
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

50
6 

04
3

A
1

TEPZZ¥5Z6Z4¥A_T
(11) EP 3 506 043 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
03.07.2019 Bulletin 2019/27

(21) Application number: 17210643.7

(22) Date of filing: 27.12.2017

(51) Int Cl.:
G05D 23/01 (2006.01) G05D 23/19 (2006.01)

F24D 19/10 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(71) Applicant: Danfoss A/S
6430 Nordborg (DK)

(72) Inventors:  
• Jensen, Jes Vestervang

6430 Nordborg (DK)
• Nielsen, Peter Gammeljord

6430 Nordborg (DK)

(54) METHOD FOR CONTROLLING A HEATING OR COOLING SYSTEM

(57) A method for controlling a heating or cooling sys-
tem (1) is described, the system (1), the system (1) com-
prising a heat exchanger (3) connected in series with a
valve (4) and control means (6) controlling an opening
degree of the valve (4), the method comprising the steps
of forming a difference between a room temperature (5)
and a room temperature set point (7) and adjusting the
opening degree of the valve (4) based on the difference.

Such a method should allow to reach a desired room

temperature after a change of room temperature set point
in a quick manner.

To this end a memorized steady-state working point
of the system (1) is used, a boost value based on the
steady-state working point is calculated, upon a change
of the room temperature set point (7) the opening degree
of the valve (4) is changed, wherein the opening degree
is limited to a boost value based degree.
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Description

[0001] The present invention relates to a method for
controlling a heating or cooling system, the system com-
prising a heat exchanger connected in series with a valve
and control means controlling an opening degree of the
valve, the method comprising the steps of forming a dif-
ference between a room temperature and a room tem-
perature set point and adjusting the opening degree of
the valve based on the difference.
[0002] Such a method is commonly known. The control
of the temperature in a room is performed in a closed
loop control in which the real room temperature is com-
pared with a room temperature set point. If a difference
between the room temperature and the room tempera-
ture set point exists, the valve is opened when the room
temperature is too low and is closed when the room tem-
perature is too high. Basically, each closed loop control
can be used.
[0003] Sometimes the set point of the room tempera-
ture is changed. Such a change can be made by a person
in the room to be heated or cooled. The change can also
be caused by a night set-back. In such a situation it takes
some time until the room temperature has reached the
new room temperature set point.
[0004] The object underlying the invention is to reach
a desired room temperature after a change of the room
temperature set point in a quick manner.
[0005] This object is solved in that a memorized
steady-state working point of the system is used, a boost
value based on the steady-state working point is calcu-
lated, upon a change of the room temperature set point
the opening degree of the valve is changed, wherein the
opening degree is limited to a boost value based degree.
[0006] The steady-state working point of the system is
a point obtained in the past. When conditions have been
observed in which a relation between several parameters
of the system has not been changed, in particular the
parameters including at least an opening degree of the
valves, supply temperature of a heat carrier medium sup-
plied to the heat exchanger, or return temperature of the
heat exchanger, such conditions are used s starting point
for the further control. Such a steady-state working point
can be filtered, if necessary. It defines, for example, a
condition which opening degree of the valve is necessary
to reach a specific room temperature or return tempera-
ture in the last one, two or three days. Based on this
steady-state working point the boost value can be calcu-
lated and the valve is opened to a modified maximum
extend to increase the room temperature as quick as
possible (in case the system is used for heating). How-
ever, there is a limitation based on the boost value. In
this way it is possible to avoid that the heat exchanger is
driven into a saturated state. A waste of energy can be
avoided.
[0007] In an embodiment of the invention the working
point corresponds to a valve position. A valve position
can easily be determined. When the valve is actuated by

means of a stepping motor the valve position is related
to a number of steps the stepping motor has performed
since a starting point.
[0008] In an embodiment the working point corre-
sponds to an opening degree of the valve. The opening
degree takes additionally into account a presetting of the
valve.
[0009] In an alternative embodiment the working point
corresponds to a return temperature of the heat exchang-
er. The return temperature of the heat exchanger can
easily be measured. The return temperature of the heat
exchanger gives an indication about the heat delivery of
the heat exchanger.
[0010] In an embodiment the boost value is a temper-
ature value which is based on the return temperature. In
this case there will be a day-to-day connection between
the room temperature and the return temperature. The
information what was a suitable return temperature set
point to achieve the room temperature yesterday or a few
days ago is assumed to be a good starting point for the
todays return temperature set point.
[0011] In an embodiment of the invention the valve is
opened in steps. In this way the opening stroke is sub-
divided in smaller sections which are suitable for a better
adaption of the parameters to the set point.
[0012] In an embodiment a size of the steps is deter-
mined on basis of the boost value. In this way it is possible
to limit the opening rate of the valve. It is, for example,
possible to open the valve only by 10% of the maximum
valve position or by 10% of the maximum boost temper-
ature.
[0013] In an embodiment the room temperature set
point is temporarily changed when the return temperature
exceeds the boost value. This is a simple way to achieve
an adjustment.
[0014] In an embodiment of the invention the return
temperature is monitored and in case of temperature
changes that are not based on valve actuation the valve
is actuated. Such a change of return temperature can be
caused, for example, by a change in differential pressure
or by a change in temperature of a medium supplied to
the heat exchanger. This cause can be counteracted.
[0015] In an embodiment the valve actuation is per-
formed by changing the room temperature set point. In
this way it is not necessary to have an additional point of
action within the control loop.
[0016] Preferred embodiments of the invention will
now be described in more detail with reference to the
drawing, wherein:

Fig. 1 shows a schematic diagram of a heating or cool-
ing system,

Fig. 2 shows a time function of some of parameters
of the system shown in Fig. 1,

Fig. 3 shows a schematic diagram of a second em-
bodiment of a heating or cooling system,
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Fig. 4 shows a time function of some parameters of
the system shown in Fig. 3,

Fig. 5 shows different time functions of parameters of
the system shown in Fig. 3,

Fig. 6 shows a schematic diagram of a third embodi-
ment of a heating or cooling system,

Fig. 7 shows a time function of some parameters of
the system shown in Fig. 6,

Fig. 7 shows a time function of some parameters of
the system shown in Fig. 6 in a second possi-
bility of controlling the system, and

Fig. 9 shows a time function of some parameters of
the system shown in Fig. 6 using a third possi-
bility of controlling.

[0017] Fig.1 schematically shows a system 1 for heat-
ing or cooling a room 2. A heat exchanger 3 which is
supplied with a heat carrying fluid is arranged within the
room 2.
[0018] In order to keep simple the following explanation
the system is explained in connection with the heating of
the room 2. In this case, the heat exchanger 3 is a radi-
ator. However, it is clear that the system can be used for
cooling of the room 2 as well when the heat exchanger
3 has another form and is not supplied with a hot fluid as
heat charrier but with cold fluid as heat carrier.
[0019] Flow of the heat carrier medium through the ra-
diator is controlled by means of a valve 4. Valve 4 is
connected in series with the heat exchanger 3.
[0020] A temperature sensor 5 detects the room tem-
perature.
[0021] As will be explained later, the opening degree
of the valve 4 is controlled by means of a controller 6.
The controller can be, for example a PID controller.
[0022] A room temperature set point 7 is given. The
room temperature sensed by the room temperature sen-
sor 5 is substracted from the room temperature set point
to form a difference 8 (or error) which is fed to the con-
troller 6. In the following this is also called modified room
temperature set point.
[0023] Furthermore, a return temperature sensor 9 de-
tects the temperature of the fluid at the outlet of the heat
exchanger. The return temperature is fed back to a return
temperature monitor 10.
[0024] The controller 6 outputs a valve position 11
which is supplied to the return temperature monitor 10
and at the same time to a dynamic rate limiter 12. The
dynamic rate limiter 12 is optional, i.e. it can be omitted.
[0025] The output of the rate limiter dynamic 12 is in-
putted into a dynamic saturation or a dynamic limiter 13
the output of which is a modified valve position 14 which
is fed into valve 4 to control the flow rate through the heat
exchanger 3.

[0026] The valve position 11 outputted by the controller
6 is fed into the return temperature monitor 10. The return
temperature monitor 10 monitors the valve position 11
over the time and at the same time the return temperature
from return temperature sensor 9. In other words, the
return temperature monitor is able to find out a steady-
state working point of the system 1 which means that,
for example, there was a day-to-day connection between
the valve position 11 and the return temperature so that
when there was a suitable return temperature to achieve
room temperature yesterday this is assumed to be a good
starting point for today’s control. This steady-state work-
ing point is filtered and memorized in the return temper-
ature monitor 10.
[0027] In the present case this steady-state working
point is expressed as valve position.
[0028] Fig. 2 shows the behavior for some parameters
of the system 1.
[0029] A graph 15 shows the valve position over time.
A graph 16 shows the return temperature over time. A
graph 17 shows the room temperature over time and a
graph 18 shows the room temperature set-point over
time.
[0030] More precisely in the right half of Fig. 2 steady-
state conditions or conditions of "normal operation" are
shown, i.e. conditions which do not change over time.
[0031] Based on the valve position in steady-state or
"normal operation" a maximum valve position is calcu-
lated. To this end, the valve position 11 outputted by the
controller 6 is used and a difference between the steady-
state valve position and the actual valve position 11 given
by controller 6 is calculated and multiplied with a gain-
factor. This product is added to the valve position 11 out-
putted by the controller 6. Alternative a maximum valve
position can be calculated by multiplying the gain-factor
with the steady-state valve position.
[0032] The gain-factor can be adjusted based on the
response time of the system which can be derived from
a temperature gradient. A slow heat-up (flat gradient) in-
dicates that the gain-factor needs to be higher and op-
posite. A realistic gain-factor various from 1,1 to 2,0. The
gradient "target" used to calculate the gain-factor is af-
fected by the highest measured return temperature, over-
shot, etc.
[0033] In this case the maximum valve position is ad-
justed step by step. The size of the step (more precisely
the maximum size of the step) is based on the maximum
valve position, e.g. 10% of the maximum valve position.
The maximum valve step size is used to limit the opening
rate of the valve 4. It is, for example, possible to allow
valve 4 only to open 10% of the maximum valve position
each minute.
[0034] The system 1 furthermore comprises a tenden-
cy controller 19. The tendency controller reacts on return
temperature changer. The return temperature is fed to
the tendency controller 19 as well.
[0035] A rapid return temperature change at a steady-
state valve position indicates a change, for example in
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the differential pressure or supply temperature in supply
line 7. The tendency controller 19 counteracts.
[0036] When, for example, at steady-state valve posi-
tion the return temperature suddenly starts to increase,
the tendency controller 19 measures the change rate and
lowers the room temperature set point 7 to the room con-
troller which will make the valve opening degree to de-
crease which again will make the return temperature de-
crease again. In this way, control can be achieved.
[0037] A slightly modified method can be performed
with the system 1 as well. In this case, the rate limiter
dynamic 12 is omitted and, as explained above, size of
the steps is calculated by the controller, for example, by
a first order set point filter in the controller 6, provided
that time constant is sufficient.
[0038] Fig. 3 shows a second embodiment of the heat-
ing and cooling system 1. The same elements are de-
noted with the same reference numerals.
[0039] In this embodiment as well a difference 8 or error
between the room temperature sensed by the room tem-
perature sensor 5 and the room temperature set point 7
is fed to the controller to adjust the valve position 11 or
opening degree of the valve 4.
[0040] The return temperature sensed by the return
temperature sensor 9 is fed back to a return temperature
limiter 20 and, as before, to the tendency controller 19.
[0041] The function of the return temperature limited
20 is explained in Fig. 4 and 5 showing two embodiments
of the method.
[0042] In Fig. 4 the working point of the system is the
return temperature in normal operation or steady-state.
This steady-state return temperature is filtered and mem-
orized, for example, in return temperature limiter 20.
[0043] The return temperature is shown with graph 21.
Valve position is shown with graph 22, room temperature
is shown with graph 23, room temperature set point is
shown with graph 24, and a maximum boost temperature
is shown with graph 25. All graphs show the behavior of
the respective parameters over time which runs from the
left to the right as in Fig. 2 and 5 as well.
[0044] When the room temperature set point increas-
es, the maximum boost temperature 25 is calculated. The
maximum boost temperature is the maximum allowable
return temperature. It can be calculated, for example, by
adding a boost value to the steady-state return temper-
ature. The boost value can be adjusted based on the
response time (temperature gradient) of the system 1. A
slow heat-up (flat gradient) indicates that the gain-factor
needs to be higher and opposite. A realistic boost value
varies from 5 to 20 [K].
[0045] A gradient "target" used to calculate the gain-
factor is affected by the highest measured return tem-
perature, overshoot, etc.
[0046] The valve position is increased. As it is shown
in Fig. 4 this increase is performed stepwise. The size of
the step can depend on the maximum boost temperature.
It is not necessary that the steps all have the same size.
[0047] When the valve position or the opening degree

of valve 4 is increased, more heating water flows through
the heat exchanger 3 with the consequence that the re-
turn temperature increases as well. At a certain point in
time the return temperature exceeds the maximum boost
temperature. In order to compensate for this, the room
temperature set point is temporarily lowered. This can
be seen in graph 24 below the position where the return
temperature exceeds the maximum boost temperature.
[0048] The tendency controller 19 works in the same
way as explained in connection with the embodiment
shown in Fig. 1 and 2.
[0049] Fig. 5 shows another embodiment similar to that
of Fig. 4. Same numerals are used to denote the same
graph.
[0050] In this embodiment the maximum allowed re-
turn temperature is calculated based on the steady-state
working point and a time response of the return temper-
ature.
[0051] As in the embodiment shown in Fig. 4, the return
temperature in normal operation is detected, filtered and
memorized. Based on the memorized steady-state return
temperature a maximum return temperature or maximum
boost temperature is calculated. The maximum boost
temperature is the sum of the steady-state return tem-
perature plus a boost value. The boost value can be ad-
justed based on the response time (temperature gradi-
ent) of the system. As before, a slow heat-up (flat gradi-
ent) indicates that the gain-factor needs to be higher and
opposite. As before, a realistic boost value varies from 5
to 20 [K], in particular 5 to 15 [K].
[0052] The gradient "target" used to calculate the gain-
factor is affected by the highest measured return tem-
perature, overshoot, etc.
[0053] The maximum boost temperature change is
based on the maximum boost temperature. It is, for ex-
ample possible to limit the increase to 10% of the maxi-
mum boost temperature per time step, or a function like
a first order of maximum boost temperature (boost tem-
perature will follow the function x(1-exp(-t/tau)), where x
is the maximum boost temperature to be filtered, t is the
time, and tau is the time constant.
[0054] The maximum boost temperature and the max-
imum boost temperature change divided by the boost
temperature (all parameters over time) are combined into
one limit function. If this limit function (shown by graph
25 in Fig. 5) is exceeded by the measured return tem-
perature (graph 21) the input to the controller is lowered
by lowering the room temperature set point which causes
the valve 4 to close a bit.
[0055] Fig. 6 shows a schematic diagram of a third em-
bodiment of a system 101 for heating or cooling a room
102. The system 101 according to this embodiment uses
both an room temperature sensor 105 as well as an return
temperature sensor 109.
[0056] A room temperature set point 107 is fed into a
controller 106. However, the room temperature set point
107 is modified by a temperature value from the room
temperature sensor 105 to obtain a modified room tem-
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perature set point 108. This modified room temperature
set point 108 leads to an opening degree 111 which is,
however, modified by a feedback of the temperature from
the return temperature sensor 109 to obtain a modified
opening degree 114.
[0057] It is furthermore possible to adapt the deviation
from the room temperature set point 108 based on a tem-
perature gradient calculated from two or more room tem-
perature measurements provided by the room tempera-
ture sensor 105. The working point comprising at least
the opening degree can correspondingly also store an
expected temperature gradient.
[0058] The opening degree 111 can further be modified
by measurements of the return temperature from the re-
turn temperature sensor 109. If the return temperature
does not correspond to the expected temperature from
the working point, e. g. because the return temperature
has not yet or too quickly approached a constant return
temperature, the working point is adapted accordingly.
[0059] For example, if it is expected that the return tem-
perature has reached 50°C at half an hour after changing
the working point but the temperature measurements of
the return temperature sensor 109 show that the return
temperature is only 40°C, then the controller 106 will
change the working point to increase the opening degree
of the valve 104 stored in the working point.
[0060] However, this adaption of the working point will
usually be made gradually, to prevent unnecessary fluc-
tuations in the control of the system 101.
[0061] The adapted value for the opening degree of
the valve 104 is then stored for future use. The adapted
working point is furthermore used to control the opening
degree of valve 104 when the working point is chosen
the next time. The change of opening degree of the valve
104 results in a change in temperature in the heat ex-
changer 103. In particular, the return temperature meas-
ured by the return temperature sensor 109 will change
for some time after a change in working point until the
return temperature approaches a constant value. Tem-
perature measurements by the return temperature sen-
sor 109 are repeatedly provided and fed back to the con-
troller 106 to allow a recalculation of the opening degree
of the valve 104 stored in the working point. The change
in opening degree of the valve 104 resulting in a change
of the heating or cooling provided by the heat exchanger
103 will then result in a temperature change in the room
102. This change in the room temperature is measured
by the room temperature sensor 105 which provides tem-
perature measurements which are fed back to the con-
troller 106. The temperature measurements will again be
used to recalculate the working point and in particular
the opening degree of the valve 104 stored in the working
point.
[0062] Consequently, the provided control method
may use either one or two of the readjustment loops to
adjust the working point(s) based on the temperature
measurement provided by the at least one temperature
sensor 105, 109 to adapted working point(s). This adapt-

ed working point can be readjusted time and again, while
the system may use a fraction of the difference between
the calculated necessary opening degree to the currently
stored opening degree in the working point when adapt-
ing the working point. This allows to avoid changing the
working point strongly based on mere fluctuations.
[0063] Fig. 7 shows a first possibility of using the meth-
od according to an embodiment of the invention. It should
be born in mind that the return temperature "normal op-
eration", i.e. in a steady state has been learned by oper-
ating the heating or cooling system over a certain time.
This return temperature in normal operation is used, for
example, for controlling the valve 104 when the room
temperature should be increased. Such a situation can
arise, for example, when the heating system changes
from a night temperature to a day temperature.
[0064] Fig. 7 shows the room temperature set point
"RoomTemp SP", the room temperature "Room Temp",
the valve position "ValvePos", and the return temperature
"ReturnTemp".
[0065] As mentioned above, the return temperature
"ReturnTemp" in normal operation has been learned in
a step 1 which is shown in the part of the curve "Return-
Temp" in which the return temperature has reached a
stable value. However, the return temperature is availa-
ble in the system from previous learning cycles.
[0066] Based on the return temperature in normal op-
eration a maximum boost temperature "maxBoostTemp"
is determined in step 2. The maxBoostTemperature can
be, for example, the return temperature in normal oper-
ation plus a "boost value" which can be, for example,
8°C. However, the maximum boost temperature is limited
to a predetermined value. It should keep a predetermined
distance to the supply temperature with which heating or
cooling fluid is supplied to the heat exchanger valve.
[0067] When the room temperature set point
"RoomTemp SP" increases or boosts, the valve position
"ValvePos" is adjusted according to a maximum valve
position which is based on the "maxBoostTemp" ob-
tained in step 2.
[0068] Accordingly, the return temperature increases
as well because more fluid is supplied to the heat ex-
changer. Consequently, the room temperature increases
as well. However, it increases faster than it would be the
case if the return temperature had been increased to a
value corresponding to the desired room temperature.
[0069] After a certain time the room temperature reach-
es the room temperature set point and at this time or, as
shown, earlier the opening degree of the valve can be
decreased. The return temperature approaches the "Re-
turnTemp" in normal operation.
[0070] Fig. 8 shows a slightly different way.
[0071] Instead of "learning" the working point it is pos-
sible to use a traditional controller, for example a PI or
PID controller.
[0072] Based on the return temperature in a steady
state condition, the working point for "normal" return tem-
perature is saved. This is schematically shown in Box "1.
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ReturnTemp in normal operation".
[0073] As the room temperature set point "RoomTemp
SP" increases or boosts, the return temperature set point
"ReturnTemp SP" is slowly increased, for example by a
ramp or a polynominal function of first order towards a
maximum boost temperature "maxBoostTemp". The
maximum boost temperature is based on the return tem-
perature in normal operation. The valve position, i.e. the
opening degree of the valve is increased following the
return temperature set point. The valve position can be
increased, for example, stepwise. The return tempera-
ture set point is shown in a dotted line. The actual return
temperature follows with a time delay. When the actual
return temperature reaches the maximum boost temper-
ature the opening degree of the valve can be reduced.
The room temperature "RoomTemp" reaches the room
temperature set point "RoomTemp SP" and the return
temperature decreases to the return temperature in nor-
mal operation.
[0074] Fig. 9 shows a further possibility.
[0075] Here a traditional PI or PID controller can be
used.
[0076] Based on the return temperature in a steady
state condition, the working points for "normal" return
temperature and valve position are saved.
[0077] When the room temperature set point increases
or boosts, the valve position is initiated to learned steady
state work point plus an addition, for example, plus 10%.
Controls are stalled unless maximum return temperature
or the desired room temperature is reached. When the
return temperature has reached the maximum, the open-
ing degree of the valve can be decreased and the room
temperature control can take over.
[0078] In all Fig. 7-9 the horizontal axis is a time axis.

Claims

1. Method for controlling a heating or cooling system
(1), the system comprising a heat exchanger (3) con-
nected in series with a valve (4), control means (6)
controlling an opening degree of the valve (4), the
method comprising the steps of forming a difference
between a room temperature and a room tempera-
ture set point (7) and adjusting the opening degree
of the valve (4) based on the difference, character-
ized in that a memorized steady-state working point
of the system is used, a boost value based on the
steady-state working point is calculated, upon a
change of the room temperature set point (7) the
opening degree of the valve (4) is changed, wherein
the opening degree is limited to a boost value based
degree.

2. Method according to claim 1, characterized in that
the working point corresponds to a valve position

3. Method according to claim 2, characterized in that

the working point corresponds to an opening degree
of the valve (4).

4. Method according to claim 1, characterized in that
the working point corresponds to a return tempera-
ture of the heat exchanger.

5. Method according to claim 4, characterized in that
the boost value is a temperature value which is based
on the return temperature.

6. Method according to any of claims 1 to 5, charac-
terized in that the valve (4) is opened in steps.

7. Method according to claim 6, characterized in that
a size of the steps is determined on basis of the boost
value.

8. Method according to claim 6 or 7, characterized in
that the room temperature set point (7) is temporarily
changed when the return temperature exceeds the
boost value.

9. Method according to any of claims 1 to 8, charac-
terized in that the return temperature is monitored
and case of temperature changes that are not based
on valve actuation the valve is actuated.

10. Method according to claim 9, characterized in that
the valve actuation is performed by changing the
room temperature set point (7).
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