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(57) Abstract: With a method for controlling the temperature of feed air which is injected into the cabin zone of a passenger aircraft,
the cabin of which is sub-divided into several cabin zones supplied respectively with specially temperature-controlled feed air, the
temperature of the injected feed air is controlled for each cabin zone, dependent upon the deviation of an injection temperature actual
value for the feed air injected into the cabin zone in question, measured by sensors, in relation to an injection temperature optimum

& value. If there is no, or at least no usable reading of the ambient temperature of this cabin zone for a cabin zone, an optimum value

& for the injection temperature of this cabin zone can be established

in accordance with a variation, whereby it is determined upon the

basis of the injection temperature optimum values and/or the injection temperature actual values of other cabin zones, whereby the

measurement by sensors of the cabin temperature works reliably.
optimum value of a cabin zone can be established without measuring ambient temperature by sensors or without reliably measuring
ambient temperature from the temperature measured for the external surrounds of the aircraft.

=

In accordance with another variation, the injection temperature
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Method for controlling the temperature of feed air injected into the cabin zone of a
passenger aircraft

The invention relates to the control of the feed air temperature of a passenger
aircraft. When reference is made to "control’ in this context, limitation to true
control systems is in no way intended whereby a desired value is set directly by
means of a controlled system without a feedback loop. Quite on the contrary, the
term " control” within the framework of the invention also encompasses regulation
whereby a regulatory difference is determined by comparing an optimum value with
a recorded actual value and this is entered into a regulator.

A cabin with good temperature maintenance is important in order to offer passengers
a pleasant flight. In modern passenger aircraft, the cabin temperature is regulated
by means of the temperature of the feed air which is injected into the cabin.

It is established practice to sub-divide the cabin of a passenger aircraft into several
cabin zones and to supply each cabin zone with air from its own supply line. For this,
each cabin zone has its own temperature regulation circuit which regulates the
temperature of the feed air in the cabin zone in question in such a way that the
ambient temperature in the cabin zone has a required optimum value. In this way,
the ambient temperature for each cabin zone can be specially regulated to a target
value.

Previously, a single, discreet temperature sensor was generally used for each cabin
zone, and this recorded the ambient temperature in the cabin zone in question. A
control unit compares the ambient temperature value measured with an optimum
value. From the difference between the two ambient temperature values, an
optimum value for the injection temperature is arrived at, ie. for the temperature of
the air injected into the cabin zone in question. The control unit compares this
optimum value with a value measured for injection temperature. Dependent upon
the difference between the actual injection temperature and the optimum injection
temperature, the control unit produces control signals for one or more components
by means of which the temperature of the feed air injected into the cabin zone in
question is influenced.
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The ambient temperature in the cabin can be subject to relatively strong fluctuations
which are localised and periodic. It can arise therefore that the planned location for
installation of the temperature sensor in a cabin zone can not give representative
readings because the location is in the area of a local temperature peak (upwards or
downwards). The “falsified” signal of a sensor in such a location would then lead to
the injected air being either too hot or too cold. This reduces comfort when flying.
Individual adaptation of the locations of the temperature sensors is not generally,
however, taken into consideration because this, in so far as is possible considering
the small amount of space within the cabin, would be associated with an inordinately
high cost. In other cases, there is no space at all for a temperature sensor because
it is prevented by cabin installations such as, for example, an on-board kitchen.

Occasionally, for this reason, there is no or no proven actual ambient temperature
value available for a cabin zone. The aim of the invention is to indicate ways in
which, even in such cases, a pleasant atmosphere can be created in the cabin zone
in question.

In order to solve this problem, the invention takes up from a first aspect of a method
for controlling the temperature of feed air which is injected into a cabin zone of a
passenger aircraft, whereby the aircraft cabin is sub-divided into several cabin zones
which are each supplied with specific temperature-controlled feed air, whereby with
this method, the temperature of the feed air injected into each cabin zone is
controlled, dependent upon the deviation of an injection temperature actual value
measured by sensors for the feed air injected into the cabin zone in question in
relation to an injection temperature optimum value, whereby for part of the cabin
zones the injection temperature optimum value is maintained by comparing an
ambient temperature actual value for the ambient temperature measured by sensors
in the cabin zone in question with an ambient temperature optimum value.

In accordance with the invention it is proposed that, for at least a first cabin zone,
the injection temperature optimum value for this first cabin zone is established upon
the basis of the injection temperature optimum value and/or the injection
temperature actual value of at least a second cabin zone which is different from the
first, whereby every second cabin zone is a zone with sensor measurements of the
ambient temperature actual value of the second cabin zone in question.
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The invention to solve the above problem takes up from a second aspect of a
method for control of the temperature of feed air which is injected into the cabin
zone of a passenger aircraft, whereby the aircraft cabin is sub-divided into several
cabin zones which is each supplied with specific temperature-controlled feed air,
whereby with the method, the temperature of the feed air injected into each cabin
zone is dependent upon the deviation of an injection temperature actual value,
measured by sensors, of the feed air injected into the cabin zone in question in
relation to an injection temperature optimum value.

In accordance with the invention, it is proposed here that, for at least one cabin
zone, the injected temperature optimum value of this cabin zone is established upon
the basis of a temperature of the external surrounds of the aircraft, measured by
SEensors.

The invention makes it possible to maintain an injection temperature optimum value
for a cabin zone, even if no, or at least no representative actual value of the ambient
temperature can be determined for this cabin zone, and accordingly, no
optimum/actual value comparison of ambient temperature can be carried out for this
cabin zone.

In accordance with the first aspect, reference is made back to the optimum value
and/or the actual value of the injection temperature of at least one other (second)
cabin zone, whereby it is presumed that the ambient temperature measurement
taken by sensors is working correctly and provides usable measurement results.
Preferably, reference is made back here to the injection temperature optimum values
and/or the injection temperature actual values of several cabin zones, in particular
every second cabin zone. The injection temperature values of these cabin zones can
be determined so that the effect of any local temperature interference in the second
cabin zones is limited. The average injection temperature (optimum or actual value)
reflects the global external temperature conditions.

In accordance with the second aspect, the external temperature (ie. the temperature
outside of the aircraft) is directly used as a parameter in order to determine an
optimum value for the injection temperature. It has been shown that a connection
can be found between the external temperature, the ambient temperature and the
injection temperature, which assigns a specific value for injection temperature to a
specific value for external temperature, so that a specific ambient temperature can
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be set. This connection can, for example, be determined empirically by practical
tests and/or simulation and be described by a reference field, a table or a
mathematical formula. Other parameters can be considered, for example the flight
altitude.

Determination of the injection temperature optimum value can be realised in all cabin
zones with reference to the external temperature, even if ambient temperature
reading interference is to be reckoned with for all cabin zones. It s, of course, also
possible to apply this method to just one part of the cabin zones. It may be
necessary to determine the connection between external temperature, ambient
temperature and injection temperature specifically for different cabin zones. It is, of
course, equally possible to determined this connection uniformly for several or even
all cabin zones.

Because different cabin zones can have different heat requirements, whether due to
zone-specific factors or due to different temperature readings for ambient
temperature, with both aspects at least one correction value can be taken into
consideration when establishing the injection temperature optimum value, in
accordance with a preferred version.

A first correction value can be specified for the cabin zone in question so that the
zone-specific factors mentioned can be taken into account. The heat requirement of
a cabin zone can, for example, depend upon the lay-out of the cabin zone with
installations such as seats, toilets and on-board kitchens. The size of the window
surfaces can also have an effect upon the heat requirement. The first correction
value makes it possible to adapt to this type of zone-specific factor.

A second correction value can be dependent upon an ambient temperature optimum
value entered manually for this cabin zone. In this way adaptation is possible if the
required ambient temperature for the cabin zone in question can be entered
individually.

In the following, the invention is described in greater detail with reference to the
attached drawings:
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Fig. 1 schematically shows an example of a passenger aircraft with components for
temperature-regulated air supply to the cabin of the aircraft,

Fig. 2 schematically shows a cross-sectional view of the cabin,

Fig. 3 shows a block diagram of a first example of a regulation circuit for the
regulation of the feed air temperature of a cabin zone of the aircraft from fig.
1 and '

Fig. 4 shows a block diagram of a second example of a regulation circuit for the
regulation of the feed air temperature of a cabin zone of the aircraft from fig.
1.

In fig. 1, 10 identifies a passenger aircraft the cabin of which is sub-divided into
several cabin zones following on from one another along the length of the aircraft 10.
The cabin is here shown as the interior of the aircraft 10 in which the passengers
and the flight crew are located. Inthe example illustrated by fig. 1 the cabin of the
aircraft 10 is sub-divided into six zones, the position and extent of which are marked
by arrows in fig. 1. The term cabin zone here means an area of the cabin to which
an individual temperature regulation circuit for the regulation of the temperature of
feed air is assigned, which is injected into the cabin zone in question. The cabin
zones can therefore also be identified as temperature regulation zones.

A main supply line 12 is assigned to each cabin zone, and the cabin zone in question
is supplied with feed air via this line. In accordance with the number of cabin zones,
six main supply lines 12 are provided in the example shown by fig. 1. The main
supply lines are connected to a mixing chamber 14 from which they are supplied with
feed air. The air supplied from each main supply line 12 is driven into the cabin zone
in question via a system of air outlets 16 (fig. 2) in the cabin area. Arrows in fig. 2
schematically illustrate the flow direction of the air being injected into the cabin area.
One can see that the feed air is typically injected in the upper section of the cabin,
identified by 18 in fig. 2, for example close to the storage lockers 20 for hand
luggage. The feed air flows through the seating area in which the passengers sit and
is expelled to the side at floor level in the cabin 18.
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The temperature of the injected feed air determines the ambient temperature in the
cabin 18. In order to create a pleasant ambient atmosphere in the cabin 18, the
temperature of the feed air for each cabin zone is regulated in such a way that the
ambient temperature in the cabin zone in question has a desirable target value. A
temperature sensor system is provided here which makes it possible to determine
one or more temperature values for each cabin zone. In the example illustrated by
fig. 1, the temperature sensor system includes a temperature sensor 22 for each
cabin zone. In general, it is attempted to fit each cabin zone with a temperature
sensor 22. Occasionally, however, the structural factors prevent temperature
sensors 22 from being installed in all cabin zones. In other cases it can be that a
cabin zone is fitted with a temperature sensor 22, but that this sensor does not
provide any usable readings, for example because the temperature distribution in the
cabin zone in question shows a localised peak at the location of this sensor, or
because the temperature at the location of the sensor is periodically subjected to
strong fluctuations. The situation whereby no or at least no usable temperature
readings can be obtained for a cabin zone in the cabin zone in question, is illustrated
by figure 1 with reference to cabin zone 2 where there is no temperature sensor 22.

The temperature sensors 22 are connected to an electronic evaluation and control
unit 24 which regulates the temperature of the feed air injected into every cabin
zone. The evaluation and control unit 26 is provided here with appropriate software
and/or hardware. At least for those cabin zones for which they obtain usable actual
ambient temperature readings, the evaluation and control unit 24 compares the
ambient temperature actual value of the cabin zone in question with a specified

ambient temperature optimum value, and establishes the difference between both
values.

With reference to this difference, the evaluation and control unit 24 determines an
optimum value for the temperature of the feed air injected into the cabin zone in
question. In so doing, the evaluation and control unit 24 acts as a regulator which
establishes the difference between the ambient temperature actual value and the
ambient temperature optimum value as a regulatory difference.

The evaluation and control unit 24 then compares the optimum value determined for
the feed air temperature with the current temperature value of the feed air injected
into the cabin zone in question. This current value is provided by a temperature
sensor 26 which measures the temperature of the air in the main supply line 12 to



10

15

20

25

30

35

WO 2005/063578 PCT/EP2004/014862

-7-

the cabin zone in question. In figure 1, a temperature sensor 26 of this type is only
drawn for the supply lines 12 to cabin zones 1, 2 and 3. Itis clear that a such a
sensor 26 is also assigned to the supply lines 12 to the other cabin zones 4, 5 and 6.

The evaluation and control unit 24 determines a difference from the optimum value
for the feed air temperature and the current value. This difference is converted by
the evaluation and control unit 24 into positioning signals for one or more
components, by means of which the temperature of the injected feed air is effected.
The evaluation and control unit 24 works here again as a regulator which establishes
the difference between the optimum value for the feed air temperature and the
current value as a regulatory difference. Figure 1 shows positioning components 28
assigned to the supply lines 12 of the two cabin zones 2 and 6. These positioning
components can, for example, have an effect upon electric heating and/or a so-called
trim air valve. Once again, it is clear that corresponding positioning components are
also assigned to the other supply lines 12 and the other cabin zones.

In the example illustrated in figure 1, where a temperature sensor 22 is missing in
cabin zone 2, there is correspondingly no ambient temperature actual value available
for cabin zone 2. Subsequently, no optimum value / actual value comparison can be
made either by the evaluation and control unit 24 for cabin zone 2. Howevet, in
order to be able to set the ambient temperature in cabin zone 2 to a required target
value, an optimum value for the injected temperature (the temperature of injected
feed air) is obtained in another way than by optimum value / actual value
comparison for ambient temperature. In accordance with one version, the evaluation
and control unit 24 determines an optimum value for the injected temperature of
cabin zone 2 from the optimum values or the actual values of the injected air
temperatures of the other cabin zones 1, 3-6. In accordance with another variation,
the evaluation and control unit 24 determines an optimum value for the injected
temperature for cabin zone 2 from the temperature measured by means of another
temperature sensor 30 (figure 1) for the external surrounds of the aircraft 10. The
regulation circuit structure shown in figure 3 relates to the first variation, whereas
the regulation circuit structure shown in figure 4 relates to the second variation.

In figure 3, the injected temperatures of those cabin zones, the temperature sensors
22 of which provide usable readings, are determined in a block 32. T. shows here
the optimum value and the actual value of the injected temperature. An arithmetical
means, for example, can be used as the method for calculation.
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The average injection temperature value provided by the block 32 is corrected by
two correction values at a summation point 34. A first correction value takes into
account an individual temperature reading for cabin zone 2 (or another cabin zone,
whereby the regulation method represented by the regulation circuit structure of
figure 3 should be used). A desired temperature for cabin zone 2 can be set at a
temperature selector which is represented in figure 3 by a block 36. A block 38
converts the desired temperature set at the temperature selector 36 into a
corresponding correction value which is added to the average injection temperature
value of block 32. A second correction value is provided by a block 40. The second
correction value represents a specific offset value for cabin zone 2. This is pre-
determined and stored in the evaluation and control unit 24.

The average injection temperature value corrected by the two correction values
establishes the injection temperature optimum value for cabin zone 2. At a
difference formation point 42, it is compared with the injection temperature actual
value provided by the corresponding temperature sensor 26. In a regulator 44, the
difference is converted into a positioning signal for a positioning component 28
assigned to one of the cabin zones 2.

In figure 4, the same components, or those with the same effect are identified by the
same references as in figure 3, however supplemented by small letters. The two
regulation circuit structures in figures 3 and 4 are only essentially different from one
another in that in figure 4, the block 32 of figure 3 is replaced by a block 46a which
obtains, as an input signal, the external temperature identified by T » measured by
temperature sensor 30. Block 46a determines an injection temperature from the
external temperature Ta which is required in order to maintain a specific ambient
temperature in cabin zone 2. For this, a corresponding reference field in tabular
form is specifically stored in the control and evaluation unit 24. The injected
temperature value determined from the external temperature Ta and other optional
parameters such as, for example, the flight altitude, is — following correction by a
zone-specific offset value and a correction value dependent upon the required
ambient temperature in cabin zone 2 — used as the optimum value for the injection
temperature of cabin zone 2. Moreover, the regulation circuit structure of figure 4
corresponds to that of figure 3.
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The invention makes it possible to provide stable temperature regulation, even when
there is no stable reading for ambient temperature in a cabin zone. An individual
correction, as is necessary for a pleasant and comfortable ambient atmosphere in a
cabin zone, is made possible by the offset value which is taken from the desired
temperature set on the temperature selector of the cabin zone in question.
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Patent Claims

1. Method for the control of the temperature of feed air which is injected into a
cabin zone of a passenger aircraft (10), whereby the cabin (18) of the aircraft is sub-
divided into a plurality of cabin zones which are respectively supplied with specially
temperature-controlled feed air, whereby with this method, the temperature of the
feed air injected into each cabin zone is controlled dependent upon a deviation of an
injection temperature actual value, measured by sensor, of the feed air injected into
the cabin zone is question from an injection temperature target value, whereby for a
part of the cabin zones, the injection temperature target value is established by
comparing an ambient temperature actual value, measured by sensor, for the
ambient temperature in the cabin zone in question with an ambient temperature
target value,

characterised in that for at least a first cabin zone, the injection temperature target
value of this first cabin zone is established on the basis of the injection temperature
target value and/or the injection air actual temperature (T.) of at least one second
cabin zone different from the first, whereby every second cabin zone is a zone with
measurement by sensor of the ambient temperature actual value of the second cabin
zone in question.

2. Method in accordance with claim 1,
characterised in that the injection temperature target value for the first cabin zone is
established upon the basis of the injection temperature target values and/or the

injection temperature actual values (T,) of several, and in particular of all second
cabin zones.

3. Method in accordance with claim 2,
characterised in that the injection temperature target value of the first cabin zone is
established upon the basis of an average value of the injection temperature target

values and/or the injection temperature actual values of several, and in particular all
second cabin zones.

4. Method in accordance with any of the previous claims,
characterised in that the injection temperature target value for the first cabin zone is
also established upon the basis of at least one correction value for this cabin zone.
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5. Method in accordance with claim 4,

characterised in that the injection temperature target value of the first cabin zone is
established upon the basis of a first correction value which is pre-determined for this
cabin zone.

6. Method in accordance with claim 4 or 5,

characterised in that the injection temperature target value for the first cabin zone is
established upon the basis of a second correction value which is dependent upon an
ambient temperature target value for this cabin zone which can be entered manually.

7. Method for the control of the temperature of feed air which is injected into the
cabin zone of a passenger aircraft (10), whereby the cabin (18) of the aircraft
is sub-divided into several cabin zones which are respectively supplied with
specially temperature-controlled feed air, whereby , in the method, the
temperature of the feed air injected into each cabin zone is controlled
dependent upon a deviation of an injection temperature actual value of the
feed air injected into the cabin zone in question, measured by sensor, from an
injection temperature target value,

characterised in that, for at least one cabin zone, the injection temperature target

value for this cabin zone is established upon the basis of a temperature (Ta),

measured by sensor, for the external surrounds of the aircraft (10).

8. Method in accordance with claim 7,
characterised in that the injection temperature target value for the one cabin zone is
also established upon the basis of at least one correction value for this cabin zone.

9, Method in accordance with claim 8,

characterised in that the injection temperature target value for the one cabin zone is
established upon the basis of a first correction value which is pre-determined for this
cabin zone,

10.  Method in accordance with claim 8 or 9,

characterised in that the injection temperature target value of the one cabin zone is
established upon the basis of a second correction value which is dependent upon an
ambient temperature target value for this cabin zone which can be entered manually.
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11.  Passenger aircraft, the cabin of which (18) is sub-divided into several cabin
zones supplied with specially temperature-regulated feed air, including an electronic
control unit (24) arranged to control, for each cabin zone, the temperature of the
injected feed air dependent upon a deviation of an injection temperature actual
value, measured by sensor, in relation to an injection temperature target value, and
establish the injection temperature target value for a part of the cabin zones by
comparing an ambient temperature actual value for the ambient temperature in the
cabin zone in question, measured by sensor, with an ambient temperature target
value,

characterised in that the control unit is arranged to establish, at least for the first
cabin zone, the injection temperature target value for this first cabin zone, upon the
basis of the injection temperature target value and/or of the injection temperature
actual value (Ty) of at least a second cabin zone, different from the first, whereby
every second cabin zone is a zone with measurement by sensor of the ambient
temperature actual value of the second cabin zone in question.

12.  Passenger aircraft, the cabin of which (18) is sub-divided into several cabin
zones, respectively supplied with specially temperature-regulated feed air, including
an electronic control unit (24) arranged to control the temperature of the injected
feed air for each cabin zone, dependent upon a deviation of an injection temperature
actual value of the feed air injected into the cabin zone in question, measured by
sensor, in relation to an injection temperature target value,

characterised in that the control unit is arranged to establish, for at least one cabin
zone, the injection temperature target value for this cabin zone, upon the basis of a
temperature (Ta) of the external surrounds of the aircraft (10), measured by sensor.
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