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20 January 2006 1 DI ESEL PARTI CULATE REMOVI NG APPARATUS Background of the
I'nvention 5 Field of the Invention The present invention relates to a diesel
particulate renoving apparatus and nore particularly to a di esel20 January 2006
particul ate renoving apparatus capturing particulates contained in an
exhaust 10 gas from an internal conbustion engine such as a diesel engine
by nmeans of heaters and filters, burning the captured particulates, and
renovi ng the parti cUPBERELf PARTERELATE: KEMPOIF@UBBPBRAREEresh the filters..
The present application clainms priorities of Japanese 15 Patent
Applications Nos.2000-355793 filed on Novenber 22, 2000 and 2000- 366412
filed on Novenber 30, 2000 which are hereb incorporated by reference.
Descri ption of the Rel ated B&gX Nefnala D Obf restriction to an
aut onobi | e exhaust gas is nltrogen oxi des (NOx) , containing nmainly carbon
and nitrogen, which is said to be a cancer generating substance. Exhaust
gas fron1d|esel vehi cl es contains a nunber of carbon 25 particulates (so
cal l ed bl h nt n the carbon particulates enter into the
air through an exhaust duct, they float in the air for a. long tine, and
finally drop onto house floors and roads or attach to clothing in a form of

soot. According,.,to _recent, nedical repord carhan su st ance _absor bs, vari ous
20 January 2006Th present Invéntion fat % 5ﬂese particula Jet

removing apparatus and more particularly to a diesel particulate

removing apparatus capturingparticulates containedin anexhaust
10 gas from an internal combustion engine such as a diesel engine
by means of heaters and filters, burning the capturedparticulates,
and removing the particulates fromthe filters to reuse or refresh
the filters.
The present application claims priorities of Japanese
15 Patent Applications Nos.2000-355793 filed on November 22, 2000
and 2000-366412 filed on November 30, 2000 which are hereby

incorporated by reference.

b Description of the Related Art

20

Nowadays,théobjectofrestrictiontoanautomobileexhaust
gas is nitrogen oxides (NOx), containing mainly carbon and
n;trogen, which is said to be a cancer generating substance.

Ekhaust gas fromdiesel vehicles contains a number of carbon

25 particulétes (so called black fume oxr smoke). When the carbon
particulates enter into the air through an exhaust duct, they
float in the air for é.long time, and finally drop onto house
floors and roads or attach to clothing ina formof soot. According

to recent medical reports, carbon substance absorbs various



2 materials of considerable volune, chem cal substances such as
cancer-generating related ones are therefore adhered to the fl o20Uaguaryppous
particul ates. The carbon particul ates inhaled by human beings enter into
their bodies and cause cancers and 5 diseases of the respiratory system As
descri bed above, it is an inportant subjegt for study to restrict not only
nitrogen oxides (NOx) but particulate matter (PM exhausted fromthe diesel
vehicles. In order to protect the environment frompollution fromthe bl ack
fume, a bl acktd el 400 €apiwsidgrapparadlismpy ovhdeiwaihsabkltackefsusmchemsvi ng
filter consisting of netal fiber and honeyconb-shape el enents, which is

pl aced in t¢rRnexhagenedatingf refatas onbs | erdi shelredivgiencadfered Japandse
Utility nodel |ajd-open Sho61-55114 and Sho61-84851 official gazettes).
However, wherP3hen®| eRKPPumaFehoviagesi| Tee ¢8rbpnt RRstkrHdanss BeBALlgsed
for along . tine, the filter clogs easily .wth articul ates of collected

. th

bl ack fune,P¥ HUEE AR LRI PR HFEatEAt %bﬁs??déegrg§§uFéUFSS§?nﬂ§r§ and
resol vi pg neans_for syc cl oggin ith black fume, diesel engine
parti cuPat €8 FEHOVT ng agﬁﬁrﬁgggégagbéypﬁgﬁg§gb and 20 described in the
fficial tt f.J Pat ent .Lai.d- 1 No. i 2-173310,. No,
el 6- 21209, and b SSRGS 808 s han o FPY TG REPGEEeltCangHeY

Coul C . h ol . |
particul at eléon Fg{é‘%%'lan dn@'?%%rlg}lfg?tggggﬁrgifé@ (%?«‘6S%%?%éa%tﬁyédl%%ﬁﬁktﬁsSe

3 with an an ou or an exhaus ceram ¢ heater 4 25

P red™d 5D, Sl e iRl e St o, vaeelod: SRR
catal yst My fenhéht eErémapbanged oadiacanttie B cPathme, a black fume
10 capturing apparatus provide with a black fume removing filter
consisting of metal fiber and honeycomb-shape elements, which
is placed in the exhaust duct of the automobile diesel engine
(see JapaneseUtilitymodel laid-open Sho61-55114 and Sho61-84851
official gazettes). However, when the black fume removing filter
15 of this kind has been used for a long time, the filter clogs easily
with the particulates of collected black fume, thus increasing
disadvantageously a pressure loss.

As a resolving means for such clogging with black fume,
diesel engine particulates removing apparatuses are proposed and

20 described in the official gazettes of Japanese Patent Laid-open
No. Hei2-173310, No. Hei6-212954, and No. Hei8-1935009.

As shown in Fig.16, the diesel engine particulates removing
apparatus as mentioned above has a cylindrical vessel 3 with an
inlet 1 and an outlet 2 for an exhaust gas, a ceramic heater 4

25 providedataninlet sidewithin thecylindrical vessel 3, aporous
foam filter 5 placed adjacent to the back of the ceramic heater
4, and a catalyst mounting filter 6 arranged adjacent to the back
of the porous foam filter 5.

According to the conventional structure of thediesel engine



of the porous foamfilter 5. According to the conventional structure of the
di esel engine 20 January 2006 3 particul ates renovi ng appar at us 2%Jarescyr 2006d
above, an exhaust gas introduced into the cylindrical vessel 3 through the
inflet 1 contacts with the ceram c heater 4 and burns. Unburned particles
are captured in the porous foamfilter 5 &nd the catalyst nounting 5 filter
6 to renove the captured particulates. At this tine, thermal energy or heat
of the ceram c heater 4 and an exhaust gas conducts to the porous foam
filter 5 t@duricdleetesnemed pardoed o5t €old ectestt ried & opar,oan Erapubit| t er
5. The catalyst nounting filter 6 placed downstream of the ceram c heater 4
recei ves | esss doridistucsd Hgdto thef corhimndy igerlanies ssdatletha cagdh dheekhaast
gas, which lowers the tenperature of the catalyst mounting filter 6.

Cat al yst noufieBHacks high gg?&@/%ﬁm%@#@it@gf 4 iandepun g e FaeYr sk PRLEAFAG Sof
collected particulates, so that many particles captured burn at a .

rel ativel y a19GRPERBEFat itdcanar are %&%@éét\%rt%éﬁfi e gedicdetittamoppFéngls

resultipg in recoyery of filtering function of the catalyst nountjng filter
6. Hovveger ﬂijﬁea% SRRV St PR qarfgt%%BﬁFFéﬁéﬂlaéﬁﬁar%‘iﬁ 1PdriMG kB W@&
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downstream of the ceramic heater 4 receives less conductive heat

10 from the ceramic heater 4 and an exhaust gas, which lowers the
temperature of the catalyst mounting filter 6. Catalyst mounted
in the catalystmountingfilter 6 acceleratesburningof collected
particulates, sothatmanyparticles capturedburnat arelatively
low temperature and are removed without an accidental fire,

15 resulting in recovery of filtering function of the catalyst
mounting filter 6.

However, in accordance with the conventional apparatus for
removing diesel engine particulates, since the catalyst mounting
filter 6 is placed downstream of the ceramic heater 4, the

20 temperature of the catalyst mounting filter 6 tends to become
high at upstream side and low at downstream side. As a result,
some particulates (fine particulates) may be left unburned, and
the catalyst mounting filter 6 is clogged with the unburned
particles, thus increasing a pressure 1loss. In some cases, a large

25 amount of unburned and collected particulates in the catalyst
mounting filter 6 are ignited and cause damage to the catalyst
mounting filter 6.

In order not to leave unburned particulates in the catalyst

mounting filter 6, there is a countermeasure to increase a heat



25 amount - of unbur ned and col | ect ed particulates in the catalyst nounting
filter 6 are ignited and cause damage to the catal yst nounting ﬁéh%rﬁ{arﬁzodgn
order not to | eave unburned particulates in the catalyst nounting filter o,
there is-a counternmeasure to increase a heat 20 January 2006 4 or therma
energy of the ceramc heater 4 so as to rgise a tenperature at the rear end
portion of the catalyst nmounting filter to an ignition tenperature of the
particulate. Wth this counterneasure, however, a tenperature at upstream
si de of ther ccglr a}:rri S herallt gr_‘4oits rgi sed taQ .ecxck?edti ts al | owalsol Jenmperature.
Thi's cause8 brddkity of "a % r & ant YegFadation TRt aar abi1T t§°of © tHe 28 &ni ¢
heat er 4. rding to conyent i | . appar y ti - » 1 he
ceram c heg?égegaﬁ%§¥a%%Q§§EHQ%§eé%ﬁ@?ﬁgl88?§9%§§6*32%2$£{bgﬁ%%ﬁggf¥géhf%o|_
Consequent Ly, there.is.a. pro at al yst. _pl LN stf;6am
portion ofktﬁé) %%Iéb@é?lﬁghn€%ﬁgé%??%§% é9¢s§h8tgggf?b% % 9§Gfﬁﬁblen?ﬂgf
and unburp rticul S Poin t L, PR. 120,da 2006 B #SUYVARY
OF THE | NVEﬁqul%%erne%\%%vse'ofk{t ﬂé % b\%,%pﬁég%ggbjaéc%ﬂo?ygﬁé prQese{riitt

invention to provi de.acdi gsel Pariigul Ates d &M NG ) ARPas e Whigheit

! A FQ %%LE% .
is capable of increasing capturing and renoving rate of the particulates,
of activatTRgs €ahab¥shrvbkhnlowrehes] FbCaROVWSgr 208t Bar ehoigrhbilSty of

capabl e of burning and renoving the captured particul ates
the ceramic heater 4. According to the conventional apparatus
as mentioned above, the ceramic heater 4 must be.used by getting
its heat generation under control. Consequently, there is a
problem that catalyst placed in downstream end portion of the

catalyst mounting filter 6 is not activated sufficiently, and

unburned particulates remain in that portion.



to ensure that the filter can be reused. According to a first aspect of the
present invention, there is provided a diesel particulates rerdlangary 2006
apparatus including; a plurality of particul ate renovi ng apparatus nain

bodi es arranged in parallel and each conprising a cylindrical vessel having
an inlet port and an outlet port for a diesel exhaust gas, a netallic heat
generation body of roll-type or folding-type arranged at the inlet port in
the cylindrical vessel, and a heat-resisting filter arranged in a
subsequent stage of the netallic heat generation body in order to capture,
burn, and elimnate particulates in the diesel exhaust gas, and wherein the

metal | ic heat generation bqggmﬁﬁRquyefgﬁ Mrienpr st al yst accelerating a
burning of the <captured p i ; T of the nmetallic heat
generation bodies in the plurality of the particul ate renovi ng apparatus 20
January 2006 6 mmiwidwdbesthe abbwet uried iso arhatbjided rofONIsd aped£Fht sState

is selectively controlled, and wherein each of the plurality of particul ate
renovi ng apparat iR mafa bBHP@%dﬁasaanQHﬁﬁﬁeaﬁﬁﬁ Uk {GFo- A6 And a

downst r eam, si.de. ther BD- SBNSR ;i c rf@pegl}gwéyoﬁl a6R4- 1AM h@aﬁmﬁnﬁort and

the outlet “‘port, and wherein ON state/ OFF state of corréspondi ng the

metal lic hesd gemeratnon deddi eofi stbent partidubatasbaspg activating
catalyst with low electric power, and therefore it 1is
capable of burning and removing the captured particulates

to ensure that the filter can be reused.

According to a first aspect of the present
invention, there 1is provided a diesel particulates

removing apparatus including;

a plurality of particulate removing apparatus main
bodies arranged in parallel and each comprising a
cylindrical vessel having an inlet port and an outlet
port for a diesel exhaust gas, a metallic heat generation
body of roll-type or folding-type arranged at the inlet
port in the cylindrical vessel, and a heat-resisting
filter arranged in a subsequent stage of the metallic
heat generation body in order to capture, burn, and

eliminate particulates in the diesel exhaust gas, and

wherein the metallic heat generation body is
covered with a catalyst accelerating a burning of the

captured particulates,

wherein each of the metallic heat generation bodies

in the plurality of the particulate removing apparatus



of a tenperature difference between an upstreamside tenperature detected
by the upstreamside thernp-sensor and a downstreansi de tenperftJanagary 2006
detected by the downstreamside therno-sensor. In the foregoing, a
preferable node is one wherein the netallic heat generation body is
structured by rolling a belt-like nmetal along its longitudinal axis in a
whi rl pool shape or by folding the beltélike metal in a Ilamnation, the
belt-1ike nmetal having a nunber of through holes forned therein. Also, a
preferable node is one wherein the netallic heat generation body is
structured by rolling a belt-like metal along its longitudinal axis in a
whi rl pool shape or by folding the belt-like netal in a lamnation, the

bel t | kendipd alueauing ;3 | gpghtegiogl yavershapenand dopuriietce Rhed hr ough

v
hol es forned therein. 20 January 2006 7 Al so, a preferable node is one
wherein t hetatee ald i seldcatvgbnecanionl bedly dad a nunber of first through
holes having a single or plural first side walls being arranged to
protrude outwardly fromthe surface of the_belt-like _nmetal at the whole

circunference of*iE ¥t rstathro®dh S esPOPTR paYt Of t RATHISURE ence of
the first fdpopgly hobssra8fd amauabepoahegecand tnrpughtotesm havddg a
single or plural Second side walls being arranged to protrude outwardly
fromthe bdvkrriaceemdor he apel t - &i kelownsttadeaat t hédeholttheimatsdmsance of the
second thré%@ggctively' placed near the inlet port and the outlet
port, and wherein ON state/OFF state of corresponding the
metallic heat generation bodies is controlled on a basis
of a temperature difference between an upstream-side
temperature detected by the upstream-side thermo-sensor

and a downstream-side temperature detected by the

downstream-side thermo-sensor.

In the foregoing, a preferable mode is one wherein
the metallic heat generation body is structured by
rolling a belt-like metal along its longitudinal axis in
a whirlpool shape or by folding the belt-like metal in a
lamination, the belt-like metal having a number of

through holes formed therein.

Also, a preferable mode is one wherein the metallic
heat generation body is structured by rolling a belt-like
metal along its longitudinal axis in a whirlpool shape or
by folding the belt-like metal in a lamination, the belt-
like metal having a longitudinal wave shape and a number

of through holes formed therein.



hol es or a part of the circunference of the second through holes. Al so, a
preferable node is one that wherein the catalyst is conposed nedOnlapuaty 20R€
or nore conpositions selected froma group of a-alumna, (3-alumna, and y-
alumna. Also, a preferable node is one that wherein further includes a

hol | ow branched portion having one inlet port and a plurality of outlet
ports for a diesel exhaust gas, a hollow’junction portion having a
plurality of inlet ports and one outlet port for a diesel exhaust gas, and

the plurality of the particulate renoving apparatus main . bodies sandw ched
bet ween t he ouuﬁﬁsﬁﬂw?spﬁ?gfﬁ%b%ﬁlPSéF g?aﬁ ed %ﬂnFQﬁuP??é?fﬁ?et ports
of the holhox %éﬁé%h@ﬂoﬁobbﬁ9ﬂkﬁﬁsa§ AOmESANYRI ¢at@tWidirfagh wihes . Al so,

a preferable node is one wherein the hollow branched portion has a

col | i si on praieg wt BiRglAeoportlivgalodirstusife2006 18 kg tarmiged speed

reducti on agd g%?@g&%i%&fu%#é¥§ Qisaekhﬁxﬁy§§ag@sokn&%%?%ﬁ%}fﬁgﬁgthe

inlet port efera node I's one rein each I'1ic
heat genermétah kadi eRer egdpeld | vekyumistanlced obneHyy 6Ghesktn thwsoydlural ity
of particulate renoving apparatus nmain bodies is structured so that their
ON st at e/ EFFeSt Q¥ 2 B2ERaR§edP6v &L TaELREICFeIQf e delgiint FRFPYSht a

predet er mpetled | M it g7 Yakmb ) S £ AsBEEHET A LodKle Hol Yenwhengl T When the
single or plural second side walls being arranged to
protrude outwardly from the back face of the belt-like
metal at the whole circumference of the second through
holes or a part of the circumference of the second

through holes.

Also, a preferable mode is one that wherein the
catalyst is composed mainly of one or more compositions
selected from a group of o-alumina, f-alumina, and vy-
alumina.

Also, a preferable mode is one that wherein further
includes a hollow branched portion having one inlet port
and a plurality of outlet ports for a diesel exhaust gasg,
a hollow junction portion having a plurality of inlet
ports and one outlet port for a diesel exhaust gas, and
the plurality of the particulate removing apparatus main
bodies sandwiched between the outlet ports of the hollow
branched portion and the inlet ports of the hollow

junction portion so as to communicate with each other.

Also, a preferable mode is one wherein the hollow

branched portion has a collision plate within the portion



upstream side tenperature is higher than the downstream side tenperature
and a tenperature difference between the upstream side tenperatddrJanaant 2008
downstream side tenperature is over a first standard val ue previously set,
the netallic heat generation body is turned on, and when the
downstream si de tenperature is higher than the upstreamside tenperature
and a tenperature difference the down$treamside tenperature and the
upstreamside tenperature is over a second standard val ue previously set,
the metallic heat generation bogﬁ iscﬁyrned off .in,.a_se uenti%l nner .
Al'so, a prefefibl & m&E ¢ oS iHerd W INE™ apPar AP THTI UleS Tt N Dl ural ity
of the pardi&séBtexhd @dPOVgay BRPAEALESA "Bidm beklk esnDét t persane structure
with each other, wherein when the netallic heat generation body of a first

of the particulate renoving apparatus main bodies is in an ON state, the
downst r eam si de Alamperat nprefarsbécamedeniitsh o Wheseinf egled v tileaul at e

renovi ng apparat us in bodi es becone Lgher_than the 20 January. 2006 9
ipstt eam SR THHS o Pl 0 SSRFAEN aDPHERr A EFBCHI TFBY ert i Bo W t hese
two tenper@halr s, i srvernint hehesepdigast apdas s V{ﬁéﬂ?l(ﬁlﬁ?élfté)usﬂ‘éﬁnéﬁngt he

metal |l ic heat generation body is turned off, then, when the upstream side
t enper at ur¥PRFEVE At S t Fosiescohd oFtTurRLuRG t isCul shétr ekBeing @ppar at us

mi n bodi es begpses highel than the,gounst Leaip si decLeAReLgLye. @nd when a

sequentially at a predetermined time interval.

Also, a preferable mode is one wherein when the
upstream-side temperature is higher than the downstream-
side temperature and a temperature difference between the
upstream-side temperature and the downstream-side
temperature 1is over a first standard value previously
set, the metallic heat generation body is turned on, and
when the downstream-side temperature is higher than the
upstream-side temperature and a temperature difference
the downstream-side temperature and the upstream-side
temperature is over a second standard value previously
set, the metallic heat generation body is turned off in a

sequential manner.

Also, a preferable mode is one wherein the
apparatus includes the plurality of the particulate
removing apparatus main bodies of the same structure with
each other, wherein when the metallic heat generation
body of a first of the particulate removing apparatus
main bodies is in an ON state, the downstream-side
temperature associated with the first of the particulate

removing apparatus main bodies becomes higher than the



tenperature difference between these two tenperatures is over the first
standard val ue previously set, the netallic heat generation bod0 Japuanyrd®ea
on, and wherein as a result of the turn ON state, when the downstream side
tenperature associated with the second of particul ate renoving apparat us
mai n bodi es becones higher than the upstreamside tenperature, and when a
tenperature difference between these tWo tenperatures is over the second
standard val ue previously set, the netallic heat generation body is turned
off, and thereafter the OV OFF operations are repeated in a sequenti al

manner. Al gpstiepnesedabl ecamsterdtsuane wWagidei nwhaah of t htempardtere at e
renovi ng apparatus mai_n bodi es has pressure sensors at its predeterm ned
posi ti ons, dahfeEenen defiweenf thgefeshBAdi TR RIS | il® heXergerk® ati on

body is controhl ed 1aRagdPasl §,Of 9‘8%?855\%2 fesul t sy Of n%efi%llﬁrcesﬁ#ét?
sensors. so, a preferabl e node Ps-dhe rein the inlet port of each of
t he parti cagemdrateomvbedyappar atuseduaioff ,batheas, haken ¢changepsvesawal ve

installed thereon, and the 20 January 2006 10 valve is controlled to be
cl osed wheftthe FEFRFFREYKEat ?g%?‘%‘?]a%/"i%g bBd§Pi s & n SR sCdt e D January

2006 11 BRbEF DESCR ETHERMLFEnd HEpPRAMENSSmain bodies becomes higher

than the downstream-side temperature, and when a
temperature difference between these two temperatures is
over the first standard value previously set, the
metallic heat generation body is turned on, and wherein
as a result of the turn ON state, when the downstream-
side temperature associated with the second of
particulate removing apparatus main bodies becomes higher
than the upstream-side temperature, and when a
temperature difference between these two temperatures is
over the second standard value previously set, the
metallic heat generation body is turned off, and
thereafter the ON/OFF operations are repeated in a

sequential manner.

Also, a preferable mode is one wherein each of the
particulate removing apparatus main bodies has pressure
sensors at its predetermined positions, and an ON state
of corresponding the metallic heat generation body is
controlled on a basis of detection results of the

pressure sensors.

Also, a preferable mode is one wherein the inlet
port of each of the particulate removing apparatus main

bodies has a change-over valve installed thereon, and the



The above and ot her objects, advantages and features of the present
invention will be nore apparent fromthe followi ng 5 descri pti o0tJakearyi2Q06
conjunction with the acconpanying drawing in which: Fig. 1 is a nodel
sectional view showing an outline structure of a two-vessel type diesel
particul ate renovi ng apparatus according to a first enbodi nent of the
present invention; 10 Fig. 2 is a fromOview of the two-vessel type diesel
particul ate renovi ng apparatus; Fig. 3 is a plan view of a catal yst nounting
heater structuring the two-vessel type diesel partjcul ate_renovin

appar at us; VA5 Fi §° £ 16T argeBevicewssH & aFf"ﬁeé{'teétalg‘llFuclT‘?% ng the
catal yst raandingi hiealsedy f409inSahSobrPsfdty enlarged view showi ng a part of
a catalyst nounting heater according to a nodification of the present
invention; 20 Fig. 6 is a partly enlarged view showi ng a part of a catalyst
nmount i ng heater according to another nodification of the present invention;
Fig. 7 i1s a partly enlarged view showng a part of catalyst nounting heater
according to still another nodification of the 25 present invention; Fig, 8
is a view of the operation according to still another nodification of the
present invention; Fig. 9 is a flowhart show ng operation processing steps
of the first enbodi nent; 20 January 2006



12 Fig. 10 is a sectional view show ng an outline structure of a two-vessel
type apparatus of a second enbodi ment of the present invention;2(Rldghuad/12008
a sectional view showing a three-vessel diesel 5 particulate renoving
apparatus of a third enbodi nent of the present invention; Fig. 12 is a
front view of the three-vessel type diesdll particul ate renoving apparatus
of the third enbodinent; Fig. 13 is a perspective view of the three-vessel
type diesel 10 particulate renoving apparatus of the third enbodi ment; Fig.
14 is a flowhart explai niggrtheppperabronoNobrt har tDRMeENEssel type diesel
particul ate renovi ng apparatus of the third enbodinent; Frg. 15 is a view
of the nodification of the present 15 invention; and Fig. 16 is a view
explaining a prior art invention. DETAI LED DESCRI PTI ON OF THE PREFFERRED
EMBODI MENTS BesThepdésvieoranchrathieny autedthe, prdosamtagey eamd ofeathitebeo 20
described in further detail using various enbodinments with reference to the
acconpanyi ndred pawisegs. 125 eENBODI MENTSbeFnpse &ppadenentreingthe felhowing
sectional view showing an outline structure of a two-vessel type diesel
par ti cud at desarohd tigprappdieat 48 ceohdbachafnevitaf bhe eait @aBPARbBRgedEeVing pe

appar atus) accordi ng 20 January 2006
in which:

Fig. lis amodel sectional view showing anoutline structure
of a two-vessel type diesel particulate removing apparatus
according to a first embodiment of the present invention;

10 Fig. 2 is a front view of the two-vessel type diesel

particulate removing apparatus;

Fig. 3 is a plan view of a catalyst mounting heater
structuring the two-vessel type diesel particulate removing
apparatus;

15 Fig. 4 is an enlarged view of a metal heater structuring
the catalyst mounting heater;

Fig. 5is apartlyenlarged view showing a part of a catalyst
mounting heater according to a modification of the present
invention;

20 Fig. 6 is apartlyenlarged view showing a part of a catalyst
mounting heater according to another modification of the present
invention;

Fig. 7 is a partly enlarged view showing a part of catalyst
mounting heater according to still another modification of the

25 present invention;

Fig, 8 is a view of the operation according to still another
modification of the present invention;

Fig. 9 is a flowchart showing operation processing steps

of the first embodiment:;



13 to the first enbodi mrent of the present invention; Fig. 2 is a front view
of the two-vessel type apparatus; Fig. 3 is a diagramuatical fr2@ntanuag2006
a catal yst nmounting heater constituting the two-vessel type apparatus; Fig.
4 is an expanded 5 view of a netallic heater constituting the catal yst
nounting heater; Fig. 5is a partly enlarged view of a catal yst nounting
heater according to a nodification; Fig. 6 is a partly enlarged view of a
catal yst mounting heater according to another nodification; Fig. 7 is a
catal yst nounti ngrigatier iaceoséictdonall@isid shoangigheh sudilfineakit@ncthirg. 8
is an explanatory view of an operation of the enbodinent; and Fig. 9 is a
fl owchart stibaitng-wpesal topepperersdivgo fbepscaid ¢éhbodmedicnehthe Fmesent

t wo-vessel type apparatus is nounted and used in a diesel vehicle. As shown
in Fig. 1, imeentwonessel type apparatus mainly 15 conprises a hollow
branched portion 7 having one inlet port 7c and two outlet ports 7a and _7b
for a diesel exhdlisy- gdslsaahettoipnplncisorlppiine®mr Shngei-vgsiwd daeeel
ports 8a and 8b_and one outlet port 8c for a diesel exhaust gas, and two
appar at 9s rRd ht bediake 98MOYENChaRAaAtwy Ay abdhditso gereqiment o04s the
vessel s) of the 20 sane structure communicating with the outlet ports 7a and
7b of the PoPPSNF b+ BHEREHOPOrtion 7 and the inlet ports 8a and 8b of the
hol | ow junction porti on pla n_interior of

8. A | 1isi S i | di
t he hol 1 ow branc ‘pgf% ioh aic %Orléél‘fjoe‘?’e%l%gtéh?Lihgﬁggsgﬁ%Q%pgé@eofil&s&ilesel
h t i d d at hi gh d 25 t.he. i nl et t 7 dt
i spor se ¢ 1R DRACHRRFbr APYCF A BnaPPaRaTel S 19 o e 7o Bgbar A i e n
bodi es 9a and moﬁfgp?ggkygb%r@%@%f¥g§¢¥é&ofthethree—vesseltypediesel

!

10 particulate removing apparatus of the third embodiment;

Fig. 14 is a flowchart explaining the operation of the
three-vessel type diesel particulate removing apparatus of the
third embodiment;

Fig. 15 is a view of the modification of the present

15 invention; and

Fig. 16 is a view explaining a prior art invention.

DETAILED DESCRIPTION OF THE PREFFERRED EMBODIMENTS

Best modes for carrying out the present invention will be
20 described in further detail using various embodiments with

reference to the accompanying drawings.

EMBODIMENTS

25 First Embodiment

Fig. 1 is a sectional view showing an outline structure
of a two-vessel type diesel particulate removing apparatus

(hereinafterreferredtoas atwo-vessel typeapparatus) according
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nounting heaters 14a and 14b having a three-layer catching structure of
roll-type, heat-resisting filters 15a and 15b and 20 January 2008 jghubRe2006
catal yst mounting spherical filters 16a and 16b, arranged in an order
descri bed above. These catal yst nounting heaters 14a and 14b,
heat-resisting filters 15a and 15b, and cgfal yst nounting spherical filters
16a and 16b are housed in cylindrical vessels 5 13a and 13b provided with
inlet ports 1l1la, 11b and outlet ports 12a, 12b for a diesel exhaust gas.
The catal ysio nounting. beahbeg: héfrape 4L BrEsERRUE AGkNRGLn Dxs3PPlLY IR0, for
exanple, a press machining, a roller press machining on anbelt-llke nmet al

pl ate obt ai fvdigr aviil@ndht udhral ¢ JO-vayseshapgd yaghakakiusl;i keiget al ptake 17
with a nunber of through holes h as shown i'n Fig. 4. Then, the belt-1ike
met al pl at dilalgrammaol tel | frenwhivi @ooloshapecazasiewn mduhitdngd aBdter
catalyst is coated on the rolled plate by, for exanple, a spraying nethod
or a di ppi ngomet hiodt 1 Ag tHotmotneapednt wegeppareawwaf; Fig. 4isarlbxphaded
circunference edge of the belt-like netal plate 17 has a nunber of first

t hr ough5holesehao hawi mgtaliicsheeaiteculcan ssiidaatived | thé pabal ydingoindnng
surface of the circunference edge to an outside of a surface side and a
nunber of dexateirt HFiouglh Hel aspahbl heen hyrgedeciond af recokir lyisdenaanlt 1y
protruding froma rear 20 face of the circunference edge to an outside of a
rear side. MEatep@gusediong & pronpdidacetitng Fhooughl hdl Periily eplpaigse an
electric resistance of the belt-like metal plate 17 and use it as an
electric He@r odndaneketehEsi ssinbkhaudic e’ i AAGREE HHs Dl eneghesve

al ong a radi ac!, direction of the catal yst_  nmounting heaters l4a _
modification; Fig. is a catalyst mounting heater according to

|

10 still another modification; Fig. 8 is an explanatory view of an
operation of the embodiment; and Fig. 9 is a flowchart showing
operation processing steps of the embodiment.

The two-vessel type apparatus ismounted andusedin adiesel
vehicle. As shown in Fig. 1, the two-vessel type apparatus mainly

15 comprises a hollow branched portion 7 having one inlet port 7c
and two outlet ports 7a and 7b for a diesel exhaust gas, a hollow
junction portion 8 having two inlet ports 8a and 8b and one outlet
port 8c for a diesel exhaust gas, and two apparatus main bodies
9a, 9b (hereinafter may be also referred to as vessels) of the

20 same structure communicating with the outlet ports 7a and 7b of
the hollow branched portion 7 and the inlet ports 8a and 8b of
the hollow junction portion 8. A collision plate S is placed in
an interior of the hollow branched portion 7 so as to reduce the
current speed of a diesel exhaust gas introduced at a higher speed

25 from the inlet port 7c¢ and to disperse the gas uniformly in the
outlet ports 7a and 7b.

Apparatus main bodies 9a and 9b respectively have catalyst
mounting heaters 14a and 14b having a three-layer catching

structure of roll-type, heat-resisting filters 15a and 15b and




25 and 14b, raising a collision ratio of particles with the catal yst

mounti ng heaters 14a and 14b and extending a staying tine of pa&Otdapbary 2006
the catal yst nmounting heaters 14a and 14b. The first ~circular side wall WA
and second circular side wall Wb are provided to supplenent a decrease of a
contact area due to the through 20 January4 2006 15 holes h, raise a
collision ratio of particles with the catalyst nounting heaters 14a and
14b, prevent the diesel exhaust particles from advancing straight for

extendi ng atgéayathlpsef mpahtiahespheandapr evenie rdetiachnedt 16hb,t ke reaigely/ st
owi ng to an exhaust gas 5 flowing therein. Furthernore, in this enbodi nent,
in order toinrai sedeeatiescedbkdsalosve atline saf cditedgls texbanstinpatid acet aitlds,
each particulate introduced fromthe inlet ports 1la and 11b of

cylindri cal anéddiéd,shd3a-aadi8bnigntid tpaps 166 arltel Glat alndsta hdlupst mpuridatder s
14a and 14b is certainly hindered from advancing straight 10 by the side
wal | s Wa angphgroftasntibtepbult@tr ang deghahelesused in dywlimsticahatesiseliss
not necessary to provide the side walls Wa and Wb on_a whol e circunference
of each&hr bégham@lléb provigedyve tr igded pratsl 11§, ot 13icRd it e hRp s
provi ded on _apart of the circunference of each through hole. It is

pref erabl e 1321 hatPt h@Tsipd& iR ls @Yy BRF wi t h an over hang shape
extending outwardly fromthe circunference in order i nprove function, of
preventing det achﬁlé%tca(?falc%?tap‘?é’fl.tlpﬁ Beatersflihend ajgbvﬁglpq’ ?awaé;%dlr\%l,

th i ncl.udi d-li ' ' burr-1ike . j ecti
empl oyed. 1P nBPBIGAY: T CRPHeL ol Fs R Snd S0 b Ny Bo"SNLET o - ofese

Lnr ough ho! 88cAi R k8B dse Al 1 EOURL a PSR MWL SAY S TRRREL cGBle
10 wave-shape type) belt-likemetal plate 17 with a number of through
holes h as shown in Fig. 4. Then, the belt-like metal plate 17
is rolled in a whirlpool shape as shown in Fig. 3 and catalyst
is coated on the rolled plate by, for example, a spraying method
or a dipping method. As shown in an enlarged view of Fig. 4, a
15 whole circumference edge of the belt-like metal plate 17 has a
number of first through holes ha having a first circular side
wall Wa protruding from a surface of the‘ circumference edge to
an outside of a surface side and a number of second through holes
hb having a second circular side wall Wb protruding from a rear
20 face of the circumference edge to an outside of a rear side. The
purpose of aprovisionof thethroughholeshistoraiseanelectric
resistanceof thebelt-likemetal platel7anduseitasanelectric
heater and make the diesel exhaust particulates possible to move
along a radial direction of the catalyst mounting heaters 1l4a
25 and 14b, raising a collision ratio of particles with the catalyst
mounting heaters l4a and 1l4b and extending a staying time of
particles in the catalyst mounting heaters 14a and 14b. The first
circular sidewall Wa and second circular sidewall Wb are provided

to supplement a decrease of a contact area due to the through



5, of the through holes hb with side open ceilings Ya and Yb as shown in
Fig. 6, and of through holes he with slanted ceilings Sa and Sh2Gdansboy2006n
Fig. 7. The directions of eave-shaped ceilings 25 Ca and Cb, side open
ceilings Ya and Yb and slanted ceilings Sa and Sb are preferably sel ected
and determ ned in various cases. The thrpugh holes h, ha, hb, and he are
preferably m xed on a netal plate 17. Density of the through holes are
arbitrarily selected. 20 January 2006 16 It is preferable to enploy such
materi al fokholbe belialskea coellakiphatetid, oaspatiel €D@s arint g Heicaltyla st
stainless steel and other materials such as alum num copper and nickel .
From the vihewpbinghesftestsabdbiang héld, duealeniti tlye dfieaedatahasst pamdtiicdres 5
the preferable material is one that accelerates function of catalyst and
burni ng of fapnuaddapaingcillzisht ded exs codipgsit $oay tisnemihppréielers,

pl ural conposites selected froma group of a -alumna, (3-alumna, and
y-al um na. AbELPpeetRf s eaoheent ehdihe @E%lﬁ%g”ﬁﬁ% the @Igﬁml%fofgatshe
conposites. In nmore detail, 10 the material containing nainly one or plural
conposi Pes §%@‘ééf1§dthFF8hﬁa FRFGRPRBOTRE 18 Gﬁllﬁaemgﬁgllyle%ruﬁa%Qrd&rﬁl to

further containi one selected fro rou al | adi um
rhodi um r{r?h%ﬁﬂf%teﬁ ?a ﬁFriLOHFaéeHOO (e S ax GBél Pa]f % ¢Lpfecach

th| }eé%ﬁéﬁﬁﬁafso&r&aﬁ i i, ERoumle t%@%‘ﬁﬁ%kﬂ@ 4 i 148 i

- 7

composi t es SoH R EucRr e Tafihd 3b SHUBLRE of Bl OOEOE B
cont ai ns athé§@§£s%ﬁa qud 14b is certainly hindered from advancing straight

| 10 by the side walls Wa and Wb of one or plural through holes h.
It is noted that it is not necessary to provide the side

walls Wa and Wb on a whole circumference of each through hole

h. A single of or a plurality of side walls may be provided on
apart of the circumference of each through hole. It is preferable

15 that the side walls are formed with an overhang shape extending
outwardly from the circumference in order to improve function

of preventing detachment of catalyst. In place of the side walls

Wa and Wb, thorns including beard-like projections or burr-like
projections are employed. If necessary, these side walls Wa and

20 Wb may be omitted. These through holes are also made of through
holes ha with eave-shaped ceilings Ca and Cb as shown in Fig.

5, of the through holes hb with side open ceilings Ya and Yb as
shown in Fig. 6, and of through holes hc with slanted ceilings

Sa and Sbas shown in Fig. 7. Thedirections of eave-shapedceilings

25 Ca and Cb, side open ceilings Ya and Yb and slanted ceilings Sa
and Sb are preferably selected and determined in various cases.

The through holes h, ha, hb, and hc are preferably mixed on a

metal plate 17. Density of the through holes are arbitrarily

selected.



lithium zirconate, titanium oxide or potassium carbonate, since 20 it
generates a 'l arge volume of reaction heat. In the present enbodiOdamuary2006
catal yst of a-alumna:73.0% luthenium18.0% |ithium zirconate: 7.0%
titani umoxide: 1.7% and potassium carbonate:0.3%is used. The
heat-resisting filters 15a and 15b have a6structure 25 identical with that
of the nmetal heat generation body except that the filters do not have a
catal yst. These heat-resisting filters 15a and 15b are placed at the back
of the catal yst rouhti pgefieabbis td4mpdrd, $dbhandtepnbacted thie heflhelike
catal yst mounting heaters 14a and 14b through insulators (not shown), so as
to catch theet2dl Jahate yl 20665 Phepaonitadlndings mad nd ydicesékiedlesssistgad and
burn to renove them The catal yst nounting spherical filters 16a and 16b
have spheri@dte¥ imakesiahdesothces apd evinnmal aaPRArafddt heckatal ysom toe
accel erating a burning of the captured dgf.l‘ti cul ates. The 5 catalyst

nmount i ng spheRRAINEF @ Erstalphl Bad areh Biraksdildded oft at RatBagr tofupgeion,
heat-re%i sting filters iSa and Jigtétand contacted wth the heat-resisti ?g
filters®15a-noPISHETRXE, Tated] r1T SPfuthafe aGCRIRF aWRe vERREFLPYpe
apparatus accordi tq the first enbodinent of the present invention.wll
10" b expl & HEtL Y HE BPRGIE RS BRCAPY SR SR T HG" hOaE ot SPOAC BHITELEL 47 87
adapted to , be supplied with el ectriciéﬁvjs.b% a begltteré/ 8\.1 t he di esel vehicle.
As shown i Fiff/8Y (Pa] r¥aR st (R SEHS 7S Uat € Tt Bl AoHntR & de
t hermo-sensors_Da, Dbjare installed near the inlet par | la, 1l nd
t he out| et 'b%flfrglriia,B iiguglflnl’aés%% t)lr Qgiumlna .]P?ore pre eratbsle one 1s %hgt
containing 68% through 78 % of the composites. In more detail,

10 the material containingmainly one or plural composites selected
from a -alumina, fB -alumina, and 7y -alumina, and further
containingat least oneselected froma group of palladium, rhodium,
ruthenium, titanium, nickel, iron, and cobalt, is suitable,
because it is excellent in its catalyst reactivity and high in

15 its reactive heat generation value. Further, another preferable
material for the belt-like metal plate 17 is one that contains
mainly one or plural composites selected from a -alumina, B
-alumina and 7 -alumina and further contains at least one of

) lithium zirconate, titanium oxide or potassium carbonate, since

20 it generates a large volume of reaction heat. In the present
embodiment, a catalyst of a-alumina:73.0%, luthenium:18.0%,
lithium zirconate: 7.0%, titanium oxide: 1.7%, and potassium
carbonate:0.3% is used.

The heat-resisting filters 15a and 15b have a structure

25 identical with that of the metal heat generation body except that
the filters do not have a catalyst. These heat-resisting filters
15a and 15b are placed at the back of the catalyst mounting heaters
l4a and 14b and contacted with the catalyst mounting heaters l4a

and 14b through insulators (not shown), so as to catch the



apparatus main bodies 9a, 9b. As wll be described, OV OFF state of the
correspondi ng catal yst nounting heaters 14a or 14b are det er m nédJanwatyt2006
basis of the tenperature difference between the upstreamside tenperature
Tu detected by the upstreamside 20 therno-sensors Ua, Ub and the
downstream si de tenperature Td detected I8y the downstream side

t herno-sensors Da, Db. That is, when the upstreamside tenperature Tu is

hi gher than the downstream side tenperature Td and the tenperature

di fference pdMutdd)atesoveratdiee$él sexbanntiagdsvahdebppneter ablnpyvei theas a
25 range of 5Cto 15C, in this case it is 5C , the catalyst nountin

heat er 14a or 146’%@}’:@1@@%@@ Stodrar it IO ishttaes My laad 1\ﬁﬁ>egatvﬁe
downstream si de tenperature Td is higher than the_  upstream side tenperature
Tu and the SRIpErGR Lriet M 9 Fereare OQ'F&I‘P&)MESS By 8 WHd & @geh hst Sﬁ‘d’ggéfs\?al ue
(preferably it is ip 20 January 2006 18 a range of 5C to 15C this_case
it is 50 f%ea%%%f;mtlﬂauﬁt PRED RGatd: Hh P etsp%ﬁshaaé ?Bm :

state t Accor di ng

o e B ana St AgoL A e ey P E PR s TRe h BN e oA B BAGE R Rt e
bat tery 5 nayes,. hn Ll s, Faer.o LG featans Areqal o i s) Wtegga%ed The

heaters are perm Sim aneousl

cat al yst r’r%nrt %g%ég%#é$égg ébﬁﬁtgl Laced Jn.ap G state and the

tenperature difference es the irst standard val ue, the
catal yst mounti ngihgat gf e%%t%c%‘t@rué@uté otfh@rﬂe Ehéﬂ%gsferlowﬁﬁpﬁ&%%u%o ON
state. The reason for such change is as fol When the catalyst nounting

heat er lda QcdAbing dd tdeStRE8t embodiment of the present invention will
10 be explained in brief.

The catalyst mounting heaters l4a and 14b are adapted to

be supplied with electricity by a battery of the diesel vehicle.

As shown in Fig. 8, upstream-side thermo-sensors Ua, Ub

and downstream side thermo-sensors Da, Db are installed near the

15 inlet ports 1lla, 11lb and the outlet ports 12a, 12b of respective

apparatus main bodies 9a, 9b. As will be described, ON/OFF state

of the corresponding catalyst mounting heaters 1l4a or 14b are

determined on the basis of the temperature difference between

? the upstream-side temperature Tu detected by the upstream-side

20 thermo-sensors Ua, Ub and the downstream-side temperature Td

detected by the downstream side thermo-sensors Da, Db. That is,

when the upstream-side temperature Tu 1is higher than the

downstream-side temperature Td and the temperature difference

(Tu-Td) is over the first standard value (preferably, it has a

25 range of 5°C to 15°C; in this case it is 5°C), the catalyst mounting

heater 14a or 14b is changed from OFF state to ON state. While,

when the downstream-side temperature Td is higher than the

upstream-side temperature Tu and the temperature difference

(Td-Tu) is over the second standard value (preferably it is in



of OFF, a catalyst activity is |low and poor, so that many unburned

particul ates are generated. As a result, the catal yst nounting 28Jamlasy 20GE
filter 16a or 16b at the downstream side is clogged, which causes a back
pressure to rise, and therefore the system associated with an engi ne and
exhaust is in danger of being damaged. L8 this situation, a tenperature at
the upstream side which initially receives a heat of a diesel exhaust gas
beconmes higher 20 than that at the downstream side. The tenperature

di ff erencea {abigeldf 5°8 tCbPOedntthis sasweiithi elsapse tafe thmrlykh Mo @Wsi g
this, when the tenperature difference (Tu-Td) detected by using the

upst r eam sheetehel dd-osehdbriss thandedahdomidl doanst e HNESS tetet Hargrrdign®or s
Da, Db is over the first standard value, it is 25 determ ned _that clogging
i s devel opFRgths e sfivinsAeefdBee: &at RFYBE1RDENt CAFhsphdhicf2%3lier 16a
or 16b. The catalyst nounting heater 14a or 14b is then turned from an OFF

state to BRUBNIECarE TR Tordér Ofol BRr S ahdr R RGP PRChari¢ dadstery
2006 19 | nPA“EAse Linord & AEACATH JOE ABAIGATy Teartro et 4 43 2ed i an’ on
Vel o, theTB8t BPCE hotaei R ESter T9aiore B s KHtped BUar From o Ov
bel ow  Vihen the BACHI AP GetAETRE T End ASe Ol BT PR feId The

DL o SO S e N R e e caued i
hi gh- t enpekatdie seahdlapst VW, ihNe]t®1yst mounting heater 14a or 14b
10 is then changed from OFF state to ON state. The reason for such
change is as follows.

When the catalyst mounting heater 14a or 14b is in a state
of OFF, a catalyst activity is low and poor, so that many unburned
particulates are generated. As a result, the catalyst mounting

15 spherical filter 16a or 16b at the downstream side is clogged,
which causes a back pressure to rise, and therefore the system
associatedwithanengine andexhaustisindanger of beingdamaged.
In this situation, a temperature at the upstream side which
initially receives a heat of a diesel exhaust gas becomes higher

20 than that at the downstream side. The temperature difference
(Tu-Td) is inclined to rise with elapse of time. In views of this,
when the temperature difference (Tu-Td) detected by using the
upstream-side thermo-sensors Ua, Ub and the downstream side
thermo-sensors Da, Db is over the first standard wvalue, it is

25 determined that clogging is developing in the downstream side
catalyst mounting spherical filter 16a or 16b. The catalyst
mounting heater 14a or 14b is then turned from an OFF state to
an ON state in order to burn and remove unburned particles captured

in the catalyst mounting spherical filter 1l6a or 1léb.



10 14a. This results in that downstream side has a higher tenperature than
that of the upstream side. The tenperature difference (Td-Tu) I28s)aauary 2006
tendency to increase with el apse of tinme. To solve this problem when the
tenperature difference (Td -Tu) detected by using the downstream side

t herno-sensors Da, Db and the 15 upstread®si de t hernp-sensors Ua, Ub i s over
the second standard value, it is determned that the catalyst is activated
too nuch. The catal yst nmounting heater 14a or 14b is then changed from an
ON state to an OFR &t aase ovhereydite catponett peunting héwtent digsor 14b
nounting heater 14a or 14b from being thermally damaged. 20 Accordlng to the
di esel vehil® énhani Ny St e wenfedseempopatuggpdi Afasenceh (TAsTrbov@aches
structure, at the time of a cold_start a control portion Enot shown) turns

on only th$h€a§§Fﬁ§F shamdars VRdaeer tReaCRPLN StsMRBNSEATI heaheTappar aF us
mai n body r.ex t he apparatus_rmajn_bod At this tipe, another
cat al yst eﬁga‘a"gnﬂsatwert She DN SHBTShomst OB 86t Rer THEpRC At

i b kept, b F st f Fi 9 As
Fosul t -5 hé aldifers ei%' ot naBt il 58 BrEckaREgi b laT « he caral ybi s :
actlvated In thig GoRdlt | ?al %”mﬁ%%%ﬁf@H%%%%% cqntalned, in;a ?heg

exhaust gas contact the €26 catalyst nDuntln ea 4a and

are captur ed Jin ! hate heatet, 6y%%1fv'e@e aoaafé%fse%supwg%@ Ak Ao Egh W €N

the aid of eat generate reaction wth the catal

particul at eenRlddidere Wah@etchﬁyfd E%Ea@%tSEQQBgl‘éhr}%%@rarﬁ Qﬁswafééewes
and the ceilings 5 Ca, (b, b, Sa, "and Sb on which the catalyst is

Lmunt ed, thecopahttevkaiast @ﬁr@mmt[gl@dt@rﬁ@ef@ﬂﬁ!@d:atﬂl@@@ﬁbhﬁ@h&@%ea\béﬁh
ave 10 14a. This results in that downstream side has a higher temperature
than that of the upstreamside. The temperature difference (Td-Tu)
has a tendency to increase with elapse of time. To solve this
problem, when the temperature difference (Td -Tu) detected by
using the downstream side thermo-sensors Da, Db and the
15 upstream-side thermo-sensors Ua,Ub is over the second standard
value, it is determined that the catalyst is activated too much.
The catalyst mounting heater 14a or 14b is then changed from an
ON state to an OFF state to prevent component parts of the catalyst
mounting heater 1l4a or 14b from being thermally damaged.
20 According to the diesel vehicle having the two-vessel type
apparatus with the above structure, at the time of a cold start,
a control portion (not shown) turns on only the catalyst mounting
heater 14a which is housed in one apparatusmain body, for example,
the apparatusmainbody 9a. At this time, another catalystmounting
25 heater, the heater 14b, housed in another apparatus main body
9b is kept being in an OFF state (see step S1 of Fig. 9).
As a result, the catalyst mounting heater 14a is heated
and the catalyst 1is activated. 1In this condition, when

particulates contained in a diesel exhaust gas contact the



touched but not captured by the side walls Wa, Whb and the first and second
circular ceilings Ca, Cb, Ya, Yb, Sa, and Sh, are reflected an®Ondangaryr2006
gap to gap via the through holes. This 10 novenent increases the chances or
probability that the fine particles contact the catalyst nounting heater

14. As aresult of this, a particle cont2kt ratio considerably increases

conpared wth that of a conventional apparatus and probability of burning
al so increases. The nunmber of unburned particul ates passing 15 through the
catal yst noiafidhgstheneenting heeheut 1éeoppiingret Aepenord dacrbasebeakenever,
the particul ates unburned and passing through the catalyst nmpunting heater
14a are ond@&dpng @értB)FJ{er?eaﬁéa’PuFégijsﬁm%grqu‘f%? wigh theegidref deBeprfed

to be ignited, burned, and renoyed. This is caused by the at -resjsting
filter 20 1%%%%&‘&%Hé(sref%ﬁjg‘?féWlFEﬁ%‘&r%ﬁ‘iﬁjeY%aWhﬁﬁl a’b‘?lcf‘fthea"c%% spﬁf-de

E‘éﬁﬁélg?u?&m@l g %Efcausﬁéssppﬁﬁhéﬁi %ﬁ%iigaﬁ&%ﬁé’i@ﬁ%ﬁ%ﬂwsﬁlng d
S

par i cubat S8 Witk Tpas EB( Y BUGH DE b RBaR S50 WP gH Thet ha TERERER g

11 er 15apafien-sucheynbuy edy ety %%ﬁsg?ﬂgggsrw@ufﬂ@% X&H&PHQ%”Q

spheri cal fpa}ter a activate a hot aust are burned

and removed. oy, oy effgf@%atp%r@%%ﬁe shaus, i et wor & hay %ﬁéo efrst

particul ates are renmov 20 January 2006 21 Wth respect to the appar at us

mai n body %adravised MEBuleec%§H§|n§%t owurtd nay heatler d4p ¥hECHpl SakB an
ON state, the downstream side exposed to a hot di esel exhaust gas has a

reflected and move from gap to gap via the through holes. This

| 10 movement increases the chances or probability that the fine
particles contact the catalyst mounting heater 14. As a result

of this, aparticle contact ratio considerably increases compared
with that of a conventional apparatus and probability of burning
also increases. The number of unburned particulates passing

15 through the catalyst mounting heater 14a without stopping
therefore decreases. However, the particulates unburned and
passing through the catalystmounting heater 14a are once captured

by the heat-resisting filter 15a, they are destined tobe ignited,
burned, and removed. This is caused by the heat-resisting filter

20 15a which has a higher temperature than that of the catalyst
mounting heater 14a because it receives a diesel exhaust gas with

a high temperature by a catalyst reaction heat and a conductive
heat from high~temperature catalyst mounting heater 14a. Still,
there exists unburned particulates which pass through or sneak

25 through the heat-~resisting filter 15a. When such unburned
particulates contact the catalyst mounting spherical filter 16a
activated by ahotdiesel exhaust gas, they are burned and removed.

A performance test executed shows that more than 80% of

particulates are removed.



tenperature higher than that of the upstream side, and the 5 tenperature
difference (Td-Tu) increases with elapse of time. Wen the tenBedantuare2006
difference (Td-Tu) detected by the downstream side thernp-sensor Da and the
upstream side therno-sensor Ua is over 5C, the second standard val ue
previously set (step S2) , a control portion nmakes the catal yst nounting
heater 10 14a OFF ( step S3) . Resultantly, toomuch activation of the
catalyst 1is prevented and a thermal damage of the structural parts of the
catal yst nounti ngiheatrespk4a aodtatheppacafuBemayni Hedy Wi peovibiedcatahyst
nounting heater 14b in another apparatus main body 9b is kept inits OFF
state (stephS cataildsdthenmattalygthedttefalds vhickath ibsancONvataba, the
tenperature. For that reason, nmany unburned particul ates are flown to the
downst r eamdsivies taifthric ofl et expe R chpt @r dbt ndikecReagxhags st pag fidx ez 15b
and the catalyst nounting spherical filter 16b. The tenperature of the

heat - r esi stieRpPEhatEre 15bIBAM ﬁ@@qxﬁhﬁyspfmﬁhﬂ|¢®S§§ﬁ@W|é&@3204ﬂ4t5P916b
at this_tinme is, however, |ower than a burning nperat ure of unburned
partlcu?até?mHQRQQﬁRﬁwg%ﬁﬁ?¥%&E%rEﬁj %%bu%%%ﬁe%é?ﬁlEhFBt%%aﬁéen6? BHRR- and

are not renoved. a.res a cIo onditio e. heat-resjstjn
filter 15b and t enb§p§|§ g GEHEE f PT@eTuQG%e5895ﬁ eg o%hg

upst roam s CRETR i ectd 97 ng gﬁl'aa%g'sﬁts'a"&s@é | BT oA S HE St i gher
t han the dqounstream si de as. descrl bove er at re difference
(T Td) 1 ney B diee SRt EP Ao S TR e, C B oD MR IRT AP Aot 17 6 &
det er mi ned s%pcd 9@&19%'[26/'(:,' £¥oﬁg§o§%o]raﬂ%Magggq}‘%zcatalystmountlng heater
| 10 14aOFF (stepS3).Resultantly, toomuchactivationof thecatalyst
is prevented and a thermal damage of the structural parts of the
catalyst mounting heater 1l4a and others can be avoided.
While, the catalystmountingheater 14bin another apparatus
main body 9b is kept in its OFF state (step S1), and the catalyst
15 fails to reach its activation temperature. For that reason, many
unburned particulates are flown to the downstreamside and contact
to be captured in the heat-resisting filter 15b and the catalyst
mounting spherical filter 16b. The temperature of the
heat-resisting filter 15b and the catalyst mounting spherical
20 filter 16b at this time is, however, lower than a burning
temperature of unburned particulates, therefore the captured
unburned particulates donot burn and are not removed. As aresult,
a clogged condition of the heat-resisting filter 15b and the
catalyst mounting spherical filter 16b advances or develops.
25 Speaking of a thermal relationship, the temperature of the
upstream-side first receiving a heat of a diesel exhaust gas
becomes higher than the downstream side as described above, the
temperature difference (Tu-Td) increases with elapse of time.

When the temperature difference determined and detected by the



upstream si de therno-sensor Ub and the downstream side therno-sensor Db is
over the first standard value (step S4), the control portion jgfigkaualy£008
clogging in the catalyst nounting spherical filter 16b at the downstream
si de has advanced and an 5 OFF state of the catal yst nounting heater 14b is
changed to an ON state (step S5) . Accor2@ ngly, a tenperature of a catal yst
in the catalyst nounting heater 14b reaches its active one, thus burning
the particulates contacted with the catalyst and raising a tenperature of a
di esel exhapstt rgasn+isisdant tlyeri®-FapsdownSbr eamdsi dehd s dosposede amt hs adhot
di esel exhaust gas and heated, and many of the unburned particul ates
captured ithernm card g Dnbamvew tdshéirssl standerd bl wad stideSd ) ar ghe
burned and renoved. As a result, a rise_.in a back pressure_which | owers

t he engi ne CORfHIle ROY taed d4096S BRAAGR FPIHN XA GEL S§5aLHSt1BORARIBS
prevented. The control, portiagn keeps npnitoring the t%g‘per ature difference

(Td- Tu) betS\Eé)_@r’Fltc’r?e1 dpdteFaktli 8k Hhe 49 Hovret r%ﬂaﬁﬁ %:Iédivr‘?nﬁ?@ 8pfafBt us
Cat al yob moli PG HeltebhEabaFALNES BREBS 15EhPES tee [dbiat FEARPERAES, an
d he  di f hi_gh h
oot r eam o e >2ab oL (EESBrE T e st B8 B of ST SR L bR eadgs el B
| f tine. - j f - d
et br i ned T G oo iR e feck B BACEend T SEEEGR theTenns i e

t her mo- senggry 4 4 $1@Y rﬁfﬁuf%é’é‘%ﬁ{@a&d@é&' w‘i%'h“@héft@té:lr;é’{ QU %’af@iné% ep

S6), the catalyst” nounting heater 1 Is turned to an state (step
Thus, an over agdd Matian o pfatdge 81 abyahuand ghhernmml dammge to the

structural parts of
10 The downstream side is exposed with a hot diesel exhaust
gas and heated, and many of the unburned particulates captured
inthecatalystmounting spherical filter 16b and others are burned
and removed. As a result, a rise in a back pressure which lowers
the engine efficiency and causes damage to the exhaust system
15 can be prevented.

The control portion keeps monitoring the temperature
difference (Td-Tu) between the upstream side and the downstream
side in the apparatus main body 9b in the step S6. In the apparatus
main body 9b having the catalyst mounting heater 14b in its ON

20 state, the downstream side is exposed more to the diesel exhaust
gas of a higher temperature than the upstream side, so that the
temperature difference (Td-Tu) increases with elapse of time.

When the temperature difference (Td-Tu) detected and
determined by the downstream side thermo-sensor Db and the

25 upstream-side thermo-sensor Ub is over the second standard value
(5°C) previously set (step S6), the catalyst mounting heater 14b
is turned to an OFF state (step S7). Thus, an over activation
of the catalyst and thermal damage to the structural parts of

the catalyst mounting heater 14b are prevented from happening.



the catal yst nounting heater 14b are prevented from happeni ng. 20 January
2006 23 Next, the control portion advances to step S8 and check20 Jaguamn 206
tenperature difference (Tu-Td) between the upstream side and the downstream
side in the apparatus main body 9a. In the apparatus main body 9a, the
catal yst nmounting heater 14a has 5 been @&3anged to an OFF state (step S3)
and the catalyst is cooled to a level lower than its activating tenperature
. Consequently, nmany of the unburned particulates flow toward the
downstream si de Naxt ,Ccateachntta die poaptwre @ dvarides heatste@ssst ang &¢hétks 15a
and the catalyst mounting spherical filter 16a. However, in this 10

condi ti on, adwese teatt-amgss st tiunge fdi f B rdiba@e affuead al ystweennthagupspheamncal
filter 16a are cooler than the burning tenperature of diesel exhaust

parti cul at-ésides@nhahe Wowsmitnaaey safe dabiheedprprpastivculratias bedyn8e - bliRn
and are not renoved, resulting in a clogging advancenent in the

heat - r esi stﬁhﬁgapplatré‘rtuPSQaaﬁdoQ% 95 éaﬁaq:?‘é@lﬁéﬁﬁﬁ?%t%%%é}ﬁ%r f1|4lat Bes16a.
Al so, a SCri bgd above, the ugst ream side which is initiall osed to

the hea efn ghaggeekRaAR Ciga tﬁE@o?ﬁs"selPl(?t% eianfjh%}ﬁetq?é:add(/% lese wples
thttht t dff Tu-Td th el f t

t he tenpSrat?"‘%ef%‘Yé’ | %%E‘f%s} e R %%%%r%afﬁsiﬁéﬁﬁé’gvaé%
t her no- sensor

standar d val itgerd eg@%urtnﬁe B8 4Fsst .O%W”‘Bﬁé%?‘){#)% R 28l rs;
advanci ng iy 4 he doyn %h torg gl@rg tal eagleglrér% S %{adn%%:l ,I] tl%r %98 an

ot hers, changing e cata nDun i'ng state 0 25
an ON stat g ystep st Iﬁéuﬁ‘tiﬁéu%he&@%aﬁe@%@e@rleaao.f How$ & YSin this
| 10 condition, these heat-resisting filter 15a and catalyst mounting
spherical filter 16a are cooler than the burning temperature of
diesel exhaust particulates, so that the captured and unburned
particulates do not burn and are not removed, resulting in a
clogging advancement in the heat-resisting filter 15a and the
15 catalystmounting spherical filter 16a. Also, as described above,
the upstream side which is initially exposed to the heat of a
diesel exhaust gas becomes hotter than the downstream, so that
the temperature difference (Tu-Td) increases withelapse of time.
When the temperature difference (Tu-Td) detected by the
20 upstream-side thermo-sensor Ua and the downstream side
thermo-sensor Da is over the first standard value (step $8), the
control portion judges that a clogging is advancing in the
downstreamsidecatalystmounting spherical filterl6aandothers,
changing the catalyst mounting heater 14a from an OFF state to
25 an ON state(step S9). As a result, the temperature of a catalyst
in the catalyst mounting heater 14a again reaches its activation
one, thus burning the contacting particulates and instantly
raising the temperature of the diesel exhaust gas. The downstream

side is heated because it is exposed to a hot diesel exhaust gas,



in the catal yst nounting heater 14a again reaches its activation one, thus
burning the contacting particulates and instantly raising the t28naavay20e6
of the diesel exhaust gas. The downstream side is heated because it is
exposed to a hot diesel exhaust gas, 20 January 2006 24 so that a | arge

vol ume of unburned particul ate captured i2# the catalyst nounting spherical
filter 16a and others are burned and renoved. Thus, a rise in a back
pressure which | owers an engine performance and causes danage to the
exhaust sysi®mhat pr dweargee o lhimideodi nabuengedr pautiiovd ate stegr BZ2dnd the
operations above are repeated. According to the first enbodi ment of the

pr esent inv%ﬁﬁakﬂﬁt'm?Qﬂﬁlﬂébﬁ@h@éﬂ§@95§lg§e@sb@aéﬁﬂiPﬁéeéétﬁr?éﬂnﬁﬁﬁhﬁpﬁg
heaters 14a, 14b provided wiith a sophisticated shape of surface openings 10

are used, aN9Yeds PU%i A €156 LR 3L ERTETTY TN B Sl A aeNgL8F the
parti cul at es. so, the c talgst nd thﬁ heater _are intga#allﬁ stru?t red,
so that it RS FOLIRre oBYEAFR WG 9§§E§8xﬁﬁW%R¢MB ' PESHERLSFo a
change kn t erature of_the catalyst an o _cut .down a _l.Qad on.the battery
oaer nf art B BrebiFre Toberrfliecdatil o end TparRede SR ook s, &
| ow power is 5@4 e%o activate the catal yst and consequently the captured
particul ates"are able to be burned and are renoved nore certainly. Because

oL o e AT Sr ACHEAAN S, IgSE pbalyala: BB el AR
a durability Qfitd81c appRapise 15 ¢088 sesabhy LaPLOYsd. nSEAGRHERRAdiRRNT
14a, 14b provided with a sophisticated shape of surface openings
10 are used, and it is possible to raise a collection or catching
ratio of the particulates. Also, the catalyst and the heater are
integrally structured, so that it is possible to obtain a
high-speed follow-up with respect to a change in temperature of
the catalyst and to cut down a load on the battery lowering an
15 electric power necessary for the apparatus. In other words, a
low power is able to activate the catalyst and consequently the
captured particulates are able to be burned and are removed more
certainly. Because of the two-vessel structure and these catalyst
mounting heaters 14a, 14b being used alternatively, a load
20 burdened to one heater is made light and a durability of the

apparatus is considerably improved.

Second Embodiment

25 Fig. 10 is a sectional view showing an outline structure
of a two-vessel type apparatus according to a second embodiment
of the present invention. Structures of the two-vessel type
apparatus of the second embodiment which are vastly different

from that of the first embodiment, are described below. Metal



25 Fig. 10 is a sectional view showing an outline structure of a two-vessel
type apparatus according to a second enbodi nent of the present 20nlaanany@906
Structures of the two-vessel type apparatus of the second enbodi nent which
are vastly different fromthat of the first enbodi nent, are descri bed

bel ow. Metal 20 January 2006 25 fiber-madé filters 18a, 18b are placed at
the back of catalyst nounting spherical filters 16a, 16b maki ng an
apparatus of a four-stage catching structure. Making the apparatus of such
f our - st age fstauctnade illag es tlPaxpddy ax e PAagssr gitctibat baﬁgnﬁﬁi agtabyphtio
to be raised or jnproved extraordinarily. Third Enbodinent Fig. 11 is_a
sectional WO S $RP @R o8t | fhétsTRudPar e 1 010 MHKIL G e 2RRBLRTUE ypE @

di esel partjcul ate rem)v%ng.agparat us (hereinafter éeferred tto as ﬁ

t hr ee- vess &Pty pe- 3ffpar At GEI N9 SEEME Y G0 M5 H Y dtBRbGREAAT T TheSPFBsent
invention; Fig. 12 is_a front view of the three:vessel .ty aratus; Fig.
13T o pAPSATARE S U e ERP B BRI T b S pa A S Tnae R VERg. 14
is a flpwchart: e i ni ng. oper at i h ir : irent. Structural
differ eﬁceq%fgﬁ%ﬁ%a%%bgg}%ﬁt g%rgﬁ?fﬁgeéeggtﬁ%aogr%gﬁ%%ﬁi s that one
vessel , an apparatus main body 9c, is added to apparatus main bodies 9a, 9b
maki ng a three-vessel structure. 20 When a diesel vehicle provided with the
three-vessel structure above is sybjgCHR® QRG0! d start, a control
portion turns for exanple a catafyst—mounting heater 14a placed within the
apparatus main body 9a, to an ON state. Ot her catal yst nounting

Fig. 11 is a sectional view showing an outline structure

10 of a three-vessel type diesel particulate removing apparatus

(hereinafter referred to as a three-vessel type apparatus)

according to a third embodiment of the present invention; Fig.

12 is a front view of the three-vessel type apparatus; Fig. 13

is a perspective view of the three-vessel type apparatus, and

15 Fig. 14 is a flowchart explaining operations of the third
embodiment.

Structural difference of third embodiment from the second
embodiment is that one vessel, an apparatus main body 9¢, is added
to apparatus main bodies 9a, 9b making a three-vessel structure.

20 When a diesel vehicle provided with the three-vessel
structure above is subjected to a cold start, a control portion
turns for example a catalyst mounting heater 14a placed within
the apparatusmainbody %9a, toan ON state. Other catalyst mounting
heaters 14a, 14c within the apparatus main bodies 9a, 9c are kept

25 at their OFF state (step P1 of Fig. 14). Then, a catalyst mounting
heater 1l4a is heated activating the catalyst. When particulates
in a diesel exhaust gas touch and are captured in the catalyst
mounting heater 14a, they are ignited and burned with the aid

of generated heat due to a reaction with the catalyst, thus being



heaters 14a, 14c within the apparatus main bodies 9a, 9c are kept 25 at
their OFF state (step Pl of Fig. 14) . Then, a catal yst nountin@O Japuang2098a
is heated activating the catal yst. Wen particulates in a diesel exhaust
gas touch and are captured in the catalyst nounting heater 14a, they are
ignited and burned with the aid of gener2&ted heat due to a reaction with
the catal yst, thus being 20 January 2006 26 renoved. Onm ng to a burning of
the particul ates, a diesel exhaust gas proper is heated, which nmakes a

heat - r esi stiemp¥édit @wikfpato abuandhngse f mhwnpengisphetiesal afdilasgl ¢é8agusnd a
metal fiber filter 18a at the downstream side, respectively hot. Wen the 5
parti cul at €83 AP onhe D adte batdliypdt MeF@st enjeréatesisidna felter 154,
heat-resisting filter 15a, the catalyst mounting spherical filter 16a and

the netal & BefaLiystdrouBhing peNGHE PaftLErEs! &aeBdrnBatadntiRerdvddeIas a
result, nore than 80% of particul ates ,%rfg renmoved. On the _caontr

concer ni ng Y &fpardtus dHnF BEAR 081 pEEFPEEF WS t he at gb’lrhiéé]t the
Femper afur S BOH L BkARUER A6 SFnihE ForE o7 F N SpdiTeent A AR a
brovent R GhEt ERpErAtaeeh 176 SRES A s PaBpreb T ml b P tm 15
Than & secordt STt d S S e breol DUl o bt Car b oy e e BRE R ©
portion turdiyy eBmbleqcaial Yol yTRUNMG Wt hBRRIRY o A A8 rESLeR BRR)s ard PURovRKE!

activation of the catalyst and thermal damage to structural parts of the
Cat’ al yst mounti ngohesiercorfrd 4@, apgnekherisgand i dpirieseds onn bappeaynga
10 provided with the catalyst mounting heater 14a in an ON state,
the downstream side exposed to a high temperature diesel exhaust
gas 1s made hotter than an upstream side and a temperature
difference becomes large with elapse of time. In order to prevent
the high temperature difference (Td-Tu) detected by a downstream
15 side thermo-sensor Da and an upstream-side thermo-sensor Ua
increases more than a second standard value of 5°C previously
set (step P2). The control portion turns on the catalyst mounting
heater 1l4a (step P3). Thus, over activation of the catalyst and
thermal damage to structural parts of the catalystmountingheater
20 14a and others are hindered from happening.
Next, a control of the control portion advances to step
P4 and again monitors the temperature difference (Tu-Td) between
the upstream side and the downstream side in the apparatus main
body 9b. At this time, the catalyst mounting heater 14b in the
25 apparatus main body 9b is kept in an OFF state (step P1l), so that
a temperature of the catalyst is kept lower than its activation
temperature. Consequently, many unburned particulates flow to
the downstream side and contact to be captured by and collected

in a heat-resisting filter 15b, a catalyst mounting spherical



Next, a control of the control portion advances to step P4 and again
nmonitors the tenperature difference (Tu-Td) between the upstre2hJanaary2006
the downstream side in the apparatus main body 9b. At this tinme, the

catal yst mounting heater 14b in the 25 apparatus nmain body 9b is kept in an
OFF state (step P1), so that a tenperat@7 of the catalyst is kept |ower
than its activation tenperature. Consequently, many unburned particul ates
flowto the downstream side and contact to be captured by and collected in
a heat-resifstitgr f illbberaridbba anettatlal §sbepounitlittay sphbri dalwedfk ranbacygu2606
27 filter 16b and a netal fiber filter 18b. However, because tenperatures
of the heattemzésatmgesi bferthksheatereatatysyg faddeti ndlsphehé cabtblyser
16b and the netal fiber filter 18b are |ower than the tenperature of the
bur ni ng di esxinirg isaiieniesnl $idkecipbrred Wia nehbdr hitle paitlten ddsasee
not burned and renoved. As a result, a clogged condition_in the

heat - r esi stiQWe¥ ihadt thesth e tRaLh Ol 8¢ RBURLNAgIspR_EI RAFtiTRLaEE6D
devel op Speaki ng of a thermal relationshi as descri bed above, the
upstrea | sitdee FéBéP\‘f@é’ Ruk BPRPFRetRA Hat Clélﬂ%\[?%i‘/ agf %OHPB§§Fd1@%§ﬁ@9¥ngas
heated to }Alevel higher than that of . 1the downstream _side dt he

t enper at ur %l%ff%erse‘i"ﬂc = g"f c?%%@etsl%;thr;&%% ca fr?FﬁﬁglU\ﬂeﬁl%ﬁgr |
her o sondit (BanEE ahaLePsan thE b d i S L REEr P PR LR EEREE o7
st andard Vaé d]é BLEPoPAL t%eﬁr‘?{glr ol Pgﬁibx‘?ghg tepy ’Ef‘esséﬁ]aéefl I%) 89980t ne

condition an ing inthé cata yst nount hg spherl Bb and
others at ttﬂ:‘?stream side receives initially thermal energy of a diesel

| 10 exhaust gas heated to a level higher than that of the downstream
side, andthe temperaturedifference (Tu-Td) increaseswithelapse
of time.
When the temperature difference (Tu-Td) detected and
determined by an upstream-side thermo-sensor Ub and a downstream
15 side thermo-sensor Db is over a first standard value (step P4),
acontrol portiondetermines that acloggedconditionis advancing
in the catalyst mounting spherical filter 16b and others at the
downstream side, changing the OFF state of the catalyst mounting
heater 14b to an ON state (step P5). Thus, the catalyst in the
20 catalyst mounting heater 14b reaches its activity temperature
burning the contacting particulates and raising suddenly a
temperature of the diesel exhaust gas. The downstream side is
exposed to a hot diesel exhaust gas and a temperature of it rises,
resulting in a burning and a removing of a large volume of unburned
25 particulates captured in the catalyst mounting spherical filter
16b and others. As a result, it is possible to previously prohibit
a back pressure from rising which lowers engine efficiency and
causes damage to the exhaust system.

In the next step of step P6, the control portion keeps



downstream si de, changing the OFF state of the catal yst nounting heater 14b
to an ON state (step P5) . Thus, the catalyst in the 20 cat al ys20dgnwary 2§06
heater 14b reaches its activity tenperature burning the contacting

particul ates and raising suddenly a tenperature of the diesel exhaust gas.
The downstream side is exposed to a hot 28i esel exhaust gas and a
tenperature of it rises, resulting in a burning and a renoving of a |arge
vol unme of unburned 25 particul ates captured in the catal yst nounting

spheri cal fWwdt@drindgl6bearahmd et sre Ad fof aresidd (Tt Tus posse dh e htecups eveé ams| y
prohibit a back pressure fromrising which | owers engine efficiency and
causes danggel downisérexhassdesyst die bppeletnsxmasndprdy %t .epshéesehebed
control portion keeps 20 January 2006 28 watching the tenperature difference
(Td- Tu) betakedie t FEeupotneameagngidewnst teampsiateast s maid {ogar U2 el s
body 9b. As descri hed above, the downstream side of the apparatus main body

9b having ife oA Nt TROUNIHG MRAERF 1%B th ah ON Staie 13 @XpRsed 16 5 a

dlesel Binaietcaas hotier e Lhat of he upstreamalic, so. bnalaihes.
diff Tu-Td d i.ned by t. d

Lemmer atur o, LereDCee(TUrT0L delpel e ani, 4o oLl by s douns gom

h i I | l. I i

Lhe previ osiye scindd sheond shanitdovalue 0 SG  Lhe 6an! . A ophur s

activity ofadhecalal vy aad Weriel daage (@f de R LUGIUEA! poballs Bhethe

catal yst nounti ng 4b a ers are prohibite rom happeni ng.
upstream-side thermo-sensor Ub becomes over the previously set

|

10 second standard value of 5°C, the control portion turns off the
catalyst mounting heater 14b (step P7). Therefore, too much
activity of the catalyst and thermal damage of the structural
parts of thecatalystmountingheater 14b andothers areprohibited
from happening.

15 In the next step P8, the control portion watches a
temperature difference (Tu-Td) between the upstream and the
downstream sides in the apparatus main body 9c. At this time,
the catalyst mounting heater 14c in the apparatus main body 9c
is in an OFF state (step Pl), so that the catalyst is kept at

20 a temperature lower than its activity temperature. As a result,
a large volume of unburned particulates flow to the downstream
side and they contact with and are captured by a heat-resisting
filter 15¢, a catalyst mounting spherical heater 16c, and a metal
fiber filter 18c respectivelyinthis conditionhave a temperature

25 1lower than that burning the diesel particulates, so that the
captured unburned particulates are not burned and removed. As
a result, a clogged condition of the heat-resisting filter 15c¢
and the catalyst mounting spherical filter 16c develops. Speaking

of the thermal relationship, as described above, a temperature



15 In the next step P8, the control portion watches a tenperature

di fference (Tu-Td) between the upstream and the downstream si deX Januanye2006
apparatus main body 9c. At this tine, the catalyst nounting heater 14c in
the apparatus main body 9c is in an OFF state (step Pl), so that the
catalyst is kept at 20 a tenperature lowd9 than its activity tenperature. As
aresult, a large volune of unburned particulates flow to the downstream
side and they contact with and are captured by a heat-resisting filter 15c,
a catal yst afourits ngp sdplesmi caldehdatidri alldy, eapbsedhetcala hitbdiefellt ekhaget
respectively in this condition have a tenperature 25 | ower than that burning
the di esel 99t FéERAt 51 9RRr t KRENt Hehe c dpwsdd aaibur Akd Jdra | EeMBEESTHEE not

bur ned and rem)ved As a result, a clogged condition of the heat-re3| sting

filter 15c %?%C%at(éqli/s"’%d o @5 aﬁlf%sphé’lllt@al efppegr 26cdevd op¥ e§peék| ng
f the th I | at d t t 20 .J

2006 29 o?rq%%ﬁ%ﬁvééﬁg%ﬁsr?ﬁpﬁz% R G 410 e%?e%%rﬁlgaﬂaﬁgt Ehgas
ri ses higher than the(? ream and the enperat ure fference (Tu= gd)
advanceé Wit eaapnéeS SNWer? eélsq Fat W' di ff er eor‘l’qcnest(lzl"al.ia‘n\'d)Sl
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downst r eam Si er nb- sensor becones "over
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1l4c to an ON state (Step P9) . Resultantly, a tenperature of a catalyst, in

the catal ysis matRlddihde@ietnifgesednBesFFistate of the catalyst mounting
| 10 heater 14c to an ON state (step P9). Resultantly, a temperature
of a catalyst in the catalyst mounting heater l4c reaches its
active state, burning the contacted particulates and suddenly
raising the temperature of a diesel exhaust gas. The downstream
side is exposed to a hot diesel exhaust gas and its temperature
15 rises, so that a large volume of unburned particulate collected
inthe catalystmounting spherical filter 16cand others areburned
and removed. It is possible to prevent before happening a rising
of a back pressure which causes a reduction in engine efficiency

and damage to the exhaust system.
20 In the next step P10, the control portion keeps watching
a temperature difference (Td-Tu) between the upstream and the
downstream in the apparatus main body 9c. Now, the downstream
side in the apparatus main body 9c provided with the catalyst
mounting heater 14c in an ON state is exposed to a diesel exhaust
25 gas with a temperature higher than that of the upstream side,
and the temperature difference (Td-Tu) increases with elapse of
time. When a temperature difference (Td-Tu) detected and
determined by the downstream side thermo-sensor Dc and the

upstream-side thermo-sensor Uc advances over the second standard



active state, burning the contacted particul ates and suddenly raising the
temperature of a diesel exhaust gas. The downstream side is exFsieguany 2906
hot di esel exhaust gas and its tenperature 15 rises, so that a | arge vol une
of unburned particulate collected in the catalyst nounting spherical filter
16c and others are burned and renoved. 130 is possible to prevent before
happening a rising of a back pressure which causes a reduction in engine
efficiency and danmage to the exhaust system 20 In the next step P10, the
control portabwe keepSC watestiiongs 1 aseéenpetr ep Bl )di ther eomer ¢ Thomi dretweas t he
upstream and the downstreamin the apparatus main _body 9c. Now, the

downst r eam tR¢ d@ i &l ¥ Hle nppr i adapdiar Bo@y tocaprOvF deler W t (£ teR Eddt)al Pst
nmounti ng heater 14c i ON state is exposed to a diesel exhag gr%%i

in an st
with a tenpRFESHiE nFERerathart t At RoF e Afst4 Xmesitdy el YaqbcthE
tenperature,difference (Td-Tu). increase ith el apse of _ti.ne. . \Wen a
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and a ther%%cﬁé‘gﬁgetér{?péfé’c'ﬁfré”é‘lf?@i’éﬁc F(rheragt Bk gk MOYRE Bgsfe%taﬁ{
14c 5 and others is avoided. Next, proceeding to step P12, the control

portion agaimy wd cheen o tedmertite Hddrerene ediilvbdly bat.wees theaupskream

and the downstreamin the apparatus main body 9a. The catal yst
mounting heater 14a in the apparatus main body 9a has been changed

10 to an OFF state (step P3), the catalyst is cooled down to a
temperature under the activity temperature. As a result, a large
volume of unburned particulates flow to the downstream side, and
are captured in the heat-resisting filter 15a and the catalyst
mounting spherical filter l6éa. However, in this situation, the

15 heat-resisting filter 15a and the catalyst mounting spherical
filter 16a have a temperature lower than a burning temperature
of diesel particulates, therefore the captured unburned
particulates are not burned and removed, resulting in an
advancement of the clogged condition in the heat-resisting filter

20 15a and the catalyst mounting spherical filter 16a. Also, in this
situation, asdescribedabove, theupstreamsideinitiallyexposed
to a thermal energy of a diesel exhaust gas is heated to a level
higher than the downstream side and the temperature difference
(Tu-Td) increases with elapse of time.

25 When a temperature difference (Tu-Td) detected and
determined by the upstream-side thermo-sensor Ua and the
downstream side thermo-sensor Da is over the first standard value
(step P12), the control portion judges that a clogged condition

is progressing in the catalyst mounting spherical filter 16a at



nmounting heater 14a in the apparatus main body 9a has been changed 10 to an
OFF state (step P3), the catalyst is cooled down to a tenperat @0eannayg2006e
activity tenperature. As a result, a large volunme of unburned particul ates
flowto the downstream side, and are captured in the heat-resisting filter
15a and the catalyst nounting spherical gffilter 16a. However, in this
situation, the 15 heat-resisting filter 15a and the catal yst nounting
spherical filter 16a have a tenperature |ower than a burning tenperature

of diesel pave idowrdeseah het@é oagdt braggpkubed cunbwinatk Partheutatesyate
not burned and renoved, resulting in an advancenent of the cl ogged

condi ti on mouherhratates stang nloerst2del5atapdPiBe. @bt yshenoand 1l pgt
spherical filter 16a. Also, in this situation, as described above, the

upst r eam siide tihd t¢attdlyekpoesenting heehermdMaeneaphasd agalirsets exhblge gas
is heated to a level higher than the downstream si de and the tenperature

di f f er ence teMRRIRHUrcPBABRB I IhCONEPSECOPaY TS UDEE ¢ AR CCORIPERSR bt B

di fferepce (Tu-Td) detected and _determ ned by the upstreanmside

t her mo- 3endor teAPaRATVRE HowhstrlesMlsi P anet nF Sen3dfIBR1LYs T3S + hEPE| r st

dard | P12), th | i i h | d
Soadi i on' dihs R sl s Fﬁsﬁﬁ%%%’?e Z%%lfﬁ’?ﬁ%%i%%@h Eepausity f&?glaaoat
20 J 006 31 the d t ; i OFF t t
catalyst oG PAEY RO hRAE b SR e;%e%:%%piﬂ?&gif}%% Catidst fout E5eg yst
i th t al . i 4 i it i ,
bl g e SRR T D0 PAln d §RnL E3EN0, FORLA b ARG ALEPELSIL ©

dPESG' eXh§H§ti§a§o§§9ng|¥orb%%%eﬂg“% back pressure from rising which

10 decreases an engine efficiency and causes damage to the exhaust
system. After this, returning to step P2, various steps described
above are repeated.

As described above, according to the third embodiment, a
suitable catalyst is used and a sophisticated design is used on

15 a surface hole shape of the catalyst mounting heaters 1l4a, 1l4b,
and l4c, it is possible toraise acatching ratio of particulates.
Because the catalyst and the heater are integrally structured,
it is possible to attain a high-speed follow-up as far as a
temperature of the catalyst is concerned, thus decreasing a load

20 on the battery and a power to be used. That is, the catalyst is
activatedwith a low electricity, so that it is possible to surely
burn and remove the captured particulates for refreshing the
filters. Also, the apparatus of the third embodiment has a
three-vessel structure consisting of the catalyst mounting

25 heatersl4a, 14b, andl4c, andtheseheatersareusedinalternative
fashion. As a result, a burden on one vessel 1is further
decreased ,thus improving considerably a durability of the
apparatus.

It is apparent that the present invention is not limited



downstream side is then exposed to a hot diesel exhaust gas, so that many
unburned particul ates captured in the catal yst nmounting spheri &Jahpanyed006
16a and others are burned and renoved. Asa result, it is possible to
prevent a back pressure fromrising which 10 decreases an engine efficiency
and causes damage to the exhaust systemB2After this, returning to step P2,
various steps described above are repeated. As described above, according
to the third enbodinent, a suitable catalyst is used and a sophisticated
design is usethembdite ambodfiaea tiso) bus hepebef cldiegeataald/mbdinfirtli wigt heat er s
14a, 14b, and 14c, it is possible to raise a catching ratio of particul ates.
Because th@le@@tré:lw farmn tiee Mot av Spiteigh a f yths et ssnd, invent son.
possible to attain a high-speed followup as far as a tenperature of the
cat al yst i $OFoREErReE gﬁ@sméééﬁééﬁ hgah osngrapien PREYbaBtePytandcd Power
to be used. That is, the catalyst is activated with a low electricit SO
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the present invention.
heat generation body is employed, but it is possible to use plural

| 10 metallicheat generationbodies arrangedinseriesorinparallel.
The number of the apparatus main bodies is not limited to two
or three. A four-vessel type and more, and a single vessel type

may be used.
Accordingtotheembodiments above, withrespect toabattery
15 capacity, two catalyst mounting heaters of a two-vessel type are
alternatively turned on. In case of the three-vessel type, three
catalyst mounting heaters are sequentially turned on one by one.
When the battery has a sufficient power, it is possible to turn
on simultaneously a plurality of vessels of the catalyst mounting
20 heater. By providing change-over valves 2la, 21b, 21c at inlet
ports of respective vessels as shown in Fig. 15 and the inlet
ports are closed with the change-over valves, it is possible to
solve at a greater level a problem of clogging in the vessels.
As described above, the diesel particulate removing
25 apparatus of the present invention is able to raise to a greater
level a catching ratio of particulates, as well as because that
a catalyst and a heater are integrally structured, a temperature
of the catalyst rises rapidly and the catalyst can be controlled

with a high speed. Also, a burden on the battery can be decreased,



For exanple, the nmetallic heat generation body is contained in a
cylindrical vessel as accurate as possible, provided that a 5 | &kJaptiary 2006
pressure does not nmatter as a back pressure applied to the engine. The
shape of the heat generation body is not limted to aroll type (see Fig.
3) . For exanple, a folding type can be 33sed. Furthernore, in the

enbodi nent above, a single netallic heat generation body is enployed, but
it is possible to use plural 10 netallic heat generation bodies arranged in
series or iso paathkeelded élhec twipowet dareb@ppaeaeds Treanibodileswedendbtic
limted to two or three. A four-vessel type and nore, and a single vessel
type may Rowssedanmehe dhegcabal hetsmsudivreansd eovequenthy idspeaptused
battery 15 capacity, two catal yst nounting heaters of a two-vessel type are
al t er nat i vé3r EiF R DR .2 1% a&iseet@f buge @lﬁ‘ge’éeﬂ}@‘égél 1R @ redirede Leygtabfst
nounting heaters are sequent;all turned on one by one.  \Wen the battery
has a suf f iIGERIpoweret ??SQ%H%O%%¢tﬁ%QE%F§Lﬁ?P %ﬁP%Y%%P%%ﬂe%ﬂ%?%dﬁrab y
plurality of vessel f the cat st nounting 20 heater. By providing
change- veFinﬂé% él eziﬁpaﬁﬁgu inlet ports of respective vessels as
shown in Fig. 15 and the inlet ports are closed with the change-over
valves, it is possible to solve at a greater level a problemof clogging in
the vessels. As described above, the diesel particulate renoving 25
apparatus of the present invention is able to raise to a greater |level a
catching ratio of particulates, as well as because that a catalyst and a
heater are integrally structured, a tenperature of the catalyst rises
rapidly and the catal yst can be controlled wth a high speed. Al so, a
burden on the battery can be decreased, 20 January 2006



33 so that needed el ectric power can be |lowered. That is, a low electric
power can nake the catal ysts active and consequently the captur%@JanWﬂy2006
particul ates are able to burn and renoved in a greater level of certainly
refreshing the filters and | engthening considerably 5 a life of the
apparatus. 20 January 2006 34 WHAT IS CLAIMED I S: 1. A diesel particulate
removi ng apparatus conprising: a pluralitd of particulate renoving apparatus
mai n bodi es arranged in parallel and each conprising a cylindrical vessel
having an inlet port and an outlet port for a diesel exhaust gas, a

netalliclvﬁ%xpﬁp tghk%@ dy of roll-type or folding-type arranged at said
inlet port 'in said cylindrical vessel, and a heat-resisting filter arranged

in a subsequent stage of said nmetallic heat generation body in order to

capture, bum and elimnate particulates in said diesel exhaust gas, and
wherei n sai d metlal | i & diesst pyEREAtEreHAVIES APPAYUTERIBPRME t h a cat al yst

accelerating a bur1 ﬁ]ria[f%/ 4 pbagtgc:ugat&%% wﬁﬂ%ﬂﬁp@%ﬁdgﬁﬂifg%g?m M%{g%gg?ﬁiﬁgh&?pf sai d

netal lic heat gé"r’Pera IFo SRR sal ate

renovi ng apgahéd ssmpraing Dedinasicalsvesdel haing &dind pohahd aheutlet@risons e/ OFF
state is selectively control]ed, and wherein each of sajd plurality of

par ti cul atdieschedansigaaprastatlighepesencntion bady efgelldypq rdeldingrtyer de
th - : ] . - ' d
St i et TRl BidBNERLS BARELARAHEEERER NS Thea ASRACRNAGRIEETCE, MOt

cor r espondnRgubsiqdentBiagt bf saidh aretalijeheat géreontiondodide $n oslectontaptiré,ddrmn  a basi s

of a tenperature difference_ between an upstreg{&si de tenperature detected by
sai d upst raddieligyieate prEcwates dhsad digse) exhanstedst M¢am si de tenperature det ect ed

by said downst rgamigisaa rﬁ&ﬁii%&ﬁ%@ﬁ&ﬁﬁom body is covered with a catalyst

accelerating a burning of said captured particulates,

wherein each of said metallic heat generation bodies in said plurality of said
particulate removing apparatus main bodies is structured so that their ON state/OFF
state is selectively controlled, and

wherein each of said plurality of particulate removing apparatus main bodies
has an upstream-side thermo-sensor and a downstream side thermo-sensor,
respectively placed near said inlet port and said outlet port, and wherein ON
state/OFF state of corresponding said metallic heat generation bodies is controlled on
a basis of a temperature difference between an upstream-side temperature detected by
said upstream-side thermo-sensor and a downstream-side temperature detected by

said downstream-side thermo-sensor.

2.  The diesel particulate removing apparatus according to claim 1,
wherein said metallic heat generation body is structured by rolling a belt-like metal
along its longitudinal axis in a whirlpool shape or by folding said belt-like metal in a

lamination, said belt-like metal having a number of through holes formed therein.

3.  The diesel particulate removing apparatus according to claim 1,
wherein said metallic heat generation body is structured by rolling a belt-like metal
along its longitudinal axis in a whirlpool shape or by folding said belt-like metal in a
lamination, said belt-like metal having a longitudinal wave shape and a number of

through holes formed therein.



2. The diesel particulate renoving apparatus according to claiml1l, wherein
said metallic heat generation body is structured by rolling a b&0tanyake2006
nmetal along its longitudinal axis in a whirl pool shape or by folding said
belt-like metal in a lamnation, said belt-like netal having a nunber of
through holes forned therein. 3. The diesel particul ate renoving apparatus
according to claim1, wherein said nmetal3dSic heat generation body is
structured by rolling a belt-like netal along its longitudinal axis in a
whi rl pool shape or by folding said belt-like netal in a |amnation, said

bel t-1ike metal 4haviTHg dedeDpgtitulste Rethoviay eprriianeacdelitg towiiar 2,0f  t hrough
hol es forned therein. 20 January 2006 35 4. The diesel particul ate renoving
appar at us veheEip §rid gnatellie heatigeperatiqihedy; hes 8 aumbgeelafinst tronghiholss haViagi on body
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bel t-1i ke siFfhed ofahid bedt-NMbeahetaratitbewhele eircemdrerraiofl sdid fisdt thlongluhblehod es or a
part of the circunference of said first through holes, ar%d %ﬂaunber of
BEr Oif g

second t ARAGH thesisamsienegobsad figt drenghdiolgsgandaoyn Il's being

arranged t ; | é%é? | tuhd ke net al
at the \/\/notpxgIa gﬂ@&?fﬁ%vrle%%éﬁg%& leillEr se%{;:igdn%@ﬁ?%ug %%T%?egrté)gﬂoprglrit of the
ci r cunf er eouteardfy fsam dhesteack faket dfsaiddieltHikeasetalmat thehehale eselmfeaanice ofil at e
removi ng appar atus accprdijng to claim 1, erein said catal yst. is conposed
meinly of BRCEIBRUEESRISSSF £ Parel hsicaEwBLETeIE A sH PeE BRUE Y B na.
(3-alumna, and y-alumna. 6. The diesel particul ate renoving apparatus

according to clainml, further conprising a hollow branched portion having
one inlet port &nd ahesldiessl particulfite removing appardtss daordinglicoedaim bxhaust gas, a

hol  ow junctian partjon havin lurality of inlet ports and.ane outl et
port fof aVRAEa Mo gL cmpdsellygaialef agf gF mors Sorepostiigns Selgcled FE af e
renovi ng Wﬁ@&p@_amiﬁa’tmﬂh%éaﬁuﬂ%ﬁﬁﬁg&bet ween said outlet ports of said
hol | ow branched portion and said inlet ports of said hollow junction portion

SO as

6.  The diesel particulate removing apparatus according to claiml,
further comprising a hollow branched portion having one inlet port and a plurality of
outlet ports for a diesel exhaust gas, a hollow junction portion having a plurality of
inlet ports and one outlet port for a diesel exhaust gas, and said plurality of said
particulate removing apparatus main bodies sandwiched between said outlet ports of
said hollow branched portion and said inlet ports of said hollow junction portion so as

to communicate with each other.

7.  The diesel particulate removing apparatus according to claim 6,
wherein said hollow branched portion has a collision plate within said portion so as to
assist speed reduction and dispersion of said diesel exhaust gas introduced from said

inlet port.

8. The diesel particulate removing apparatus according to claim 1,
wherein each of said metallic heat generation bodies respectively installed one by one
in said plurality of particulate removing apparatus main bodies is structured so that
their ON state/OFF state is changed over alternatively or sequentially at a

predetermined time interval.



to communi cate with each other. 7. The diesel particulate rennving appar at us
according to claim®6, wherein said hollow branched portion has2@Jamfary 29
plate within said portion so as to assist speed reduction and di spersion of
sai d di esel exhaust gas introduced fromsaid inlet port. 8. The diesel
particul ate renovi ng apparatus according to claim1, wherein each of said
metal | i c heat generation bodies respecti vy installed one by one in said
plurality of particulate renoving apparatus nain bodies is structured so
that their ON state/ OFF state is changed over alternatively or sequentially

at a predetermoned ThHeReseNpAtiviahte réfoviag ugyaratddGorfindto claien Hi esel
particul ate renovi ng apparatus_according to claim1, wherein when said

upst r eam s¥lsein svhsa Said PStreag-Ridg ERPArHERS 18 Bigherbam s1if ahsrE-sidenper at ur e
and @ ! emelaldifug. fid { g{&l@ggag?% AU HEERS BRI PR 2 IR SIPGRAIR and

sai d downs am si urei1s over a firs ue previously
set, sai d saitedodristrearh8iic tg@peratire Brovooafirst stahdard ealue previmdlyvdet saigai d
downstream side tenperature_ is higher than said upstreamsi de tenperature
and a t enpaetalligheat generationhedy is fyrpedieRviad MsAsal deWpsksi-51%r e and sai d

UpS, 1 €21 St Feh BIPRIAUNE B SaicShedn RN SRR HApBRE eV 0US! Y set,

sai d netal at generation I's I'n a sequential manner.
10. The didiffeden@asaid dowmtreamesidevtemgeappanat sasd apstreaniiside tempetafurenisd, wherei n

sai d apparat us incl ude aid pluraljty, of, said particulate yepoving
appar at us °Vfh# ﬁeCBBGIF@E&Ha vehyg PE’%’WSL}{%Béi“ﬂr"éet%ihgﬁ‘e%tﬁﬁerﬁ‘%{’? Xfierei n when

sai d net a'th}n%dggﬂh.a%&@e‘hﬁﬁfﬂ&n{éﬁdy of a first of said particulate renoving
o]

apparatus nain ies’is In an ON state, said downstreamside tenperature
associated with said first of said particulate renoving apparatus main
bodi es_becones lgi ghﬁ{; c{igsaeppa'lsr?lizu at‘é‘%?rtn{)%%é” agli)agaetug BO0r iﬁ% o (?léimag,d when a
tenperature diffe€ren

wherein said apparatus includes said plurality of said particulate removing apparatus

main bodies of the same structure with each other,

wherein when said metallic heat generation body of a first of said particulate

removing apparatus main bodies is in an ON state, said downstream-side temperature

associated with said first of said particulate removing apparatus main bodies becomes

higher than said upstream-side temperature, and when a temperature difference

between these two temperatures is over said second standard value previously set,

said metallic heat generation body is turned off, then, when said upstream-side

temperature associated with a second of said particulate removing apparatus main

bodies becomes higher than said downstream-side temperature, and when a

temperature difference between these two temperatures is over said first standard

value previously set, said metallic heat generation body is turned on, and

wherein as a result of said turn ON state, when said downstream-side

temperature associated with said second of particulate removing apparatus main

bodies becomes higher than said upstream-side temperature, and when a temperature

difference between these two temperatures is over said second standard value

previously set, said metallic heat generation body is turned off, and thereafter said

ON/OFF operations are repeated in a sequential manner.



bet ween these two tenperatures is over said second standard val ue previously
set, said metallic heat generation body is turned off, then, wa8darugng2006
upstream side tenperature associated with a second of said particul ate
removi ng apparatus nmain bodi es becones higher than said downstream side
tenperature, and when a tenperature difference between these two
tenperatures is over said first standard 3%al ue previously set, said
netallic heat generation body is turned on, and wherein as a result of said
turn ON state, when said downstream side tenperature associated with said
second of partiqul atehd EBRY paéicalRRILAbYisg APpdratub aciotEinf erelams 1 hi gher than
sai d upstreamside tenperature, and when a tenperature difference between
t hese two Vkerparcachielesaid parbqulate semevisg epnseates maddiodissdilag prespire s¢ns08| y set |

on orF opelt A6 pEFEeRER sBbBl SRFkn OB arfespandlBe 85150 By 2006 o7

11. The di gsetatip@bbddycidlcahteolledronvd b@isaiTidetcatioibreait0d fbaidpreued eheord.,  wherein
each of sald particul ate renoving apparatus main bodi es has pressure sensors
at its predeterm ned positions, and an ON state of corresponding said
metallic heal —gonerpid AlsedpiclisieGORbYiRk afthels AecdRfibg Pliaflgt oCt i on results
of said pressure Sensors. . e diresel ®particulate renovi ng apparat us
accor di ng whereinahidhiilet pavef €ich of said panicelatqrembovidlg appaiateimaabodipahdsi cul at e
removi ng apparatus majn bodies has a_change-over valve installed thereon,
and sai d \fg‘ﬁ\?@g"r‘SVQ{dﬁWFdW%IEthtBCYS‘é“’@P@)§@e VRRE s capgiotiedria b ¢lpged

gener at i on, A IR HeBt Sheldibn Bb@ £in an OFF state.



