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(57) Abréegée/Abstract:
A regeneration device of an exhaust gas purification filter that reduces the regeneration time of the filter. The regeneration device

Includes a plurality of first temperature detectors (26a, 26b) arranged In casings to detect the temperature in each casing and a
second temperature detector (26a, 26b) for detecting the temperature of the exhaust gas. A processor (30) Is connected to the first
temperature detectors and the second temperature detector. The processor compares the temperature of the exhaust gas and the
temperature of at least one of the casings, opens the associated switch valve based on the comparison result, and preheats at
least one of the filters with the exhaust gas. The heat of the exhaust gas suddenly increases the temperature of the filter from the

Initial temperature and reduces the filter regeneration time.
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ABSTRACT

A regeneration device of an exhaust gas purification
filter that reduces the regeneration time of the filter. The
regeneration device includes a plurality of first
temperature detectors (26a, 26b) arranged in casings to
detect the temperature in each casing and a second
temperature detector (26a, 26b) for detecting the
temperature of the exhaust gas. A processor (30) 1is
connected to the first temperature detectors and the second
temperature detector. The processor compares the temperature
of the exhaust gas and the temperature of at least one of
the casings, opens the associated switch valve based on the
comparison result, and preheats at least one of the filters
with the exhaust gas. The heat of the exhaust gas suddenly
increases the temperature of the filter from the 1nitial

temperature and reduces the filter regeneration time.
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SPECIFICATION

REGENERATION DEVICE OF EXHAUST GAS PURIFICATION FILTER

AND FILTER REGENERATION METHOD

[TECHNICAL FIELD]

The present invention relates to a regeneration device,

and more particularly, to a regeneration device of an
exhaust gas purification filter and a tilter regeneration

method.

[ BACKGROUND ART]

The number of automobiles has been increasing
drastically. The amount of gas discharged from the internal
combustion engines has also increased drastically 1n

proportion to the increase 1in the number of automobiles. The

various substances inc.uded in the exhaust gas ©of a diesel

engine have caused poliution, which has a severe 1mpact on
the world environment. Further, there have been recent

reports on research results stating that fine particulates
included in the exhaust gas cause allergic disorders and a
decrease in the number of sperms. Accordingly, the removal
of the particulates from the exhaust gas 1s a problem that

must be immediately coped with by mankind.

Under such circumstances, varlious types of exhaust gas
purification apparatuses have been proposed. An exhaust gas
purification apparatus includes a plurality of filters that
eliminate particulates discharged from internal combustion
engines, such as diesel engines. When a filter 1s used for a

long time, particulates are deposited in the filter. The
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deposited filter increases the load on the engine. Thus, the

particulates must be eliminated.

Presently, when the particulates on a filter approach a
maximum collection amount, a switch valve switches the
filter through which exhaust gas flows. The filter through
which the exhaust gas no longer flows 1s heated by an
electric heater until it reaches a temperature at which the
particulates are ignited. The filer 1s regenerated by

burning and removing the particulates.

However, in the conventional purification apparatus,
the electric heater heats the filter even if the 1initial
temperature of the filter that is to be regenerated 1s lower
than the temperature of the engine exhaust gas. This
prolongs the filter regeneration time. For example, when the
diesel engine is running continuously, the filter
temperature is about the same as the exhaust gas
temperature. However, when the diesel engine 1s stopped over
a long period, the filter temperature 1s low, and the
increase rate of the filter temperature 1s low. Thus, much
time is required for the particulates to reach the i1gnitable
temperature. This increases the regenerating time. In
addition, the prolonged regenerating time lengthens the
activation time of the electric heater, 1increases power
consumption, and lowers the durability of the electric

heater.

[DISCLOSURE OF THE INVENTION]

It is an object of the present invention to provide a
regeneration device of an exhaust gas purification filter

and a filter regeneration method that reduces the
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regenerating time of a filter.

A first perspective of the present invention 1s a
regeneration device of a filter in an exhaust gas
purification apparatus of an internal combustion engine. The
exhaust gas purification apparatus includes a plurality of
casings arranged in a plurality of branch exhaust pipes of
the internal combustion engine, a plurality of filters
respectively accommodated in the casings, a plurality of
heaters for heating the filters, and a plurality of switch
valves arranged downstream to the casings to switch a flow
route of exhaust gas. The regeneration device 1includes a
plurality of first temperature detectors arranged in the
casings to detect the temperature 1n each casing, and a
second temperature detector for detecting the temperature of
the exhaust gas. JAjproCessor is connected to the first
temperature detectors and the second temperature detector.
The processor compares the temperature of the exhaust gas
and the temperature of at least one of the casings, opens
the aSSOCiated switch valve based on the comparison result,
and preheats at least one of the filters with the exhaust
gas. Accordingly, the heat of the exhaust gas i1ncreases the
temperature of the filter from the 1nitial temperature 1in a

sudden manner and reduces the filter regeneration time.

A second perspective of the present invention 1is a
method for regenerating a filter in an exhaust gas
purification apparatus of an internal combustion engine. The
regeneration method includes the steps of detecting the
temperature of the exhaust gas, detecting the temperature of
at least one of the casings, comparing the temperature of
the exhaust gas and the temperature of the at least one of

the casings, supplylng exhaust gas to the at least one ot
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the casings to preheat the associated filter with the heat
of the exhaust gas by opening the associated switch wvalve
when the comparison result 1s greater than a predetermined
value, stopping the supply of exhaust gas to the at least
one casing after the preheating is completed, and activating

the associated heater to further heat the associated filter.

A third perspective of the present invention is a
filter regeneration program executed by a computer in an
exhaust gas purification apparatus. The program includes the
steps of comparing the temperature of the exhaust gas and
the temperature of at least one of the casings with the
computer, supplyling exhaust gas to the at least one of the
casings to preheat the associated filter with the heat of
the exhaust gas by opening the associated switch valve with
the computer when the comparison result is greater than a
predetermined value, stopping the supply of exhaust gas to
the at least one casing with the computer after the
preheating 1s completed, and activating the associated
heater with the computer to further heat the associated

filter.

A fourth perspective of the present invention is a
computer-readable recording medium recording a program for
regenerating a filter 1n an exhaust gas purification
apparatus. The program includes the steps of comparing the
temperature of the exhaust gas and the temperature of at
least one of the casings, supplying exhaust gas to the at
least one of the casings to preheat the associated filter
with the heat of the exhaust gas by opening the associated
switch valve when the comparison result is greater than a
predetermined value, stopping the supply of exhaust gas to

the at least one casing after the preheating is completed,
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and activating the associated heater with the computer to

further heat the associated filter.

[BRIEF DESCRIPTION OF THE DRAWINGS]

The invention, together with objects and advantages
thereof, may best be understood by reference to the
following description of the presently preferred embodiments
together with the accompanying drawings.

Fig. 1 is a schematic view showing a regeneration
system of an exhaust gas purification apparatus according to
an embodiment of the present invention;

Fig. 2 1s a schematic block diagram of the exhaust gas
purification apparatus;

Fi1g. 3 1s a graph illustrating the relationship between
the filter temperature and the filter heating time; and

Fig. 4 1s a graph illustrating the relationship between

the filter preheating time and the temperature difference.

[BEST MODE OF CARRYING OUT THE INVENTION]

An exhaust gas purification apparatus according to an
embodiment of the present invention will now be discussed

with reference to the drawings.

As shown 1n Fig. 1, an exhaust passage 11, which is
connected to a diesel engine 10 serving as an internal
combustion engine, includes two branch pipes 1la, 11lb. A
first exhaust gas purification device 20a is arranged in the
branch pipe 1lla, and a second exhaust gas purification
device 20b is arranged in the branch pipe 20b. The exhaust
gas purification device 20a has a casing 2la, which

accommodates a honeycomb-like first filter 23a to purify the
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exhaust gas. The exhaust gas purification device 20b also
has a casing 21b, which accommodates a honeycomb-like second

filter 23b to purify the exhaust gas.

Each filter 23a, 23b is made of a porous silicon
carbide (SiC), and the sinter carries an exhaust gas
purification catalyst. The filters 23a, 23b have extremely
high heat conductivity. Thus, the heat of exhaust gas is
effectively conducted downstream and in the radial
direction. When excessive burning occurs locally, the heat

is efficiently dispersed.

A first electric heater 24a for heating the filter 23a
1s arranged in the casing 2la near the gas upstream side of
the filter 23a. A second electric heater 24b for heating the
filter 23b is arranged in the casing 21b near the gas
upstream side of the filter 23b. The electric heaters 24a,
24b are helical resistor-heating heaters and are activated
by power supplied from a battery (not shown). The shape of

the electric heaters 24a, 24b is not limited to the helical

form.

A first thermocouple 26a is arranged near the electric
heater 24a in the casing 2la, and a second thermocouple 26b
1s arranged near the electric heater 24b in the casing 21b.
A first electromagnetic valve 28a is arranged in the branch
pipe lla downstream to the filter 23a. A second
electromagnetic valve 28b is arranged in the branch pipe 11b
downstream to the filter 23b. A pressure sensor 29a is
arranged 1n the exhaust passage 11 upstream to the filters
23a, 23b, and a pressure sensor 29b is arranged in the

exhaust passage 11 downstream to the filters 23a, 23b.
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A regeneration device 100 of the exhaust gas

purification filters 23a, 23b will now be described with

reference to Fig. 2.

Referring to Fig. 2, the first thermocouple 26a detects
the temperature of the electric heater 24a, the exhaust gas
temperature, and the temperature 1n the casing 2Z2la and
provides a first detection signal to a computer C. The
second thermocouple 26b detects the temperature of the
electric heater 24b, the exhaust gas temperature, and the
temperature in the casing 21b and provides a second

detection signal to the computer C.

The computer C includes a CPU 30, a ROM 31, and a RAM
32. The CPU 30 is provided with the first and second
detection signals from the thermocouples 26a, 26b. The
temperatures in the casings 21la, 21lb correspond to the
temperatures of the locations where the first and second
thermocouples 26a, 26b are arranged. That 1s, the
temperatures in the casings 2la, 21b correspond to the
temperatures between the diesel engine 10 and the filters
23a, 23b. More specifically, the temperatures 1n the casings
2la, 21b correspond to the temperatures between the filters

23a, 23b and the electric heaters 24a, 24b.

Thé ROM 31 stores a computer control program for
controlling the regeneration device 100 of the exhaust gas
purification filters 23a, 23b. The RAM 32 temporarily stores
the data required to execute the control program, such as
temperature data of the interior of the casing 2la, 21b and

temperature data of the exhaust gas. Further, the CPU 30

reads the control program from the ROM 31 and executes the

control program.
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The CPU 30 compares the temperature in the casing 21la
(or 21b), which accommodates the filter that is to be
regenerated, and the temperature of the exhaust gas, which
1s sent to the filter 23b (or 23a) used to purify the
exhaust gas. The CPU 30 determines whether the comparison
result 1s greater than or less than a predetermined wvalue
and controls the opening and closing of the electromagnetic
valves 28a, 28b so that exhaust gas is sent to the first
filter 23a or the second filter 23b in accordance with the
comparison result. During filter regeneration, the CPU 30
provides the electric heaters 24a, 24b with a drive signal

to activate the electric heaters 24a, 24b.

The pressure sensor 29a detects a backpressure value of
the exhaust gas upstream to the filter 23 and provides a
detection signal to the CPU 30. The pressure sensor 29b
detects a backpressure value of the exhaust gas downstream
to the filter 23 and provides a detection signal to the CPU
30. The CPU 30 calculates the pressure loss from the
detection signal and detects the amount of particulates,
such as soot, deposited in the filter 23. The pressure loss
refers to the value obtained by subtracting the downstream
side backpressure value of the filter 23 from the upstream
side back pressure value. Thus, when the value of the
pressure loss 1s high, the amount of the particulates

deposited in the filter 23 is relatively large.

The RAM 32 stores a temperature increase map indicating
the relationship between the temperatures of the filters
23a, 23b and the filter heating time, as shown in Fig. 3.
The vertical axis of the temperature increase map represents

the filter temperature, and the horizontal axis represents
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the filter heating time of the electric heaters 24a, 24b.
The temperature increase map of Fig. 3 shows a single filter
temperature increase curve but actually includes a plurality
of filter temperature increase curves respectively

corresponding to a plurality of initial temperatures.

The RAM 32 stores a filter preheating map, which is
referred to when performing preheating prior to
regeneration, as shown in Fig. 4. The horizontal axis of the
preheat processing map represents the temperature difference
(t2~-tl) between the temperatures tl of the casings 21a, 21b
and the temperature t2 of the exhaust gas. The vertical axis

represents the filter preheating time.

A process for activating the exhaust gas purification
devices 20a, 20b and regenerating the filters 23a, 23b will

now be discussed.

Among the two exhaust gas purification devices 20a,
20b, one of the devices removes the particulates included in
the exhaust gas and the filter of the other device 1is
regenerated. An example in which the first filter 23a
purifies the exhaust gas while the second filter 23b is
regenerated will now be discussed. In this case, the first
electromagnetic valve 28a is opened, and exhaust gas is sent
to the first filter 23a. That 1s, the exhaust gas of the
diesel engine 10 first flows into cells of the first filter
23a. The exhaust gas then passes through inner walls
defining the cells and is discharged from the downstream
side of the first filter 23a. In this state, the
particulates included in the exhaust gas do not pass through
the i1nner walls of the first filter 23a and become trapped

1n the inner walls. As a result, purified exhaust gas is
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discharged from the downstream side of the first filter Z23a

and ultimately released into the atmosphere.

When the amount of the particulates deposited in the
filter 23 approaches the maximum tolerable deposit amount,
the regeneration of the first filter 23a is initiated, and

the second filter 23b purifies exhaust gas.

The first thermocouple 26a detects the temperature tl
in the first casing 2la, and the second thermocouple 26Db
detects the temperature t2 of the exhaust gas flowing
through the second casing 21b. When the temperature
difference (t2-tl) 1s less than or equal to a predetermined
value, the CPU 30 determines that the 1nitial temperature of
the first filter 23a that is to be regenerated 1s high
enough. Based on the determination, the CPU 30 closes the
first electromagnetic valve 28a and activates the first
electric heater 24a. In this manner, the heat of the first
electric heater 24a heats the first filter 23a. This
completely burns and eliminates the particulates deposited

in the filter 23.

While the first electric heater 24a is performing
heating, the heating temperature of the first electric
heater 24a is detected by the first thermocouple Z6a. In
accordance with the detection result, the heating time of
the first electric heater 24a is adjusted at constant time
intervals through feedback control. The heating time of the
first electric heater 24a (i.e., the time during which the
first electric heater 24a is supplied with power) 1s
calculated from the temperature increase map of Fig. 3. The
first electric heater 24a 1s supplied with power 1in

accordance with the calculated heating time. After the

10
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heating time elapses, the supply of power to the electric
heater 24 1s stopped, and the regeneration of the first

filter 23a is completed.

When the difference (t2-tl) between the temperature t1
in the first casing 2la and the temperature t2 of the
exhaust gas flowing through the second casing 21b is greater
than or equal to the predetermined value, it is determined
that the initial temperature of the first filter 23a, which
is to be regenerated, is low. Such a case occurs when, for
example, the diesel engine 10 is stopped for a long period
of time. When the engine 10 is not running and exhaust gas
1s not discharged from the diesel engine 10, the

temperatures of the filters 23a, 23b decrease.

When the initial temperature of the filter 23a is low,
the CPU 30 performs preheating before regenerating the first
filter 23a. More specifically, the CPU 30 opens the first
and second electromagnetic valves 28a, 28b and supplies
exhaust gas to the first filter 23a, which is to be
regenerated, 1n addition to the second filter 23b, which is
to perform purification. As a result, the initial
temperature of the first filter 23a is increased within a
short period of time by the heat of the exhaust gas. The CPU
30 calculates the preheating time of the first filter 23a
(1.e., exhaust gas supplying time) from the preheat
processing map of Fig. 4 and supplies the first filter 23a

with exhaust gas in accordance with the calculated time.

Atter the exhaust gas supplying time elapses, the CPU
30 closes the first electromagnetic valve 28a and stops the
supply of exhaust gas to the first filter 23a. This
completes the preheating of the first filter 23a. Then, the

11
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CPU 30 activates the first electric heater 24a and
regenerates the first filter 23a. After the regeneration is
completed, the CPU 30 controls the opening and closing of
the electromagnetic valves 28a, 28b to switch the flow route

of the exhaust gas and perform filter regeneration and

exhaust gas purification.

The regeneration device 100 of the present invention

has the advantages described below.

(1) When the difference between the exhaust gas
temperature and the temperature of the filter 23a, 23b that
1s to be regenerated 1s greater than the predetermined
value, the electromagnetic valves 28a, 28b are opened and
exhaust gas flows into the casings 21a, 21b. The heat of the
exhaust gas heats the filters 23a, 23b to a predetermined
temperature. Afterward, the filters 23a, 23b are further
heated by the electric heaters 24a, 24b. As a result, the
initial temperature of the filter that i1s to be regenerated
increases within a short period of time. This reduces the

filter regeneration time.

(2) When the 1nitial temperature of the filters 23a,
23b are low, the exhaust gas heat 1s used to preheat the
filters. This shortens the time during which the electric
heaters 24a, 24b are supplied with power, prevents the power
consumed by the electric heaters 24a, 24b from increasing,
and prevents the durability of the electric heaters 24a, 24b
from decreasing. In addition, the enerqgy efficiency for
regenerating the filters 23a, 23b 1s increased. This
decreases the lcocad on the automobile battery and suppresses

battery drain.

12
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(3) The thermocouples 26a, 26b are arranged in the flow
route of the exhaust gas between the diesel engine 10 and
the filters 23a, 23b. Thus, in comparison to when a
thermocouple is arranged at a downstream side of the filters
23a, 23b, the time during which the filter 23a, 23b that 1is
to be regenerated reaches the predetermined temperature from
the initial temperature 1s accurately predicted.
Accordingly, the preheating of the filters 23a, 23b 1s
guaranteed. In addition, the thermocouples 26a, 26b are
arranged in the vicinity of the upstream side of the filters
23a, 23b. Thus, the exhaust gas temperature just before the
exhaust gas is supplied to the filters 23a, 23b 1s detected.
Accordingly, the time during which the filters 23a, 23b
reach the predetermined temperature from the initial

temperature is further accurately predicted.

(4) The arrangement of the thermocouples 26a, 26b in
the vicinity of the electric heaters enables temperature
detection of the electric heaters 24a, 24b. This decreases
the number of the thermocouples 26a, 26b, simplifies the
structures of the exhaust gas purification devices 20a, 20b,

and decreases manufacturing costs.

(5) When the exhaust gas heats the filters 23a, 23b
from the initial temperature to the substantlally maximum
temperature (1.e., particulate 1gnition temperature), the
preheating 1s completed, the electromagnetic valves 28a, 28b
are closed, and the electric heaters are activated. Thus,
the filters 23a, 23b are efficiently heated within a short

period of time.

It should be apparent to those skilled in the art that

the present invention may be embodied in many other specific

13
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forms without departing from the spirit or scope of the
invention. Particularly, it should be understood that the

present 1nvention may be embodied in the following forms.

(a) When the initial temperature of the filter 23a, 23b
that 1s to be regenerated 1s low, the heat of the exhaust
gas and the heat of the electric heaters 24a, 24b may be
used to increase the temperature from the initial
temperature. This increases the temperature of the filters

23a, 23b from the initial temperature within a shorter time.

(b) When the initial temperature of the filter 23a 1is
low, the CPU 30 may open the first electromagnetic valve
28a, supply the first filter 23a that is to be regenerated
with exhaust gas, and preheat only the first filter 23a.

(c) Instead of comparing the temperatures in the
casings 21la, 21b with the exhaust gas temperature and
determining whether or not to perform preheating based on
the comparison result, thermocouples may be in direct
contact with the filters 23a, 23b to detect the temperatures
of the filters 23a, 23Db.

(d) The present invention may be applied to an exhaust
gas purification system having three or more casings, each

accommodating a filter.

(e) Instead of detecting the exhaust gas temperature
and the temperatures of the electric heaters 24a, 24b with
the thermocouples 26a, 26b, another thermocouple may be
arranged 1n the exhaust passage 11 near a manifold of the
diesel engine 10 to detect the temperature of the exhaust

gas.

14
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(f) The filter preheating map of Fig. 4 and the

temperature increase map of Fig. 3 may be stored i1n the ROM

31 instead of the RAM 32.

(g) In addition to the ROM 31, which is a semiconductor
memory, the control program of the exhaust gas purification
filter regeneration device 100 may be stored in a recording
medium, such as a floppy disk or a hard disk. The control

program may also be stored i1in a portable type recording

medium, such as a CD-ROM or a DVD.

(h) The computer C may be connected to a computer
network, such a LAN, a WAN like the Internet, or a wireless
communication network, and the control program may be stored
in the RAM 32 of the computer C via the WAN or the computer
network. Further, the control program stored in the ROM 31

may be transferred to the recording medium of another

computer via the computer network.

The present examples and embodiments are to be
considered as 1llustrative and not restrictive, and the
invention is not to be limited to the details given herein,

but may be modified within the scope and equivalence of the

appended claims.

15
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CLAIMS

1. A regeneration device of a filter in an exhaust gas purification
apparatus of an internal combustion engine, wherein the exhaust gas purification
apparatus includes a plurality of casings arranged in a plurality of branch exhaust
pipes of the internal combustion engine, a plurality of filters respectively
accommodated in the casings, a plurality of heaters for heating the filters, and a
plurality of switch valves arranged downstream to the casings to switch a flow route
of exhaust gas, the regeneration device comprising:

a plurality of first temperature detectors arranged 1n the casings to detect the
temperature 1n each casing;

a second temperature detector for detecting the temperature of the exhaust gas;
and

a processor connected to the first temperature detectors and the second
temperature detector to compare the temperature of the exhaust gas and the
temperature of at least one of the casings, open the associated switch valve based on

the comparison result, and preheat at least one of the filters with the exhaust gas.

2. The regeneration device according to claim 1, wherein the processor
compares the temperature of the exhaust gas and the temperature of at least one of the
casings and opens the associated switch valve when the temperature difference 1s

greater than or equal to a predetermined value to preheat at least one of the filters

with the exhaust gas.

3. The regeneration device according to claim 1, wherein the processor
compares the temperature of the exhaust gas and the temperature of at least one of the
casings and opens all of the switch valves when the temperature difference 1s greater

than or equal to a predetermined value to preheat the filters with the exhaust gas.

4. The regeneration device according to claim 1, wherein the second
temperature detector is one of the plurality of first temperature detectors arranged
near the heaters wherein each of the plurality of first temperature detectors also

detects the temperature of the exhaust gas flowing through the associated casing.

16
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5. The regeneration device according to claim 1, wherein the second
temperature detector is one of the plurality of first temperature detectors arranged in
the vicinity of the upstream side of the filters, wherein each of the plurality of first

temperature detectors also detects the temperature of the exhaust gas just before the

associated filter.

6. The regeneration device according to claim 1, wherein, after the

preheating of one of the filters is completed, the processor closes the associated

switch valve and activates the associated heater.

7. The regeneration device according to claim 1, wherein the second
temperature detector 1s one of the plurality of first temperature detectors arranged
between each electric heater and each filter, wherein each of the plurality of first

temperature detectors also detects the temperature of the exhaust gas flowing through

the associated casing.

3. A method for regenerating a filter in an exhaust gas purification
apparatus of an internal combustion engine, wherein the exhaust gas purification
apparatus includes a plurality of casings arranged in a plurality of branch exhaust
pipes of the internal combustion engine, a plurality of filters respectively
accommodated in the casings, a plurality of heaters for heating the filters, and a
plurality of switch valves arranged downstream to the casings to switch a flow route
of exhaust gas, the method comprising the steps of:

detecting the temperature of the exhaust gas;

detecting the temperature of at least one of the casings;

comparing the temperature of the exhaust gas and the temperature of the at
least one of the casings;

supplying exhaust gas to the at least one of the casings to preheat the
associated filter with the heat of the exhaust gas by opening the associated switch
valve when the comparison result is greater than a predetermined value;

stopping the supply of exhaust gas to the at least one casing after the

preheating 1s completed; and

activating the associated heater to further heat the associated filter.

17
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9. The method according to claim 8, wherein the preheating step includes

preheating the associated filter with the heat of the exhaust gas and the heat of the

associated heater.

10. A filter regeneration program executed by a computer in an exhaust
gas purlfication apparatus, wherein the exhaust gas purification apparatus includes a
plurality of casings arranged in a plurality of branch exhaust pipes of an internal
combustion engine, a plurality of filters respectively accommodated in the casings, a
plurality of heaters for heating the filters, and a plurality of switch valves arranged
downstream to the casings to switch a flow route of exhaust gas, the program

comprising the steps of:

comparing the temperature of the exhaust gas and the temperature of at least

one of the casings with the computer;

supplymg exhaust gas to the at least one of the casings to preheat the
assoctated filter with the heat of the exhaust gas by opening the associated switch
valve with the computer when the comparison result is greater than a predetermined

value;

stopping the supply of exhaust gas to the at least one casing with the computer

after the preheating 1s completed; and

activating the associated heater with the computer to further heat the

associated filter.

11. A computer-readable recording medium having a program recorded
thereon for regenerating a filter in an exhaust gas purification apparatus, wherein the
exhaust gas purification apparatus includes a plurality of casings arranged in a
plurality of branch exhaust pipes of an internal combustion engine, a plurality of
filters respectively accommodated in the casings, a plurality of heaters for heating the
filters, and a plurality of switch valves arranged downstream to the casings to switch a
flow route of exhaust gas, the program causing a computer to execute a method

comprising the steps of:

comparing the temperature of the exhaust gas and the temperature of at least

one of the casings;

18
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supplying exhaust gas to the at least one of the casings to preheat the
associated filter with the heat of the exhaust gas by opening the associated switch
valve when the comparison result 1s greater than a predetermined value;

stopping the supply of exhaust gas to the at least one casing after the
preheating 1s completed; and

activating the associated heater with the computer to further heat the

assoclated filter.

12. A computer having a program recorded thereon for regenerating a
filter in an exhaust gas purification apparatus, wherein the exhaust gas purification
apparatus includes a plurality of casings arranged in a plurality of branch exhaust
pipes of an internal combustion engine, a plurality of filters respectively
accommodated 1n the casings, a plurality of heaters for heating the filters, and a
plurality of switch valves arranged downstream to the casings to switch a flow route
of exhaust gas, the computer comprising a processor for operating in accordance with

the program to:

compare the temperature of the exhaust gas and the temperature of at least one
of the casings;

supply exhaust gas to the at least one of the casings to preheat the associated
filter with the heat of the exhaust gas by opening the associated switch valve when the
comparison result 1s greater than a predetermined value;

stop the supply of exhaust gas to the at least one casing after the preheating is

completed; and

activate the associated heater with the computer to further heat the associated

filter.
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