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ARLINGTON, VA 2.2202 The present invention relates to a Safety device comprising 

a safety module (11), a data bus (12) and on a or several 
(21) Appl. No.: 10/475,670 transmitters (15, 16, 17, 18, 19, 20). The safety module 

transmits a pulse train (one dynamic signal) over said bus 
(22) PCT Filed: Apr. 23, 2002 (12) constituting a loop, whereby the pulse train is connected 

to each of Said transmitters, wherein the pulse is phase 
(86) PCT No.: PCT/SE02/00796 inverted. 
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SAFETY DEVICE 

BACKGROUND OF THE INVENTION 

0001 Electronic monitoring systems of a similar type 
have previously been described. In U.S. Pat. No. 4,543,566 
an electronic monitoring System comprising a contact leSS 
movement detector is described. The movement detector 
comprises an oscillator with a Sensing coil, having an output 
connected to an input of a first gate with another input 
connected to a Square wave generator, the pulses of which 
appear at the output of the first gate, with or without phase 
inversion depending on the output Voltage of the movement 
detector. These pulses are fed, via an amplifier, to an input 
of a Second gate, the input of which directly receives the 
output pulses from the Square wave generator, but having a 
delay. If a fault occurs, disturbing the pulse transmission to 
any of the inputs to this Second gate, its output becomes a 
pulsating Voltage. Further, an integrator being parallel 
coupled with the Second gate to the amplifier output can 
introduce Such a fault. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0002 FIG. 1 shows a safety loop according to the 
invention, 
0.003 FIG. 2 shows a first arrangement in the safety loop 
according to the invention, 
0004 FIG. 3 shows a second arrangement in the safety 
loop according to the invention, 
0005 FIG. 4 shows a third arrangement in the safety loop 
according to the invention, 
0006 FIG. 5 shows a detailed schedule of the loop. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0007 FIG. 1 shows a safety loop 10 according to the 
invention, which is described in the following. 
0008. A safety module 11 is the main part of the system 
according to the invention, Sending out a pulse train (a 
dynamic signal) over a bus 12 constituting the loop. The 
pulse train leading to each transmitter wherein the pulse is 
phase inverted. Different modules can be connected to the 
loop. A Sensor 13, an inverse Switch 14, terminal StripS/ 
sensor mats/bumpers 15, light transmitters/-receivers 16/17/ 
18, light curtains 19 and an emergency Stop 20 are examples 
of these modules. Obviously, other modules can occur. The 
Safety module permits installation of Several Safety means to 
the same Safety modules Simultaneously as a Safety of 
category 4 according to EN954-1 is obtained. Moreover, the 
Safety module can also be provided with an automatically or 
manually monitored resewing, double Safety outputs, infor 
mation output for restoration indication and output for Status 
information to a PLC (Programmable Logic Controller). 
0009 From a safety point of view, faults, e.g. a short 
circuit or interruption, may not lead to a dangerous situation. 
According to the present Solution, interruption and short 
circuit at each Sensor leads to a stop Signal directly to 
dangerous machines or processes, Since the Signal must be 
turned at each transmitter. The Safety module 11 also con 
trols that the Signal is time shifted, i.e. the Signal being Sent 
from the safety module must also be time shifted in relation 
to the Signal coming back. This implies that the Safety 
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module may receive pulses being inverted and not inverted, 
respectively, with respect to the Signal being Sent, without 
the risk for short circuit could imply a dangerous situation. 
0010) The time shift may also be varied with the number 
of transmitters mounted. Thereby additional control of the 
number of transmitters is correct is obtained. 

0011. The pulse train being sent is compared to the pulse 
train coming back. The Safety module achieves the controls 
amongst others the time shift and the frequency. If the Signal 
is correct the Safety outputs are kept dosed. When an error 
Signal or a stop signal from one or Several transmitters is 
received, the Safety outputs are opened. 
0012. The transmitters being coupled to the dynamic 
Safety loop can be electronic and mechanical having an 
electronic adjustment. An emergency shutdown has one or 
two Switching contacts being compulsively opened when the 
emergency shutdown button 20 is pushed. For adjusting the 
emergency shutdown to the dynamic Safety loop, an elec 
tronic unit is mounted comprising the pulse inversion func 
tion. AS long as the conductors are closed, the electronic unit 
pulse inverts the incoming Signal and Sends the pulse 
inverted Signal further to the next transmitter or back to the 
Safety module. In the same way, all types of mechanical 
transmitters can be coupled to the loop. For a high Security 
level, its Switching contacts need to be force controlled, i.e. 
they are pushed apart by the actuating force. Terminal Strips, 
Sensor mats and bumperS can be connected to the dynamic 
Safety loop. It is also possible to connect the terminal strips, 
Sensor mats and bumpers working with closing function for 
Stop signal and the ones working with Switching function for 
Stop Signal, Since both Switch and short circuit lead to that 
the Safety module gives a stop signal. For facilitating the 
possibilities for interconnecting, there are junction boxes 21, 
being shown in FIG. 2, with an output for a great number of 
transmitters and provided with pulse inverters. This junction 
box also contains a pulse inverter ensuring that the output 
Signal is always phase inverted compared to the input signal. 
The junction box is coupled to a Safety module via the bus, 
which contains the information of each sensor. This facili 
tates the delivery of the machines prepared for rapid cou 
pling with the Safety Sensors. The Sensors may also be 
coupled to the Safety module via the regular contacts. 
0013 With reference to FIG. 5, the function of the loop 
is described closer. The Safety module has a transmitter 
generating a Square wave internally, being Sent to the first 
Sensor via the connection T1. This internal Square wave is 
internally connected to the Block: the detection of the time 
shift and short circuit control of T1 and R1, and to the Block: 
the Signal control, comparator and driving, 

0014. The signal received in R1, coming from the last 
Sensor in the Serial chain, then will pass a voltage level 
detector (block) for comparing phase and delay time to the 
internal Signal of the transmitter. Every Sensor, etc, gives a 
Signal being delayed (and phase inverted) in relation to its 
input signal. If a short circuit occurs between T1 and R1 
(and/or between the conductors which is connected to them) 
the detecting block will discover that (due to no delay 
between T1 and R1) and not allow the output relays of the 
Safety module to pull and risk a dangerous position. This is 
particularly relevant when the connection is according to 
alternative 1 since T1 and R1 is in the same phase (but 
delayed). Depending on the original installation of the 
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system, alt. 1 or alt. 2 (see below and in the table of the block 
diagram) and if everything works normally, the Signal will 
be allowed to go further to the Signal control block, com 
parator and driving, which controls if the “shape” of the 
Signal (frequency, dissymmetry and total delay) is approved 
(with a certain tolerance). If approved, it will go further to 
the next block for enabling a start of the output relayS. 

0.015 Alt. 1; Even number of sensors (phase inversions) 
in series between T1 and R1. T1 and R1 are in the same 
phase (but delayed) if the Sensors give transmission (e.g. 
locked doors, etc.). Condition: S1 must be connected to A1 
(+Supply Voltage). 

0016 Alt. 2: Odd number of sensors (phase inversions) in 
series between T1 and R1. T1 and R1 are phase inverted 
(and delayed) if the Sensors give transmission (e.g. locked 
doors, etc). Condition: S1 should not be connected. 
0.017. The great advantage with this system is that several 
different Sensors/transmitters can be coupled in the same 
loop at the same time as the loop keeps a high Security level. 
The dynamic Safety loop is simple, it connected to one 
transmitter and back out of the transmitter. Since it is 
dynamic, Short circuit always results in immediate Stop 
Signal from the Safety module. For e.g. two-channel Solu 
tions short circuits are only monitored at every stop occur 
rence, which implies that Short-circuits can be accumulated, 
which are not discovered gradually. Finally, the protection 
may not work at all. This does not occur with dynamic 
monitoring Since short circuit in the Safety loop immediately 
results in a stop. Moreover, a contact-free Switch 13 or 
contact breaker can be connected to the loop, which is 
shown in detail in FIG. 3. The Switch can be used for e.g. 
block Switches, interlock disc covers, etc. The Switch com 
prises two parts 131 and 132. The first part 131 receives a 
coded Signal from the Safety module, which is Sent to the 
Second part 132, which modifies the Signal and Sends it back 
to the first part. The Switch can be connected in series with 
light barriers and emergency shutdowns and give the same 
high confident coefficient in the Safety module. 

0.018 FIG. 4 shows the connection to the loop of the light 
transmitters 161a, 161b and 161b and the optic receivers 
171a, 171b and 171c. The signal is sent to the transmitters 
from the safety module 11 on one side of the loop and 
received from the receivers. 

0019. The invention is not limited to the shown embodi 
ments but can be varied in a number of ways without 
departing from the Scope of the appended claims and the 
arrangement and the method can be implemented in various 
ways depending on application, functional units, needs and 
requirements, etc. 
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1. A Safety device comprising a safety module (11), a data 
bus (12) and a number of transmitters (15, 16, 17, 18, 19, 
20), characterised in 

that Said Safety module is arranged to. transmit a pulse 
train (a dynamic signal) over said bus (12) forming a 
loop, whereby the pulse train is connected to each of 
Said Sensors, in which the pulse is phase inverted and 
that the safety module (11) controls that said pulse from 
the detectors is time delayed. 

2. Device as claimed in claim 1, characterised in 
that said transmitters comprise one or Several of a Sensor 

(13), an inversed Switch (14), terminal Strips, Sensor 
mats, bumpers (15), light transmitters/-receivers (16/ 
17/18), light curtains (19) and emergency shutdown 
button (20). 

3. Device as claimed in any of the claims 1 or 2, 
characterised in 

that the device may further be provided with one or 
Several of automatically or manually monitored reset 
ting, double Safety outputs, information output for 
restoration indication, and output for Status information 
to a PLC (Programmable Logic Controller). 

4. Device as claimed in claim 1, characterised in 
that the Signal Sent out from the Safety module is time 

delayed in relation to the Signal coming back. 
5. Device as claimed in claim 4, characterised in 
that the time delay varies with the number of transmitters 

coupled, whereby further control of that the correct 
number of transmitters is obtained. 

6. Device as claimed in claim 1, characterised in 
that Said transmitted pulse train is compared to the 

received pulse train, whereby a control of the time 
delay and the frequency is made by the Safety module. 

7. Device as claimed in claim 6, characterised in 
that if the Signal is correct the Safety outputs are kept 

closed, and the Safety outputs are opened when a error 
or Stop signal is received from one or Several of the 
transmitters. 

8. A method at a Safety device comprising a safety module 
(11), a data bus (12) and a number of sensors (15, 16, 17, 18, 
19, 20), characterised In 

that said safety module sends a pulse train (a dynamic 
Signal) over said bus (12) constituting a loop, whereby 
the pulse train is connected to each of Said transmitters, 
in which the pulse phase is inverted, and that the 
transmitted pulse train is compared to a received pulse 
train, whereby the control of a time delay and the 
frequency is done by the Safety module. 
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