
The present invention relates to a device for digitally determining and
safeguarding the thermal image of an appa- ratus or a load, more
particularly applicable to a thermal protection relay using a processor for
elaborating the 5 thermal image of a motor. Some electronic thermal
protection relays for motors have a microprocessor which serves more
particularly for simulating the thermal state of the motor from the
measure- ment of the currents thereof ; this simulation is made in 10
accordance with well known heating and cooling exponential curves. It is
desirable for the protection relay to continue simulation of  cooling for
example for several tens of minutes after a power-cut in the supply to the
motor, this 15 power-cut occurring either under the effect of the protec-
tion relay whose thermal image has exceeded the admissible threshold, or
under the effect of a trip-out or a cut in the power supply to the motor
and the relay. In this latter case, continuing the simulation of cooling
involves main- 20 tenance of the power supply for a part at least of the
electronic circuits of the relay after switching off so as to have, during
the subsequent starting up again of the motor, an acceptable thermal image
thereof. The thermal modelization may be continued by means of the
processor, 25 by supplying it with a battery or a buffer capacity ;    -2-
this solution proves however expensive and too restrict- ive as to the
choice of the technology and of the type of processor used. It is then
important to design a reduced consump- 5  tion device capable  of being
added to the processor and to be supplied,should the power supply to the
relay fail, by a relatively low buffer capacity for continuing the
elaboration of the thermal state during the duration of the shut down. 10
The patent DE-3 137 496 which describes a device according to the preamble
of claim 1, has proposed stor- ing in the capacity of an RC circuit, at the
time of the voltage trip-out, caused by the relay, the thermal image
elaborated by the microprocessor, then letting the capa- 15 city discharge
into the resistor of the RC whose time constant allows the simulation of
the characteristic cool- ing exponential of the motor to be continued ; on
switch- ing on again, the microprocessor reads the analog vol- tage value
at the terminals of the RC by means of an 20 analog-digital converter and
continues the simulation. Such a device has the drawback of requiring an
ana- log member and a correlative analog-digital conversion, even
digital-analog conversion if it is desired to charge the capacity with a
voltage which is a function of ther- 25 mal image. The applicant starts
from the discovery that simu- lation of the cooling of the motor during a
voltage trip- out may be simplified by substituting for the cooling
exponential, at least one straight line segment whose 30 slope is chosen so
as to be adapted to the "hot" part of the exponential. The aim of the
invention is to safeguard the ther- mal image elaborated by a processor
associated with a thermal protection apparatus, in the case of a cut in 35
the power supply thereof, by updating the thermal image 



in an approximate way, this image being recoverable by the processor once
the voltage has been restored. Another aim is to associate with the
processor a    -3- very low consumption digital circuit which is simple,
in- expensive and compact for updating and readily trans- ferring the
approximate thermal image. The invention relates to a device for digitally
5   determining and safeguarding the thermal image, connected to a voltage
source and a processor connected via an interface to at least one sensor
and capable of forming a digital image of the thermal state of an apparatus
or a load, a random [err] memory associated with the processor 10  and
containing the thermal image elaborated by the proces- sor and a safeguard
device for generating a cut-off signal and for storing the instant thermal
image should a lack of voltage occur. According to the invention, the
safeguard device comprises a programmable digital counting member connect-
15  ed to the processor and to a capacity intended to ensure the power
supply to said member during the desired maximum duration, said counting
member having at least one counter with a clock ; the counter is charged by
the processor in reply to the cut-off signal with an initial counting state
20  which is a function of the instantaneous thermal image contained in the
random access memory on the occurrence of the lack of voltage ; and the
clock is intended to mo- dify the counting state of the counter during the
dura- tion of the lack of voltage,so as to obtain, during said 25  time, an
approximate thermal image, the frequency of the clock being determined so
that the approximate thermal image evolves according to a straight line
segment which substantially follows the rapidly decreasing part of the
cooling curve of said apparatus or said load, the proces- 30  sor
comprising means for reading the state of the counter after the voltage is
restored. In other words, the frequency of the clock of the counter is
determined so that the straight line segment representing the evolution of
the approximate thermal 35  image follows the "hot" part, that is to say
rapidly de- creasing part, of the cooling exponential curve. From the
previously mentioned provisions there results a simpler connection and a
less space-consuming occupation of the support surface of the processor and
-4- the programmable digital timing member. The processor is preferably a
microprocessor one output of which may generate rapid frequency pulses,
this output being connected to the digital timing member so 5   as to take
the place of the slow clock thereof by forc- ing rapid pulse trains whose
number is a function of the thermal image contained in the random access
memory, following a change of state of the cut-off signal. The result is
that on the voltage cut-off, the 10 microprocessor thus rapidly brings the
counter to a first counting state which is a bi-univocal function of the
instantaneous thermal image of the random access memory and that, on
restoration of the voltage, the micropro- cessor recovers a second counting
state by rapidly finish- 



15 ing the counting by forcing the clock of the counter until the output of
the digital timing member changes state. Other features and advantages will
appear from read- ing the description of a non-limitative embodiment of 20
the invention with reference to the accompanying drawings. Figure 1 is a
block diagram of a thermal protec- tion relay for a motor including the
device of the invention ; Figure 2 is a graph showing the variation of the
25  thermal image elaborated by the microprocessor of the relay ; Figures 3
and 4 show a sequence of cutting-off and restoring the supply voltage for
the relay and respecti- vely the corresponding approximate thermal image ;
30        Figures 5A -5E show a timing diagram of different signals and
states representative of the exchanges between the programmable digital
timing member and the micro- processor. 35       The thermal protection
relay 10 of figure 1 in- cludes a microprocessor 11 with which are
associated an internal or external random access memory 12 and an interface
13 connected to current sensors 14 disposed in the lines of an AC supply
network of a member udder    -5- the control for example of a motor M
and/or of tempera- ture sensors 15. The microprocessor 11 and the other
components of the relay are themselves fed from the AC supply net- 5   work
via a power supply 16 ; the microprocessor forms a model in a way known per
se of the thermal image of mo- tor M from data delivered by the current 14
and/or tem- perature 15 sensors to the interface 13, this thermal image
being stored in the randem access memory 12. 10           When the digital
thermal image exceeds a given threshold [err] max (figure 2), the
microprocessor acts via an output 17 on a switch 18 which determines, via
an appropriate relay means, the opening of power switches 19 for cutting
off the supply to the motor.'According to the invention digital means are
15 provided for continuing the formation of an approximate model of the
thermal image of the motor should a trip- out or a voltage fault of. the
network occur. According to the preferred embodiment, these means include a
programmable digital counting member 20 20 connected to microprocessor 11
by data and control lines, namely a status line LE, a reset line LR and a
forcing line LF. Member 20 is formed simply in the pre- sent embodiment by
a programmable counter 21 and by a few elements associated with this
counter. 25        For continuing the power supply to the digital counting
member 20 during the maximum desired trip-out time, a capacity Cl is
provided connected to the power supply 16 of the relay via an isolating
switch 22. Switch 22 is normally closed so as to allow charging of 30
capacity Cl ; it is opened by a signal coming from an output 23 of the
microprocessor after trip-out of the voltage of the network, this signal
lasting while there is an absence of voltage on the microprocessor and
being maintained after restoration of the voltage of the 35 network for a
lapse of time allowing the internal power supply 16 of the relay to
guarantee the independence of 



the microprocessor and the integrity of its exchanges with member 20.
-6- The status line LE connects an output [err] (or Q depen- ding on the
case) of the digital counting member 20 to an input 24 of the
microprocessor ; A switch 25, for example a MOS transistor, controlled by a
signal S re- 5 presentative of the voltage trip-out is provided in line LE.
The reset line LR connects an output 26 of the mi- croprocessor to an input
RST of the programmable counter 21. The forcing line LF connects an output
27 of the 10 microprocessor to an input Re of the programmable counter 21 ;
line LF includes a filtering member 28 such as a capacitor. Member 20
includes a slow clock CK1 connected to the input Re of the counter so that
this latter receives 15 either the signal CK1, for example at a frequency
of 10 Hz, or a signal CK2 generated by the microprocessor in the form of
rapid pulse trains, for example at a fre- quency of the order of 30 kHz.
The low frequency of the signal CK1 is adjustable to allow adjustment of
the slope 20 of the cooling straight line segment. There exists a
biunivocal relationship between the cooling exponential programmed in the
microprocessor and the variation of the counting state of the programmable
digital counting member. 25        A guard dog and local and remote
resetting lines are moreover connected to the microprocessor. A capacity C2
is contained in the power supply 16 for ensuring a brief independence of
the microprocessor 11. The operation of the device will now be described 30
with reference to figures 2 to 5E. The protection relay 10 forms, from the
data deli- vered by the sensors 14, a model of the digital thermal image
[err] of the motor M. This image is stored in the ran- dom access memory
12. As long as it remains less than a 35 value [err] max and if a trip-out
occurs of the voltage U supplying the relay, the microprocessor orders the
motor to be stopped ; when the thermal image [err] reaches at time    -7-
to  the value [err]  max (figure 2), the output 17 of the microprocessor 11
causes, through switch 18 and relay R, the power switches 19 to open. Motor
11 is no longer supplied with power and begins to cool down, whereas its 5
thermal image [err] begins to reduce in accordance with an exponential
curve E (figure 2). If there occurs a trip-out of the voltage U supply- ing
the relay at time [err] (figure 3), the relay will con- tinue to simulate,
along a straight line segment OE', the 10  cooling of the motor for a time
which may reach several tens of minutes. The trip-out signal S is generated
and on the one hand closes the switch 25 and on the other activates the
input 29 of the microprocessor which generates at 15  its output 26 a pulse
(figure 5A) transmitted by the line LR to the input RST of the programmable
counter 21 ; this latter is then set and begins to decrement 



(figure SE) from NM under the effect of clock signal CK1 which activates
the input Re (figure SD), whereas 20  the output Q  of counter 21 passes to
logic state 1 (figure 5B), this state being transmitted by line LE to the
input 29 of the microprocessor. Rapid pulse trains are then propagated
through the output 27 of the micro- processor, line LF and the filtering
member 28, as far 25  as the input Re of the counter 21 which they force by
replacing the low frequency clock signal CK1. The number of pulses k
(Nm-Nl) is representative of the thermal image [err]. When the down
counting reaches N1 at time [err], the signal 27 ceases and only the slow
30  clock signal CK1 continues (figures SC and 5D). The [err] output of the
programmable counter 20 remains at logic state 1 until the down counting
has reached a given value. When at time [err] the voltage U supplying the
relay 35  is restored, the microprocessor verifies, at its input 24, the
logic state of [err] ; if [err]= 0, the thermal state of the motor is
considered as 0 ; if [err]= 1 that means that the down counting has not
reached the given value and the microprocessor emits at its output 27 rapid
-8- pulses which force the input Re of the counter, so as to decrement this
latter rapidly. The number kN2 of pulses is counted by the microprocessor
until [err] passes to the logic state 0 at time t'2 (figures 5B and 5E).
Since 5   the number of pulses is significant of the approximate thermal
state on restoration of the voltage, it is ta- ken by the microprocessor as
the approximate thermal state at time t2. The capacity C2 included in the
power supply 10 16, is intended to ensure a brief independence of the
microprocessor and requires a certain charging time on restoration of the
voltage. It should be noted that the microprocessor only begins to resume
the thermal state of the programmable counter if it has a sufficient re- 15
serve of energy to undergo a new power supply cut. Switch 22 is only closed
by the output 23 of the microprocessor on restoration of the voltage if Q
is at logic state 1, so as to avoid automatic resetting of the programmable
counter. 20        It goes without saying that modifications may be made to
the device described without departing from the spirit of the invention as
defined by the claims. The device is in particular applicable to any
electric pro- tection apparatus comprising a processor forming a ther- 25
mal model of an apparatus or of a load capable of heat dissipation, for
effecting a linear incrementation or decrementation of the thermal
phenomenon should a break in the power supply to the apparatus occur. 30
9 Claims 1. A device for digitally determining and safe- guarding a thermal
image, connected to a voltage source (16) and comprising a processor (11)
connected via an interface (13) to at least one sensor (14, 15) and 



capable of forming a digital image of the thermal state of an apparatus
(15) or of a load, a random access memory (12) associated with the
processor (13) and containing the thermal image formed by the processor and
a safeguard device for producing a cut- off signal (S) and memorizing the
instantaneous thermal image should there be a lack of voltage,
characterized by the fact that the safeguard device comprises a
programmable digital counting member (20) connected to the processor (11)
and to a capacity (Cl) determined for ensuring the power supply of said
member during the desired maximum duration, in that the counting member has
at least one counter (21) equipped with a clock (CK1), in that the coun-
ter is charged by the processor (11) in response to the cut-off signal (S)
with an initial counting state which is a function of the instantaneous
thermal image contained in the random access memory (12) on the occurrence
of the lack of voltage, and in that the clock (CK1) is intended for
modifying the counting state of the counter during the time interval when
the voltage is absent, so as to obtain, during said lapse of time, an
approximate thermal image, the fre- quency of the clock (CK1) being
determined so that the approximate thermal image evolves according to a
straight line segment which substantially follows the  rapidly  decreasing.
part  of the cooling curve of said apparatus or said load, the processor
(11) comprising means for reading the state of the counter after
restoration of the voltage. 2. The digital device as claimed in claim 1,
characterized in that the programmable digital count- ing member has a
logic output [err] changing state at the    end of counting and connected
by a status line (LE) to an input of the processor (11), whereas the
processor has an output capable of generating a signal (CK2) formed of
rapid frequency pulses and connected by a forcing line (LF) to the digital
counting member for substituting said rapid signal for said slow clock
signal (CK1) thereof, following the change of state of a cut-off signal (S)
representative of the lack of voltage. 3. The digital device as claimed in
claim 2, characterized in that the status line (LE) connecting the output
[err] of the digital counting member to the input of the processor (11)
comprises a switch (25) controlled by the power-cut signal (S). 4. The
digital device as claimed in one of claims 1 to 3, characterized in that
the capacity (Cl) insuring the power supply of the digital counting member
during the time of the voltage fault is connected to the voltage source via
an isolating switch (22) controlled by the processor (11) and kept open as
long as the power sup- ply independence of the processor is not achieved.


