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(54) ELECTRONIC TEST NODES FOR AUTOMATIC CHECK OF A SAFETY CHAIN

(57) An electronic test node (1) for a safety chain (22)
in a passenger conveyor system comprises an electrical
connection (2) for an associated safety switch (4). A proc-
essor (6) is configured to monitor a signal carried by the
electrical connection (2) so as to detect whether the as-
sociated safety switch (4) is open or closed. The elec-

tronic test node (1) further comprises a test switch (8)
connected in series with the electrical connection (2),
wherein the processor (6) is configured to run a test by
selectively opening the test switch (8) and monitoring for
a change in the signal carried by the electrical connection
(2).
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Description

Technical field

[0001] This disclosure relates to an electronic test node
for a safety chain in a passenger conveyor system, a
safety chain comprising a plurality of such electronic test
nodes, and an associated safety system in a passenger
conveyor system.

Background

[0002] The safety system of a passenger conveyor
system needs to be tested for correct functioning at in-
stallation and at regular time periods during its lifetime.
Most of the tests are performed by manual intervention
of a service person activating different safety devices in
different locations of the passenger conveyor system.
For example, a service person may need to physically
access multiple safety devices at different locations in
the hoistway of an elevator system. This is time consum-
ing and a 100% check depends on human interaction.
[0003] It would be desirable to provide for an automatic
check of the safety devices in a safety chain without re-
quiring manual activation.

Summary

[0004] According to a first aspect of this disclosure
there is provided an electronic test node for a safety chain
in a passenger conveyor system, the electronic test node
comprising an electrical connection for an associated
safety switch and a processor configured to monitor a
signal carried by the electrical connection so as to detect
whether the associated safety switch is open or closed,
wherein the electronic test node further comprises a test
switch connected in series with the electrical connection,
and wherein the processor is configured to run a test by
selectively opening the test switch and monitoring for a
change in the signal carried by the electrical connection.
[0005] An electronic test node as disclosed herein in-
cludes its own dedicated test switch so that the processor
is able to open the test switch to simulate opening of the
safety switch and thereby test for any faults arising at the
node. As will be explained further below, the test switch
may be used to detect faults in the processor of the node
itself and/or in the external safety switch. An advantage
of the processor running a test is that a service person
does not need to manually activate the associated safety
switch to test the safety chain. Testing can be automated
and initiated remotely.
[0006] The processor diagnoses a fault by monitoring
for a change in the signal carried by the electrical con-
nection. Preferably the electrical connection is bi-direc-
tional. This signal may simply be an electrical current
carried by the electrical connection to/from the safety
switch. Normally, the processor monitors when the signal
is interrupted so as to detect when the associated safety

switch is open, i.e. the flow of current through the safety
switch ceases. When the processor runs a test, the test
switch is opened to simulate opening of the safety switch.
[0007] In one or more examples, the electrical connec-
tion comprises an input to the safety switch and an output
from the safety switch. In a first set of examples, the test
switch is connected in series with the output. Thus open-
ing the test switch interrupts the electrical connection
from the safety switch and this can be used to detect a
fault in the processor (including its logic). In a second set
of examples, the test switch is connected in series with
the input. Thus opening the test switch interrupts the elec-
trical connection to the safety switch and this can be used
to detect a fault in the electrical connection or safety
switch itself. In all cases, opening the test switch acts to
simulate an open safety switch. Of course, in some ex-
amples, the electronic test node may comprise a first test
switch connected in series with the output and a second
test switch connected in series with the input. Further-
more, more than one test switch may be employed in a
given position e.g. for redundancy purposes.
[0008] The electronic test node is advantageously an
entity that is independent of the safety switch. The elec-
tronic test node is separate from the safety switch rather
than being integrated with the safety switch. The safety
switch may optionally have its own integrated test func-
tion. In at least some examples, the electronic test node
comprises a printed circuit board and the processor is
mounted on the printed circuit board, wherein the elec-
trical connection for an associated safety switch is exter-
nal to the printed circuit board. It will be appreciated that
the electronic test node is physically separate from the
associated safety switch. This means that either of the
electronic test node or safety switch can be removed/re-
placed without affecting the other one. Furthermore, such
an electronic test node can be retrofitted in a safety chain
by adding an electrical connection to an existing safety
switch. In various examples, the electronic test node can
be connected to an associated safety switch by a wired
electrical connection or by a wireless connection (e.g.
Bluetooth).
[0009] The decision to run a test may come from the
processor itself, as a result of pre-programming or local
instruction e.g. by a service person at the node. For ex-
ample, the processor may be programmed to automati-
cally run a test at a particular time or with a particular
frequency. In at least some examples, the processor is
configured to generate a test signal to selectively open
the test switch. The processor therefore makes its own
decision about when to generate a test signal.
[0010] In addition, or alternatively, the decision to run
a test may come from the safety chain, e.g. from a con-
troller communicating with the safety chain. The control-
ler may be part of, or in communication with, an elevator
control panel. Thus a service person may initiate a test
by inputting an instruction at the elevator control panel
rather than entering the hoistway to access the node. In
at least some examples, the processor is configured to
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connect to a communication bus so as to receive a test
signal instructing the processor to selectively open the
test switch. The processor therefore responds to an in-
struction to run a test. The test signal may be generated
automatically or manually.
[0011] In various examples, in addition or alternatively,
the test signal is preset. It is beneficial if a single preset
test signal is used by the electronic test node as this
means different nodes can potentially be addressed in
the same way, thereby reducing complexity in the safety
chain.
[0012] In various examples, in addition or alternatively,
the test signal is generated depending on the associated
safety switch. This enables the test signal to be tailored
to the safety switch associated with a given electronic
test node. For example, a safety switch with a discrete
output signal may need a different test signal pattern than
a safety switch with an analogue output signal.
[0013] The test signal is used to selectively open the
test switch. This is intended to simulate an open safety
switch, but ideally the processor is able to distinguish
between testing and actual opening of the safety switch.
This may be achieved by applying a test signal having a
known temporal pattern, so that the processor can mon-
itor for a change in the signal having the same pattern.
In various examples, in addition or alternatively, the test
signal comprises a test pattern signal. For example, the
test pattern signal may vary at certain points in time. The
test pattern signal may be regular, irregular or varying in
any way, but pre-determined. Thus, in at least some ex-
amples, the test pattern signal comprises a pre-deter-
mined temporal pattern. In some examples, the test pat-
tern signal may comprise a series of regular pulses. This
can result in the test switch being turned on and off re-
peatedly according to the test pattern. In at least some
examples, in addition or alternatively, the pre-determined
temporal pattern may vary in time. A variation in the test
pattern over time may usefully implement a measure
against manipulation from outside (i.e. cybersecurity).
[0014] Even if the test signal does not comprise a test
pattern, the processor may still be able to distinguish be-
tween testing and actual opening of the safety switch
depending on the temporal extent of a change in the sig-
nal being monitored. If the safety switch were to open
spontaneously then there would be a persistent signal
change. In at least some examples, in addition or alter-
natively, the test signal has a limited temporal extent. For
example, the test signal may only last for a few millisec-
onds. This means that the test signal can open and close
the test switch more quickly than the safety switch would
open and close, to help differentiate between the two
events.
[0015] It is the processor at the electronic test node
that monitors for a change in the signal resulting from a
test. The test result may be stored locally, e.g. in a mem-
ory connected to the processor. Test result data may
then be passed to a safety system as required. However,
when the electronic test node is connected to a safety

chain it would be more usual for test result data to be
shared via the safety chain. Thus, in at least some ex-
amples, the processor is configured to connect to a com-
munication bus so as to send a test result signal indicating
whether the electronic node is faulty or not. The commu-
nication bus may connect multiple electronic test nodes
to form a safety chain. In addition, it would be usual for
the safety chain to assess whether the safety switch as-
sociated with each of the electronic test nodes is open
or closed. Thus, in at least some examples, in addition
or alternatively, the processor is configured to connect
to a communication bus so as to send a status signal
indicating whether the associated safety switch is open
or closed.
[0016] Some further examples of the present disclo-
sure relate to a safety chain in a passenger conveyor
system, the safety chain comprising a plurality of elec-
tronic test nodes as disclosed herein and at least one
communication bus connected to the plurality of electron-
ic test nodes to form the safety chain, wherein each of
the electronic test nodes is electrically connected with an
associated safety switch.
[0017] The electronic test nodes disclosed herein may
find use in connection with any type of associated safety
switch, for example, a proximity sensor, optical sensor,
capacitive sensor, magnetic sensor or Hall Effect sensor.
The safety switch may implement radar or lidar tech-
niques. In at least some examples, the associated safety
switch is an electromechanical switch. This may simplify
the electrical connection between the electronic test node
and the safety switch, as a simple current flow can be
interrupted by opening of the electromechanical switch.
[0018] Some further examples of the present disclo-
sure relate to a safety system in a passenger conveyor
system, the safety system comprising a safety chain as
disclosed herein and a controller monitoring the safety
chain. In various examples, the controller may be con-
figured to generate a test signal that is communicated by
the safety chain to the plurality of electronic test nodes,
causing a test to be run at one or more of the electronic
test nodes, as described above. This test signal may be
generated automatically by the controller, for example
following a preset testing programme, or manually initi-
ated (e.g. by a service person). Testing can be performed
remotely e.g. by a service person or service centre con-
nected to the controller, for example using a cloud con-
nection.

Detailed description

[0019] Certain preferred examples of this disclosure
will now be described, by way of example only, and with
reference to the accompanying drawings, in which:

Figure 1a is a schematic illustration of an electronic
test node according to a first example of the present
disclosure;
Figure 1b is a schematic illustration of an electronic
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test node according to a second example of the
present disclosure;
Figure 2 is a schematic overview of a safety system
in an elevator system;
Figure 3 is a flow diagram for an exemplary test se-
quence; and
Figure 4 schematically illustrates (a) a safety test
demand signal and (b) a test pattern signal.

[0020] According to examples of the present disclo-
sure seen in Figures 1a and 1b, an electronic test node
1 comprises an electrical connection 2 for an associated
safety switch 4. The electrical connection 2 provides for
bi-directional communication between the electronic test
node 1 and the safety switch 4. The electrical connection
2 is illustrated in the form of an input 2a and an output
2b, but of course it is possible for both input and output
signals to be carried by a single communication line (e.g.
using multiplexing). The electrical connection 2 is illus-
trated as a physical wired connection but could also be
wireless. The electrical connection 2 may simply carry a
current to and from the safety switch 4.
[0021] The safety switch 4 can be any switch, contact
or sensor that is operated to adopt at least two distinct
states. In the context of a safety chain in an elevator
system, the safety switch 4 may be activated by certain
operations of the elevator system. For example, the safe-
ty switch 4 may be a door contact that is activated by the
opening of a relevant door to switch between closed and
open states. When the safety switch 4 is open, for exam-
ple because there is an open door, then the safety chain
is not complete and a controller in the elevator system
knows to halt further operation. One way of testing such
a safety switch 4 is to manually open the relevant door
and check for a change in the safety chain. However, the
examples disclosed herein allow the safety chain to be
tested without manual intervention.
[0022] For testing purposes, the electronic test node 1
includes a processor 6 configured to monitor a signal
carried by the electrical connection 2 so as to detect
whether the associated safety switch 4 is open or closed.
In addition to the processor 6, the electronic test node 1
further comprises a test switch 8 (such as a transistor)
connected in series with the electrical connection 2. The
processor 6 is configured to run a test by selectively open-
ing the test switch 8 and monitoring for a change in the
signal carried by the electrical connection 2. The proc-
essor 6 has a connection 10 to a safety chain. This is
explained in more detail below.
[0023] As seen in Figures 1a and 1b, the electronic
test node 10 comprises a printed circuit board (PCB) 12
which carries the processor 6, test switch 8 and associ-
ated connections. The electrical connection 2 for the
safety switch 4 extends external to the PCB 12. The con-
nection 10 may be provided on the PCB 12 or separately
connected to the processor 6. The PCB 12 means that
the electronic test node 10 is a standalone test compo-
nent that is independent of the safety switch 4. Either of

the electronic test node 10 or safety switch 4 can be re-
moved/replaced without affecting the other one. Further-
more, such an electronic test node 10 can be retrofitted
in a safety chain by adding an electrical connection 2 to
an existing safety switch 4.
[0024] In a first set of examples, illustrated by Figure
1a, the test switch 8 is configured to interrupt a signal
carried by the electrical connection 2 from the safety
switch 4. In this example, the test switch 8 is connected
in series with the output 2b of the electrical connection
2, thereby interrupting an output signal from the safety
switch 4 when the test switch 8 is open. Thus, opening
the test switch 8 simulates the safety switch 4 being open
and the processor 6 should provide a signal to the safety
chain via connection 10 that indicates the safety switch
4 being open. If such a signal is not received (e.g. by an
elevator controller monitoring the safety chain) then a
fault in the processor 6 (or its logic) can be diagnosed.
[0025] In a second set of examples, illustrated by Fig-
ure 1b, the test switch 8 is configured to interrupt a signal
carried by the electrical connection 2 to the safety switch
4. In this example, the test switch 8 is connected in series
with the input 2a of the electrical connection 2, thereby
interrupting an input signal to the safety switch 4 when
the test switch 8 is open. Thus, opening the test switch
8 should also simulate the safety switch 4 being open
and the processor 6 is expecting a signal that indicates
the safety switch 4 being open. If such a signal is not
received then a fault in the safety switch 4 and/or its elec-
trical connection 2 can be diagnosed.
[0026] Figure 2 provides an overview of a safety sys-
tem 20 in a passenger conveyor system, in this example
an elevator system. The safety system 20 comprises a
safety chain 22 and a controller 24 monitoring the safety
chain 22. In the safety chain 22 there is a plurality of
electronic test nodes 1.1, 1.2, etc. and a communication
bus 26 connected to the plurality of electronic test nodes
1.1, 1.2, etc. to form the safety chain 22. Each of the
electronic test nodes 1.1, 1.2, etc. is electrically connect-
ed with an associated safety switch 4.1, 4.2, etc. by an
electrical connection 10.1, 10.2, etc. as already de-
scribed above.
[0027] Figure 3 illustrates an exemplary test sequence
carried out by the controller 24 monitoring the safety
chain 22. The demand for a safety test may be entered
manually on an ad hoc basis, for example by a mainte-
nance person (remotely or on site). Or the demand for a
safety test may be programmed to occur automatically,
for example once a day. The demand for a safety test
can be initiated via a cloud maintenance service. An au-
tomatic test of the safety system 20 can be set either for
a set of defined safety functions or for all safety functions,
meaning that a subset of the electronic test nodes 1.n
may be selected to receive a test signal when it is desired
to test a subset of safety functions. This may be useful
during failure analysis of the safety chain 22 and its as-
sociated safety switches 4.n.
[0028] When the demand for a safety test is detected
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by the controller 24, a test signal pattern is activated and
sent down the safety chain 22 to the electronic test nodes
1.n. In each electronic test node 1.n, the processor 6
receives the test signal pattern and uses this to run a test
by selectively opening the test switch 8 and monitoring
for a change in the signal carried by the electrical con-
nection 2. The processor 6 then sends a test result signal
via the connection 10.n to the controller 24. If the test
result is as expected then the controller 24 considers the
safety system to be working correctly. If the test result is
not as expected then the controller 24 stops elevator op-
eration and waits for a manual fault reset. An alert or fault
report may be issued. After a manual fault reset has taken
place, the controller 24 typically checks the safety chain
22 again before re-starting operation.
[0029] Although Figure 3 shows a test signal pattern
being activated centrally and sent to the electronic test
nodes in a safety chain, in other examples the demand
for a safety test may take the form of a safety test demand
signal that is sent to the electronic test nodes in a safety
chain and then the processor in each electronic test node
may activate a test signal pattern upon receiving the safe-
ty test demand signal. An advantage of the processor at
each electronic test node generating its own test signal
pattern, in response to a safety test demand signal or
otherwise (e.g. locally programmed), is that the test sig-
nal pattern may be unique to the associated safety switch.
For example, a safety switch with a discrete output signal
(e.g. an electromechanical switch) may need a different
test signal pattern than a safety switch with an analogue
output signal (e.g. an optical sensor).
[0030] The Applicant has appreciated, with reference
to Figures 1a and 1b, that the logic running in the proc-
essor 6 of each electronic test node 1 should ideally be
able to distinguish between a signal resulting from the
associated safety switch 4 being open itself, and a sim-
ulated signal resulting from opening of the test switch 8.
If a safety switch 4 were to open at the same time as
running a test then the processor 6 should be able to
recognise this so that the true status of the safety chain
is always known.
[0031] Figure 4 illustrates at (a) a safety test demand
signal arising when a safety switch adopts an open state.
There is a one-off change in time of the signal being mon-
itored. Figure 4 illustrates at (b) a test pattern signal aris-
ing when a processor is configured to run a test by se-
lectively opening and closing a test switch at set times
according to the test pattern. The test pattern comprises
a pre-determined temporal pattern, in this example
shown (for simplicity) as a series of regular pulses. Typ-
ically the test switch is only opened for a relatively short
period of time, e.g. 5-10 ms. If the associated safety
switch were to adopt an open state then it would soon
become apparent from the continuous change in the sig-
nal being monitored.
[0032] It will be appreciated by those skilled in the art
that the disclosure has been illustrated by describing one
or more specific examples thereof, but is not limited to

these aspects; many variations and modifications are
possible, within the scope of the accompanying claims.

Claims

1. An electronic test node (1) for a safety chain (22) in
a passenger conveyor system, the electronic test
node (1) comprising:

an electrical connection (2) for an associated
safety switch (4); and
a processor (6) configured to monitor a signal
carried by the electrical connection (2) so as to
detect whether the associated safety switch (4)
is open or closed;
characterised in that the electronic test node
(1) further comprises a test switch (8) connected
in series with the electrical connection (2),
wherein the processor (6) is configured to run a
test by selectively opening the test switch (8)
and monitoring for a change in the signal carried
by the electrical connection (2).

2. The electronic test node (1) of claim 1, wherein the
electrical connection (2) comprises an input (2a) to
the safety switch (4) and an output (2b) from the safe-
ty switch (4), the test switch (8) connected in series
with the output (2b).

3. The electronic test node (1) of claim 1, wherein the
electrical connection (2) comprises an input (2a) to
the safety switch (4) and an output (2b) from the safe-
ty switch (4), the test switch (8) connected in series
with the input (2a).

4. The electronic test node (1) of any preceding claim,
wherein the electronic test node (1) comprises a
printed circuit board (12) and the processor (6) is
mounted on the printed circuit board (12), and where-
in the electrical connection (2) for an associated
safety switch (4) is external to the printed circuit
board (12).

5. The electronic test node (1) of any preceding claim,
wherein the processor (6) is configured to generate
a test signal to selectively open the test switch (8).

6. The electronic test node (1) of any preceding claim,
wherein the processor (6) is configured to connect
to a communication bus (26) so as to receive a test
signal instructing the processor (6) to selectively
open the test switch (8).

7. The electronic test node (1) of any preceding claim,
wherein the test signal comprises a test pattern sig-
nal.
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8. The electronic test node (1) of claim 7, wherein the
test pattern signal comprises a pre-determined tem-
poral pattern.

9. The electronic test node (1) of any preceding claim,
wherein the processor (6) is configured to connect
to a communication bus (26) so as to send a test
result signal indicating whether the electronic test
node (1) is faulty or not.

10. A safety chain in a passenger conveyor system,
comprising a plurality of electronic test nodes (1.n)
according to any preceding claim and at least one
communication bus (26) connected to the plurality
of electronic test nodes (1.n) to form the safety chain
(22), wherein each of the electronic test nodes (1.n)
is electrically connected with an associated safety
switch (4.n).

11. The safety chain of claim 10, wherein the associated
safety switch (4.n) is an electromechanical switch.

12. A safety system in a passenger conveyor system,
comprising a safety chain (22) according to claim 10
or 11 and a controller (24) monitoring the safety
chain.

13. The safety system of claim 12, wherein the controller
(24) is configured to generate a test signal that is
communicated by the safety chain (22) to the plural-
ity of electronic test nodes (1.n).
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