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Elevator having a safety chain with a series connection of safety switch

arrangements

The present invention relates to an elevator having a safety controller to which

several safety switch arrangements are connected. Usually the connections of the

safety switch arrangements are connected to the safety controller as a safety chain

with a series connection of the safety switch arrangements. Such safety chain is

prescribed by common regulations as e.g. EN81-1 . Different safety-related

functions in an elevator, as e.g. the landing door closing function, the car door

closing function, over-speed protection functions, etc. or control safety functions

are provided with a corresponding safety switch arrangement whereby all the

safety switch arrangements of the different safety functions are usually connected

in series, although they might be connected directly to the safety controller at

different ports. If any of these functions is not working according to regulations,

e.g. if a landing door is still open, the safety switch of the safety switch

arrangement is open and the safety controller to which the safety chain is

connected gives an input to the elevator control to stop the elevator motor and to

close the brakes (or to keep the in the locked state). The safety controller may also

directly actuate the motor brake and disconnect the elevator motor.

As elevators are often operated over a very long time period, e.g. 30 years or

more, the safety switch arrangements may become worn so that the connection or

disconnection function of the safety switch arrangement does not work proper any

longer. Therefore, it could happen that a safety switch arrangement has a short

circuit in which case a corresponding landing door could stand open without the

safety switch arrangement would indicate that status to the safety controller or

interrupt the safety chain. The U S 7,980,363 discloses a safety arrangement where

the safety switch arrangements comprise a resistor which is connected parallel to

the safety switch of the corresponding safety switch arrangement. This solution



reveals information about the number of open switches by measuring the resulting

resistance value of the safety chain.

The U S 2010/051 391 discloses a method according to the preamble of claim 1.

It is object of the present invention to provide an elevator according to the above-

mentioned type with an improved safety.

The object is solved with an elevator according to claim 1. Preferred embodiments

of the invention are subject-matter of the dependent claims.

Some inventive embodiments are also discussed in the description and drawings

of the present application. The inventive content may also consist of several

separate inventions, especially if the invention is considered in the light of

expressions or implicit subtasks or from the point of view of advantages or

category of advantages achieved. In this case, some of the attributes contained in

the claims below may be superfluous from the point of view of separate inventive

concepts. The features of the various embodiments can be applied within the

scope of the basic inventive concept in conjunction with other embodiments.

The elevator of the invention has a safety controller to which several safety switch

arrangements are connected. Often, but not necessarily this connection is

performed via a series connection of the safety switch arrangements in a safety

chain which is connected to the safety controller. The safety controller is

configured to initiate the stop of the elevator motor and the activation of the motor

brakes if one of the safety switch arrangements is open, or to keep the elevator

stopped and the brake engaged. This is to ensure that an elevator cannot start

moving with open doors. According to the invention at least one, preferably all

safety switch arrangements comprise at least one first resistor connected in series

with the safety switch. The safety controller comprises a comparator for the



determination of the status of the safety chain. The comparator is connected with

or has a memory for storing at least one resistor reference value. The comparator is

configured to output a safety chain status signal in dependence of the result of a

comparison of a measured resistance value with the resistor reference value.

Accordingly, the proper function of the safety switch arrangement (a closed safety

switch position) can be detected by a quite low resistance of the safety switch

arrangement.

If the safety switch arrangements are connected in series in a safety chain then

normally the resulting resistance value in the safety chain corresponds to the

addition of the first resistor values in the safety chain. A short circuit of one of the

safety switch arrangement can easily be detected by a drop of the resulting

resistance value of the safety chain by the value of one first resistor because of the

approximately zero resistance of the short circuited safety switch arrangement.

Accordingly, the invention enables the differentiation between a short circuit of

the safety switch arrangement and the proper function when the safety switch is

closed.

Preferably the first resistor is directly connected to the safety switch in the safety

switch arrangement. This ensures that the status of the safety switch arrangement

(short circuited or closed or open) can accurately defined for each safety switch

arrangement.

If the safety switch arrangements are connected in series in a safety chain the

connection of the safety switch arrangements to the safety controller is simplified

as not each safety switch arrangement has to be connected to the safety controller.

Particularly in this case it is advantageous if the value of the first resistor in the

different safety switch arrangements is different. This enables the safety controller

to determine which of the safety switch arrangements has a short circuit. In this



connection it is to be mentioned that a short circuit sometimes takes place in the

wiring to and from the corresponding safety switch arrangement. Also in this case

the safety controller can detect to which safety switch arrangement this short

circuit is allocated.

For the determination of the status of the safety switch arrangements the safety

controller comprises a comparator. The comparator is provided or connected with

a memory for at least one resistor reference value. The comparator is configured to

output a safety chain status signal in dependence of the comparison of the

measured resistance value of the safety switch arrangements, e.g. the resulting

resistance value of the safety chain with the resistor reference value(s).

A proper function of the safety switch arrangements e.g. in the safety chain is

supposed when the resulting resistance value of the safety chain corresponds to

the series connection of the first resistors of the safety switch arrangements within

certain tolerances.

If e.g. the measured resulting resistance value of the safety chain exceeds said sum

of the first resistor values of the safety switch arrangements by a first threshold

value, then the safety chain is deemed interrupted, the brake is (kept) activated

and the elevator motor is (kept) stopped. Accordingly, the elevator according to

the present invention can clearly distinguish between the proper function of all

safety switch arrangements in the safety chain and an interruption of the safety

chain.

If on the other hand a safety switch arrangement is short circuited, the measured

resulting resistance value of the safety chain drops below the sum of the first

resistors of the safety switch arrangements in the safety chain. If the drop exceeds a

second threshold value a short circuit of a safety chain arrangement is supposed

which leads to the same precaution measures as mentioned above, i.e. the



elevator motor is (kept) stopped and the motor brake is (kept) engaged by de-

energizing the motor brakes.

Accordingly, in the invention, a specified range of resistor values is deemed as

proper function of the safety chain. If the value is too low, this is interpreted as a

short circuit of at least one safety switch arrangement and if the value is too high,

this is interpreted as an interruption of the safety chain.

According to the invention, the safety chain status therefore can be checked more

accurate and a short circuit of a safety switch arrangement can easily be detected

and used to stop the elevator.

The short circuit detection of course also works if each safety switch arrangement

is connected to the safety controller by its own port.

Preferably at least one, preferably each safety switch arrangement, comprises at

least a second resistor connected in parallel with the safety switch, which second

resistor has an essentially higher value than the first resistor. Via this this measure

also for the opening of the safety chain a defined resistance value is provided.

Therefore, the safety controller is able to check whether the safety switch of a

safety switch arrangement has opened (which leads to a resistance increase by the

second resistor value) of if the corresponding safety switch arrangement is

disconnected (e.g. because of a wiring connection problem or a wiring break).

According to a further preferred embodiment of the invention the values of the

second resistor are different in the various safety switch arrangements. Thus, if the

safety switch of a safety switch arrangement is open, it can be read directly from

the measured resulting resistance value in the safety chain which of the safety

switch arrangements is/are open.



Accordingly, this measure provides a more detailed safety function of the safety

chain including the corresponding safety controller.

Preferably, the value of the first resistor is different in the different safety switch

arrangements. By this measure, it is possible to get information about which safety

switch arrangement is short circuited. Accordingly, a signal can be transmitted to a

remote maintenance location as to replace a corresponding safety switch

arrangement.

If a first and second resistor according to the above-mentioned type is provided,

these are preferably connected in series so that if the safety switch is closed, the

resistance value of the safety switch arrangement is the value of the first resistor

and when the safety switch is opened, the resulting resistance value of the safety

switch arrangement is the sum of the values of the first and second resistor. By this

measure, the different status of proper function, short circuit and opening of the

safety switch arrangement can easily be detected.

Preferably, the safety controller comprises an analogue-digital-converter (ADC) to

transform the analogue resistance value of the safety chain into a digital value

which is then processed in a digital processing part of the safety controller. The

digital processing of the signals, particularly in the comparator of the safety

controller has several advantages as the data handling in the elevator control

generally is based on digital data transfer and digital data processing.

Normally, the safety controller is a part of the elevator control. Usually, the safety

controller is integrated with the elevator control, but can also be placed at a

separate location. The safety controller can be configured to directly activate the

brakes and stop the motor but can also have a connection to the elevator control

to perform the stopping of the motor and the closing of the motor brake via the

elevator control.



In a preferred embodiment of the invention, a measuring tool is provided having a

bridging resistor for the safety switch of a safety switch arrangement whereby the

value of the bridging resistor is in a range which is evaluated in the comparator of

the safety controller as proper value that doesn't require the activation of the

motor brake and the deactivation of the motor. The value is therefore preferably

higher than the value of the first resistor but lower than the value of the second

resistor, if present. With this measure it is possible to verify whether the safety

switch itself has a short circuit or not. In case the safety switch itself has a short

circuit, the resulting resistance of the safety switch arrangement when the

measuring tool is bridging the safety switch is the resistor value of the first resistor.

If the safety switch works properly, the opening of the safety switch will lead to a

resulting resistance value of the safety switch arrangement of the first resistor plus

the value of the bridging resistor of the measuring tool (as these are connected in

series). This can easily be detected by the safety controller. Accordingly, such

measuring tool can be used to check the proper function of each safety switch of

the safety switch arrangement. Preferably, the contactors on both sides of the

safety switch of each safety switch arrangement are connected with measuring taps

for the measuring tool.

The first resistor may have a value e.g. between 50 Ω and 500 Ω . The second

resistor, if provided, may have a value between 500 Ω and 10 k and the bridging

resistor of the measuring tool may have a resistance value of 200 Ω to 1 kΩ .

Provided the first resistor has a value of 100 ohm and the bridging resistor of the

measuring tool has a value of 500 ohm, this would lead to following truth table for

the comparator:

Measured resistance Diagnostic status Safety status

0 - 50 Ω short circuit stop



50 - 200 Ω ok running

400 - 600 Ω intended bypass by running with conditions

maintenance tool

> 700 Ω < 2 k ok running

> 2 k open safety chain , , stop

The generation of a safety status is provided by the comparator which compares

the measured resistance with reference values. In the above case the reference

values defining the allowable status are 50 Ω and 2 kΩ .

According to the truth table, the elevator detects a short circuit as well as an

interruption of the safety chain by an open safety switch as well as a use of a

bridging resistor of a measuring tool (status: running with conditions).

Accordingly, the invention provides a very sophisticated safety controller for

deriving more accurate and more detailed information about the safety status of

the elevator.

The invention also relates to a method for checking the safety status of an elevator

using a safety chain with a series connection of safety switch arrangements. Each

safety switch arrangement comprises a series connection of a safety switch with

the at least one first resistor. The resulting resistance value of the complete safety

chain is measured. In the measurement at least one safety switch arrangement is

assumed to be short circuited if the measured resulting resistance value falls below

the sum of the first resistor values of the safety switch arrangements in the safety

chain by a first threshold value. At least one safety switch arrangement is assumed

as being open if the measured resulting resistance value exceeds the sum of the

first resistance values in the safety chain by a second threshold value. Accordingly,

by the invention it could easily be detected whether the safety chain is closed and

works properly or whether there is a short circuit in a safety chain arrangement or

whether at least one safety switch arrangement is open. The information obtained



by the inventive method therefore exceeds the information which is obtained by

usual safety chains comprising a series of safety switches connected in series.

In a preferred embodiment of the inventive method, short circuits in a safety

switch arrangement is measured with a bridging resistor which is connected in

parallel to the safety switch of a safety switch arrangement which bridging resistor

has a value lower than the second threshold value.

If the bridging resistor which may be part of a measuring tool is connected in

parallel to the safety switch and the safety switch is opened, this should lead to a

change of the resulting resistance value. If no change happens, the safety switch of

the measured safety switch arrangement is short circuited. If, on the other hand,

the safety switch works properly, the value of the resulting resistance value

increases by the value of the bridging resistor. As the value of the bridging resistor

is lower than the second threshold value, this will be measured so that it is

apparent that the safety switch works properly, but, on the other hand, the elevator

motor is not stopped and the brakes are not activated (de-energized) as the raise of

the resistance value is below the second threshold value. Accordingly, by this

method, the functions of the single safety switches can be easily measured without

activating the safety controller so as to stop the elevator and activate the brakes.

Preferably different values for the first resistor are used in the different safety

switch arrangements as this allows the location of a short circuited safety switch

arrangement.

The invention is now described by an example in connection with the appended

drawing.

Fig. 1 shows a schematic diagram of the safety relevant parts of an elevator.



The Fig. 1 shows a safety controller 10 connected to an elevator control 12 which

is in functional connection with an elevator motor 14 as well as the motor brakes

16 . The safety controller 10 comprises a safety chain 18 with a series connection

of five safety switch arrangements 20, 22, 24, 26, 28. The safety chain 18 is

connected to an analog-digital-converter (ADC) 30 which is connected to a

comparator 32 having an internal memory 34.

The figure also shows a measuring tool 40 which is explained in detail hereinafter.

Each of the safety switch arrangements 20-28 consists of a safety switch 36

connected in series with a first resistor 38. In the safety switch arrangement 20, 22,

24, 26, 28, furthermore, a second resistor 40 is connected in parallel to the safety

switch 36, but in series to the first resistor 38. O n both sides of the safety switch

are taps 39 which can be connected to pins 42 of the measuring tool. These pins

42 are connected by a bridging resistor 44. This measuring tool 40 further

comprises a body 46 to which the pins 42 and the bridging resistor 44 are

mounted, during the measurement of the safety switch 36 of a safety switch

arrangement 20, 22, 24, 26, 28 the pins 42 of the measuring tool 40 are

connected to the tabs 39 thereof. In this connection, it has to be mentioned that

the construction of each safety switch arrangement is identical to that shown in

connection with safety switch arrangement 20. These safety switch arrangements

are arranged in the elevator at different locations as e.g. landing door contacts, car

door contacts, shaft pit working arrangement, over-speed protection, etc.

The function of the inventive safety controller is as follows: In normal operation,

all safety switches are closed which enables the elevator motor to work and the

motor brakes to open. In this status the resulting resistance value of the safety

chain 18 is the sum of the values of the first resistor of each safety switch

arrangement 20, 22, 24, 26, 28. When the elevator car stops at a floor and the car

door and landing door are open, two of said safety switch arrangements are open

which initiates the safety controller to issue a signal to the elevator control 12 to



keep the motor 14 stopped and to keep the brakes 16 in gri p. Th is status check is

performed via an ADC w h ich provides the resu lti ng res istance val ue of the safety

chain 18 as a d igital val ue to the d igital comparator 32 . The com parator 32

com pares the resu lti ng resistance val ue with reference val ues stored in the internal

memory 34. In th is con nection, it has to be carried out that the memory can also

be placed at a d ifferent location, e.g. somewhere at the safety control ler 10 or

with in the elevator control 12. For the derivation of the status signal by the

com parator, two threshold val ues are defi ned. A first threshold val ue is provided if

the resu lti ng resistance val ue is lower than the su m of the first res istance val ues. If

said first threshold val ue is exceeded, one of the safety switch arrangements 20-28

is deemed short circu ited. Th is means that for the correspond ing safety switch

arrangement a zero val ue is measured instead of the first resistance val ue. Th is

leads to a red uction of the measured resu lti ng resistance val ue by the val ue of one

first resistor. Accord ingly, the first threshold val ue has to be a little bit lower than

the first res istor val ue to rel iably ind icate a short circu it.

If, on the other hand, a safety switch 36 is open, then the comparator 32 measures

for said safety switch arrangement the series connection of the first res istor 38 and

the second res istor 40. The second res istor 40 which is connected in paral lel to

the safety switch has preferably a val ue w h ich is essential ly higher than that of the

first resistor 38. For example, the first res istor 38 may have a val ue of about 100 Ω ,

whereas the second resistor 40 may have a val ue of about 1 .

For a proper detection of an open safety switch, the second threshold val ue shou ld

therefore be lower than the second resistor val ue, i .e. lower than 1 k in th is

example.

Accord ingly, the inventive safety control ler is abl e to provide a proper signal l ing

of a short circu it status as wel l as an open switch status of a safety switch

arrangement.



The bridging resistor 44 of the measuring tool 40 has a value lower than the

second resistor value, e.g. 500 Ω . If the function of the safety switches in the safety

switch arrangements are measured, the pins 42 are connected to the taps 39 of

each safety switch arrangement and the safety switch 36 is opened. In case of a

proper opening function, the resulting resistance value should increase by the

value of the bridging resistor, in the present case 500 Ω . This increase of the

resistor value indicates the proper function of the safety switch. If the resistance

value is unchanged then the safety switch is short circuited. In this case the

elevator has to be put out of use and the short circuited safety switch arrangement

should be replaced.

It shall be clear for the skilled person that the number of safety switch

arrangements connected to the safety controller 10 is dependent on the size and

the components of the elevator. It is further clear for the skilled person that the

safety controller 0 may be an integral part of the elevator control 12 or that the

safety controller 10 may directly activate the brake 16 and stop the elevator motor

1 . The safety swirtch arrangements 20 to 28 could also be connected to the safety

controller otherwise than via a series connection, e.g. via separate ports.

The invention may be varied within the scope of the appended patent claims.



Claims:

1. Elevator having a safety controller ( 1 0) to which several safety switch

arrangements (20 - 28) are connected, which safety controller is configured to

cause the stop of the elevator motor ( 1 4) and the activation of the motor brakes

( 1 6), in the safety controller ( 10) a comparator (32) is provided for the

determination of the status of the safety chain, which comparator is connected

with a memory (34) for storing at least one resistor reference value, which

comparator is configured to output a safety chain status signal in dependence of

comparison of a measured resistance value with the resistor reference value,

characterized in that each of said safety switch arrangements comprises at least

one first resistor (38) and a safety switch (36) which are connected in series, that

the value of the first resistor (38) is different in at least some safety switch

arrangements (20 - 28), preferably in all safety switch arrangements, and that each

safety switch arrangement (20 - 28) comprises at least a second resistor (40)

connected in parallel with the safety switch (36), which second resistor has a

higher value than the first resistor (38).

2. Elevator according to one of the preceding claims, wherein the safety controller

is connected to a safety chain ( 1 8) comprising a series connection of the safety

switch arrangements (20 - 28).

3. Elevator according to one of the preceding claims, wherein the comparator (32)

is connected to the safety chain ( 1 8) via an analogue digital converter (30).



4 . Elevator according to one of the preceding claims, wherein the reference value

is a reference value table defining an allowed range of resistor values for the safety

chain ( 1 8).

5. Elevator according to one of the preceding claims, wherein the second resistor

(40) is connected in series with the first resistor (38).

6. Elevator according to one of the preceding claims, wherein the stored reference

value comprises a lower reference value and a higher reference value.

7. Elevator according to one of the preceding claims, wherein a measuring tool

(40) is provided having a bridging resistor (44) for the safety switch of a safety

switch arrangement, which leads in the comparator to an allowed safety chain

status.

8. Elevator according to claim 7, wherein the measuring tool (40) has pins (42) for

a connection with taps (39) on both sides of the safety switch (36) in the safety

switch arrangement (20 - 28).

9. Elevator according to one of the preceding claims, wherein the safety controller

( 1 0) is part of the elevator control ( 1 2).

10 . Elevator according to one of the preceding claims, wherein the first resistor

(38) is directly connected to the safety switch (36) of the safety switch arrangement

(20 - 28).

11. Method for checking the safety status of an elevator using a safety chain ( 1 8)

with a series connection of safety switch arrangements (20 - 28), wherein each

safety switch arrangement comprises a series connection of a safety switch (36)

with at least a first resistor (38), in which method the resulting resistance value of



the complete safety chain is measured, wherein at least one safety switch

arrangement in the safety chain is assumed to be short circuited if the measured

resulting resistance value is by a first threshold value below the sum of the values

of the first resistors in the safety chain and wherein at least one safety switch

arrangement in the safety chain is assumed as being open if the resulting resistance

value is by a second threshold value above the sum of the first resistor values in

the safety chain, wherein different values of the first resistors are used in the safety

switch arrangements and wherein by measuring the resulting resistance value of

the safety chain, it is determined which of the safety switch arrangements is short

circuited and wherein a short circuit is measured by bridging the safety switch of

a safety switch arrangement (20 - 28) with a bridging resistor (44) having a value

lower than the second threshold value.
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