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Controlling under surface heating/cooling

The invention relates to a method of controlling under surface heat-
ing/cooling.

Further, the invention relates to an arrangement for controlling un-
der surface heating.

Typically, under floor heating is controlled by using control systems
that use linear control of the water flow in the loops supplying heating to a spe-
cific room. The control system comprises actuators adjusting the flow of water
according to various control algorithms. The linear control system algorithms
can use parameters, such as water flow, in and/or out-water temperature, spe-
cific room step response, measured and target temperature in a specific room,
floor temperature in a specific room, etc. in order to adjust, by means of an ac-
tuator, a valve that controls the water flow in the supply loop. A small variation
in any of the parameters would lead to an adjustment of the valve to optimise
the temperature in the specific room. For example, if the in-water temperature
slightly decreases, the valve would slightly open to increase the water flow to
counter the effects. The above-described control systems have to be rather
complicated in order to get the system to work in a reliable manner. Further, an
under floor heating system is usually feeding several supply loops and rooms
with hot water and therefore the under floor heating control system has several
parallel control processes going on but sharing the same supply of hot water.
Therefore, there is a very complex dependency between the loops to be taken
into account by the under floor heating control system in order to have an ac-
curate control for each supply loop. A small adjustment of the water flow in one
loop would affect all other loops and all other loops would need to be adjusted
in order to maintain the balance of the heating system. Typically, also different
supply loops have different lengths and therefore they have different pressure
drops over the loop. This means that an actuator adjustment of a short loop
would redistribute a lot of supply water and would therefore have a large im-
pact on other especially longer supply loops. In theory, this could be solved but
the solution would require very complex under floor heating control system al-
gorithms and also more sensors. In order to simplify the under floor heating
control system, the under floor heating system is therefore balanced. The bal-
ancing is carried out during the installation and configuration of the under floor
heating system by reducing the water flow in short supply loops such that they
have the same pressure drop as a long supply loop. However, the balancing is
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quite complex and it is carried out after the system components are delivered
from the factory at the installation site and therefore the balancing adds the to-
tal cost of the under floor heating system and also results in severe perform-
ance impairment if the balancing is not carried out according to instructions.
Further, the balancing is typically carried out only once, which means that the
solution is static. If, for example, the need of power in one room changes, if
e.g. the purpose of use of the room changes, the loops should be balanced
again. This re-balancing is very difficult and therefore, in reality, practically
nevercarried out. This can lead to a very inefficient system.

In a supply loop the water temperature decreases when the water
flows through the supply loop. This fact causes the problem of the floor part
close to the inlet being warmer than the floor part close to the outlet. This will
be detected as discomfort by the persons walking on the floor even if the room
temperature is comfortable. Solutions exist to this problem, and involve install-
ing interlaced supply loops with the intention to mix supply loop sectors. How-
ever, interlacing the supply loop complicates the installation and also adds a
source of errors. Another solution is to decrease the supply water temperature
to guarantee a sufficiently high flow. The supply water temperature is de-
creased by adding additional mixers. This is performed especially in houses
with radiators having a high supply water temperature in combination with un-
der floor heating in stone or concrete floors. The additional mixer increases the
hardware and instailation cost and also adds a new component, which adds
maintenance cost.

A linear control system requires a plurality of sensors and advanced
control algorithms. For example, it is difficult to estimate the energy supplied to
a specific room without having a temperature and flow sensors in each supply
loop outlet due to a variable linear flow of supply water giving a variable non-
linear temperature gradient. Also the interference of the supply loops with each
other complicates the control algorithms impairing the performance of the un-
der floor heating system.

Instead of adjusting the magnitude of the water flow, it is known to
use an on/off water flow control system. In such a system, during a heating cy-
cle, the flow through the loop is at maximum, and on the off-mode, the flow is
totally prevented. The maximum flow is determined by flow balancing valves.
The length of the heating cycle is only controlled by the room temperature. An
uneven room temperature and overshoot of the temperature are problems in
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this solution. Also in this system, balancing of the system is a problem, which
means that different supply loops interfere each other.

The object of the invention is to provide a new method and ar-
rangement for controlling under surface heating/cooling.

In an embodiment, the actuators and/or valves of a supply loop are
controlied on and off. The percentage of the duty cycle, i.e. the cycle when the
flow in the supply loop is on, is controlled for controlling the room temperature.
During the duty cycle, the flow of the liquid is high, which provides a minimal
temperature gradient in the supplying liquid or the supply loop. This eliminates
the need of an interlaced supply loop installation and also an additional mixer,
which is usually required in under floor heating systems in a concrete floors.
Also the control algorithms are rather simple since the control method is based
on loading supply loops with coaling hot liquid. Yet, it is quite easy to calculate
the supply of energy and to estimate the duty cycle required for reaching the
said room temperature. Further, in another embodiment, different loops are
conirolled such that in two different loops the duty cycles start at different mo-
ments. In such a case, the interference between these two loops is reduced.
Thus, the need of balancing different loops is reduced, which means that the
time consuming and training intensive activity, and also a source of error for
carrying out the balancing can be reduced.

In an embodiment, the duty cycles are performed at different times
at least in two different loops. This eliminates the interference between the two
loops.

In another embodiment, duty cycles are performed simultaneously
in at least two Ioops having essentially the same length. Such a solution further
simplifies the control algorithm but because the loops are of the same length
they do not essentially interfere with each other.

A hydronic under floor heating system distributes the needed heat-
ing demand to each room in the building by controlling the hot water flow
through a heating loop in the floor. Normally, one loop per room is used but
sometimes a large room is split into two or more loops. The controller will act
on the information from the room thermostat and accordingly turn the water
flow on or off in the fioor loop.

The floor loop piping is typically made of e.g. cross-linked polyethyl-
ene plastic pipes. These pipes can be used in different types of floor construc-
tions, i.e. both concrete and wooden floors can be heated this way. It is essen-
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tial that the insulation, under the pipes, in the floor construction is good to
avoid the leakage of energy out downwards. The floor loops layout depends on
the heat demand for each room.

In a concrete floor, typically 20 mm pipes are used, the pipes being
usually attached to the re-enforcing net before the final concrete casting. The
recommendation is that the top of the pipes should be 30 to 90 mm below the
concrete surface and the pipe loops should be placed at a 300-mm center dis-
tance. Concrete conducts heat well, so this layout will lead fo an even distribu-
tion of the energy and give an even temperature on the floor surface. This
building method using concrete and 20 mm pipes is an economical way of
building a UFH (under floor heating) system.

Due to the good thermal conduction in concrete, the loop can be fed
with low supply temperature, normally below 35 degrees Celsius.

The step response is quite slow due to the large mass of the floor,
normally between 8 to 16 h depending on the floor thickness.

In wooden floors there are some different construction techniques
available and we can divide them in two main categories: Floor loops inside
the floor construction or on top of the floor construction. It is to be noted that all
UFH wooden construction technigues use aluminum plates to distribute the
heat from the pipes. This compensates for the poor heat conduction in wood.
Generally speaking, all “in floor” constructions uses 20 mm pipes and the on
floor technique uses 17 mm pipes that are mounted in pre grooved floor-
boards.

Due to the poor thermal conduction in a wooden floor, the loops
need a higher supply temperature than a concrete floor, normally up to 40 de-
grees Celsius.

The step response is quicker than for concrete, normally between 4
to 6 h depending on the floor construction.

The previously mentioned systems are primarily installed when the
house is built. In addition to these, UFH systems are provided for after installa-
tion. This system focuses on a low building height and the ease of handling
and uses smaller pipe diameters, and the pipes are mounted in pre-grooved
polystyrene floor panels. The supply temperature and step response are quite
similar to those of wooden constructions.

The stroke cycle of the actuator is preferably less than 120 seconds.
The actuator can be a conventional mechanical piston valve. The actuator can
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also be, for example, a solenocid valve. When using a solenoid valve the stroke
time of the actuator can be very short. Thus, the stroke time of the actuator can
be for example in the range of 0.1 to 120 seconds.

In the control system, the term pulse width refers to the on time of
the flow i.e. the duty cycle. The minimum pulse width is preferred in order to
achieve an efficient heating. However, the minimum pulse width is preferably
determined such that during the duty cycle also the longest loop is filled with
supply water. The minimum pulse width means that the time frame of the con-
trol is quite short, which means high frequency. Preferably, the time frame is
smaller than 1/3 of the response time of the floor in the room to be heated. The
time frame may vary for example between 5 and 60 minutes. In order to
achieve the feature that the duty cycles start at different moments in different
loops, the length of the off-times between the duty cycles can be varied using a
pattern or randomly. The variation must naturally be carried out within certain
limits, such that the percentage of the duty cycles can be kept at a desired
value. Another option is to vary the pulse width using a pattern or randomly in
a corresponding manner. Yet another option is to use different time frames in
different loops. For example, in one loop the time frame can be 29 minutes, in
a second loop the time frame can be 30 minutes and in third loop the time
frame can be 31 minutes. Of course sometimes the duty cycles start simulta-
neously in different loops but using at least one of the above-mentioned sys-
tems, the duty cycles start at different moments in most cases. Thus, the ob-
jectis to prevent the duty cycles in different loops from running synchronously.

The percentage of the duty cycle means how long is the on-state of
the time frame is. l.e. if the time frame is 10 minutes and the percentage of the
duty cycle is 10%, it means that the flow is 1 minute on and 9 minutes off, if the
percentage is 50 the flow is 5 minutes on and 5 minutes off and if the percent-
age of the duty cycle is 90, the flow is 9 minutes on and 1 minute off. If the time
frame is short enough, the control can be considered as continuous if the sys-
tem is slow enough, i.e. the response time of the floor is long.

This specification refers to hydronic under surface heating/cooling.
In such a system, liquid is supplied to supply loops for cooling/heating. The lig-
uid can be for example water or any other suitable liquid medium. The liquid
may comprise glycol, for example. Under surface heating/cooling means that
the supply loops are installed under the floor, for example. The supply loops
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can also be installed in any other suitable structure. The loops may be installed
in the wall or ceiling, for example.

By using the described solution it is possible to reduce the installa-
tion time. Further, the system needs less or no set-up during installation or
daily usages.

In the described solution automatic balancing is used. This is a fea-
ture aimed at eliminating the need of manual balancing and installation. Basi-
cally, the idea is to distribute the energy required to each loop by pulse width
modulation of the control output. Another way of describing this is that the out-
put power of each loop will be adapted to its length. l.e. a short loop might get
20% at a time and a longer loop 60% at a time. When the short loop is turned
off, the heating capacity will be handed over to the long loops. The calculation
of the pulse width is carried out dynamically for each loop by calculations
based on overshoot. This also gives the system better performance when it is
supplied with unnecessary hot water. The algorithm needs some additional
rules to prevent the system from being too slow to react to the set point
changes. The pulse widih will be increased if the set point is increased by for
example 2 or more degrees. Preferably, the maximum on-time is limited to
70% to prevent the loop from taking too much of the flow capacity.

In an embodiment an On/Off control is combined with pulse width
modulation per room. The pulse width depends on the response in the room.
At the startup the pulse width is preferably always 50%. The time frame for the
pulse width can be 30 minutes, for example. It is important to prevent the dif-
ferent channels/loops from running synchronously. Adding a random value of -
30 to +30 seconds to the time frame can prevent this. Another possibility is to
have a slightly different time frame for each channel/loop. It is enough if the dif-
ference is 5 seconds, for exampie.

The maximum value for the pulse width is 25 minutes and the mini-
mum value is 5 minutes. The resolution can be 1 minute, for example. Prefera-
bly, the pulse width modulation counter is reset the by a change of a set point
which prevents delays in the system.

A heating cycle is defined as the time between one heating request
and the next heating request.

Maximum and minimum room temperatures are monitored and
saved during a full heating cycle.
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The pulse width is adjusted at timeout, at heat-up modes or after a
heating cycle.

The master timeout for pulse width adjustment can be for example
300 minutes.

The control system comprises an appropriate means for performing
the desired functions. For example, a channel block calculates the control sig-
nal based on the set point, the room temperature and the energy required.
The energy is pulse width modulated and the requirement is calculated by
measuring the characteristics of the room temperature over time.

One way fo describe this is that it is a traditional on/off control widih
self adjusting gain.

In an embodiment, the pulse width modulation output can be ad-
justed between 15 to 70% of the duty cycle. The start vaiue is 50%. The maxi-
mum and minimum values during an on/off cycle are stored and evaluated and
the duty cycle is adjusted if needed.

The pulse width modulation timer is restarted if the set point in-
creases more than 1 degree.

An automapping algorithm finds the correct thermostat for each
room. The system will initially use average values for the set point and the
room temperature. This will temporarily result in a slightly uneven temperature
distribution in the house. Generally, the smaller rooms will be a little warmer
than the larger rooms. The house average response time is measured, and
this time is used as a base input in a step response algorithm that will be run
for each loop. The thermostat is mapped to the correct loop as soon as a
match is found. One thermostat can be mapped to more than one loop due to
the fact that larger rooms are divided into several loops. The mappings should
be stored to a none volatile memory.

The automapping is primarily meant to be used when it is unclear
that the thermostats are mapped/iinked to the correct loops. It will try to estab-
lish new links by a step response sequence. This is a help function normaliy
used by an installer or under the supervision of the support staff. This feature
only works if there is a heating demand for the house and the under floor heat-
ing is the main heat source, ie stoves, air-air heat pumps etc., will disturb this
algorithm.

e It should be possible to exclude channels from the test, i.e. channels
that are correctly mapped/linked.
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When automapping is started, the system will run using average values
of room temperatures and set points from all thermostats. This average
value is fed to each channel that should be automapped. The heating
cycle time for these combined channels is measured. The measuring
time is five heating cycles. The step response time base is calculated

from an average of the last four heating cycle times divided by 5.

Per physical channel sequence:

1. Wait until the system is in band, i.e. average room temperature is
less than one degree from average set point. Wait one time base
time and then reduce set point by one degree for all channels.

2. Wait one time base time. Save all room temperatures from thermo-
stats. Then increase the set point for the tested channel with e.g. 3.5
degrees and decrease the set point for all other channels with e.g.
3.5 degrees.

3. Wait one time base time. Then check each minute if any thermostat
has increased by more than e.g. 0,5 degrees. If so, this is mapped to
the physical channel. The timeout is set to two time base times; if no
match is found during this, then give up and move to next step.

4. Restore the set points for all channels.

Repeat the sequence above until all channels are mapped. Note that

one thermostat can be mapped to several physical channels but not the

opposite.
The controller should report if the return temperature does not rise

when it has opened the actuator. This means that the loop/valve is jammed or
the pipe is wrongly connected to the manifold.

Loop sanity check is a help function that the user can activate for

monitoring the existing mapping/linking in a background process. It will also
check the supply temperature.

It should be possible to exclude channels from the test, i.e. channels
that are correctly mapped/iinked. It should be possible to adjust the start
time, end time, set point reduction and set point increase within limits to
be defined later. The values below are default.
Per zonefthermostat sequence:
1. During evening and night, start at 22:00 in the evening, reduce
set point for all but the tested zone by e.g. 0.5 degrees. Save the
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room temperature for the test zone and increase set point with
one degree for that zone.

2. Wait until 7:00 next morning. Link is OK if the zone temperature
has increased by at least 0,5 degrees for the tested zone.

3. Restore all set points and display test result on display.

e The above is repeated for all zones that should be tested. The se-
quence is then stopped.

It should be possible for the user to manually stop the test sequence.

Supply temperature diagnostic is a help function that the user can

activate for checking that the supply temperature is OK.

* Monitor that the set point is reached at least once for all zones during
24h. If not, display warning message that supply temperature and flow,
(pump, actuator, valves and piping etc.) should be checked.

e Monitor the pulse width output for all channels. if at least one is below 8
and none is higher than 12, then display a warning message that supply
temperature is unnecessary high.

It should be possible to set a minimum output level for any zone
that is active when the room temperature is above the set point. The range
should be between ~5 to ~15% of the output by the following preliminary
scheme:

5% = 5 minutes on, 95 minutes off
7,5% =5 minutes on, 66 minutes off
10% = 5 minutes on, 45 minutes off
12,5% = § minutes on, 35 minutes off
15% = 5 minutes on, 33 minutes off

Note that this function should always start with the off time after that
the set point has been reached.

This function is aimed at increasing the comfort in bathrooms and at
preventing the floor from being cold if you occasionally use a fireplace to heat
up the room.

In some cases, the features described in this description can be
used as such, irrespective of other features. Then again, the features de-
scribed in this description may, if necessary, be combined in order to form dif-
ferent combinations.

It is obvious to those skilled in the art that in the course of technical
progress, the basic idea of the invention can be carried out in numerous ways.
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Thus, the invention and its embodiments are not limited to the previous exam-
ples but they may vary within the scope of the appended claims.
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Claims

1. A method of controlling under surface heating/cooling, the
method comprising

supplying liquid to at least two supply loops in an under surface
heating/cooling system, and

controlling the flow of the liquid on and off such that during a duty
cycle the flow is high and between the duty cycles the flow is off

characterized inthat

room temperature is conirolled by controlling the percentage of the
duty cycles, which percentage is determined on the basis of the heating de-
mand of the rooms,

and that different loops are controlled such that at least in two dif-
ferent loops the duty cycles start at different moments.

2. A method according to claim 1, characterized in that

at least in two different ioops the duty cycles are performed at dif-
ferent times.

3. Amethod accordingtoclaim1or2,characterized inthat

at least in two different loops having essentially the same length the
duty cycles are performed simultaneously.

4. A method according to any one of the preceding claims, char -
acterized inthat

the duty cycle is significantly shorter than the overall time constant
of the heating step response of the floor and room.



1

INTERNA“ONAL SEARCH REPORT International applicatjon No.
PCT/1B2008/054731

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet
According to International Patent Classification (IPC) or 1o both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: F24D, GOSD

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

- EPO-INTERNAL, WPI DATA, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 3708449 Al (BECHEM + POST GMBH & CO KG), , 1-4

29 Sept 1988 (29.09.1988), figures 1,2, claims 1,2,

abstract
A US 20030182021 Al (KIDDER), 25 Sept 2003 1-4

(25.09.2003), abstract

A US 5501265 A (BUJAK, JR.), 26 March 1996 1-4
(26.03.1996), abstract '

A US 20020088867 Al (NEVE ET AL), 11 July 2002 1-4
(11.07.2002), figures 1,2, abstract, paragraphs
(0001),(0006),(0007),(0027)

IZ' " Further documents are listed in the continuation of Box C. m See patent family annex.

* Special categories of cited documents: “T* later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited 1o understand
10 be of particular relevance the principle or theory underlying the invention
“"E" earlier application or patent but published on or after the international X« gocument of particular relevance: the claimed invention cannot be
filing date considéred novel or cannot be condidered to involve an inventive
“L* document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other .
special reason (as specified) Y” document of particular relevance: the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious o a person skilled in the art

“Q” document referring to an oral disclosure, use, exhibition or other
. means

“P* document published prior to the international ﬁlmg date but later than .o .
the priority date claimed &" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
24 February 2009 ’ 25 -02- 2009
Name and mailing address of the ISA/ Authorized officer
Swedish Patent Office '
Box 5055, S-102 42 STOCKHOLWM Jenny Mardberg / JA A
Facsxmxle No. +468 666 02 86 Telephone No. +46 8 782 25 00



2

INTERNATIONAL SEARCH REPORT International application No.

PCT/IB2008/054731

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 20070000660 Al (SEERUP ET AL), 4 January 2007
(04.01.2007), figures 1,4a, paragraphs (0016),
(0044)-(0049),(0060)

- 1-4

Form PCT/ISA/210 (continuation of second shee_t) (July 2008)




INTERNATIONAL SEARCH REPORT ' International application No.
PCT/IB2008/054731

International patent classification (IPC)

F24D 3/00 (2006.01)
GO5D 23/00 (2006.01)
GO05D 7/00 (2006.01)

Download your patent documents at www.prv.se
The cited patent documents can be downloaded at www.prv.se by
following the links:

e In English/Searches and advisory services/Cited documents

(service in English) or

e e-tjanster/anfdrda dokument (service in Swedish).
Use the application number as username.
The password is LRGIKJIPKQ.

Paper copies can be ordered at a cost of 50 SEK per copy from
PRV InterPat (telephone number 08-782 28 85).

Cited literature, if any, will be enclosed in paper form.

Form PCT/ISA/210 (extra sheet) (July 2008)




INTERNATIONAL SEARCH REPORT

. International application No.
Information on patent family members

01/11/2008 | PCT/IB2008/054731
DE 3708449 Al 29/09/1988 NONE
US 20030182021 Al 25/09/2003 us 6711471 B 23/03/2004
us 5501265 A 26/03/1996 AU 682948 B 23/10/1997
AU 2036095 A 07/12/1995
GB 2289961 A,B 06/12/1995
GB 9510943 .D 00/00/0000
US 20020088867 Al 11/07/2002 CA 2360249 A,C 18/05/2002
DE 10057359 A,C 29/05/2002
DK 200101656 A 19/05/2002
us 6533186 B 18/03/2003
US 20070000660 Al  04/01/2007 CA 2518389 A - 30/09/2004
DE 10312825 A,B 14/10/2004
EP 1606556 A 21/12/2005
WO 2004083733 A 30/09/2004

Form PCT/ISA/210 (patent family annex) {April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report

