POST CALI BRATI ON CATALYTI C CONVERTER CANNI NG APPARATUS AND METHOD
BACKGROUND OF THE I NVENTION 5 [0001] The invention relates to assenbly of a
catal ytic converter having a catalyst substrate surrounded by a support

mat housed within an outer shell. Mre specifically, the invention
pertains to post calibration converter canning enabling confirned
integrity of gap bul k density throughout the Iife of the converter. 10

[ 0002] One known type of catalytic converter for autonotive exhaust

applications is sh i i i r rises an open
ended, tubul ar she%%?&fﬁ‘@%@@%&% (ﬁ%\_trgﬁ %%&'ﬁg@w\@;s a chanber 5
for a ceram c nonolith, honeyconb-type, catalyst Substrate 7 having fl at
ends 9 and a great nunber of catal yst coated, |ongitudinal honeyconbed

cell passages 15 11 ext endir?x]% t er. The central
portion of the substrate 7 ’E{é’%ﬁ%ﬁfﬁ%ﬂ%emmar shock absorbent,
resilient, insulal suppprt.mt,.. 13 which is eferably fashioned froma
gas i nperdi ous vi{”mﬁiul i tgﬂﬁaw&nm Kqlatep tot"’?‘?ﬁtemg’ paﬁasceéé%‘i SARYERf y upon
heating. Mat_ 13 is co essed at assembhly to about one half of its initial
t hi ckness. W‘%B@ﬁa%{ %‘?F&?rﬁ@r ?Li'rwdgg béfa SYRROBJBsE hosised vathin 87 8HieF abl v
each forned CH’? svv@%’gél to a partially spherical shape as_illustrated having
central openi®¥gs tSRRETIGAlYy the dRvenforyingrains: to Rast eAlbraicmeprveriss
substrate 7. Gas flow end bushings 17 and 19 have tubul ar outer ends 21 and
23, respect i 5ENNY angpling edined integritnel gambull deasityripravghevt the fiterafite® to t he
exhaust system conduits (not shown). Bushings 17 and 19 al so have outwardly
converter.
10 [0002] One known type of catalytic converter for automotive
exhaust applications is shown in Figure 6. Catalytic converter 1 comprises an
open ended, tubular sheet metal body 3, the inside of which defines a chamber 5
for a ceramic monolith, honeycomb-type, catalyst substrate 7 having flat ends 9
and a great number of catalyst coated, ldngitudinal honeycombed cell passages
15 11 extending from one end to the other. The central portion of the substrate 7 is
surrounded by an annular, shock absorbent, resilient, insulative support mat 13,
which is preferably fashioned from a gas impervious vermiculite based material
that expands substantially upon heating. Mat 13 is compressed at assembly to
about one half of its initial thickness. The opposite end portions 15 of the body 3
20  are preferably each formed or swaged to a partially spherical shape as illustrated
having central openings substantially less in diameter than the diameter of
substrate 7. Gas flow end bushings 17 and 19 have tubular outer ends 21 and
23, respectively, for attachment by welding or clamping or otherwise to the

exhaustAsystem conduits (not shown). Bushings 17 and 19 also have outwardly

25 flared annular partially spherical inner end flanges 25 and 27, respectively, each




25 flared annul ar partially spherical inner end flanges 25 and 27,
respectively, each 1 of which is preferably forned on a radius
corresponding to that of the body end portions 15 to which they are wel ded
in selected | ocations so that their ends 21 and 23 have the desired
orientation with respect to the center line or axis of body 3. 5 [0003]
Known assenbly nethods using pre-calibration have potential for shear
damage to the support mat and/or the converter substrate during stuffing

into the OUt&fwﬁiBﬁ’Hn% fer%tnff&ﬁ{é}ﬁe&tg adth"'a Bﬁirn tb%h &?ﬁg%ﬁweﬁ%to a

process and arrange fin asse L

i aneter to AT iLiHich ) 46 Jv&ﬁe%t%&ééﬁéﬂtc%‘ﬂs ?ﬁtﬁ%ﬁﬁ beeds.ar
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first taki ng;iJ 15 a catalytic substrate and wrapping a support mat around it
u

to forma s assenbly. The sub-assenbly is then placed in a gauging

station ich sses the su rt mat bout t he substrate and the mat
is gauged to detf ne a tM%¥kn gze"%w cheifiads s Rreadibradian g‘ﬁ"%ul k

density when the ganverter is finally assenbled. The pressure appl ied to

achi eve t hi LYY & $hegr slemageiogBbassuppost Mathand/ek Btee‘éP'TV(?Ftef gHbsteatese.

Next, the sub-asse soft stuffed into a converter can and passed on
to a sizer HUNPSH W‘PB’ thecouter: el @i ihg gonverter. Hence, there is a need for a

process and arrangement for stuffing a mat/substrate sub-assembly into a
converter shell and then to size the converter can to a predetermined diameter to
10  achieve a desired gap bulk density of the support mat without the stuffing

damage incurred with prior art approaches.

SUMMARY OF THE INVENTION

[0004] Accordingly, a catalytic converter is fabricated by first taking

15 a catalytic substrate and wrapping a support mat around it to form a sub-
assembly. The sub-assembly is then placed in a gauging station which
compresses the support mat about the substrate and the mat is gauged to
determine a thickness which will yield a desired gap bulk density when the
converter is finally assembled. The pressure applied to achieve this desired gap

20  bulk density is then stored for future use. Next, the sub-assembly is soft stuffed
into a converter can and passed on to a sizer station where the outer can is
uniformly compressed radially inwardly under a pressure which was determined

at the gauging station in the prior step. The pressure determined at the gauging

station is adjusted to take outer shell spring-back into account.




uniformy conpressed radially inwardly under a pressure which was

determ ned at the gauging station in the prior step. The pressure

determ ned at the gauging station is adjusted to take outer shel
spring-back into account. 2 [0005] In another aspect of the invention,
pressure is applied to a sub-assenbly conprising a catalytic substrate
surrounded by a support mat wherein a plurality of interface pads radially
di rect pressure against the sub-assenbly and this pressure is neasured by

alike plurality oad I S.r ctd.yel. ' '
interface pad. Ttgg(gqsédpportclﬁnéé}%ﬁfeg %ﬁgéeéof tﬁ% n¥v§§ﬁ§@:ﬁr§l‘éﬁﬁ?i§ %EP@%\%S% at a
pressure being applied and.t.he pre re I.s, adj ust ed til the mat reaches
a predetermﬁﬂ%aast%% nELLPHHTE Wﬁ%ﬁ}ﬁ%}i%\bﬁté@dﬁ"gmu@geéghy abﬁwpoéteﬁ’ﬁtty.
Each interface pad/load cell ir of the plurality has the inter e pad
coupl ed to aW}%‘?JrEIBOIat pﬁﬁrﬂﬁ% < ﬁ‘?%f'qu?afpagﬁr{)ar‘?&‘”y odl %’cébpr'eis%ret ﬁ‘@a'lnéggﬁﬁo
cell/interfac ad nmbi nat.i on. Addi.tional | a cqjl ri.ng .coupl es the
load cel |t GUB<SORB; ead) S RigSIUFe df MRasUBklibY & Bk Aelty it iRed cells
stabilization of the assenbly. BRI EF DESCRI PTI.ON OF THE DRAW NG [ 0006] The
obj ects and "PERRAIVEY a5P0%aiEd Wile?AGNORtaRALE PREC I SUPROHIRRL I8 daUgPe e a
readi ng of a detailed description taken in conjunction with the draw ng,
i n which: [cEeEMinNg iRihickiessaka prasskip being peRliedAndgha pressurs isvadivsed
assenbly apparatus arranged in accordance with the principles of the
i nvention; Yniibthe] met rpacke adqupdeteaminad ithickness agueh will yield ardesicet! ggrd in
20 assenbling a converter in accordance with the principles of the
i nventi on; bulk density. Each interface pad/load cell pair of the plurality has the interface
pad coupled to a support frame via a leaf spring to stabilize the load
10  cell/interface pad combination. Additionally, a coil spring couples the load cell to

its corresponding interface pad to provide further stabilization of the assembly.

BRIEF DESCRIPTION OF THE DRAWING
[0006] The objects and features of the invention will become
15  apparent from a reading of a detailed description taken in conjunction with the
drawing, in which:
[0007] Figure 1 is a schematic block diagram of converter
assembly apparatus arranged in accordance with the principles of the invention;
[0008] Figure 2 depicts various stages of the method used in
20 assembling a converter in accordance with the principles of the invention;
[0009] Figure 3 sets forth pertinent details of a siiing station useful
in accordance with the principles of the invention;
[0010] Figure 4 is a side view of pertinent portions of a gauging

station useful in accordance with the principles of the invention;




[0009] Figure 3 sets forth pertinent details of a sizing station useful in
accordance with the principles of the invention; [0010] Figure 4 is a side
vi ew of pertinent portions of a gauging station useful in accordance with
the principles of the invention; 3 [0011] Figure 5 sets forth details of a
typical interface pad/load cell conbination arrangenent useful in the
gaugi ng station of Figure 4; and [0012] Figure 6 is a side view of a

catal ytic converter which may be assenbled in accordance with the
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transfers the sub- enmbl y_.,100 jnto, au station 106. The gauge station
106 then conpr esg@%ihe s@%@@éﬁﬁl%}gﬂg‘?"’%& aa‘??t%{m%(ﬁ‘é(eﬁ?re‘é’g'ﬁﬁé” ch will

yield a predeterm ned desired gap bulk density for the support mat. One
t ypi cal con@é??@meédwa?w@%}ce Hrihe@ringigles of thedpytior essure of 40 psi
which correlates via experinental data to a gap bul k density of 0.83 grans
per cubi @ 15 centineter. Based on the theory of 0.83 grams per cubic
centineter, gap bulk density and the achi eved di spl acenent val ue of gauge
conpression, the achieved mat DEAAILED DESCRIBTIN ated to a | arger mat gap
and a corresponding gap bul k density value, such as 0.953 grans per cubic
centineter. The [R0d38kure With reference to Fig. 1, a sub-assembly 100 comprising a

support mat 102 surrounding a catalytic substrate 104 is temporarily assembled
using, for example, masking tape. Sub-assembly 100 is then inserted into a nest
10  which transfers the sub-assembly 100 into a gauge station 106. The gauge
station 106 then compresses the sub-assembly 102 to an average pressure
which will yield a predetermined desired gap bulk density for the support mat.
One typical converter could, for example, have a target pressure of 40 psi which
correlates via experimental data to a gap bulk density of 0.83 grams per cubic
15  centimeter. Based on the theory of 0.83 grams per cubic centimeter, gap bulk
density and the achieved displacement value of gauge compression, the
achieved mat gap is then correlated to a larger mat gap and a corresponding
gap bulk density value, such as 0.953 grams per cubic centimeter. The pressure
utilized to achieve the gauged mat width is then saved, for example, in controller
20 108 for use in a sizer station 110. Feedback from the gauging 106 is transferred
to the sizer for use in final assembly of sub-assembly 100 within an outer shell or

can 202.
[0014] After undergoing gauging, the sub-assembly 100 is "soft

stuffed” in converter outer shell or can 202 and then, as seen in Fig. 2 is




utilized to achieve the gauged mat width is then saved, for exanple, in
controller 20 108 for use in a sizer station 110. Feedback fromthe gaugi ng
106 is transferred to the sizer for use in final assenbly of sub-assenbly
100 within an outer shell or can 202. [0014] After undergoi ng gauging, the
sub-assenbly 100 is "soft stuffed"” in converter outer shell or can 202 and
then, as seenin Fig. 2 is 4 transferred to the sizer for uniformy
radially directed inward pressure about the support nmat to house the

sub-assenbl y 100 wi thi.n can 2...The pressur.e us i i,s. derived
fromthe gaﬁ@nﬁ%rﬁ?fjc;[ etE% SEﬁa?"gi”é‘Ffa'lﬁY ﬁ@(ﬁgfynglfecgqg&mat% P %L%H% %tﬁgeut éﬁ\% caps
typically utilized. 0015] One type,pf, Sizer. equi is taught in U S
parent  No. S4PaE el o hikce e ubraskBip Bl 1L o SHHA0EY Trendrifite loed o
the figures of the '.476 patent s set forth in Fig.. reof . As seen from
Fo. 32" vo drhaier it sl §Bm i B8laied pidhren achyells dhe i PRUER: g
surface 41 are sitioned, agbqut _and simultaneously driven radially
i nwar dl y ab6WPu$$h?Qﬁgﬁqgﬁﬁwﬂgﬁvﬂ@ﬁaﬁb of 10 the converter tube 15 thereby
resulting in the tube wall _being uniformy radially defaorned and driven
into con*gr essi nglQWfl act VPReh ¥R RAr BizarmSauipmenteisaiqught iy HiSh betedhen
formng surface 41 is selected to be substantially coextensive wth_ that
of the mat. Nes S¢i1§e 448 adnighy is ety ipcorperatast s lierenep pCnefitiee tighes €6si on
dies 39 is determned fromthe previous gauging process. 15 [0016] Gaugi ng
station 106 kg '4ZPgpatantdasetifarin idig. Ademal. dfs sesiniremt Fignadl tweaogmese
techni ques for determ ning the desired support mat w dth
compression dies 39 each having a circular forming surface 41 are positioned
about and simultaneously driven radially inwardly about the central portion 29 of
10  the converter tube 15 thereby resulting in the tube wall being uniformly radially
deformed and driven into compressing contact with support mat 13. The axial
width of each forming surface 41 is selected to be substantially coextensive with
that of the mat. As discussed previously, the pressure apblied to compression
dies 39 is determined from the previous gauging process.
15 [0016] Gauging station 106 of Fig. 1 can utilize a number of
conventional gauging techniques for determining the desired support mat width
under compression. These techniques include laser measurement, mass
measurements of the support mat or shadow measurement.
[0017] Compression of the support mat/catalytic substrate 100 is
20 achieved using the apparatus depicted in Fig. 4. The support mat 102 and
catalytic substrate 104 are put under pressure in a uniform radially inward

direction using a plurality, for example, eight, segmented interface pads 402a-h

each associated with a pressure measuring load cell 404a-h.




under conpression. These techniques include | aser neasurenent, mass
measurenents of the support mat or shadow neasurenent. [0017] Conpression
of the support mat/catalytic substrate 100 is 20 achi eved using the
apparatus depicted in Fig. 4. The support mat 102 and catalytic substrate
104 are put under pressure in a uniformradially inward direction using a
plurality, for exanple, eight, segnented interface pads 402a-h each
associated with a pressure neasuring |load cell 404a-h. 5 [0018] To avoid

torqui ng or pivotj condi_tions ich lead t.o fals: r eadi ngs by
the | oad cells, @Q@g] | oad 'CFYq W‘@H'?%@é pﬁ’ghn%gggi‘ﬁ?rﬁwﬁk%ﬁﬁéide{so ?ﬂgee
stabilization arrangepent set forth in Fig. 5. A f . spring 502 oupl es
each int er f RERSSHER) reRBNGS by *ﬁ"faa'ﬁﬁé s‘i?ﬂﬁo??gr\‘/il%a% %b&gﬁ'& 958%‘.gl %SSGFW& her 5
stabilize the arrangenent, a coil spring 504 c,oulp,l eg e%tcp l.oad ce 404 to
its respectiifzesi Wﬁe?tﬁﬁﬂﬂéatwdaﬁ@ﬁe“&'ltrﬁettﬁpghdPr dgmeht ALY RAF cel | is
"squared" wth its correspondi rb%éi nterface pad to elim @t@e_llhfe borqui ng
condi ti on wepPeples gagh interfrceadA0Zdo & fsaraa sEPPhMRRRackg e TIEWEEST ¢ he
invention provides for catalytic converter 10 assenbly and sizing using
post cal Pbr stabilizetthe mirangement 99| apring:8P4 sanblge sash load celhid0talo & uf f i ng
process. Through use of heuristic data, appropriate pressures and mat
t hi cknesses reapeetivecipigstass Padr0ar dVidfethis airaraergntceach Ipad gelbisd'sgegredul k
densities falling within a preselected acceptable range. It is believed
that no fumithdts tesespondng intesface padr toeelimioateaihier topuuing eogdifiomwhichiensi ty
wll be required 15 when the converter has been assenbl ed in accordance
wi th the i nweaytleadto false pressure readings.
[0019] Hence, the invention provides for catalytic converter
10  assembly and sizing using post calibration techniques to avoid sheer damage in
the initial stuffing process. Through use of heuristic data, appropriate pressures
and mat thicknesses under compression are determined which will yield gap bulk
densities falling within a preselected acceptable range. [t is believed that no
further testing of the converter for appropriate gap bulk density will be required
15 when the converter has been assembled in accordance with the invention

described herein.
[0020] The invention has been described with respect to a detailed
description of an exemplary embodiment which is given for the sake of example

only.




descri bed herein. [0020] The invention has been described with respect to a
detailed description of an exenplary enbodi nent which is given for the
sake of exanple only. 6 CLAIMS Wat is clained is: 1. Apparatus for
applying uniformradially inwardly directed pressure on a conpressible
support mat surrounding a substrate for an exhaust treatnent device, the
apparatus conprising: a plurality of interface pads defining a space
adapted for receipt of the support nmat and substrate; each pad associ ated
with a pressure measuring load cell apdap@vable radially inwardly against
t he support mat, mhereln each interface pad is coupled to a support frane
via a | eaf sprlnqN aratus of claiml| wherein each interface pad
is coupled to its aSSOCIa | oad cell via a coil spring. 3. The apparatus
of claim1l mhereln t he exhaust treatment device conprises a catalytic
converter, the substrate conprises a catal yst-containing nenber and the

support mat compr{ ses & shocki3UREhRE riroh bl imuckdly HableY prostpROr - 7

on a compressible support mat surrounding a substrate for an exhaust treatment
device, the apparatus comprising:

a plurality of interface pads defining a space adapted for receipt of
the support mat and substrate;

each pad associated with a pressure measuring load cell and
movable radially inwardly against the support mat, wherein each interface pad is

coupled to a support frame via a leaf spring.

2. The apparatus of claim 1 wherein each interface pad is coupled to

its associated load cell via a coil spring.

3. The apparatus of claim 1 wherein the exhaust treatment device
comprises a catalytic converter, the substrate comprises a catalyst-containing
member and the support mat comprises a shock-absorbent, resilient, insulative

support.




