken.
The afore-described forms of embodiment allow a reliable statement about the function of

the entire interrogation chain, inclusive of the safety element.

A further form of embodiment of the invention is so designed that not only a comparison of
the analog signals, but also an evaluation of the second analog signal S, is undertaken.
Depending on the respective accuracy of the converter 25.3 and the resolution of the read
element 25.2, which is primarily determined by the resolution of the analog-to-digital
converter, there can be carried out, apart from a pure safety check of the entire
interrogation chain, also an evaluation. Thus an evaluation (in the sense of a diagnosis) of
the contact state is possible if the safety element is a switch, in that the contact resistance
is ascertained. In addition, or alternatively, the bounce behaviour of a switch can be
evaiuated. The resolution has to be sufficient for this purpose, since the bounce behaviour
typically falls at short voltage peaks and a change in bounce behaviour can be recorded

only if a precise evaluation of the voltage peaks takes place.

A further form of embodiment of the invention is illustrated in Fig. 3. In this figure there is

shown a bus node 33 which interrogates a safety element 36 with two redundant switches



Dependi ng on the respective accuracy of the converter 25.3 and the
resolution of the read elenent 25.2, which is primarily determ ned by the
resolution of the anal og-to-digital converter, there can be carried out,
apart froma pure safety check of the entire interrogation chain, also an
eval uation. Thus an evaluation (in the sense of a diagnosis) of the contact
state i s py¥e3PILIRT the safety elenment 8s a switch, i nPEHEH2GKE003BNt act
resistance is ascertained. In addition, or alternatively, the bounce
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36.1 is closed, the current S, flows through the switch 36.1 and as current

S*1in a SIWetsmbmgg RS 3338 and 35 atdhe u$met;ﬁése3@ezamﬁlect&%ﬁersthrcwrrveﬂt S3
flows through the switch 36.2 and as current S*3 in a_ swtgh |nq&r§mans 35. 4.
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which are fed to a processor 35.1 which transmits the corresponding digital feedback
information by way of the connection 32.2 to the control unit. The read element 35.2 can
comprise, for example, one or two analog-to-digital converters. If only one analog-to-
digital converter is present, the signals S, and S, are converted in succession staggered in

time in a multiplex mode.

Through the circuit shown in Fig. 3 the level of safety can also be increased at the side of
the safety element 38, since this is constructed in redundant manner by the switches 36.1
and 36.2 and can be separately monitored.

According to the invention the bus node 13 or 23 or 33 is so designed that it comprises two
switching means 14, 15 or 24, 25 or 34, 35. A redundancy is achieved by this two-channel

design.

The safety of the bus node according to the invention can be reduced in that a bus node is
used with only one processor. In this case the processor is used not only for controlling
the write element, but also for processing the digital information of the read element. In



which are fed to a processor 35.1 which transmts the corresponding digital
feedback information by way of the connection 32.2 to the control unit. The
read el ement 35.2 can conprise, for exanple, one or two anal og-to-digital
converters. If only one analog-to- digital converter is present, the signals
S2 and S4 are converted in succession staggered in tinme in a nultiplex
mode. Thr JMGROEHEBORT rcuit shown in Fig. 8 the |evel of RGEFEHAMN3IX so be
increased at the side of the safety elenent 36, since this is constructed
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34.4 or 35.3 arzr;{j 35.4 Anotg%r part of the sw tching nmeans 34, 35 can be
used for zév%‘? 342\?[?%%’@ ‘Zontacts 36.1, 36.2 in comon, as shown on the
basis of the switching means 34.1 and 34.2 or 35.1 and 35.2. Many standards
require A egundaRt 2R H5bhatl coHERSR of Bhedrs SHS Biened " nd B

embodiment shown in Fig. 3 is particularly suitable for fulfiling such standards.

However, it is also possible with the circuit according to Fig. 3 to monitor two different
safety elements. The first element 36.1 can be, for example, a lock contact and the
second safety element 36.2 can be a buffer contact completely independent of the lock

contact,

According to a further form of embodiment of the invention the control unit is designed to
be two-channel, wherein a first channel undertakes the digital presetting of a signal
magnitude (target magnitude) and a second channel receives the digital feedback

information from the bus node.

A further form of embodiment of the invention is distinguished by the fact that the switching
means 14, 24, 34 produce pulsed first analog signals.

According to the invention the bus node 13, 23, 33 can comprise further elements. There
can be provided, for example, interface circuits which manage the communication by way
of the bus 12, 22 with the control unit 11, 21. Preferably here, too, two-channe! is used,

i.e. a respective interface circuit is provided for the receiver side (switching means 14, 24,



enbodi nent shown in Fig. 3 is particularly suitable for fulfilling such
standards. However, it is also possible with the circuit according to Fig. 3
to monitor two different safety elenments. The first elenment 36.1 can be,
for exanple, a lock contact and the second safety elenent 36.2 can be a
buffer contact conpletely independent of the lock contact. According to a
further fo¥n2ea5/08eMddi nent of the inventlion the control PAGRCH2004080883 gned to
be two-channel, wherein a first channel undertakes the digital presetting of
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enbodi rrent “invention is distinguished by the fact that the sw tching
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t hus addressed by the control unit. Accor di ng to a further form of
embodi mentCirgit t R G asei intoratRd gircuits ”?whﬁéﬁﬂﬁga'ﬁﬂd’ﬁlg apd a digigl p8d- and t he
second switching neans 15, 25, 35 are each realised as an integrated

circuit. Each of these integrated circuits then has an anal og part and
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safety element.

According to a further form of embodiment of the invention the converter 25.3 comprises
an optoelectronic coupler which converts the signal S*, into an optical signal. This optical
signal is then converted at the receiver side of the optoelectronic coupler into a voltage
and can be further processed.

According to a further form of embodiment of the invention the control unit comprises
means which allows monitoring of the course over time. If too large a time interval passes
between the presetting of a target magnitude and the reception of a feedback, then this

can also be an indication of a fault or a problem in the safety system.

A further form of embodiment of the invention is characterised in that the bus node
comprises further switching means which allow connection with other elements, for
example sensors, actuators or displays. In this case the bus node can be regarded as a
hybrid circuit which monitors not only safety elements, but also elements not relevant to

safety.



safety elenent. According to a further formof enbodi ment of the invention
the converter 25.3 conprises an optoel ectronic coupler which converts the
signal S*1 into an optical signal. This optical signal is then converted at
the receiver side of the optoelectronic coupler into a voltage and can be
further processed. According to a further form of enbodi ment of the

i nventi on WREVEHARDI unit conprises nBans which al | ovBCTHEH?WOHPIWEY of t he
course over tine. If too large a tinme interval passes between the
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el enents, but also elenents not relevant to safety. W 2005/ 000727 11

PCTI CH2004/ 000393 The safety system according to the invention is preferably
so constructed that it serves the purpose of detecting at |east a part of
the safety-relevant states of a lift installation separately fromthe
actual lift control and, on occurrence of problens, of triggering reactions
in that the safety systemor the control unit directly intervenes in the
lift control. WD 20051000727 12 CLAI M5 PCT/ CH2004/ 000393 1. Safety system
(10; 20) of a lift installation, wwith a) a control unit (11; 21), b) at

| east one bus node (13; 23; 33), c) at |east one safety elenent (16; 26; 36)
and d) a bus (12; 22, 22.1, 22.2; 32.1, 32.2) which enabl es conmuni cation
between the control unit (11; 21) and the bus node (13; 23; 33),
characterised in that the bus node (13; 23; 33) conprises first sw tching
nmeans (14; 24;



34) which on digital presetting of a target magnitude by the control unit
(11; 21) acts on the safety elenent (16; 26; 36) with a first anal og signal
and second switching neans (15; 25; 35) which derive an anal og signal from
the safety element (16; 26; 36) and meke digital feedback information

avail able to the control wunit (11; 21) by way of the bus (12; 22, 22.1,
22.2; 32. WO320050p072D  Saf ety system (10;1220) accor di ng RE/EHZ04{090393
characterised in that the safety elenent (16; 26; 36) is one or nore of the
fol |l ow ng @afimsy-rel evant el enents: a) door contact b) |ock contact «c¢)
buffer contact d) flap contact e) sensor f) actuator g) travel switch h)
energency stop switch. 3. Safety system (10; 20) according to claim1l,
characterissed isafétbaysténlmqm;izcgtofsmﬁrfslrdnmon,maans (14; 24; 34) conprises a
wite el enent (24. _V\Gi ‘Jg provides the first analog signal, and
that the second sw tac‘l"ﬂrWQ Wtd: ¢ 25: 35) corrpri ses a read el enent (25.2;

35.2), which pruycess;@@a@t@eé:ngn@@a(hgggzﬁmpal . Safety system (10; 20)
according to cl gl m 3, characteris iﬁﬂ% %}e bus node (13; 23; 33)
conprises a prdtessdt 1gesyone sajgly em%mu EotRé@¥s the presetting of the
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convert er feedback information avaitable to the control unit (11; 21) by way of the bus (12; 22, 22.1,
22.2,32.1, 32.2).

2. Safety system (10; 20) according to claim 1, characterised in that the safety
element (16; 26; 36) is one or more of the following safety-relevant elements:

a) door contact
b) lock contact
C) buffer contact
d) flap contact
e) sensor
f) actuator
g) travel switch
h) emergency stop switch.
3. Safety system (10; 20) according to claim 1, characterised in that the first switching

means (14; 24; 34) comprises a write element (24.2; 34.2), which provides the first analog
signal, and that the second switching means (15; 25; 35) comprises a read element (25.2;

35.2), which processes a second analog signal.

4, Safety system (10; 20) according to claim 3, characterised in that the bus node (13;
23; 33) comprises a processor (24.1, 34.1), which converts the presetting of the control

unit (11; 21) into the first analog signal or triggers a conversion into the first analog signal.



a) which converts the digital presetting of the control unit (11; 21) into
an anal og magni tude which corresponds with the first analog signal or is
correlated with the first anal og signal, and b) which converts the anal og
signal into digital information. 7. Safety system (10; 20) according to one
of the preceding clainms, characterised in that the bus node (13; 23; 33)
carries oWOalg@aIRT ati ve conpari son of 1Bhe first anal REFBEYHERH000APX h t he
second anal og signal and/or a qualitative evaluation of the first anal og

signal and. nalk®gety l@ﬁ»stémubtzc?fac&mmg%re@rm S QR 42MHrA @B das 1t thd Rls node
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signal, wherein this conparison takes place on the basis of the digital

presetting and the digital feedback information. 9. Method for continuous
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rises a control unit | east _one_ bus
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22, 22.1, 3%, %B@Bnéthata%b’i)s,ndael ¢ 2198 ®&mRise® BRURbIRGb-ARyitBEdoneeRert he
control un|t (11; 21) and the bus node (13; 23; 33), characterised In that
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by the control unit gyhiby %]agmhﬁiet Wﬁlchu&rrééﬁgr%s( with tR8; fird8hnkbg Vayn#fort lge bus
(12; 22, 22.1, 22.2; 32. in order to thereby preset a target

magni tude, b) convercé’fr@ﬁt%’fw'im@ed'lrijlaﬂa'logﬂﬂf”@? AB¥i on by the bus node (13; 23;

33) in order t@) preRadeedhvbis He ARGyl BRRdigH4)igBrmsAibhesponds with the
target magnitude or is correlated therewith, ¢) application of the first

anal og signal to, or inpression of the first analog signal on, the safety

el ement (%6; Z%aféﬁ)aystm 3@056 O&QZ?dTnglt% orI%CBr Hﬁ%‘%@&f&’d%oc?&%sdbhéi%tbﬁﬁd' |ﬁn or

reception of an anal gga at a safety elenment (16 by t bus
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23; 33) aRghn the second analog signal and/or a qualitative evaluation of the first analog signal and
makes the result of the comparison available as digital diagnostic information.

8. Safety system (10; 20) according to one of claims 1 to 6, characterised in that the
control unit (11; 21) carries out a quantitative comparison of the first analog signal with the
second analog signal, wherein this comparison takes place on the basis of the digital
presetting and the digital feedback information.

9. Method for continuous checking of a safety system (10; 20) of a lift installation,
wherein the safety system (10; 20) comprises a control unit (11; 21), at least one bus node
(13; 23; 33), at least one safety element (16; 26; 36) and a bus (12; 22, 22.1, 22.2; 32.1,
32.2), which enables a communication between the control unit {(11; 21) and the bus node
(13; 23; 33), characterised in that the following steps are carried out:

a) transmission of digital information by the control unit (11; 21} to the bus
node (13; 23; 33) by way of the bus (12; 22, 22.1, 22.2; 32.1, 32.2) in order
to thereby preset a target magnitude,

b) conversion of the digital information by the bus node (13; 23; 33} in order to
prepare a first analog signal which corresponds with the target magnitude
or is correlated therewith,

c) application of the first analog signal to, or impression of the first analog

signal on, the safety element (16; 26, 36),



f) preparing digital feedback information by the bus node (13; 23; 33) for
the control unit (11; 21). 10. Method according to claim9, characterised
in that processing of the digital information and the feedback information
is carried out by the control unit (11; 21), wherein preferably a statenent
about the safety elenment (16; 26; 36) is made possible. 11. Method according
to cl ai m vOoeHwaEReri sed in that on prdédessi ng of the RETEHYPV448905%al a
qualitative evaluation of the first analog signal is undertaken, wherein the

evaluation is Ggrri e@rioatfonesireb&itibn of aﬁ%rnblo? syhal BEa REfstnedmeni Bi6; 28; 3633) -
12. Method according to one of clainms 9 to 11, characterised in that the bus
node (13; 23; 33) th¢ Bus pefde H3g£4iX3Al - t 0- anal og conversion in order to

convert the di ghtal prédeRtiRglor M2 adagsidr®bf tHePusTicaBd 3; 2B333Mridghod accor di ng
to one of clains 9 to 11, characterised in that the bus node &13' 23; 33)
on processing o t h@rerpang gligitadfeedbagl infosnatinn by theus brfla d3a2gi s for the
conversion in orderoh@ocRitY¢it21h he analog signal into the digital feedback
information. 14. Method according to one of clains 9 to 13, characterised in
that the bus node (13; 23; 33) is constructed in redundant manner and steps

a) to c) ape PYdREIRREMIrRMd THiRdo, BRaAGteRied ¢ tRAIS pRRESsing Bf #d: digital
different fromthe steps d% and e). . _ .
information and the feedback information is carried out by the control unit (11; 21), wherein

preferably a statement about the safety element (16; 26; 36) is made possible.

11. Method according to claim 9, characterised in that on processing of the analog
signal a qualitative evaluation of the first analog signal is undertaken, wherein the
evaluation is carried out entirely or partly by the bus node (13; 23; 33).

12. Method according to one of claims 9 to 11, characterised in that the bus node (13;
23; 33) carries out a digital-to-analog conversion in order to convert the digital information

into the first signal.

13. Metheod according to one of claims 9 to 11, characterised in that the bus node (13;
23; 33) on processing of the analog signal carries out an analog-to-digital conversion in
order to convert the analog signal into the digital feedback information.

14. Method according to one of claims 9 to 13, characterised in that the bus node (13;
23, 33) is constructed in redundant manner and steps a) to c) are performed by switching
means of the bus node (13; 23; 33) different from the steps d) and e).



