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(57) L’invention porte sur un systéme de surveillance de
la température de tambours sécheurs dans de la
machinerie de fabrication de papier ou de textile. Des
capteurs sans fil de température sont montés a I'intérieur
de chaque tambour sécheur. Des dispositifs regoivent les
signaux émis par les capteurs relativement a la
température pour les faire traiter par un ordinateur. Des
multiplexeurs peuvent étre utilisés afin de fournir 4 un
émetteur de radiofréquences les signaux regus des
nombreux dispositifs de réception des signaux du
capteur. Un receveur de radiofréquences peut étre utilisé
pour recevoir les signaux provenant de I’émetteur et les

I*I Industrie Canada  Industry Canada

(57) A system is provided for monitoring the temperature
of dryer drums in papermaking or textile machinery.
Wireless temperature sensors are mounted to each dryer
drum. Sensor pickup devices receive temperature signals
from the temperature sensors that are processed by a
computer. Multiplexers may be used to provide the
signals from multiple sensor pickup devices to a radio-
frequency transmitter. A radio-frequency receiver may
be used to receive signals from the transmitter and
provide these signals to a computer. The computer
determines the temperature of the drums by processing
the temperature signals. The computer may provide
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transférer a un ordinateur. Ce dernier détermine la
température des tambours en traitant les signaux de
température. 11 peut en outre réguler 1’envoi de signaux a
un systéme de commande réparti en vue de contréler la
température des tambours (par exemple en contrélant
I’écoulement de vapeur dans la section du sécheur).
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control signals to a distributed control system to control
the temperature of the drums (e.g., by controlling the
flow of steam into the dryer section).
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Abstract of the Disclosure

A system is provided for monitoring the
temperature of dryer drums in papermaking or textile
machinery. Wireless temperature sensors are mounted to
each dryer drum. Sensor pickup devices receive
temperature signals from the temperature sensors that
are processed by a computer. Multiplexers may be used
to provide the signals from multiple sensor pickup
devices to a radio-frequency transmitter. A radio-
frequency receiver may be used to receive signals from
the transmitter and provide these signals to a
computer. The computer determines the temperature of
the drums by processing the temperature signals. The
computer may provide control signals to a distributed
control system to control the temperature of the drums
(e.g., by controlling the flow of steam into the dryer

section).
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SYSTEM FOR MONITORING
DRYER DRUM TEMPERATURES

Backaround of the Invention

This invention relates to monitoring the
temperature of drums used in the dryer sections of
machines used to process sheets of paper, textiles, and
the like.

Papermaking and textile machines handle
continuous sheets of paper or fabric. One of the steps
involved in making paper or the processing of textile
products is the removal of moisture from the product.
The textile or paper materials are typically dried by
passing them over the surfaces of a series of
cylindrical structures called drums. Because the
production rate and the quality of the product are
affected by the temperature of the drums, maintaining
proper drum temperature is an important aspect of the
production process.

One technique for monitoring dryer drum
temperatures involves using a handheld infrared
temperature sensor gun. Temperature readings can be
taken by pointing the sensor gun at an exposed surface

of a drum. However, such temperature readings must be
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taken manually and are strongly influenced by the
emissivity of the drum. Because drum emissivity can
vary depending on the surface condition of the drum
(i.e., whether the drum is painted, rusted from
exposure to water, shiny, etc.), temperature readings
taken using handheld infrared temperature sensors can
be inaccurate.

Another technique for monitoring drum
temperatures involves using a handheld rubbing-contact
temperature sensor. Rubbing-contact temperature
sensors typically have wheeled carriages that are
placed in rubbing contact with an exposed surface of
the rotating drum. Because rubbing-contact sensors are
placed near to the moving surfaces of the papermaking
machinery, using such sensors is not without risk to
the operator taking the temperature measurement. In
addition, typical rubbing-contact sensors are speed
rated, so that a given sensor can only be used to make
temperature measurements if the drum is rotating below
a particular speed.

Still another technique for monitoring drum
temperatures involves calculating the drum temperature
based on known parameters, such as the pressure of the
saturated steam used to heat the interior of the drum,
the thickness of the water condensate layer built up on
the inner drum surface, the rate of evaporation on the
exterior of the drum, the structure of the drum (i.e.,
whether the drum has any raised surfaces), etc. The
results of this type of heat flow analysis tend to be
inaccurate, because it is not possible to measure or
determine all of the parameters that influence the drum

temperature or to precisely gauge the interplay between
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the various measured parameters and the drum
temperature.

It is therefore an object of the present
invention to provide improved techniques for monitoring
the temperature of the drying drums in machines used to

process sheets of paper, textiles, and the like.

Summary of the Invention

This and other objects of the invention are
accomplished in accordance with the principles of the
present invention by providing a system and methods for
monitoring the operation of a dryer section of a
papermaking, textile, or similar machine. 1In one
embodiment, temperature sensors are used to measure the
temperature of dryer drums in the dryer section. The
sensors may be mounted on the end faces of the dryer
drums in holes that allow the active sensor elements to
be placed in contact with the cylindrical member that
forms the outer drum surface may be mounted on the
dryer drum surface, or inside the dryer drum. The
sensors transmit temperature signals without the use of
wires to sensor pickup devices. In another embodiment
the system may be expanded to include a means for
measuring the rotational speed of the drum and the
relative humidity of the air adjacent to the drums.

Signals from multiple sensor pickup devices,
and from the relative humidity sensors if present, may
be multiplexed using a multiplexer. Multiplexed
signals from the multiplexer may be provided to a
radio~frequency transmitter that transmits these
signals to a corresponding radio-frequency receiver.

Signals from the receiver are preferably provided to
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processing circuitry such as a personal computer. If
desired, such processing circuitry may be provided
inside the multiplexer housing. Humidity measurements
may be multiplexed with the temperature signals. If
desired, the multiplexed signals may be provided to the
processing circuitry using a hard-wired communications
link. The computer may process the temperature signals
and humidity signals and display corresponding
temperature and humidity information for the dryer so
that the operator may adjust the temperature of the
drums and the humidity in the dryer manually.
Alternatively, the computer may process the measured
signals and generate corresponding control signals for
controlling the system. The control signals may be
provided by the computer to a distributed control
system that controls the operation of steam valves and
air supply valves in the drying system. Alternatively,
the computer may provide such control signals directly
to the wvalves. Controlling the steam valves allows
control of the flow of pressurized steam into and out
of the interior of the dryer drums and therefore allows
control of the temperature of the dryer drums.
Controlling the air supply valves allows control of the
flow of low humidity air into and out of the dryer
hood.

Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiments.
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FIG. 1 is a partially cut-away perspective
view of a dryer section of an illustrative machine in
accordance with the present invention.

FIG. 2a is a perspective view of a dryer drum
in accordance with the present invention.

FIG. 2b is a cross-sectional view of a dryer
drum in accordance with the present invention showing
placement of the temperature sensor and temperature
sensor pickup device on the dryer end face.

FIG. 2c is a perspective view of a
temperature measurement assembly in accordance with the
present invention.

FIG. 2d is a cross-sectional view of a dryer
drum in accordance with the present invention in which
the temperature sensitive element is mounted just
beneath the dryer drum surface.

FIG. 3 is a schematic diagram of an
illustrative system for monitoring humidity and dryer
drum temperatures in accordance with the present

invention.

Detailed T L c 1) : | Embodi

An illustrative system 10 in accordance with
the present invention is shown in FIG. 1. System 10
has dryer drums 12, which are used to dry a continuous
sheet of paper, fabric, or the like (not shown) fed
from an upstream point in the machine. The sheet to be
dried is passed over the outer surface of dryer drums
12, which rotate continuously during the operation of
the machine. The dryer section of system 10 is

depicted as having only three dryer drums 12 in dryer
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hood 14 to avoid over-complicating the drawings.
However, a typical dryer section of a papermaking or
textile machine may have five or more dryer drums
arranged in series.

The temperature of dryer drums 12 must be
maintained at a proper level to maximize production
rate and to ensure the production of a high-quality
product. The temperature of dryer drums 12 can be
controlled by varying the flow of pressurized saturated
steam to the interior of dryer drums 12. Steam is
supplied through inlet pipe 16 to manifolds (not
shown), each of which supplies steam to several dryer
drums 12. In some areas of the machine, steam valves
are provided that allow the temperature of each dryer
drum 12 to be controlled independently. As a result,
it is generally desirable to measure the temperature of
each individual dryer drum 12.

Accordingly, each dryer drum 12 is provided
with a separate temperature sensor 18. Temperature
sensors 18 are preferably wireless and may be mounted
on the end faces or drum surfaces of dryer drums 14.
Suitable temperature sensors 18 include those based on
temperature sensitive crystals, such as shown in U.S.
Patent 4,844,076 and those based on thermocouples.
Regardless of the type of temperature sensors used,
temperature signals representative of the temperatures
measured by temperature sensors 18 are transmitted
wirelessly from temperature sensors 18 to respective
sensor pickup devices 20.

Any suitable technique may be used to avoid
signal interference between adjacent sensors 18. For

example, because the signal strength of the transmitted
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signals from each sensor 18 decrease with increasing
distance from the sensor, the spatial separation
between sensors 18 may be relied upon to prevent
interference. If desired, sensors 18 can be assigned
individual frequencies on which to transmit
information.

Sensor pickup devices 20 respond to the
signals from the temperature sensor. If desired, the
temperature signals may be passed to a multiplexer such
as multiplexer 22, to reduce the number of signal
output lines in the system. Multiplexer 22 is
typically also connected to additional multiplexers
(not shown in FIG. 1). Multiplexer 22 may multiplex
multiple input signals onto a single output using any
suitable multiplexing technique.

The multiplexed output of multiplexer 22 may
be provided to computer 30 using hard-wired
communications link 23. Alternatively, the multiplexed
output of multiplexer 22 may be provided to a wireless
transmitter 24 (e.g., a radio-frequency transmitter),
which transmits the temperature signals to receiver 26.
The range of transmitter 24 is sufficient to allow
receiver 26 to be located away from the immediate area
surrounding dryer hood 14. Signals from receiver 26
may be conditioned by interface unit 28. If desired,
the signal conditioning functions of interface unit 28
may be provided by receiver 26.

Signals from interface unit 28 (or from a
receiver 26 with suitable signal conditioning
functions) are received by computer 30. Computer 30
preferably has the ability to process raw sensor data

and convert this data into a usable format. For
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example, computer 30 may process the temperature
signals from sensors 18 to produce a visible display,
such as a plotted line or a bar chart in which the
height of each bar is proportional to the measured
temperature for an associated sensor 18. A system
operator'can adjust the temperature of dryer drums 12
based on the displayed temperature information for each
sensor 18. Computer 30 can provide control signals
based on processed temperature information to a
distributed control system or directly to plant
equipment (e.g., steam valves) using a hard-wired
communications link via output 32. The processing
functions of computer 30 may be provided in the housing
of multiplexer 22 if desired.

As shown in FIGS. 2a and 2b, temperature
sensor assembly 34 may be mounted to dryer drum end
face 36 near the radially outermost portion of end face
36, where end face 36 is connected to dryer cylindrical
member 38 with bolts such as bolt 40. Temperature
sensor 34 has a thermal sensor element 42, which may be
mounted in threaded jack screw hole 44 using screw 46
or device of a similar function. This arrangement
allows the tip of temperature sensor element 42 to be
maintained in contact with cylindrical member 38 to
measure the temperature of cylindrical member 38
adjacent to the cylindrical surface. Screw 46 has
feed-through passage 48, which allows wire 50 to
connect temperature sensor element 42 to sensor
assembly transmitter unit 52. Transmitter unit 52 may
be mounted to end face 36 with bracket 54 and bolt 40.
Screws 41 hold transmitter unit 52 to bracket 54.

Dryer drum 56 is supported by integral shaft 58 and is
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mounted in shaft support structure 60. Sensor pickup
device 62 may be mounted to shaft support structure 60
or other suitable location. FIG. 2c¢ is a perspective
view of the sensor assembly components of FIGS. 2a and
2b.

FIG. 2d shows an alternative embodiment of
the invention in which temperature sensor element 142
is mounted to dryer drum surface 141 (e.g., just
beneath the surface of cylindrical member 138 under
plate 140, which may be attached to cylindrical member
138 with screws or epoxy). Sensor element 142 is
connected to transmitter 152 with wire 150.
Transmitter 152 is mounted to the dryer end face with
bracket 154.

As shown in FIG. 3, system 64 of the present
invention may have multiple multiplexers 66, each of
which receives temperature signals from an associated
group of sensor pickup devices 68 and wireless sensors
70. If desired, multiplexers 66 may be interconnected
using communications lines 72, so that, for example,
the multiplexed output from multiplexer 1 is passed to
multiplexer 2, etc. Multiplexer n provides an output
signal containing the temperature signals from each of
sensors 70. One or more humidity sensors 87 may be
provided in dryer hood 86 to monitor the humidity of

the hood during operation of the system. Humidity

éiéﬁéls”ﬁéy”béﬁmultiplexed withifhé témperature signais
using multiplexer n.

If desired, the temperature signals and
humidity signals may be provided directly to computer
78 via hard-wired communications link 73.

Alternatively, these signals may be provided to
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transmitter 74, which transmits the signals to receiver
76. Receiver 76 receives temperature and humidity
signals, and passes the signals to computer 78.

Because transmission between transmitter 74 and
receiver 76 is wireless, it is not necessary to locate
receiver 76 and computer 78 adjacent to sensors 70,
sensor pickup devices 68, multiplexers 66, and
transmitter 74.

Computer 78 processes the temperature and
humidity signals received from receiver 76 or received
via hard-wired communications link 73. Computer 78
preferably displays information concerning the humidity
within the hood 86 and temperature of dryer drums 12,
so that an operator may make appropriate manual
adjustments to the valves, control mechanisms used to
control the temperatures of dryer drums 12, and control
mechanisms to control the humidity within the hood 86.
If desired, computer 78 may generate control signals
for automatically controlling the temperature of dryer
drums 12 and the humidity within the hood 86 via
distributed control system 80. The functions of
computer 78 may be provided by processing circuitry
located in the housing of one or more multiplexers 66.

Control signals from computer 78 for
controlling papermaking, textile, or similar machinery
may be distributed throughout the papermaking or
textile plant using distributed control system 80 or
communications link 81. Control signals from computer
78 may be used to control machinery such as steam
source valves 82 and condensate steam valves 83.
Controlling steam valves 82 and 83 determines the

amount of pressurized steam that flows from steam
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source 84 through dryer drums 12 in dryer hood 86 and
therefore allows computer 78 to control the temperature
of dryer drums 12 based on the temperature readings
taken automatically by sensors 70.

If desired, the temperature monitoring system
may be used with dryers other than rotating drum
dryers. For example, the temperature monitoring system
may be used with belt dryers or dryers with flat drying
surfaces. In addition, the temperature sensor
assemblies may be mounted to the inside of the dryer
drums if desired.

The foregoing is merely illustrative of the
principles of this invention and various modifications
can be made by those skilled in the art without

departing from the scope and spirit of the invention.



CA 02248641 1998-09-23

hat i ~lai $ is:
1. A system for measuring the temperatures

of heated dryer drums, comprising:

temperature sensors mounted to the dryer
drums for generating temperature signals proportional
to the temperatures of the dryer drums and for
wirelessly transmitting the temperature signals;

sensor pickup devices for receiving the
wirelessly transmitted temperature signals generated by
the temperature sensors;

communications circuitry for receiving
the temperature signals from the sensor pickup devices
and for communicating the temperature signals; and

processing circuitry for receiving the
temperature signals from the communications circuitry

and for processing the temperature signals.

2. The system defined in claim 1 wherein
the communications circuitry comprises:

a transmitter for wirelessly
transmitting temperature signals from the sensor pickup
devices; and

a receiver for receiving the wirelessly

transmitted temperature signals from the transmitter.

3. The system defined in claim 1 wherein
the communications circuitry comprises a multiplexer
that receives temperature signals from a plurality of
the sensor pickup devices and that provides a

corresponding temperature signal output.
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4. The system defined in claim 1 wherein
the communications circuitry comprises a plurality of
multiplexers that each receive temperature signals from
a plurality of the sensor pickup devices and that

provide corresponding temperature signal outputs.

5. The system defined in claim 1 wherein
each dryer drum has a dryer drum surface, the
temperature sensors comprising temperature sensor

elements that are mounted to the dryer drum surface.

6. The system defined in claim 1 wherein
each dryer drum has an end face, the temperature
sensors comprising temperature sensor elements that are

mounted to the dryer drum end faces.

7. The system defined in claim 1 wherein
each dryer drum has a cylindrical member covered by an
end face having a hole that passes from the exterior
surface of the end face to the cylindrical member, the
temperature sensors comprising temperature sensor
elements that are mounted in the holes in contact with

the cylindrical members.

8. The system defined in claim 1 wherein
each dryer drum has a cylindrical member covered by an
end face, the temperature sensors comprising
temperature sensor elements that are mounted Jjust

beneath the surface of the cylindrical member.

9. The system defined in claim 1 wherein

the sensors contain temperature sensitive crystals.
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10. The system defined in claim 1 wherein
the processing circuitry is a computer for processing
the temperature signals and generating a corresponding

display of temperature information for the dryer drums.

11. The system defined in claim 1 further
comprising:

a steam valve for controlling the flow
of steam into a given dryer drum to adjust the
temperature of the given dryer drum; and

a distributed control system that
receives control signals from the processing circuitry

to control the operation of the steam wvalve.

12. The system defined in claim 1 further
comprising:

a steam valve for controlling the flow
of steam into a given dryer drum to adjust the
temperature of the given dryer drum; and

a hard-wired communications link that
receives control signals from the processing circuitry

to control the operation of the steam valve.

13. The system defined in claim 1 wherein
the dryer drums further comprise steam-heated

papermaking dryer drums.

14. The system defined in claim 1 further
comprising a humidity sensor for monitoring humidity in

the vicinity of the dryer drums.
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15. A method for measuring the temperatures

of heated dryer drums, comprising the steps of:

generating temperature signals
proportional to the temperatures of the dryer drums
with temperature sensors mounted to the dryer drums;

wirelessly transmitting the temperature
signals with the temperature sensors;

receiving the wirelessly transmitted
temperature signals generated by the temperature
sensors with sensor pickup devices;

communicating the temperature signals
received by the sensor pickup devices to processing
circuitry with communications circuitry; and

processing the temperature signals with

the processing circuitry.

16. The method defined in claim 15 wherein
the step of communicating comprises the step of:
wirelessly transmitting temperature
signals from the sensor pickup devices with a
transmitter; and
receiving the wirelessly transmitted
temperature signals from the transmitter with a

receiver.

17. The method defined in claim 15 wherein
step of communicating further comprises the steps of:
receiving temperature signals from a
plurality of the sensor pickup devices with a
multiplexer; and
providing a corresponding temperature

signal output with the multiplexer.
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18. The method defined in claim 15 wherein
step of communicating further comprises the steps of:
receiving temperature signals from a
plurality of the sensor pickup devices with a plurality
of multiplexers; and
providing a corresponding temperature

signal output with each of the multiplexers.

19. The method defined in claim 15 wherein
each dryer drum has a dryer drum surface to which a
temperature sensor element of one of the temperature
sensors is mounted, the method further comprising the
step of measuring the temperature of the dryer surface

with the temperature sensors elements

20. The method defined in claim 15 wherein
each dryer drum has an end face to which a temperature
sensor element of one of the temperature sensors is
mounted, the method further comprising the step of
measuring the temperature of the dryer drums with the

temperature sensors elements.

21. The method defined in claim 15 wherein
each dryer drum has a cylindrical member covered by an
end face, the temperature sensors comprising
temperature sensor elements that are mounted just
beneath the surface of the cylindrical member, the
method further comprising the step of measuring the
temperature of the dryer drums with the temperature
sensor elements just beneath the surface of the

cylindrical member.



- CA 02248641 1998-09-23

- 17 -

22. The method defined in claim 15 wherein
each dryer drum has a cylindrical member and an end
face having holes that pass from the exterior surface
of the end face to the cylindrical member, and the
temperature sensors have temperature sensor elements
that are mounted in the holes in contact with the
cylinders, the method further comprising the step of'
measuring the temperature of the dryer drum with the
temperature sensor elements in contact with the

cylinders.

23. The method defined in claim 15 further
comprising the step of providing the sensors with

temperature sensitive crystals.

24, The method defined in claim 15 further
comprising the step of processing the temperature
signals and displaying corresponding temperature

information for the dryer drums with a computer.

25. The method defined in claim 15 further
comprising the steps of:
controlling the flow of steam into a
given dryer drum with a steam valve to adjust the
temperature of the given dryer drum; and
controlling the operation of the steam
valve with a distributed control system that receives

control signals from the processing circuitry.

26. The method defined in claim 15 further

comprising the steps of:
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controlling the flow of steam into a
given dryer drum with a steam valve to adjust the
temperature of the given dryer drum; and

controlling the operation of the steam
valve with a hard-wired communications link that

receives control signals from the processing circuitry.

27. The method defined in claim 15 wherein
the dryer drums are papermaking dryer drums, the method
further comprising the step of steam-heating the

papermaking dryer drums.

28. The method defined in claim 15 further
comprising the step of monitoring humidity in the

vicinity of the dryer drums with a humidity sensor.

29. A system for measuring the temperatures

of heated dryer members, comprising:

temperature sensors mounted to the dryer
members for generating temperature signals proportional
to the temperatures of the dryer members and for
wirelessly transmitting the temperature signals;

sensor pickup devices for receiving the
wirelessly transmitted temperature signals generated by
the temperature sensors:;

communications circuitry for receiving
the temperature signals from the sensor pickup devices
and for communicating the temperature signals; and

processing circuitry for receiving the
temperature signals from the communications circuitry

and for processing the temperature signals.
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30. A method for measuring the temperatures

of heated dryer members, comprising the steps of:

generating temperature signals
proportional to the temperatures of the dryer members
with temperature sensors mounted to the dryer members;

wirelessly transmitting the temperature
signals with the temperature sensors;

receiving the wirelessly transmitted
temperature signals generated by the temperature
sensors with sensor pickup devices;

communicating the temperature signals
received by the sensor pickup devices to processing
circuitry with communications circuitry; and

processing the temperature signals with
the processing circuitry.
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