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The present invention discloses a method for regulating
temperature in a temperature calibrator (14), taking into ac-
count also a velocity of the change of the temperature. The
characterizing features are the steps of calculating a rate of
change of the actual temperature of the temperature cali-
brator (14) by a derivator (24), which derivator (24) takes
the measured temperature, PVr, by the temperature sensor
(15) as its input, and letting a user to specify a maximum
rate of change for the temperature, as an input value for the
processor; and regulating the temperature of the tempera-
ture calibrator (14) by the processor so that the maximum
rate of change for the temperature is never exceeded, and
so that during temperature regulation, when the tempera-
ture error signal decreases as a function of time, also the
rate of change of the actual temperature is set to decrease
as a function of time.

Esilla oleva keksint6 koskee menetelmaa lampétilan saata-
miseksi l[ampétilakalibraattorissa (14) ottamalla huomioon
my&s lampétilan muutoksen nopeus. Tunnusomaisia piir-
teitd ovat vaiheet, joissa lasketaan lampétilakalibraattorin
(14) todellisen |ampétilan muutosnopeus kayttamalla deri-
vaattoria (24), joka ottaa syotteekseen lampétila-anturin
(15) avulla mitatun lampétilan PVr, ja annetaan kéyttajan
maarittad |ampdtilalle maksimimuutosnopeus, syb6ttdar-
vona prosessorille, ja séadetdan lampétilakalibraattorin
(14) lampdtilaa prosessorin avulla siten, ettd lampdtilan
maksimimuutosnopeutta ei koskaan ylitetd ja siten, etta
lampétilan séadén aikana silloin, kun l&mpétilan virhesig-
naali pienenee ajan funktiona, myds todellisen lampétilan
muutosnopeus asetetaan pienenemaén ajan funktiona.
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VELOCITY REGULATION OF THE CALIBRATOR BLOCK IN A DRY BLOCK
CALIBRATOR

Technical field

The present invention relates to temperature calibrations, and such procedures ap-
plied in temperature calibrators (i.e. dry blocks), which are widely used in various
industrial processes and plants, for instance.

Background

Temperature calibrators are measurement units which can be made for industrial
field use, and they can be manufactured as relatively small-sized units to be carri-
able around a plant, Temperature calibrators can also be called as dry blocks or dry
block calibrators, meaning exactly the same. Temperature calibrators may be man-
ufactured in different temperature range variations, e.g. by having a dry block which
is suitable for calibrating temperatures of — 25 °C ... + 150 °C, and another dry block
for calibrating temperatures of + 50 °C ... + 660 °C, to merely give some examples
on different temperature range options.

The temperature in the calibrator block needs to be measured and regulated, and a
part of the process is to create a stable temperature environment for the temperature
probes (i.e. sensors) to be calibrated in the calibrator block.

Temperature regulation in a dry block is typically done with a PID regulator.

FIG. 1 illustrates a manner as a flow chart in which the temperature is usually regu-
lated in a temperature calibrator (i.e. in a dry block), by using a PID regulator (i.e. a
proportional-integral-derivative regulator). FIG. 1 is shown as a block diagram,
which comprises a regulator 12, a control element 13, a calibrator block 14 and a
temperature sensor 15. Furthermore, there is a summing block 11, and the calibrator
block 14 outputs the actual temperature. The temperature sensor 15 output is
marked as "PV”, a Process Variable, i.e. the measured temperature of the calibrator
block 14. "SP” is the Set Point, i.e. a wanted temperature of the calibrator block 14.
"E” is the same as "SP” minus "PV” (in other words, E = SP — PV), meaning the
temperature error signal fed into the regulator 12. "MV” is the Manipulated Variable,
i.e. the output signal from the regulator 12 in a suitable unit, e.g. in Watts or Am-
peres. "MV” is fed into the control element 13, and the control element 13 outputs
"PQ”, which is the Physical Quantity, i.e. an actual physical quantity (such as power
in Watts or current in Amperes) which causes the calibrator block 14 to change
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temperature. The control element 13 is thus a device which converts the output sig-
nal "MV” from the regulator 12 to an actual physical quantity (= "PQ”).

This type of simple regulation depicted in FIG. 1 often suffers from temperature os-
cillation in the calibrator block 14, when approaching the temperature set-point.
Such oscillations, especially the overshoots, are not desirable for accurate temper-
ature probe calibration, as overshoots may cancel out the temperature sensing hys-
teresis in the temperature probe to be calibrated. When we want to measure hyste-
resis, we must not cancel out the hysteresis.

FIG. 2 illustrates temperature behavior with an overshoot in an example of the situ-
ation using a PID regulator of FIG. 1, shown as a graph with time in an X-axis and
temperature of the calibrator block in a Y-axis. As shown, the regulating action is
"too quick” or "too harsh”, resulting in the temperature going over the desired tem-
perature in a relatively short time period, and thereafter resulting in an oscillating
manner of the temperature, until the desired temperature is in practice reached after
a certain oscillating time period.

If the PID regulator parameters are changed (i.e. adjusted) in order to make the PID
regulator less aggressive, the oscillations can typically be reduced or removed to-
tally. In other words, the temperature set-point changes can be made very slow by
appropriate parameter adjustments using the PID regulator of FIG. 1.

Such an adjusted, less aggressively behaving situation for the PID regulator can be
seen in the graph of FIG. 3. The slow changes of the temperature can be clearly
seen, and there is no oscillation or overshoot over the desired temperature value.
The temperature will slowly close down towards the desired temperature in an as-
ymptotic fashion, without any overshoot. A drawback with using such PID regulator
parameters is that the time to reach sufficient accuracy with the desired temperature
can be relatively long.

EP 2350588 B1 discloses a calibration apparatus for calibrating temperature detec-
tors, which comprises an elongate calibration chamber ”1” with an opening "2” for
receiving an insert 3" that has passages "4” for receiving temperature detectors "6”,
and wherein the chamber ”1” has several heat energy elements "9-11” that are con-
trolled by temperature detectors "12-14". In the insert as such one or more external
detectors ”7” is/are provided, each of which has one or more temperature sensors
to the effect that at least two sensors ("19, 20" or 15, 177”) are provided at respective
dissimilar distances to an end of the insert "3”. The latter sensors are connected to
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electronic regulation ”20, 23" and measurement units "21, 24” for regulating the sup-
ply of power to the heat energy elements.

In other words, EP 2350588 B1 comprises temperature sensors in different
heights/distances (see locations of sensors "15” and "17” in Fig. 2) compared to the
location of the heating elements "11” (the horizontally aligned part with two black
sections in the upper part of Fig. 2). The thermal energy will thus propagate in a bit
differently from the heating elements ”11” to these two sensors "15” and "17”. This
information will give improved regulation for maintaining the temperature in a same,
given value, or an improved regulation for obtaining a new temperature value (where
the temperature will change with the thermal energy from the heating elements).

CN 110234970 A discloses a method for the in-situ calibration of a thermometer. It
relates to a method for the in-situ calibration and/or validation of a thermometer 17,
having at least one temperature sensor ”7” and at least one reference element "8”,
which reference element "8” consists at least partially of a material for which at least
one phase transition occurs at at least one predefined phase transition temperature
(TPh) within the temperature range relevant for the use of the thermometer ”1”, dur-
ing which phase transition the material remains in the solid phase. This reference
also relates to a device for carrying out the method. The method comprises the fol-
lowing steps: detecting and/or recording at least one measured value (Tm) obtained
by the temperature sensor "7”, in particular as a function of time (Tm(t)); detecting
and/or recording at least one characteristic physical or chemical reference variable
(G) of the reference element "8”, in particular as a function of time (G(t)); detecting
the occurrence of the phase transition using a change, in particular a sudden
change, in the reference variable (G); establishing a phase transition time point (tPh)
at which the phase transition has occurred; determining a sensor temperature (Tm)
from a measured value obtained by the temperature sensor ”7” at a measurement
time point (tm) which has the shortest time interval from the phase transition time
point (tPh); and comparing the sensor temperature (Tm) with the phase transition
temperature (Tph) and/or determining a deviation (AT) which may be present be-
tween the sensor temperature (Tm) and the phase transition temperature (Tph).
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US 2015/338289 A1 discloses a method and apparatus for controlling the tempera-
ture of a calibration volume of a device for comparative calibration of temperature
sensors. This reference relates to a method for regulating the temperature of the
calibration volume of an apparatus for comparative calibration of temperature sen-
sors to a target temperature, wherein said calibration device comprises heat sources
and/or heat sinks, which are in thermal contact via a heat conducting part or a plu-
rality of heat conducting parts with the calibration volume, wherein in at least one
process step the real thermal state is calculated, wherein the Kalman filter is fed the
measurement values of a temperature sensor located in the calibration device, and
in at least one more process step the future thermal state is calculated using a ther-
mal model of the dynamics of states.

The problem in prior art is that the PID regulating principle currently used in connec-
tion with temperature calibrators, is still too aggressive resulting in overshooting and
oscillations, or too slow in reaching the finally desired temperature. There is thus a
need to find a more optimal solution in temperature regulation applied in tempera-
ture calibrators.

Summary of the invention

It can be summarized that the present invention discloses a method for regulating
temperature in a temperature calibrator, primarily focusing on regulating the velocity
of the change of the temperature.

A method, an arrangement and a computer program are different aspects of the
present invention.

According to a first aspect of the present invention, it introduces a method for regu-
lating temperature in a temperature calibrator (14), the temperature calibrator (14)
comprising a processor, wherein the method comprises the steps of:

- measuring an actual temperature of the temperature calibrator (14) by a tem-
perature sensor (15);

- applying a temperature error signal to a regulator (12), the temperature error
being a temperature set point minus a measured temperature, PV, by the temper-
ature sensor (15); and
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- feeding a regulator (12) output signal to a control element (13), which control
element (13) converts the regulator (12) output signal into a physical quantity, PQ,
which is output to the temperature calibrator (14) for regulating temperature.

The method is characterized in that the method further comprises the steps of:

- calculating a rate of change of the actual temperature of the temperature cali-
brator (14) by a derivator (24), which derivator (24) takes the measured temperature,
PV+, by the temperature sensor (15) as its input;

- letting a user to specify a maximum rate of change for the temperature, as an
input value for the processor; and

- regulating the temperature of the temperature calibrator (14) by the processor
so that the maximum rate of change for the temperature is never exceeded, and so
that during temperature regulation, when the temperature error signal decreases as
a function of time, also the rate of change of the actual temperature is set to de-
crease as a function of time.

According to a second aspect of the present invention, it introduces an arrangement
for regulating temperature in a temperature calibrator (14), the temperature calibra-
tor (14) comprising a processor, wherein the arrangement comprises:

- a temperature sensor (15) configured to measure an actual temperature of the
temperature calibrator (14);

- a regulator (12) taking a temperature error signal as its input, the temperature
error being a temperature set point minus a measured temperature, PVt, by the
temperature sensor (15); and

- a control element taking a regulator (12) output signal as its input, which con-
trol element (13) converts the regulator (12) output signal into a physical quantity,
PQ, which is output to the temperature calibrator (14) for regulating temperature.

The arrangement is characterized in that the arrangement further comprises:

- a derivator (24) configured to calculate a rate of change of the actual temper-
ature of the temperature calibrator (14), which derivator (24) takes the measured
temperature, PV, by the temperature sensor (15) as its input; and where
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- a user is let to specify a maximum rate of change for the temperature, as an
input value for the processor; and where

- the processor is configured to regulate the temperature of the temperature cal-
ibrator (14) so that the maximum rate of change for the temperature is never ex-
ceeded, and so that during temperature regulation, when the temperature error sig-
nal decreases as a function of time, also the rate of change of the actual temperature
is set to decrease as a function of time.

According to a third aspect of the present invention, it introduces a computer pro-
gram for regulating temperature in a temperature calibrator (14), the temperature
calibrator (14) comprising a processor, and the computer program comprising pro-
gram code and executable in the processor, wherein the computer program is con-
figured to execute the steps of:

- measuring an actual temperature of the temperature calibrator (14) by a tem-
perature sensor (15);

- applying a temperature error signal to a regulator (12), the temperature error
being a temperature set point minus a measured temperature, PV, by the temper-
ature sensor (15); and

- feeding a regulator (12) output signal to a control element (13), which control
element (13) converts the regulator (12) output signal into a physical quantity, PQ,
which is output to the temperature calibrator (14) for regulating temperature.

The computer program is characterized in that the computer program is further con-
figured to execute the steps of:

- calculating a rate of change of the actual temperature of the temperature cali-
brator (14) by a derivator (24), which derivator (24) takes the measured temperature,
PV+, by the temperature sensor (15) as its input;

- letting a user to specify a maximum rate of change for the temperature, as an
input value for the processor; and

- regulating the temperature of the temperature calibrator (14) by the processor
so that the maximum rate of change for the temperature is never exceeded, and so
that during temperature regulation, when the temperature error signal decreases as
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a function of time, also the rate of change of the actual temperature is set to de-
crease as a function of time.

Various embodiments are disclosed in dependent method claims, and these fea-
tures can also be applied in a corresponding arrangement and in a corresponding
computer program.

Brief description of the drawings

FIG. 1 illustrates a PID regulator according to prior art for regulating temperature of
a calibrator block,

FIG. 2 illustrates temperature behavior with an overshoot,
FIG. 3 illustrates temperature behavior with slow changes,

FIG. 4 illustrates a velocity regulator for the calibrator block in an embodiment of the
present invention, and

FIG:s 5a-c illustrate actual measurement results concerning the velocity regulator
implementation relating to temperature changes, for the “cold” dry block utilizing
Peltier elements in an embodiment of the invention.

Detailed description of the invention

The present invention represents a method for regulating the temperature in a cali-
brator block, which method is particularly suitable for dry block calibrators.

In the present invention in its various embodiments, the purpose is to, instead of
regulating the temperature directly, regulate the temperature velocity (i.e. the rate
of change of the temperature) using a PID regulator, and have the velocity set-point
follow predetermined velocity paths, when approaching the temperature set-point.

In this way, the actual approaching process of the temperature set-point is under
strict control. Far away from the temperature set-point the velocity can be high, but
close to the temperature set-point, the desired velocity is decreased and very close
to the temperature set-point, the desired velocity is reduced to almost zero, so that
the temperature slowly crawls up to the temperature set-point without overshooting.
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As the velocity is regulated, it is possible by design to let the user specify a maximum
velocity that can be used during set-point changes. Certain high precision tempera-
ture probes require that the rate of change of the temperature is limited. Further-
more, velocity regulation allows us to create stable temperature ramps needed for
calibrating the activation and deactivation points of temperature switches i.e.
switches which activate or deactivate at certain temperatures. This is an advantage
of the invention.

In an embodiment, a PID regulator according to the present invention may comprise
the following functional elements as shown in FIG. 4.

The functional elements and signals inbetween them are disclosed in the following.
Same functional elements, which were already discussed in connection with FIG. 1,
are maintained with the same reference numberings in FIG. 4.

SP+is the Temperature Set Point, i.e. a wanted/desired temperature of the calibrator
block 14. SPr is fed into a summing unit 11. Another signal entering the summing
unit 11 (i.e. a first summing unit) is the PV, i.e. Temperature Process Variable, a
measured temperature of the calibrator block 14, output by temperature sensor 15.
The summing unit 11 calculates Et = SPt — PV, resulting in a Temperature Error
signal fed into block “A” 21. The block “A” 21 outputs SPy = Velocity Set Point, which
is a wanted/desired temperature velocity in the calibrator block 14 eventually. SPy
enter a second summing unit 22. “Max velocity” means a maximum temperature
velocity [in unit °C/s] which the block “A” 21 may output; this value is fixed and can
be set by the user for the block “A” 21. PVy means a Velocity Process Variable, a
measured temperature velocity [°C/s] in calibrator block 14. In other words, the tem-
perature sensor 15 senses the actual temperature of the calibrator block 14, and a
derivator 24 calculates and output its rate of change as a function of time, resulting
in the Velocity Process Variable PVv. In other words, derivator 24 converts the
measured temperature into a measured temperature velocity (i.e. rate of change)
[°C/s]. The second summing unit 22 will calculate Ev = SPv — PVy, resulting in a
Velocity Error signal [°C/s] fed into a regulator 12. Along the signal flow, the next
one is MVy, i.e. Velocity Manipulated Variable, which is a velocity [°C/s] output signal
from regulator 12. Next we have a block “B”, which takes both the Velocity Manip-
ulated Variable and the temperature sensor 15 output as its input signals. Note that
blocks “A” 21 and “B” 23 are discussed in more detail in the following paragraphs.

Block “B” 23 will output “RQ”, meaning a Regulated Quantity, i.e. a regulated quan-
tity output from block “B” 23 in a suitable unit, e.g. in Watts or Amperes. This signal,



20195925 PrRH 22 -04- 2022

10

15

20

25

30

35

RQ, is directed to the control element 13. As in the arrangement shown in FIG. 1,
control element 13 will output “PQ” based on input “RQ” (not input MV anymore like
in FIG. 1). In other words, “PQ” is a Physical Quantity, i.e. an actual physical quan-
tity, such as power in Watts or current in Amperes, that causes the calibrator block
14 to change temperature. In yet other words, the control element 13 is a device
that converts the output signal from block “B” 23 (= RQ) to an actual physical quan-
tity (= PQ).

Blocks “A” 21, “B” 23 and derivator 24 are needed for having the regulator 12 oper-
ate in the so-called velocity domain which is called this way because the regulator
is in this way elevated up to a higher domain. A base domain here would be the
temperature itself, the velocity of the temperature change would be the next higher
domain, and the temperature change acceleration would be the next higher domain.
As the velocity of the temperature change is the derivative of the temperature as a
function of time (and temperature change acceleration would be the derivative of
the above velocity), derivator 24 is a main functional block in the embodiments of
the present invention. Block “A” 21 continuously evaluates the calibrator block’s 14
temperature state with respect to the temperature set-point and other factors, and
provides a “wanted velocity” to be kept by the regulator 12. The regulator 12 then
outputs a “corrected velocity” that block “B” 23 converts to a suitable electrical quan-
tity. The conversion method may differ depending on the type of the calibrator block
14.

Block “A” 21 continuously calculates the velocity set-point SPy from the three input
signals; E1, PVt and Max velocity; and calculates the velocity set-point SPy. The
velocity set-point SPy is calculated so that the temperature in the calibrator block 14
will approach the temperature set-point without overshoots. The appropriate ap-
proach path is dependent on both the distance from the target set-point Et as well
as the sensed temperature PVr. Furthermore, SPy is limited to not exceed the Max
velocity value in the discussed embodiment according to FIG. 4.

Block “B” 23 converts the regulator’s 12 output velocity MVy into an output quantity
(= RQ), such as power in Watts or current in Amperes.

In an embodiment of the present invention, where a dry block calibrator utilizes Pel-
tier elements (a.k.a. thermoelectric coolers (TEC)) as heating elements (meaning
that the calibrator block’s typical temperature range is +150 ... -30 °C), the output
quantity from block “B” 23 is selected to be current in Amperes. The relationship
between current and velocity at different calibrator block temperatures has been



20195925 PrRH 22 -04- 2022

10

15

20

25

30

10

determined by measuring and characterizing an existing calibrator block assembly
and the measurement data has been collected in a multi-dimensional lookup table,
which block “B” 23 uses to convert between velocity in °C/s and current in Amperes.
The lookup table does not give a perfect conversion, but the velocity regulator will
compensate for these conversion errors.

In yet another embodiment of the present invention, where a dry block calibrator
utilizes cartridge heaters or in other words, resistive heaters, as heating elements
(meaning that the calibrator block’s typical temperature range is +660 ... +50 °C),
the output quantity from block “B” 23 is selected to be power in Watts. In this em-
bodiment, the conversion is done according to the following mathematical principles,
presented in equations (1)-(17) in the following paragraphs.

At first, a thermal energy equation over a time interval (At) is discussed.

The increase in the amount of thermal energy stored in the control volume must
equal the amount of thermal energy that enters the control volume, minus the
amount of thermal energy that leaves the control volume, plus the amount of thermal
energy which is generated within the control volume. In other words, this can be
expressed as:

AEs = Eip — Egue + Eg (1)
Secondly, a Thermal Energy Equation at an Instant (t) is discussed.

The rate of increase of thermal energy stored in the control volume must equal the
rate at which thermal energy enters the control volume, minus the rate at which
thermal energy leaves the control volume, plus the rate of thermal energy which is
generated within the control volume. In other words, this can be expressed as:

¢ dE, t
E, =%
st dt

= E.m - Eo.ut + Eg (2)
The rate of change of energy is the time derivative of equation (1).

Thirdly, Thermal Energy Equations in the Calibrator Block are discussed.

At a first sub-section there, a “Steady state” is discussed. At constant temperature,

there is no increase in the amount of thermal energy and no energy is generated
within the block i.e. AE;; = E; = 0. Energy balance (1) has the following form:

Epn = Equt (3)
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This means that the energy in the heaters equals to the energy going out via heat-
loss. The unit in the equation (3) is joule [J].

Rate of change of energy is the time derivative of the above equation (3). The unit
is [J/s]=[W]; i.e. Watt.

E.m = o.ut (4)

The energy entering the block comes from the heaters. Energy is leaving through
natural conduction, convection and radiation. This means that the power in heaters
(E,,,) equals to total heatloss via natural conduction, convection and radiation (E,;).
It is impossible to differentiate between heat transfer mechanisms, that's why they
are given as total heatloss qGuot:

Psteady—state = qtot (9)

Steady state power can be measured at different temperatures and given as a pol-
ynomial.

At a second sub-section there, “Heating” is discussed.

When heating or cooling, the amount of thermal energy stored in the block changes.
Rate of change of thermal energy without energy generation can be expressed as:

dE; . .
dtt =Ein — Eour (6)

Energy stored in the block and its time derivative equal:

dEg¢

ar
Est = me (Tsetpoint - Tambient) > dt - me E (7)

So the equation (7) gets to the following form:

dar
mcy ar Pheating — ot (8)

Again, gt is the total heatloss including natural convection, radiation and conduction
to other parts. It equals to steady state power that can be measured. Since we know

the heating power Preating and heating speed can be easily measured, mc, can be
calculated at different temperatures and given as a polynomial.

It has been noticed that the measured mc, varies depending on what heating speed
it has been measured with.
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Based on measured mcp and steady state power, as well as wanted heating speed,
the following equation can be used to calculate the applied power:

ar
Pheating = mcy at + ot 9)

At a third sub-section there, “Free cooling” is discussed.

In free cooling, there is no energy entering the block (E,,, = 0). The equation for rate
of change of thermal energy has the following form:

dEg¢
dt

= —Equt (10)
mep St = —Gror (11)

Since we know that qiwt equals steady state power and cooling speed dT/dt can be
measured, an estimate of mcp can be calculated. It has been noticed that the values
measured in heating seem to be useful also in cooling with reasonable accuracy.

At a fourth sub-section there, “Forced cooling” is discussed.

When cooling with the fan, the forced convection overrides the natural convection
S0 Qot IS Not a part of the equation. The equation for rate of change of thermal energy
has the following form:

dEg¢
dt

= —Equt (12)

dar
meE = —Yrorced (13)

Since the cooling speed can be measured and we already have an estimate for the
mcp, the total heatloss with forced convection (including conduction and radiation)
can be calculated.

Finally, at a fifth sub-section there, “Controlled cooling” is discussed.

Controlled cooling means applying power in heaters when cooling (i.e. simultaneous
cooling and heating). The equation for rate of change of thermal energy has the
following form:

dE; . .
dtt =Ein — Eour (14)

dar
mcy ar Pheating — Grorced (15)
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Dividing the equations by mc, gives an expression for the cooling speed dT/dt. The
first term on the right-hand side corresponds to “power velocity” i.e. heating speed
that would be caused by the applied power, and the last term Qrorcea/mCp COrresponds
to the cooling speed caused by the fan:

ar _ Pheating __Yforced (16)

dt mcyp mcp

So the applied power can be calculated when we know the wanted velocity dT/dt
and the cooling speed caused by the fan:
_ (4T | 9forced
Pheating - <dt + mey )me (17)
Finally, FIG:s 5a-c illustrate actual measurement results concerning the velocity reg-

ulator implementation relating to temperature changes, for the “cold” dry block uti-
lizing Peltier elements in an embodiment of the invention.

The measurements have been performed at a set-point change from 20 °C to 50
°C, when the user has limited the velocity by setting “Max velocity” to 0,1 °C/s. The
set-point change takes approximately 9 minutes to complete.

FIG. 5a shows graphs representing temperatures: SPt, PVt, ET and a temperature
measurement inside the calibrator block insert using an external reference sensor
(this measurement corresponds closely to the “Actual temperature”, which the sen-
sors to be calibrated experience). The notation corresponds to the one presented
earlier in the disclosure. Here we can notice the time-lag between the external ref-
erence sensor in the insert and the PVt sensor (which is the internal reference sen-
sor in the calibrator block). This is because these two sensors are at different loca-
tions in the thermodynamic assembly. The PVt sensor is closer to the heating and
cooling sources (the Peltier elements in this measurement), and therefore it regis-
ters changes in temperature sooner than the external reference sensor.

FIG. 5b shows graphs representing velocities in °C/s: PVy, Ev, Max velocity, MVv
and SPy. The notation corresponds to the one presented earlier in the disclosure
here as well.

FIG. 5¢c shows regulator output velocity MVy in the y-axis on the left, and regulated
quantity RQ in the y-axis on the right. The velocity is shown in °C/s and the regulated
quantity RQ is shown as a current in A.
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It is notable in FIG. 5¢ that when considering the time up to about 00:05:00 minutes,
the velocity has been limited by “Max velocity” (line 510), but after about 00:05:00
minutes, the wanted velocity (SPv) will follow the set-point approach slope (imple-
mented in block “A” 21) that limits the velocity more and more the closer the tem-
perature gets to the temperature set-point, to avoid overshoots.

It is thus verified that the present invention works indeed as planned.

Aspects of the present invention thus comprise a method for temperature velocity
regulation in temperature calibrators, and a temperature velocity regulator in tem-
perature calibrators. The method can be applied by software (i.e. a computer pro-
gram, and/or a respective computer program product), which can be stored in a
memory of the temperature calibrator, and executed by a processor or controller
controlling the temperature calibrator. The temperature calibrator may have an /O
interface like a keyboard and a screen, or a touch screen for information feeding
and presenting. The temperature calibrator may also have output connection means
for wired or wireless communication means for information transfer e.g. to a remote
computer or server in the cloud. Wireless transfer means then also comprises ap-
propriate radio signal transmission means, comprising an antenna as well.

The present invention is not restricted merely to embodiments presented above, but
the present invention may vary within the scope of the claims.
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Claims

1. A method for regulating temperature in a dry block calibrator (14), the dry block
calibrator (14) comprising a processor, wherein the method comprises the steps of:

- measuring an actual temperature of the dry block calibrator (14) by a temper-
ature sensor (15);

- applying a temperature error signal to a regulator (12), the temperature error
being a temperature set point minus a measured temperature, PV, by the temper-
ature sensor (15); and

- feeding a regulator (12) output signal to a control element (13), which control
element (13) converts the regulator (12) output signal into a physical quantity, PQ,
which is output to the dry block calibrator (14) for regulating temperature;

characterized in that the method further comprises the steps of:

- calculating a rate of change of the actual temperature of the dry block calibrator
(14) by a derivator (24), which derivator (24) takes the measured temperature, PVr,
by the temperature sensor (15) as its input;

- letting a user to specify a maximum rate of change for the temperature, as an
input value for the processor; and

- regulating the temperature of the dry block calibrator (14) by the processor so
that the maximum rate of change for the temperature is never exceeded, and so
that during temperature regulation, when the temperature error signal decreases as
a function of time, also the rate of change of the actual temperature is set to de-
crease as a function of time.

2. The method according to claim 1, characterized in that the regulating of the
temperature of the dry block calibrator (14) is performed with the regulator (12),
which takes as its inputs the temperature error signal, the measured temperature,
PV+, by the temperature sensor (15), and the calculated rate of change of the actual
temperature by the derivator (24).

3. The method according to claim 1, characterized in that a first functional ele-
ment (21) takes the measured temperature, PVr, the temperature error signal, Er,
and the specified maximum rate of change for the temperature as its inputs, and the
first functional element (21) outputs a velocity set point, SPyv.
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4.  The method according to claim 3, characterized in that the velocity set point,
SPv, minus the calculated rate of change by the derivator (24), is fed to the regulator
(12) as a velocity error signal, Ev.

5. The method according to claim 4, characterized in that a second functional
element (23) takes the regulator (12) output, which is a velocity manipulated varia-
ble, MVy, and the measured temperature, PVt as its inputs, and the second func-
tional element (23) outputs a regulated quantity, RQ, into the control element (13).

6. The method according to claim 5, characterized in that the dry block calibrator
(14) comprises Peltier elements as heating elements, when the regulated quantity,
RQ, is current in Amperes.

7.  The method according to claim 6, characterized in that a conversion between
the velocity manipulated variable, MVy, in °C/s and the current, RQ, in Amperes
made by the second functional element (23) is performed by applying a lookup table,
which lookup table has been filled by measuring an existing dry block calibrator ear-
lier.

8.  The method according to claim 5, characterized in that the dry block calibrator
(14) comprises resistive heaters as heating elements, when the regulated quantity,
RQ, is power in Watts.

9. The method according to claim 8, characterized in that a conversion between
the velocity manipulated variable, MVy, in °C/s and the power, RQ, in Watts made
by the second functional element (23) is performed by applying a plurality of thermal
energy equations.

10. An arrangement for regulating temperature in a dry block calibrator (14), the
dry block calibrator (14) comprising a processor, wherein the arrangement com-
prises:

- a temperature sensor (15) configured to measure an actual temperature of the
dry block calibrator (14);

- a regulator (12) taking a temperature error signal as its input, the temperature
error being a temperature set point minus a measured temperature, PVt, by the
temperature sensor (15); and
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- a control element (13) taking a regulator (12) output signal as its input, which
control element (13) converts the regulator (12) output signal into a physical quan-
tity, PQ, which is output to the dry block calibrator (14) for regulating temperature;

characterized in that the arrangement further comprises:

- a derivator (24) configured to calculate a rate of change of the actual temper-
ature of the dry block calibrator (14), which derivator (24) takes the measured tem-
perature, PVt by the temperature sensor (15) as its input; and where

- a user is let to specify a maximum rate of change for the temperature, as an
input value for the processor; and where

- the processor is configured to regulate the temperature of the dry block cali-
brator (14) so that the maximum rate of change for the temperature is never ex-
ceeded, and so that during temperature regulation, when the temperature error sig-
nal decreases as a function of time, also the rate of change of the actual temperature
is set to decrease as a function of time.

11. A computer program for regulating temperature in a dry block calibrator (14),
the dry block calibrator (14) comprising a processor, and the computer program
comprising program code and executable in the processor, wherein the computer
program is configured to execute the steps of:

- measuring an actual temperature of the dry block calibrator (14) by a temper-
ature sensor (15);

- applying a temperature error signal to a regulator (12), the temperature error
being a temperature set point minus a measured temperature, PVt by the temper-
ature sensor (15); and

- feeding a regulator (12) output signal to a control element (13), which control
element (13) converts the regulator (12) output signal into a physical quantity, PQ,
which is output to the dry block calibrator (14) for regulating temperature;

characterized in that the computer program is further configured to execute
the steps of:

- calculating a rate of change of the actual temperature of the dry block calibrator
(14) by a derivator (24), which derivator (24) takes the measured temperature, PVr,
by the temperature sensor (15) as its input;
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- letting a user to specify a maximum rate of change for the temperature, as an
input value for the processor; and

- regulating the temperature of the dry block calibrator (14) by the processor so
that the maximum rate of change for the temperature is never exceeded, and so
that during temperature regulation, when the temperature error signal decreases as
a function of time, also the rate of change of the actual temperature is set to de-
crease as a function of time.
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Patenttivaatimukset

1. Menetelma lampétilan sdatédmiseksi kuivahaudekalibraattorissa (14) siten,
ettd kuivahaudekalibraattori (14) kasittéaa prosessorin, menetelman késittédessé seu-
raavat vaiheet:

- mitataan kuivahaudekalibraattorin (14) todellista lampdétilaa kayttamalla lam-
pétila-anturia (15);

- sybtetaan lampdtilan virhesignaali regulaattoriin (12), lampétilan virheen ol-
lessa lampédtilan asetuspiste vahennettyna mitatulla lampétilalla, PV, mika on saatu
lampotila-anturilta (15); ja

- syotetaan regulaattorin (12) lahtésignaali ohjauselementtiin (13), joka muun-
taa regulaattorin (12) lahtdsignaalin fyysiseksi suureeksi, PQ, joka syétetdan kuiva-
haudekalibraattoriin (14) lampétilan sadatamiseksi;

tunnettu siita, ettd menetelma kasittaa liséksi seuraavat vaiheet:

- lasketaan kuivahaudekalibraattorin (14) todellisen [ampétilan muutosnopeus
kayttamallad derivaattoria (24), joka ottaa l[ampétila-anturin (15) mittaaman lampoti-
lan PVt sy6tteekseen;

- annetaan kayttgjan maaritella [ampétilalle maksimimuutosnopeus, sydéttdar-
vona prosessorille; ja

- saadetaan kuivahaudekalibraattorin (14) lampdétilaa prosessorin avulla siten,
etta lampdtilan maksimimuutosnopeutta el koskaan ylitetd ja siten, ettad [ampétilan
sa8doén aikana silloin, kun lampétilan virhesignaali pienenee ajan funktiona, myoés
todellisen lampdotilan muutosnopeus asetetaan pienenemaan ajan funktiona.

2. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siité, etta kuivahaude-
kalibraattorin (14) lampétilan saaté suoritetaan kayttamalla regulaattoria (12), joka
ottaa syotteikseen lampdtilan virhesignaalin, lampétila-anturin (15) mittaaman ldm-
pétilan PV7 ja derivaattorin (24) avulla lasketun todellisen lampdétilan muutosnopeu-
den.

3. Patenttivaatimuksen 1 mukainen menetelma, tunnettu siita, ettd ensimmai-
nen toiminnallinen elementti (21) ottaa syétteikseen mitatun lampétilan PVr, lampé-
tilan virhesignaalin Et ja l[ampdtilalle maaritetyn maksimimuutosnopeuden, ja etta
ensimmainen toiminnallinen elementti (21) tuottaa nopeuden asetuspisteen SPy.

4. Patenttivaatimuksen 3 mukainen menetelmd, tunnettu siita, ettd nopeuden
asetuspiste SPy, vahennettyna derivaattorin (24) laskemalla muutosnopeudella,
sy6tetdan regulaattoriin (12) nopeuden virhesignaalina Ev.

5. Patenttivaatimuksen 4 mukainen menetelma, tunnettu siitd, etta toinen toi-
minnallinen elementti (23) ottaa syétteikseen regulaattorin (12) ulostulon, joka on
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nopeudella manipuloitu muuttuja MVy, ja mitatun lampétilan PV, ja etta toinen toi-
minnallinen elementti (23) tuottaa ohjauselementtiin (13) reguloidun suureen RQ.
6. Patenttivaatimuksen 5 mukainen menetelma, tunnettu siité, etta kuivahaude-
kalibraattori (14) kasittda lammityselementteind Peltier-elementit silloin, kun regu-
loitu suure RQ on ampeereina ilmaistu virta.

7. Patenttivaatimuksen 6 mukainen menetelma, tunnettu siita, ettéd toisen toi-
minnallisen elementin (23) suorittama nopeudella manipuloidun muuttujan MVy,
muodossa °C/s, ja ampeereina ilmaistun virran RQ vélinen muunnos tehdaan kayt-
tamalla hakutaulukkoa, joka on taytetty mittaamalla aiemmin olemassa olevaa kui-
vahaudekalibraattoria.

8. Patenttivaatimuksen 5 mukainen menetelma, tunnettu siité, etta kuivahaude-
kalibraattori (14) kasittaa lammityselementteina lammitysvastukset silloin, kun regu-
loitu suure RQ on watteina ilmaistava teho.

9. Patenttivaatimuksen 8 mukainen menetelma, tunnettu siita, ettéd toisen toi-
minnallisen elementin (23) suorittama nopeudella manipuloidun muuttujan MV,
muodossa °C/s, ja watteina ilmaistun tehon RQ véalinen muunnos tehdaan kaytta-
malla useita ldBmpobenergiayhtalsita.

10. Jarjestely lampdtilan sdatadmiseksi kuivahaudekalibraattorissa (14), kuiva-
haudekalibraattorin (14) kasittaessa prosessorin siten, etta jarjestely kasittéa

- lampétila-anturin (15), joka on konfiguroitu mittaamaan kuivahaudekalibraatto-
rin (14) todellista lampétilaa;

- regulaattorin (12), joka ottaa syotteekseen lampétilan virhesignaalin, jossa
lampétilan virhe on ldmpétilan asetuspiste vahennettyna lampdétila-anturin (15) mit-
taamalla [ampétilalla PV, ja

- ohjauselementin (13), joka ottaa syétteekseen regulaattorin (12) lahtdsignaalin
siten, ettd ohjauselementti (13) muuntaa regulaattorin (12) lahtésignaalin fyysiseksi
suureeksi PQ, joka syoétetdan kuivahaudekalibraattoriin (14) lampétilan saéata-
miseksi;

tunnettu siita, etta jarjestely kasittaa liséksi:

- derivaattorin (24), joka on konfiguroitu laskemaan kuivahaudekalibraattorin
(14) todellisen lampétilan muutosnopeus siten, etté derivaattori (24) ottaa syotteek-
seen lampétila-anturin (15) mittaaman lampdétilan PV, ja jossa

- kayttdjan annetaan maarittda lampdtilalle maksimimuutosnopeus, syoéttdar-
vona prosessorille; ja jossa

- prosessori on konfiguroitu sdatdmaan kuivahaudekalibraattorin (14) ldBmpéti-
laa siten, ettd lampdtilan maksimimuutosnopeutta ei koskaan yliteta ja siten, ettd
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lampétilan sdadoén aikana silloin, kun lampétilan virhesignaali pienenee ajan funk-
tiona, myos todellisen [ampdtilan muutosnopeus asetetaan pieneneméan ajan funk-
tiona.

11. Tietokoneohjelma lampétilan sdatédmiseksi kuivahaudekalibraattorissa (14),
kuivahaudekalibraattorin (14) kasittdessa prosessorin ja tietokoneohjelman kasitta-
essa prosessorissa suoritettavan ohjelmakoodin siten, ettd tietokoneohjelma on
konfiguroitu suorittamaan seuraavat vaiheet:

- mitataan kuivahaudekalibraattorin (14) todellista lampdétilaa kayttamalla lam-
pétila-anturia (15);

- syotetaan regulaattoriin (12) lampétilan virhesignaali, jossa lampétilan virhe on
lampétilan asetuspiste vahennettyna lampétila-anturin (15) mittaamalla lampétilalla
PV, ja

- syotetaan regulaattorin (12) lahtésignaali ohjauselementtiin (13), joka muun-
taa regulaattorin (12) lahtésignaalin fyysiseksi suureeksi PQ, joka sy6tetaan kuiva-
haudekalibraattoriin (14) lampétilan s&datédmiseksi;

tunnettu siitd, ettd tietokoneohjelma on liséksi konfiguroitu suorittamaan seuraavat
vaiheet:

- lasketaan derivaattorin (24) avulla kuivahaudekalibraattorin (14) todellisen
lampétilan muutosnopeus siten, etta derivaattori (24) ottaa syétteekseen [ampétila-
anturin (15) mittaaman lampétilan PV,

- annetaan kayttdjan maarittaa lampdtilalle maksimimuutosnopeus, syéttéar-
vona prosessorille; ja

- saadetaan prosessorin avulla kuivahaudekalibraattorin (14) lampétilaa siten,
etta lampdtilan maksimimuutosnopeutta el koskaan ylitetd ja siten, ettad [ampétilan
sa8doén aikana silloin, kun lampétilan virhesignaali pienenee ajan funktiona, myoés
todellisen lampdotilan muutosnopeus asetetaan pienenemaan ajan funktiona.
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