| Safety systemfor a lift installation and nethod of operating a lift
installation with a safety system The invention relates to a safety system
for alift installation for the transport of persons/goods in a building
and to a nmethod of operating the lift installation with a safety system
according to the definition of the introductory part of the independent
clains. US 5 419 414 A shows a lift instdllation with cages which are
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The cages safetycsyst@ated with the counterweights by way of cables as drive

nmeans. The drives are nounted above the shaft and nove the drive neans.
The drives are controlled by drive control signals froma drive control.
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I nvention consists in providing a safety systemfor a |lift installation,
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i n accordance wth the independent clains. ependent cl ai s show.
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saf ety sysgigmif &f the drivé boftfoit al | ation for the transport of persons/goods
in a buildihg and to a nethod of operating a lift installation with a
safety system Several cages are noved one above the other in a shaft.
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installation, which comprises means for avoiding collisions between cages moved

independently of one another in a shaft.

A second object of the invention consists in providing a safety system for a lift installation,
which comprises means for restricting movement of cages, which movements take place

independently of one another in a shaft, to storey regions with closed storey doors.

A third object of the invention consists in providing a safety system for a lift installation,
which comprises means for avoiding collisions of cages, which move independently of one

another in a shaft, with shaft ends.
These objects are to be realised by known and proven means of lift construction.

These objects are met by the invention in accordance with the independent claims. The
dependent claims show advantageous embodiments of the invention.

The invention relates to a safety system for a lift installation for the transport of
persons/goods in a building and to a method of operating a lift installation with a safety
system. Several cages are moved one above the other in a shaft. Each cage is moved by
a drive. At least one drive control controls the drives by way of drive control signals.



Cage position detecting sensors detect positions of each cage and transmt
cage position data to at |east one safety control. Access to the shaft

t akes place by way of opened shaft doors. A lock | ocks shaft doors. Lock
setting detecting sensors detect settings of the |ocks of the shaft doors
and transmt |ock setting data to the safety control. The safety control
determines, fromthe cage position data &d the |ock setting data, shaft
region data with details with respect to shaft regions in which each cage
is safely novable. According to the invention provision of cage position
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control. Cage position data are transmitted only to the safety control
associ at EdAH\Ga;[nrt]agtegﬁsly the cage position detecting sensors, the lock setting detecting sensors,
the safety control and the drive control are modular components of the safety system.
These components communicate with one another by way of a data bus. The advantages
of the data bus reside in that on the one hand data can be rapidly transmitted from and to
the safety control and that on the other hand the sensors of the cage positions and the
lock settings are selectively controllable in simple and individual manner. This rapid
communication and this selective control of the sensors takes place with a very favourable
cost/performance ratio. In addition, this modular safety system is simple to install and to

maintain.

In a first form of embodiment the safety control is advantageously a central unit. The
central safety control receives all cage position data of the cages, it receives all lock
setting data of the shaft doors and it transmits all shaft region data to a central drive
control. In a second form of embodiment the safety control advantagecusly consists of
decentral units. Each cage is individually associated with a safety control and drive
control. Cage position data are transmitted only to the safety control associated with the
cage. The safety controls exchange detected cage position data with one another. Lock



cage. The safety controls exchange detected cage position data with one
another. Lock 3 setting data are transmtted to all safety controls. Shaft
region data are transmtted only to the drive control associated with the
cage. The drive control controls, by the shaft region data provided by the
safety control, the drives and thus prevents collision of cages in the
shaft, collision of cages with shaft ends and travel past open shaft
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be checked with respect to transm ssion error. In addition, the sensors
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i ndependensteggeréd oraenenartineombination.shaft and a safety control for each
cage, Fig. 3 shows a schematic illustration of a first form of enbodi nent
of the conponents of the safety installation for a lift installation
accor di ng Advantageolisly atie 4afety control checks the serviceability of the sensors with

serviceability interrogations, which increases safety of the lift installation. Thus, cage
position data and lock setting data transmitted to the safety control can be checked with
respect to transmission error. In addition, the sensors can be interrogated, in the manner
of a test, with respect to functional capability at periodic intervals in time.

The invention is explained in detail in the following on the basis of forms of embodiment by

way of example, wherein:

Fig. 1 shows a schematic illustration of a part of a first form of embodiment of a lift
installation with two cages moved independently of one another in a shaft
and a central safety control for the two cages,

Fig. 2 shows a schematic illustration of a part of a second form of embodiment of
a lift installation with two cages moved independently of one another in a

shaft and a safety control for each cage,

Fig. 3 shows a schematic illustration of a first form of embodiment of the
components of the safety instailation for a lift installation according to Fig. 1
and



Fig. 4 shows a schematic illustration of a second form of enbodi nrent of the
conponents of the safety systemfor a |lift installation according to Fig.

2. Building 1 shaft: Figs. 1 and 2 show two different forns of enbodi nent
of alift installation 10 for conveyi ng persons/goods between the storeys
30.1 to 30.8 of a building 30. The Iift installation 10 conprises at | east
one lift which is advantageously installdédd in a shaft 31 of a building 30.
Nuner ous passibilities of variation in the installatjion of a
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by way of at Ieast one drive neans 4, 4', which drive neans 4, 4' are
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not or, notor or with linear notors can be used. The
drives 6 ,%pﬁé%haﬁmgaﬂ.ﬁg%m in the formof enbodi nent according to Fig. 1,

be arranged in stationary position in a separate engine room32 or, as
shown in Drives / drive means: The lift instaliation has a drive 8, &' for each cage 2, 2'. The drives
are advantageously drive pulley drives with drive pulleys which connect the cages 2, 2' by
way of drive means 4, 4' with counterweights 3, 3'. Advantageously each cage 2, 2' is
connected with a counterweight 3, 3' by way of at least one drive means 4, 4', which drive
means 4, 4' are driven by drive pulleys through friction couple. The cages 2, 2' and the
counterweights 3, 3' are, in the illustrations according to Figs. 1 and 2, arranged in
different planes. The drive means 4, 4' can have any desired form and can also be of any
desired materials. For example, the drive means 4, 4' is a round cable, double cable or a
belt. For example, the drive means 4, 4' is at least partly of steel or aramide fibres. With
knowledge of the present invention the expert can use all known and proven drives 6, 6.
For example, gearless drive or drives with gears can be used. In addition, drives 6, 6' with
permanent magnets, with a synchronous motor, with an asynchronous motor or with linear
motors can be used. The drives 6, 6' can, as shown in the form of embodiment according
to Fig. 1, be arranged in stationary position in a separate engine room 32 or, as shown in
the form of embodiment according to Fig. 2, in stationary position directly in the shaft 31.
Here, too, with knowledge of the present invention the expert has free choice of the
arrangement of the drives. For example, the drives 6, 6' can, as illustrated in the form of



the form of enbodi nent according to Fig. 2, in stationary position directly
in the shaft 31. Here, too, wth know edge of the present invention the
expert has free choice of the arrangenent of the drives. For exanple, the
drives 6, 6' can, as illustrated in the formof 5 enbodi nent according to
Fig. 1, be arranged at the upper end of quide rails 5, 5 at substantially
the sanme height in the shaft 31. Finally,” the drives do not have to be
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Cage position detecting sensors: The lift installation 10 comprises at least one cage

position detecting sensor 21, 21' for detecting the current absolute position of each of the
cages 2, 2' moved independently of one ancther in the shaft 31.

In a first preferred form of embodiment according to Fig. 1 a coding is applied to a speed
limiter cable 12, 12'. Each cage 2, 2' has a speed limiter cable 12, 12' which is arranged in
the shaft 31 near the cage 2, 2' and mechanically fixedly connected with the cage 2, 2'.
The upward and downward movement of the cages 2, 2' in the shaft 31 is thus transmitted
to the speed limiter cable 12, 12'. For reasons of clarity, the distances in Fig. 1 between
the cages 2, 2' and the speed limiter cables 12, 12' are not to scale. Each speed limiter
cable 12, 12' is mechanically connected with a speed limiter 14, 14' arranged in the engine
room 32. The speed limiter 14, 14' detects excess speed of the cage 2, 2' and in the case
of excess speed triggers at least one of the safety measures described further below. A
deflecting rolter 13, 13' arranged at the shaft base makes possible the return run of the
speed limiter cable 12, 12'. In this first form of embodiment the cage position detecting
sensor 21, 21' is mounted in the engine room 32 at the speed limiter 13, 13". The cage
position detecting sensor 21, 21' can decode optical codings such as colour codings or



room 32. The speed limter 14, 14' detects excess speed of the cage 2, 2
and in the case of excess speed triggers at |east one of the safety
nmeasures described further below. A deflecting roller 13, 13" arranged at
the shaft base nakes possible the return run of the speed |limter cable
12, 12'. In this first formof enbodi nent the cage position detecting
sensor 21, 21' is nounted in the engine ﬁoon132 at the speed limter 13,
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the cage 2the2magnet|c strip 9 are decoded into a current absolute position of the cage 2, 2'. The
decoding can be carried out by the cage position detecting sensor 21, 21' or by the safety
control 26, 26'. A rectilinear disposition, for example adjacent to at least one guide rail 5,

5, allows use of a magnetic strip 9 with high information density.

This second form of embodiment is also not obligatory for the expert. The cage position
detecting sensors 21, 21' can also be an optical sensor which is mounted on the cage 2, 2'
and which detects any patterns in the shaft 31 as cage position data. These patterns are
detected and stored as primary cage position data in a calibrating travel. In operation of
the lift installation 10, instantaneously detected cage position data are compared with the
stored primary cage position data. The storage and comparison of cage position data can
be carried out by the cage position detecting sensor 21, 21' or by the safety control 26, 26",
The expert can also apply mechanical markings, such as balls or hooks, which are
detected by appropriately designed mechanical cage position detecting sensors 21, 21, in
the shaft 31. For example, a marking is provided at at least one guide rail 5, 5' at every 10
centimetres. The current position of the cage 2, 2' with respect to a defined known starting
position can thus be determined by counting the markings. Counting of the markings can



and which detects any patterns in the shaft 31 as cage position data. These
patterns are detected and stored as prinmary cage position data in a
calibrating travel. In operation of the lift installation 10,

I nstant aneously detected cage position data are conpared with the stored
primary cage position data. The storage and conpari son of cage position
data can be carried out by the cage posi?tion detecting sensor 21, 21' or
by the safety control 26, 26 The expert can al so app nmechani cal
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Y

regul ar int 'n time of 10 mlliseconds. Shaft doors | |ocks: Access
to the shaft 34 takes place in each storey 30.0 to 30.8 by way of shaft

doors 11.0 shaf t

one. "si de P4t Hopls el 2bhes RIS s o B o B oA, GRS R RT 04 &
const r uct eway of shaftxdziofs 150w t1.8g The shaft tbag 1d|00ed 18.itambe dows lopesiag foome as
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110 to 1158 31 BahoRS (TR debre YR T B e i edanpRe o Be seto 0o
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t he expertloclsd. Emdbtsmhmsawaeh shiaft deari L0 tonsl 3 oompiigescolocke d8i0an. 188)r The
exampl e, tfg 1 85% 1880 L8r-LhuthhdWhen the shaft door 11.0 to 11.8 is closed. An active
locking is not necessary. With knowledge of the present invention the expert can
undertake numerous variations in this connection. For example, the locks 18.0 to 18.8 are
preferably so constructed for reasons of safety that they can uniock and open or close and

lock only by a cage door 8, 8' provided at a cage 2, 2' or that they can unlock by a special

tool and slide back by hand.

Lock setting detecting sensors: Each shaft door 11.0 to 11.8 comprises at least one
lock setting detecting sensor 20.0 to 20.8. The lock setting detecting sensor 20.0 to 20.8
detects settings of the locks 18.0 to 18.8 of the shaft doors 11.0 to 11.8. Sensors which
are known to the expert in lift construction and are proven, such as locking device
contacts, microswitches, inductive sensors such as, for example, radio-frequency
identification (RFID) sensors, capacitive sensors or optical sensors, etc., can be used as
lock setting detecting sensors. The detection of the lock setting data is preferably carried
out continuously, for example at regular intervals in time of 10 milliseconds.



preferably so constructed for reasons of safety that they can unl ock and
open or close and lock only by a cage door 8, 8 provided at a cage 2, 2
or that they can unlock by a special tool and slide back by hand. Lock
setting detecting sensors: Each shaft door 11.0 to 11.8 conprises at | east
one |lock setting detecting sensor 20.0 to 20.8. The lock setting detecting
sensor 20.0 to 20.8 detects settings of 8the locks 18.0 to 18.8 of the

shaft door .0t enso. ch kngwn .10 .L.he expe
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bus 22, of cage position data determ ned by the ca%.yt goleon detectin

sensors 21"3"‘@1@"‘3 RRMNocRE Sast Snegalely &’r%?'ér'?rﬁ?é‘ifj [fREMeNYI8ngdt exeryited
det ecting pethedompiferQnito 20.8 and which transmts shaft region data to
the drive control 16, 16" by way of the data bus 22. The safety control
26, 26' advantageously conprises at |east one conmputer unit and at | east

one MendryThé\bafefaddntraNes, I8 RioYitdHs MHetBr isafety-EritRel é;ﬂlcfn@@ af& BRdeedadd Thése
executed by the coguter unit. The safety control 26, 26" nonitors whet her

saf ety-cri ?99(951955&15% sefbed,in detailurbRr befoyves dn thezase R exapeding 3 safalygritica!

detail fur§hingdptedefinddsdfb§ rhedstrd ar8XGeRdd ng fﬁst%%f&g Wreabine! i§ alow.r@a&wmg,
predefined safety rreasures are initiated. A first safety neasure is sl ow ng

down by niarEeais &f & idike 8. 6. A fuiherh aafetyaMmaasuige ifs gMergancyRiakivgc y-e-

braki ng, i efyageRRHRSEINE Mopping Bi8kS bPRNLAS PE e @f sata hafher s%?y Aeh¥ifte s
6'. A further saf ety neasure 1s_engagenent of at |east one safety braking
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initiated as first safety neasure. he safety-critical spacing decreases

further, a W?gé?w"tm%aﬁgﬁrﬁsaﬁaf% nm;ufq oHfatheysafety-critigab §paaing decreapes
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of a saf et% braki ng dévi ce can
e safety-critical spacing still decreases, engagement of a safety braking device can

additionally be carried out as a further safety measure. With knowledge of the present
invention the expert can obviously also undertake other forms of bringing the cages 2, 2'to
a standstill. Thus, for example, the expert can provide a cage brake in the form of a brake
disc. In addition, the expert can provide braking of the drive means.

The data bus 22 is a known and proven signal bus. It can be a signal bus on the basis of
electrical or optical signal transmission, such as an Ethemet network, a Tokenring
network, etc. In addition, it can be a radio network, an infrared network, a radar network, a
radio beam network, etc. The transmission media such as twin-wire, 230/400 VAC mains,

radio, infrared, microwave, fibre-optic, Internet, etc., can be freely selected.

The safety system thus consists of the components of cage position detecting sensors 21,
21', lock setting detecting sensors 20.0 to 20.8, safety control 26, 26’ and drive control 16,
16', which communicate with one another by way of the data bus 22. The components of
the safety system are advantageously bus modules. A bus module is an electronic card
with at least one data memory and at least one computer unit. Advantageously, the data
bus 22 is an LON bus where bus modules directly communicate with one another in simple



additionally be carried out as a further safety neasure. Wth know edge of
the present invention the expert can obviously al so undertake other forns
of bringing the cages 2, 2' to a standstill. Thus, for exanple, the expert
can provide a cage brake in the formof a brake disc. In addition, the
expert can provide braking of the drive neans The data bus 22 is a known
and proven signal bus. It can be a S|gnal bus on the basis of electrical
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modul es di pradthed topologyi cate with one another in sinple 9 manner and are
programuabl e. The LON bus is a technol ogy which enabl es construction of
decentrally controll ed networks with use of nunerous sinple bus nodes. In
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programmed with | o |caI | i nks. The LON bus has a free topology and can be
struct ur edi¥§ 99"HE518.circles, trees, etc. The data bus 22 has, for exanpl e,
a branched topology In the first form of embodi ment according to Fig. 3
t he cage p03|t|on de ecting sensors 21 21' and | ock set detecti
sensor s 20MhE SOSEEOH ! RIS SprPriionio Fidy cact oS 24 2 CORPAESS & SAIEMG|
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'[ In the second form of enbodi nent accor di ng to each

cage 2, 2' Irs3AIRLY SOBtrel 48,14 Fgcond; Gagspositign detgeting senspc2 i’ oh g eﬁ%‘J ?%l?nz

detecting seAtsted by Pfseorld ESbtyCaBrol26'S TR W@ s8Rt Yortrols 26, 26' reciprocally
exchange detected cage position data. The lock setting detecting sensors 20.0 to 20.8 are

monitored by the two safety controls 26, 26'. The first safety controls 26 transmit shaft
region data to the drive control 16 of the drive 6 of the first cage 2 and the second safety
controls 26' transmit shaft region data to the lift control 16' of the drive &' of the second
cage 2'.

The data bus 22 thus makes possible two important functions, namely rapid transmission

of data and interrogation of the serviceability of the sensors of the safety system.

Serviceability interrogations: Advantageously, the safety control 26, 26' is so
constructed that it evaluates the cage position data or the lock setting data in order to
trigger one or more predefined reactions, particularly recognition and localisation of a fault,
triggering of a service call, stopping of a cage 2, 2' or performance of another situation-
adapted reaction on recognition of risk-laden mutual approach of the cages 2, 2’ or the
remaining open of a shaft door 11.0 to 11.8.



first safety control 26. A second cage position detecting sensor 21' of a
second cage 2' is nonitored by a second safety control 26'. The two safety
controls 26, 26' reciprocally exchange detected cage position data. The

| ock setting detecting sensors 20.0 to 20.8 are nonitored by the two
safety controls 26, 26'. The first safety controls 26 transmt shaft

regi on data to the drive control 16 of tHe drive 6 of the first cage 2 and
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or 24 ho ose e correspondi ng
transmltted to the safety control 26. This test can be carried out on opening and closing of

the shaft doors 11.0 to 11.8 in normal operation. If a storey 30.0 to 30.8 was not travelled
to within the predetermined time period of 8 or 24 hours then for test purposes a test travel
to this storey 30.0 to 30.8 is initiated by the safety control 26, 26' (forced test).
Advantageously the execution of all tests is monitored by the safety control 26, 26' and
entered and stored in a table.

Safe shaft regions: The safety control 26, 26' determines, for the cages 2, 2', safe shaft
regions in which the cages can move to a next storey stop with maintenance of a defined
safety spacing from a next cage 2, 2' or from the shaft end and with normal retardation as
seen in travel direction of the cage 2, 2' and can stop there. Safe shaft regions are thus
such shaft regions in which the cages 2, 2' can move without initiation of further safety
measures such as emergency braking, i.e. engagement of the stopping brake or
engagement of a safety braking device. For this purpose there is filed in the safety
program at least one travel plot according to which the cages 2, 2' are accelerated, braked
or stopped by the drives 6, 6'. Advantageously the travel plot has three regions, namely
an acceleration region where the cages 2, 2' are accelerated at predetermined normal

acceleration, a speed region where the cages 2, 2' are moved at predetermined normal



to 11.8 are opened and cl osed again or at |east the contacts are actuated
(unl ocked/ | ocked) and it is observed whether in that case anticipated | ock
setting data are transnmitted to the safety control 26. This test can be
carried out on opening and closing of the shaft doors 11.0 to 11.8 in
normal operation. If a storey 30.0 to 30.8 was not travelled to within the
predeterm ned tine period of 8 or 24 houtk then for test purposes a test
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is equal to one i'ng trave t nor retar
safety spacing. For example, the expert can employ a stronger retardatlon and the expert

can also initiate an emergency braking, i.e. engagement of the stopping brake.



If a cage 2, 2' travels at nornmal speed towards a shaft end or towards
opened shaft doors 11.0 to 11.8 then the safety spacing is equal to one
full braking travel at normal retardation. Based on the current data with
respect to cage positions and the |lock settings the safety program
advant ageously ascertains in real tinme for each cage 2, 2' a safe shaft
region. Wth know edge of the present iMention the expert can obviously
use ot her Fs{eﬁ génr%gs of a safety spacing. For exanple, the expert can

enploy a s tardation and the expert <can also initiate an
ener gency brak| ng, i.e. engagerrent of the stopping brake. 12 Patent C ains
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that the drive con roI (16, 16') converts the shaft region data into drive

control sitffelygovablesat ety system according to claim2, characterised in
that the cage position detecting sensors (21, 21 ) transm’t cage position
data, and the | gck settln detectin sensors 0.0 to 20. transmt | ock
setting dafa, by3WRH,sSY§tem™ eréardo{n%t%d% i3, Pt e%fnethat thE&ﬁ{%iyp‘FO"Er?E{%Qgéf
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16"} converts the shaft region data into drive control signals.

3. Safety system according to claim 2, characterised in that the cage position
detecting sensors (21, 21'} transmit cage position data, and the lock setting detecting
sensors (20.0 to 20.8) transmit lock setting data, by way of a data bus (22) to the safety
control (26, 26') and/or that the safety control (26, 26') transmits shaft region data by way
of a data bus (22) to the drive controi (16, 16").

4, Safety system according to claim 3, characterised in that the cage position
detecting sensors (21, 21") transmit cage position data to a central safety control (26, 26'),
that the lock setting detecting sensors (20.0 to 20.8) transmit lock setting data to the
central safety control (26, 26') and that the central safety control (26, 26') transmits shaft
region data to a central drive control (16) for all cages (2, 2').

5. Safety systemn according to claim 3, characterised in that a cage position detecting
sensor (21) of a first cage (2) transmits cage position data to a first safety control (26), that
a cage position detecting sensor (21') of a second cage (2') transmits cage position data to



of a data bus (22) to the drive control (16, 16'). 4. Safety system
according to claim3, characterised in that the cage position detecting
sensors (21, 21') transmt cage position data to a central safety contro
(26, 26'), that the lock setting detecting sensors (20.0 to 20.8) transmt
| ock setting data to the <central safety control (26, 26') and that the
central safety control (26, 26) transmt & shaft region data to a central
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position detecting sensors (21, 21') are mechanical sensors which detect markings in the

shaft (31).

8. Method of operating a lift installation (10) for the transport of persons/goods in a
building (30}, comprising at least two cages (2, 2') which are arranged one above the other
and are movable independently of one another in a shaft (31), a drive (6, 6') for each cage
(2, 2'), at least one drive control (16, 16") for controlling the drives (6, 6') and cage position
detecting sensors (21, 21') for detecting the positions of each cage (2, 2'), characterised in
that cage position data are transmitted to at least one safety control (26, 26'), that
accesses to the shaft (31) are closed by shaft doors (11.0 to 11.8), that shaft doors (11.0
to 11.8) are locked by locks (18.0 to 18.8), that settings of the locks (18.0 to 18.8) are
detected by lock setting detecting sensors (20.0 to 20.8), that lock setting data are
transmitted to the safety control (26, 26') and that shaft region data with details with
respect to shaft regions in which each cage (2, 2') is safely movable are determined from

the cage position data and the lock setting data.



and are novabl e i ndependently of one another. in a shaft (31), a drive (6,
6') for each cage (2, 2'), at |east one drive control (16, 16') for
controlling the drives (6, 6') and cage position detecting sensors (21,
21') for detecting the positions of each cage (2, 2'), characterised in
that cage position data are transmtted to at | east one safety control (26,
26'), that accesses to the shaft (31) ate closed by shaft doors (11.0 to
11.8), that shaft doors (11.0 tao 11. 8?1 are |l ocked by locks (18.0 to 18.8),
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are determned from the cage position data and the |ock setting data. 14
9. Method according to claim@8, characterised in that the shaft region data
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2') or fromt shaft end and wth normal retardation can nove to a next
storey stoﬁbe@s seen in travel di rectlon of the cage (2, 2') and stop
there. 11. Method according to claim9 or 10, characterised in that the
cages (2, 2') are noved at a safety spacing which is equal to the entire
braki ng trhkel Wethodeacsarding (@ claim)9 oni10h charapterisedina thah tthe wages (2.M2) Ia6r

accordi ng f I FQIE |gare?@ by of
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det ecti ng wﬁmemml(eler.@tlono 20.8) is checked by the safety control (26,
26') by way of a data bus (22). 13. Method according to one of clains 9 to

12, characterised in that in the case of exceeding a safety-critical
spaci ng at12.easMetine abcording ®, or@ df claimsed & dédchracterisedsin thatf sarviceahilily of e
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(2, 2') enpRfB) imsheckel by thecsafetyfconiyol (2B 261) by way of a data bus (22).

13. Method according to one of claims 9 to 12, characterised in that in the case of
exceeding a safety-critical spacing at least one drive (6, 6') is retarded as a first safety
measure and/or that at least one drive (6, 6') is emergency braked as a further safety
measure and/or that at least one safety brake device of the cages (2, 2') engages as a

further safety measure.



