0 6 APR 2005 WO 02/ 30591 PCT/ 1B01/ 01859 TUBE FI NNI NG NACHINEUA&DAREEﬂmQ OF
USE FIEHQ gﬁﬁlqﬁ | NVENTION 5 This invention relates to a tube finning «
machi ne AN Yhod of use, and in particular to a nachi n€CTpeIs @50f
fitting several extended surface nenbers (or fins) to one or nore tubes
at the sanme tine, the assenbl ed finred tube being suitable for heat
exchange applications. In one aspect, the 10 present invention is 'an

i nprovement to -a mmﬂmmp@m@ﬁfnﬂmﬁi?ﬁ?ﬂ' atgpL application
W96/ 35093. BACKGROUND TO THE | NVENTI ON 15 tenﬂ:ﬂ§I (Iﬂg lE%t(::essary to cool a
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passe8 aFbimdianenféonearelatiessed Wetubeh® iwarihig ddni te ILNE MR Rt S

| atent hgat L@ t t upe thus to the coal ant. 25 The effective surface
area of a t&b%'can eggnﬁ)éaﬁgt(ei(?q%r of%ef—“ PG asBPRRdeneRf Cidfkdfer, as

by the a#ityeFsh exlestedrswofzcanmehberextendediagnf aes spabess pbLins in
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BACKGROUND TO THE INVENTION
15
Often it is mnecessary to cool a working fluid, and it is
known for this purpose +to use a heat exchanger. Heat
exchangers often comprise one or more metallic tubes
suspended between two tube plates. The working fluid to be
20 cooled, which may for example be water or oil, flows through
the tubes, whilst the coolant passes around and between

those tubes, the working fluid giving up its latent heat to
the tubes and thus to the coolant.

25 The effective surface area of a tube can be enlarged in
order to increase the heat transfer, as by the addition of
one Or more annular extended surface members or fins in
thermal contact with the outer surface of the tube. Such
finned tubes are particularly useful if the coolant has a

30 1low viscosity, and if the coolant is a gas, such as air.

If the tubes are to withstand the internal pressure of the
fluid to be cooled, the addition of the fins should not
reduce or significantly reduce the tube bursting strength.
35 If the fins are to increase the heat transfer they should
not significantly inhibit the flow of coolant, and
preferably should encourage turbulent coolant flow.

CONFIRMATION COPY



PCT/ 18111/ 01859 The tubes to be used for heat exchangers shoglﬁ wt 00
certain wg @dagds (in the UKfor instance British Standard 2 t2 53),
t hese standards being relevant also for those tubes whiclr@miorgged by

extrusion to provide selected internal 5 formations chosen to enhance
internal turbulent flowi.e. to avord?laninar or stratified flow of the
wor ki ng %§UigPLO be cool ed; desirably the tube finning should not reduce
those r&SPett'Pfs dPakmrured fpr oheatibexwhbhgbbikCkREsS g2 etq%_s%l%)g%je%

t

st r-engt hgtendardikulge nURiHO it tap in engagepment and thus
transfersto the fins. The fins s gﬂ'f%éagjec%oggﬁﬁﬁ@d%ﬁnﬁﬁ(?dt 28T s Past t 0

encour age’ * maxI i FEARda%dest being t helevahant alubi ofomi l{pd0L Qeal, i f

Lhe i1 n shashngres foregal by aiciledde (onanglen g 1o LGS i th

an angul -of varying axial length
wal | s neg%r‘?gp’b‘gn%f:hﬁé&gt %Oa@@éﬁn%énfﬁemabmmrmném ef Dhwt *ﬂ?et.ull'%f nmay
bur st i n?¥ei¢i temandrnesd dia-f16 2% P! d.cif.the fins are irregularly
spaced a&@tl,pédangkggﬁﬁgge per f or mance _o? t RE tr'%lgt QLI 1 wi | tpe be
reduced. 1t is a KRo &sigif ckrber ifdmnimen abualduntjtng;@dﬁ@éri@ﬁo%reb

e tubes as

array ofT¢§Pfelivabetahdardsheay . exghanger n%hsﬁlg%%g%] galhégi:}lgﬁcﬁ)gnger)

closetqswb her _.a ssible (fo reduce t
_ andkio haye a%{a&i%mggfceké] S SRSy r ande £idml anEmpEdrinbeang ephLie
wor %g 4 reptarransgerobbahhe (£ongaxi ni se the possi bl e heat exchange).
When utilising tubes fitted with the known annular fins in such 30 an
array, e ztp_acin between the tubes will be limted by the outer dianeter
of the H]W( RS fshauld heupdsihiohedsonhene Gy a%ut@el; %?ri pheries

b

there ameameas weiwe j.ac bes,_whi ch do not. contTt bR geat
transfer,. and a.fi nn?%&n%gjte%o?gan%ﬂ%agﬁf’ @0ty ikt elhgwi il bs ok becéikt ed
it atrh ?F_

35 whi ch can ut F tPs FA¥E4W ahead riregudairr, abbe. ifh&l{@l’f%ﬁ%ﬁ%ﬁe%f a_heat
ed t0-a

excHéngérregulant dependsaupognhie rnu(_ggsr Of fins fitt tube"©and to
- varying axial 1
the tot glipher, ﬁfacvégtwfi?h%%g,l 8 ength

If the tube walls need to be thinned to accept the fins, one
or more of the tubes may burst in servic '
20 plugged;

. : e and need to be
i1f the fins are irregularly spaced and/ox angled
the performance of the heat exchanger will be reduced

a;ray of finned tubes for a heat exchanger both to arrange
t'e tubes as close to each other as possible (to reduce the
Size of the heat exchanger),

available for thermal transfer

25

and to have a maximum area
between the worki i
the coolant (to maximise the possible heat excllzfgj)IUIde:d
utilising tubes fitted with the known annular fins :.in sucz
30 an array, the spacing between the tubes will be limited b
the outer diameter of the fin(s); 4if as 1s usual the finy
have circular outer peripheries there are ;

adjacent tubesg which do not contribute to heat

areas between

o6 noen .transfer, and
nning method and machine permitting fins to be fitted

35 which can utilise these areas ig desirable.




0 6 APR 2005 PCT/1B01/01859 fins i.e. to the aggregate extenfell APR2005
avai | abl heat exchange, as well as to the positioni . l.Spositien
of thos§K$? gpgé When seeking to overcone the disadvantaagjgpg?ﬂgggnused
heat - exchange area caused by the use of fins with a circular periphery, it
is known to replace the separate fins o} —adjacent tubes by axially-spaced
"common-fins" i.e. fins which engage (and interconnect) several tubes.

Typi ca: | yfins 1. eormﬂmn-ﬁlim aggeagahe b&n:gn@bdgraﬁa eavigdl ababe rbavinkGt
several aperiures, each tur adapted t.o recejve.a respectiv
Cube. -t heSEPaRasET k8% 4 Dethy PRESLTRminen ot LHaPRARELOR: &t

W th sevethbseubirg.and belng adapted to transfer the heat fromall of the
tubes across 15 the full area therebetween. An array of tubes to which are

nmounted a BI urality of multi-apertured common-fins is referred to herein
as a "Pi nWbPBckseekirmghtd n arergomedotirendssadvantayso 0£f ethed unmeasi a

LSO D) oBbacObxchbAGk Al catihdd B AndGadSESERRG LR P Addy Bl 00k,

each fin can confi nuous between and around each tube in
that a ni REFURPEEYheattt riahsfigiovmt ed9 srapiees. Fbew$¢Pwt¢urﬁm of

under st oogdghabntherdnbss by apeinbl ?Q-Csl‘gl):?é@df"’@ﬂm&ﬁllﬂ b Ve 0 thepther
t ubes of tggt bl ock by the refltte ate-1i ke comon- r?%ns A knownrfg

further alPdfPagBIBEeS lg @ﬁldasaé'éil"\%lf %m%t bigr¥eral j fubese| afliypd cadda ofa

fitmend i ebAmdnheah exgRaByeh:helNYDrnl 0bFa 3@ hedic NP NGA el Y iy t WO
hundred se arat fi nn%ﬁltubes for ms%ance each of the_two hundred tubes

nust be ff° 8Ea t GRSt G ve PRERe8PeREE BebRARY Adapies skPar&cei¥Epport
pl at es asrempebeivequitwbefor tlmgeplateedikxdonerdfmontran fiveddpck b

prepar od NBKGHIRILY Labeigy ISR fo SRceued Blgeks “heasausd to
stack of adepied- ﬁlmstrsnarfeangéth heatic Emonf ialkl beh‘fng:lwlahbgssrameﬂ;s
15 the full area therebetween. An array of tubes to which are
mounted a plurality of multi-apertured common-fins is
referred to herein as a "fin block", though in other

documents it is also referred to as a “coil block" or "block
fin".

20

It will be understood that in a fin block, each fin can be
continucus between and around each tube in the block, so
that a minimum of heat transfer area is wasted. It will be
further understood that the tubes in each block are fixed

25 relative to the other tubes of that block by the prefitted
plate-like common-fins.

A known further advantage of such assembled fin block is its

relative ease of fitment into a heat exchanger. Thus, for a
30 heat exchanger requiring two hundred separate finned tubes

for instance, each of the two hundred tubes must be fitted

to both tube plates, and perhaps also to separate support

plates as may be requlred for longer tubes. However, if a

fin block is prepared having twenty tubes, then only ten
35 such blocks are required to be handled and fitted.

In a known method of manufacturing a fin block, a stack of

commop~fins is arranged, adjacent fins being axially spaced
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requirements of a particular heat exchanger; each common-fin has severa
aperturesY A HE"™Ypert ures corresponding in pattern to the F&FUBEAIEHbe
arrangenment. The apertures are slightly larger than the 5 outside dianeter
of the tubes, and the common-fins are-heéld wth their respective apertures
aligned. The tubes are then individually passed through the apertures, and

when in  peskl ik @nddEtsuis PHb! U &G LY tpe
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met hod i s apetrteitielsabbertespentiingedihubgsthayhNGo i Nk Nglad 0f B | {e. 9.
for prom)tigggturbul ent flow of 15 the Tiquid_to be cool ed%, since a bull et
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bul | et Sng onmtstidie: icki anfeetier (0 Wae | tubeekness dhd heokmbas £iss! ixfd %]’Qd the
need for %(_)Ltrhhecthwal | to betst retchedtb t he_ bul I‘gti ng operation, so that
t hi nner - warled TUbés TFEPET S Ve ARTTUHSR M HFReSt hefRPsdubes @ g ridient or

exanpl e, imdivdchiaddyf opassetai thesugli edhet Ubgerthidesin AHEr WHiget gy of
0.75" (19 . 11 JSpfa Pr . tube thicker that 22 Gauge ("Standard Wre
Gauge") tggggq%gqnﬁle %%fe fﬁﬁﬂﬁgi%ﬁiaggﬁﬂ?g e 98 HH{Le he tBuI9* R 3RG
oper at i onthet rioche ewadilr eigsto nnechheitallescortactawidhange @R Ive
structur erithg | s typj |y N mpved by _heat treatngnt since the
heat treat.rJrLent E\’T\%Itrj ésl’ct a%(sgl%t%gw\ésoc?#e{ﬁﬁ%ﬁegﬁnﬁ%a&ndgjf%‘auéﬁt GRS e
cont act béfwdén PerRen30 3,888,448 -t ubes, i.e. the stress induced by the
bulleting operation typically remains in the tube and thus in the heat
exchanger _as an unwanted side effect of this nmethod of production. Yet
anot her di% afieiged s 1fhafothesHitapila fogecietitomdesh diultere thedebngan
be al t er ednltyrinfid bobledtiensdS (@R Al kR di¥m '%urbhltegﬁ; Pﬁ%g 9t
: € bu

exchanger ,yser., specified.  that anneal ed tubes should be use eting
opera?%bHEﬁe lléhlé %o be cooled), since a bullet camnot be passed

through such tubes.

Another disadvantage of this known bulleting method is that
the wall thickness of the tubes is limited by the need for
20 the wall to be stretched by the bulleting operation, so that
thinner-walled tubes have to be used than might otherwise be
desired; for example, in practice for a stainless steel tube
with an outer diameter of 0.75¢ (19.05mm) it is rare for
tube thicker that 22 Gauge ("Standard Wire Gauge”) to be
25 bulleted. A further disadvantage is that the bulleting
operation introduces stress into the tubes, and can change
the grain structure; the stress is typically not removed by
heat treatment since the heat treatment would act also to
soften the fins and reduce the thermal contact between the
30 fins and tubes, i.e. the stress induced by the bulleting
operation typically remains in the tube and thus in the heat
exchanger as an unwanted side effect of this method of
production. Yet another disadvantage is that the material
specification of the tubes can be altered by +the bulleting
35 operation; for example, if the heat exchanger user specified
that annealed tubes should be used, the bulleting operation
can in some circumstances alter the annealed material into a

non-annealed hardened state. Another further disadvantage



can in sonme circunstances alter the annealed material into a _non-anneal ed
hardened state. Another further disadvantage WO (12/30591 - ) §0ABRARIR52005
PCT/1 BO | WOLegB®1i s that the tube nmust be of deformable na%%ﬁhﬁpyuﬁg)
limting the material which can be used. Bulleting can also resu n
non-parallel finning. As the 5 bullet is pulled through the tube, the tube
wall can forman angled "front" which n?ves dOﬂ@ t?ettufﬁ |nnEQ|aTeLya?2ead
of the bullet, a, ri e"; adjacent_fins subjec o the "ripple

likely eith%% ?@égetﬂﬁvgghglﬂHﬁtiﬁglﬂﬁxﬁeﬁﬁrmab%qumgﬂexhéiersat1aﬂghg&g
rel ative totRtematibeiadewhlithngaanbdOuge@asi on with parts of adjacent fins
touching and with other parts spaced by a greater distance than intended.
The expansion caused by the bullet is such that once the bullet has

passed a fi$H1l%§i@@skﬁﬂbPab$othespun Qﬁﬂnﬁbfggugﬁgggﬁ?£#%nggﬂggagﬁfhﬁgeor
it ng Lhe bt ot ‘aenach: PRECESR e ESba e duibe (rablgtan hformbanso
that it carﬁ%l?‘éugﬁﬁp{lé\')emlﬁfmtgmvém dﬁf’g”f%f% gfglgelrj ﬁg‘ﬁ%{%ﬁ%%%ﬁ%g&

reiiﬁ;tnlggg Loéfemg el gg,ql:e?t'z%sgelté(gf%%ég%gﬁfs ﬁrﬁ?@dl%ﬁ%% SHbjesitt iton thea
heat exchangTéIrp%ng'ay?r%n*}iWW@%bh@ceimnbem&nbvbdomw RN by eryal pgnd

iy
hea oxghanger. DEL] O anee. e ER 25 her S il FR LT EREUARdREnGen | s

heat exgha erfor ce_m ) : _ ntrd t
in serﬁe. %l;aé;la Ién‘f@?%%’f‘éﬁ%oﬁi 3djagestatimshitwadhdmgf ianid ngtgey@gﬁér
fins to oneartd wsptadees by tae GHE-d4 M sllGdd N re .arra in a
cartridge, JE%A&L%%Oﬂ %h ir %op and b8¥10n1§% gﬁ%%%_lﬁg8ﬂ8g§n hasTie
number of apértures t %ﬁ%ﬁ ﬁ%iE CaPBllgitzdf stckhbbet boceorthespaiti et
closely wi th#% hepaased periphesry ehet hgdabesodo be flél,geed ﬁhﬁ;gl%&doghe
machine | bR R} e ALY GLANG. can, drive one ortwo

15

Usually when "rippling" is seen to he occurring during tube

finning the bullet has nevertheless to be fully drawn

through the tube so that it can be reused, even though the

manufacturer recognises that the resulting finned tube is

likely to be rejected as unsuitable for heat exchanger use.
Also,

20

if a set of tubes ig finned whilst in position in a
heat exchanger array, any fin displacement which occurs upon
internal and thus non-visible tubes cannot be observed, so
that the resulting loss of heat exchanger performance might

25 not be realised until the exchanger is in service.

US patent 3,733,673 discloses a machine for fitting several

fins to one or two tubes at the same time. The fins are

arranged in a cartridge, and held along their top and bottom

30 edges. Each fin has a number of apertures therein which are

sized and shaped to correspond closely with the
periphery of the tubes to be fitted thereinto.

outer

The machine
15 pneumatically actuated and can drive one or two tubes at

@ time though the aligned apertures in the fins. Following

35 insertion of the fin or fins, the machine can subsequently

‘be used to insert one or two further tubes into respective

apertures of the fins, wntil all of the tubes have been
inserted thereinto.




a tinme though the aligned apertures in the fins. Follow ng ﬁSgl FPerﬂgn of
the fin o éwﬁ)’ﬁ‘lt he machi ne can subsequently be used to insert one or two
further tupe@ihto respective apertures of the fins, untilP@EIBdf1§¥e

t ubes have been inserted thereinto. WO 02/30591 - 6 0O 6 APR 2005 PCT/1
[311 1 /11 1 85 9 It is a disadvantage6of-this nmachine that the cartridge
provides only limted support for the fins, and so the fins need to be
sufficiently rigid to remain undeforned by the 5 insertion of the tubes. On
t he ot her 2 d. it i _decii raple that there be sufficient engagenent

bet ween t he-t 0Bes? arftf S3FERtAget @lenthie Joeehiear thatnsfide  berdvétween,
and it ispadsideesinbpl @ilfided Mighoit beraschdi #ias PSS ble Efe guce

r

t he wei ght é)édt e %sesenbl %d fin _gl ock and also to 10 maxi m se” hea

transfer. B comprofseFEILREPELIYe THEHEs sEPy Tasa ik ennfedasneg the the

t hi ckneSs Bfsetiel du st sthas tubamXi Mo echdeathexC hange, ﬁ@diéna&%faL%%B?_et he
e

t hi ckness h I.AS SO .0.ensure that the fins do not become or ned
as the tu@réas{ a?%%%rcb:% £ ﬁgrftelt g IR He - Dedmineshi bej dulmseendsary

bet ween arkmgrist ke femsure geod tegltt fidnsipen thbeebele®arSO A5at 9+
maxi m se the h t b ) d arranging the fins to be a
| oose fit uponﬁé(%htei'ét%&%?lfo %éajt? t%hge?l]lﬁiessafgﬁnaﬁe YRd P}y to
t her et hr oUdgftf 47 ® hther erridRt | oel thmodseentidldr nELhoblofck hend2GfddS+ol t
s analbemaabaniage otaibar ROl Bnbah 8l Y 4 Yo fHbES, CaR 0

a era

e
inserted into the fipns at a tine, so consi £ | BeEEREAY o
produce al?%t?“beeeqi]?P%%%‘Rg leseTﬁblsk@essi off thea fMns mon af tYOmbEBAS sieS

due to soﬂma@ﬁﬁfﬁaﬁ@e;h%nlmxim%&i Lhet Q&ﬁ%ﬂ&glggg%g re Ie% hSP as

rel evance |s Ender stood to be given to The pra
more tubes™r &% AEEMTEN Shatndleanking | de, nofe hecaer defohmelii kel i bned of

def or m ng tsdnes ofarehefodBelii NSherethrough. A further compromise is

15 necessary between arranging the fins to be a tight fit upon
the tubes (so as to maximise the heat transfer
therebetween), and arranging the fins to be a loose fit upon
the tubes so that the tubes can be moved more easily

therethrough with a reduced likelihood of deformation of the
20 fins.

It is another disadvantage of this machine that only two
tubes can be inserted into the fins at a time, so that
considerable time is taken to produce a large fin block.
25 The provision of a maximum of two tubes is due to some
extent to the maximum power of the machine, but greater

relevance is understood to be given to the practical

disadvantage that as more tubes are inserted at the sane

time, the greater is the likelihood of deforming some of the
30 fins.

A machine for making fin block (though it could also apply
individual fins +to individual tubes) is
W096/35093.

disclosed in
That machine utilises a linear motor to drive a
35 fin (or common-fin) onto one or more tubes. In an
alternative method of using the machine, a first fin can be
driven onto the end of the tubes, and a second fin driven

into engagement therewith, both fins subsequently being



A machine for making fin block (though it could also apply QFHiFFﬁan fins
to i ndivivwalyspshes) is disclosed in W96/ 35093. That machi ne u i 5 a-

| inear notor to drive a 35 fin (or commobn-fin) onto one or h&vigoi/zes. | n
an alternative nethod of using the nmachine, a first fin can be driven
onto the end of the tubes, and a second f+n driven into engagenent
therewith, both fins subsequently being WO 02/30591 - 7 5 0 6 APR 2005
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is acceptis sbaéptde e/hkaL§eOf . Je o fins w
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to drive such!Fit EFFEEREGancAs., SVARY (5 AEEcLAMENT he, present,
inventioﬂusaeksuffﬁ&ﬂ@ﬁ@yﬁbﬂ@pntéh@rgbior art . 10 %ggﬁgﬁ%g g%%c??ﬁ@dnﬁbove,
and seeks to reduce or avoid the dr sadvEHFdgédtasdecimddtimter ewit h.
According to a first aspect of the invention there is provided a tube

finning machi ne for nounting extended 15 surface nenbers or fins upon

one or ”Qﬁﬁ@bﬂgﬁ%) é@&:nachine having a base, carrier means novable

relative to the base = HENIELGans for noving the carrier neans in a

| ongi tudinal direction, and cartridge nmeans for locating a plurality of
he cartridge neans having 20 respective support

ext ended f ers
mean foriﬂeéfac_ %ﬁ%éﬁvgﬂﬁ%}e FRfRr to dnbmive eaplons ofRe Of ik sypport

mean (%ePﬁﬁ$#§¢§md£sqnﬂhﬂd\@&@@e;h%dyﬂgéé e, .The machine according to
25 of U5, CPatt&UCe 788 ewwiidn thmt t he

the thirdiaspeehdiLLer fron1tEPt ]
fins are able to %ﬁ%%ta%58§ lﬁ§ﬂ¥QWk$hube. Thus, it is known for the
fins to _

According to a first aspect of the invention there

oo . - is
provided a +tube finning machine for mounting

extended

15 surface i
members or fins Upon one or more tubes, the machine

r r

extended surface members, the cartridge

: means  havin
20 respective Support means for each exten ’

ded surface e
Tospect mber,

. least some of the support neans being movable
relative to the cartridge.

Th i i
fe machine according to the third aspect differs from that
orf U.S. patent 3,733,673 in that the fins are able to
together upon the tube. Thus,
ha i
ve collars surrounding the tube—receiving apertures, one
i

urpo i
purpose of the collars being to increase the area of contack
between the tube and the fin. However
I

30 it is desired that the finsg are suffici

25
"nast"

it is known for the fing to

in many applications

ently closel
o . Y spaced
r the collar of one fin to engage the collar of +the

adja i i
Jacent fin. If the fins are pressed together the collars

can interlock, serving to further secure the

Position upon the tube. However, when the fins are to b
35 moved relative to the tube(s) durin )

fins in

g the finning procedure,
rs interlock since this

to movement, ang
- - ’ s0 the
ins are deliberately Spaced apart by the cartridge With a

it is not desired that the colla

increases the frictional resistance




have col l ars surroundi ng the tube-receiving apertures, one pﬂr&)oﬁ%R @005 he
col'l ars RehngshQ i ncrease the area of contact between the tube and the
fin. However, 1n many applications 30 it is desired that tRETAPHLIIEN%
sufficiently closely spaced for the collar of one fin to engage the collar
of the adjacent fin. If the fins are pressed together the collars can
interlock, serving to further secure the fins in position upon the tube.
However , Wg¢@nintheadcosdme to hhe3Fimedaspbati vacho fike dapeha) ndelgng

the finnigng pr é?'ﬂélf cdlais pot .desired that the collars interlock since
this increaés)el_ssjft e rIFJE:lJtlél%né?srg%%f}gt RO ttgl%?)‘ﬂ?%ﬁﬁ),f dffgetBerher poks are
del i ber attdly Einmecdavparolbarshe arat twhalgeer Wihnat0 thddRR 2995a¥0 82430591
- 8 PC I I RU{ QA 859, npghi P @gcording to the first aspect each fin can be

noved to a predeterm néd position upon the tube(s), whether or not the
fins Have collars, and whether or not those collars are desired to

I nterl ockiedn AP di o] nd t the inventiagn there is
provi ded o 1 ubeﬁ% nmﬂaﬁggnac ?ﬁ%af_ oargérgggt |°% St ndByerb o c &heditheds upon
one or mFEHHRE, 3 hetbhehi fitonangngmachiase, foar rineumeans naxebh@ed
rel ative sirfdves s i A 0cHBa ' t carri.er _nmeans, and
cartri dgz) means for . ?oca%ﬁ?]g ?AHEEI E?alfnie?fng%ﬂ%%’eﬁeed naFne ﬁ@ﬁ%@gs,a t he
cartri dg& s CRATIRY aPPRRPediPVRbiapgortatbees tor thachbaext,endedve

sur f dde mwevehes , f@ACAOSURGOEhe MRS SRANRLRGs 2 b 5 art_of the
ext ended ;541 1{';Lce nenber. 15 The machi ne acc%?d?ﬁlg ?g%é"adgeco%%aﬁgpgeff

f
differs Frominsd i jjwa t%nt 0%, 783tendedn Svmfaceyr amndres pa thet he

fins aresuppaidedudyns hhatdhyl idgeeBpabei viee AGIM £ NReshkk el ho f the
fins becg? dc@jra%%q:of%rcedi storted during 20 tube finni n'ga.aL %Jtedrﬁaglg?gl y
stated, the %I ns may e GraddeHfimertadhd SHEIT engiRRMRNtSPARMIDGE 2
tube(s) iSwresyddials@art of the extended surface member.
15 '
The machine according to the second aspect differs from that
of U.S8. patent 3,733,673 in that a greater area of the fins
are supported by the cartridge means, reducing the
likelihood of the fins becoming damaged or distorted during
20 tube finning. Alternatively stated, the fins may be made
thinner, and their engagement with the tube(s) increased, so

as to enhance +the heat transfer, with 1less risk of
distortion.

25 According to a +third aspect of the invention there is
provided a tube finning machine for the manufacture of a
heat exchange fin block, which machine includes a base,
carrier means movable relativa to the base, drive means for
moving the carrier means, and cartridge means for locating a

30 number of fins, a clamping means mounted to ‘the base for
clamping a portion of at least one tube in a substantially
fixed position relative to the base, the cartridge means
being connected to the carrier means so that the number of

fins can be moved to an axially predetermined position
35 relative to the tube(s).

The machine according to the third aspect differs from that
of U.S. patent 3,733,673 in that the fins are moved relative



as to enhance the heat transfer, with I ess risk bf di stortion‘g B;5APR 2[]05
Accor di ngm a third aspect of the I nvention there is provide
finni ng B#8&% or the manufacture of a heat exchange flﬁCE’II%‘EI’{""%l ch
machi ne i ncludes a base, <carrier neans novable relative to the base, drive
means for noving the carrier nmeans, .amd -cartridge neans for | ocating a 30
nunber of fins, a clanping neans nounted to the base for <clanping a
portion at as al | d posjtion relative to
t he baseo&% hetljé%rtérugggaﬁggglwbesﬁgtegonne ted 1o ‘isf?e car ﬁ'l@’ meane s t hat
t he nunbetiwtificamt cadvaahmwedﬂhem ahhexin@dhing eilet esmdneh passémbile 35
relative {o.the fubefs)rLhe ne; @c | fers
4die cibhe. TEhl ne acaeidi B thddieLdid degspeghs Lt

fromthat U. S. patent at the ns are m)v ve WO
02/30591 @ Yunpes spR 2@0@ PCFR1861/ §r85ent (alemgs e akubal 5y énat thear y

t ube(sy. ﬁweﬂi}as[nachﬁhanl(fdn@araneadsaan&@@ew/ﬁag tthe, Mmehhpgvhs Eﬁegubﬂ
assenbl e er flg bl.ocks. Thus, it will be understood that whil st
e

nunber ofaf’F REnCheldPsyBY AMEnETiNE Aife(BiChine he bherpewat ﬁﬁclﬁh@e

(and one mdchiiwet gbeertaneke thd VRAxiAGAUAMmMbRINUGPEF ik WHISHYcdhenRri or
art machin %% t he ower of the nma¢hine determ nes the nmaxi num nunber of
n e

fins whi ngoo%? diiegnett e, the e MagleingcAugE toet adeabke t o
exceed th@x@@@@l 0 fd&d)iﬁbiﬁ@d| ﬂﬁidtsitcﬁf&zle pbsiBeahicBs @ndthl tiup{shnd f a

finb t S usand conmmon-fins, for exanple, 1t is
not i 'L}i’ (5£?p E? O]&I aFachfe WRASHgaRE! 1918 ehbopsReA t o
fit aII ochmmdm-sélﬁsns fa:tr oem:eam;j»m,, aﬂdlsnaicﬂadlucem@ultda h@epi@abt@@hﬂo

fit f of 15,11 t
Lime, Tor o BRaTE oy ol RS S Stk oarlary T P AT yodich

sets. thﬁlfasmﬁhnﬁealtnonwhltamet,h@mdjbmhmﬁe it heoeldobé dpnaeditalbeca
means of £$UPROKAY di en@hB¥LOBE! ¥eddulddrft M 1S( 8% Lhe¥sdf® PV EGmibh
15 fins) at one time, for example +twenty common fins, and
successively to fit fifty such sets. With a machine in

which the tubes move, there would need to be a means of

supporting the previously~-fitted fins as they are moved with
the tubes, and the means to move the +tubes would need to be
20 robust enough to withstand and move the weight of the tubes
pPlus an increasing number of fins. With a machine according
to the present invention, however, the +tubes and the
previously-fitted fins are stationary, and can more readily
be supported; the movable carrier means need only sSupport
25 and move a cartridge of known and consistent weight.
Clearly also, the likelihood of damage to the previously-
fitted fins is much reduced if they remain stationary during
the remainder of the finning procedure, or alternatively

stated less precautions need to be taken to prevent damage
30 to the stationary fins.

The disadvantage of the prior art machine is more manifest
if the number of tubes in the assembled fin block is greater
than two, since in such circumstances it is not feasible to
35 assemble “sets" of fins as above described to two tubes and
subsequently to another two tubes. The heat exchanger
assembler would have to construct such a fin block as




the tubes, and the means to nove the tubes would need to be g0 r AR5
enough to withstand and nove the wei ght of the tubes plus an 1 ncreasing
nunber ofW@PHYWth a nmachine according to the present irventii®nsse
however, the tubes and the previously-fitted fins are stationary, and can
more readily be supported; the novahl ggcarrier means need only support 25
and nove a cartridge of known and consistent weight. Cdearly also, the

l'i keliho hg.previously- fitted fins. s nmuch reduced_if they
remain sl%aj?é%{)rnar %uarl%ir)lﬁé ?ﬁg ?’éﬁé’ﬁﬁdersoofa‘f%d:f‘?‘?m?:h& fpbankaee of a

al t er nat iS481gd e stanaric | s pleckhuti ons need to be taken to prevent damage
30 to the stationary fins. The di sadvantage of the prior art nmachine is
nore mani fest if the nunber of tubes in the assenbled fin block is greater

t han two, PEgfReally sudhei mamipherces of itheotffreasi biest owBbhasse ke
"set s"5 ofpd4 v e ﬂ%ﬁdtt t uhes bsequently to anot her
two tubes, T%%]%?aﬁggxgﬁgngs'ﬁirﬂ asseﬁ%%%g’ vvo%?’d ﬂg‘%é ?:g‘ecogﬂﬁpr%% BGeRSa fin
bl ock as 6 PR D¢05SWePZL30BY 1sweTt 418041 D¢ 85he -wHOlesegaraie siall er
fin bl ockfowsaAVoijg] NGidie a&mﬁg& single larger fin bl pck,

Pr ef er abl ,wt he perli pher]j of the fins 1Ig)élegitwi t]ﬂ%gnerf%(geggaﬁgriﬁﬁﬁﬁy 5Pet he
suppor t r%‘!ﬂ%?risomﬁﬁﬁﬁ t PP ekatis cahlpwovilte dugeds) t ko pass

subst ant i dse tiheowdlo]) eief iEh@elditab 1HOWRMAY | ) inents it is
necesJ[s(ﬁryethat ttt}fe ﬁéggfri) nmeans bg,gge.rtur e??oégﬁpgﬁﬁ% g e‘?%)nf’%} pass
t her et hr oUAT ST t-1% Sb| WheRgast fd dppinsivailabe tbakotthE) Bimmgdot he

t ube(s) wireyazps tiHe itaulle@ yabl e that the fins do engage the tube(s).
Preferably, at |east sonme of the support nmeans are |ongitudinally novable
relative to the cartridge nmeans. 15 Such an arrangenent allows the support

neans to RRfmraklat,at iakl y leiadd y-speeedoposithiconsseiypbpd | eadido of-Lhe
the 1] no shis RGP SRR 48 e e e {de means.
15 uch an arrangement allows the support means to adopt
relatively widely~spaced positions during loading of the
fins into the cartridge, and closely-spaced positions during
fitment of the fins onto the tube(s). The closely-spaced

positions may correspond to the desired spacing between the
20 fins upon the tube.

Desirably, the support means are biassed apart by resilient
biassing means. Such an arrangement results in the support
means automatically adopting their widely-spaced pos.'i.'i:ions
25 prior to loading of +the fins into the cartridge. The
support means can be forced into their closely-spaced

positions (perhaps by the carrier means) during the finning
process.

30 In embodiments in which the support means have apertures

through which the tube(s) can pass, the support means are

preferably formed in separable parts so that they can be
separated from the fins following fitment of the fins onto
the tubes. In any event, the cartridge (and the support
35 means carried thereby) must be able to move laterally
relative to the longitudinal axis of the tubes after fitment
of the fins, since the presence of the fins will prevent
longitudinal retraction of the cartridge. Preferably, the




positions may correspond to the desired spacing between the @Oq fA@igﬂﬁ?n
t he tubewd%\ﬁgogﬁbly, t he support neans are biassed apart by resil ‘
bi assi ng neains.” Such an arrangenent results in the suppor tPCT{HQHg1859

automatically adopting their w del y-spaced positions 25 prior to |oading of
the fins into the cartridge. The suppbkt~nmeans can be forced into their
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process. “3Ptrhdegrbdd neaparahlehiiiont hehsupnioiiede2abealiaye @9§¥g.gr e[]%e
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si nce’t he pf EY8KE ¥hdhg slampingr seans bedogiet Udimabareiiaghi @aef the
cartridgee Bepbewakldy, ride VYRe0% 30 . R 2005 PCT/ 1001/ 01859
cartri dg%ué(? sejgar able fromt he2f1:i nned Fgéé(s;)lﬁhﬁ%flgt HEraRgedsthadnai ns
cl anped by The ¢f anprhi~#eSRE, cengbes pigedtift fe leager imgbennoclbe e i | | ed
with finksfte sebstqueat tol bRt t@Be@8hQ the tube(s). Alternatively, the
tube(s) nust 5 be renpved fromthe clanpi ng neans before the cartridge can
be separated fromthe finned tube, it being arranged that successive

car t¥4 dies¥eab e, usedenbodilmengs mbEig Ohobibse kaphBe :%ééﬁgd IL?th he
r

t ube(s) .g &esi ' odi nent s havi ng novabl e"Suppo neahs, The
suppor t rr%ig%_s carnfet%%épaglgﬁggbne ReC+%de ’B‘ﬁ‘?ﬁﬁgse of IThthePugpasieng ofeatibei s to
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desired ddy &gl ¢ CaLhROSE WolllsS| ins wiith collars. Thus, the spacing
means can J.f. 15 des%l?ed ents?t?res’t %étﬁ' Ys BfpoPES 1SR s iparrPr heratbpast he

fitted fMrs) T shreddgareobjansdi sthnse gheaspadihan dd¥hs can if
15 desired ensure that the support means (and therefore the
fitted fins) are spaced apart by a distance greater than the

length of the collars, so that the support means can be
removed from between +the fitted fins without fouling the

collars. Alternative arrangements are possible in which the
20 collars project into the plane of the support means during
fin fitment, but in those embodiments it is desired that the
spacing means and support means together ensure that the

collar of one fin does not become interlocked with the
collar of an adjacent fin.
25

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example, with

30 reference to the accompanying schematic drawings, in which:

Fig.1 shows a tube finning machine according to +the
invention, prior to Ffitment of several common-fins
to two tubes; ;

35
Fig.2 shows a plan view, partly in section, of a

cartridge means similar to that of the machine of
Fig.1;



| ength of the collars, so that the support neans can be re d o
mﬁngR 705

bet'ween Ltt.ed fins without fouling the collars. Ater
arrangenéaﬁgbg%g?possibIe in which the 20 collars project potaséiasf ane of

t he support nmeans during fin fitnment, but in those enbodinents it is
desired that the spacing neans and supgort nmeans together ensure that the
collar of one fin does not becone interlocked wwth the <collar of an

adj acent fin. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will now
be descrighgdg by example, with 30 reference to the acconpanying
schemati c grgmﬁngge%Fﬁkhﬁ?c 16¥ Symilars to tHba- i rof ngnnechieven@eLes di ng
to the invention, cpritaridge fnidamntpr6ios r f] to two tubes;
35 Fig.2 shows a plan view, partl ypi n se?%/c?o%a%% g BJgajrt{]rai &Esneans
siniI%r to that of the machine of Fig.1; 0 6 APR 2005 WD 02/ 30591 - 12
PC171210%#914859 FFBPESSM@msqmnbnmdgylaﬁgyidggrﬂﬁkfh&fﬁege {ernative
cartridge means prior to loading of the fins, 5 Fig.4 shows tHe ¢4¥tridge
of Fig.3_during tube finning; Fig.5 shows a sectional view along the |ine
V-V of FEi§:54; 10shpys- 6ashosstiosalt iviah ViEy | opyge t gy Ad g, Y} - VI, of
Fig.4; Fig.7 shomnggygeM/of a wal | menber of another —altérnative °oF
cartridge neans; 15 Fig’ 8 shows a carousel arrangement for the cl anping
means; and Fig.9 shows a side view of part of yet another 20 alternative

carti0dgBige@ns. shows a sectional view along the 1line VI-VI of

Fig.4;
Fi ,
1ig.7 shows a view of a wall member of another
alternative cartridge means;
i5
Fig.
ig.8 shows a carousel arrangement for the clamping
means; and
Fig.9 shows a side wview of part of yet anocther
20 alternative cartridge means.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 In this description, directional terms such as "top”
“bottom", "upper®, “lower" etc. refer to the orientationpo;
the machine and its components as drawn in Fig.l, which is
foreseen to be the normal orientation of use. Ho;ever, the
use of a machine at other orientations (e.g. with the tubes

30 standing, or suspended, substantially vertically) is not

excluded, and the relative directional terms can be
translated to such crientation.

In this embodiment the machine 10 comprises a substantially

35 rigid base 12, at ogne end of which is a fixedly mounted

clamping means 14, The base has a pair of guide bars 16
I

upon which can slide carrier means 18, The drive means for
moving the carrier means 18 in this embodiment is a linear
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directi I such as "top", "bottont, "upper", "lo - £fer to
t he origﬁﬁé?%@%qﬁf t he machine and its conponents as drgaETﬂﬁﬁﬁﬂéﬁf, whi ch

is foreseen to be the nornmal orientation of use. However, the wuse of a
machi ne at other orientations (e.g. Wit+h the tubes 30 standing, or
suspended, substantially vertically) is not excluded, and the relative
di recti onatotemfs &aowbe désagsl atlebcho isudhidus ent ariost |wihdisg 20

enbodi [N 0 r{.se nti al 35.ri.gid base .12, at
ore engeﬁ§u%£§%EﬁﬁghaﬁP%xgﬁggpéﬁﬁﬁ%gg %#2%%3%% ﬁgé%gafi}a+ﬁg & a

pai r of §@i dhebadrangigiudiypoh akiish Iedh ofi ddecavaser 12ganend 8a Beeahid ve
nmeans f of. N e i ko, this. e i nent _1s_a.ljnear WO
02/ 3059(1)&'@%%0%_85%5%%{35%%5}%%0%’%5{‘3&5‘9mrr% CROLEE Chehilel A& driten

i ncl udesSBCPRY stwindinag sdddemuntidd upbe tharbier Itezms a8 angedsely
subst ant 3 gk r ele s I441di N axi - ase ..and a
second  edobeR® Eaberirk® MInAAN dur WEhpctiactrlcdl Wt Todling
second WRAJERG $Erads apd wagndaripdingsapsel®fc|losevy fadhacentl téwe fir st
wi ndi ng 208+ dhewglectrical wires leading to the first and second w ndi ngs

are of known form and are not shown. 10 In alternative enbodi nents ot her
drive nmeans could be enployed, such as hydraulic, pneumatic, or screw

driveg asn nmalbérhetdesi r eAbodibiRar toEabAr @PPréCahbals | BokiiES be
enbodineg& 1%he clanebn%EgEQné 141Ls adapted to 15 secure the ends of two
tubes 22°SBLPREE t RECPy YETRE G CaudBtgMa W Fy  PRgitFLRY eflBiVe ©B65 t he
base 12.m¥gbtcbangeajgredf ihhd&hengsardfididiart Wimsl tenthen by any suitabl e
means (several of which are described in W96/35093 for exanple). 20
Located upon the carrier neans is a cartridge neans 24, into which have
been | oaded Beicer gmberitieradd sdhkacel ampbegs nerand i 11¢l 26s laddptsd to

e”boﬁhneﬂéchbér%h%r%ﬂaémhfiEQOZQMbes 22 so that the tubes are held

substantially rigidly relative to the base 12. The clamping
of the ends of the tubes can be by any suitable means
(several of which are described in W096/35093 for example).

20 Located upon the carrier means is a cartridge means 24, into
which have been loaded several extended surface members or
fins 26. In this embodiment there are nine fins 26,
adjacent fins being separated by respective support means or
wall members 30 (see also the wall members 130 of Fig.2).

25 The end walls of the cartridge means 24 have openings 32
therethrough, and the wall members 30 have similar openings,
so that the tubes 22 can pass therethrough, preferably
without contacting the periphery of the openings. |

30 As better seen in Fig.2, the fins 26,126 in the embodiments
described herein are common-fins, i.e. each fin 26,126 has
two apertures 34, so that each can be connected t+o both of
the tubes 22. It is expected that the present invention
will almost invariably utilise common-fins, fhough it could

35 clearly be used to apply separate, individual, fins to one
or more tubes at the same time, depending upon the
application for which the finned tube is intended.




adj acent fins being separated by respective support neans or 08 APRe20B5r s
30 *(see awspahewal | nmenbers 130 of Fig.2). 25 The end waldcsem@ib e

. cartridge neans 24 have openings 32 therethrough, and the wall nenbers 30
have simlar openings, so that the tubg % 22 can pass therethrough,
preferably wi thout contacting the periphery of the openings. 30 As better
seen in th aé[rhe fins 26,126 in the enbodi nents described herein are
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126. It is desired that the collars face Fection
rel at ife mSekme dﬁOYWéelﬁlb@§ the. tuheshe Je-rmodunferﬁh@f enlﬁiogimmrle of
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adjacent wall member 130. It will be noted that during
fitment of the fins 126 +they are substantially fully
supported by the respective wall members 130, so that they
are not likely to deform even if they are relatively thin,

20 and/or the friction between the ftube and collar is
considerable.

It will be recognised that when the fins have been fitted
onto the tubes, it is not possible to withdraw the cartridge -

25 means 24,124 longitudinally relative to the tubes, i.e. in
the direction along the axis A-A. It is therefore necessary
that the cartridge means 24,124 be removed laterally, and
for this purpose the cartridge means 24,124 is split
longitudinally substantially along its mid-line 38 (Fig.1),

30 permitting the top half to be removed upwardly and the
bottom half to be removed downwardly.

In the embodiment of Figs.3 and 4, the wall members 230 are
movably mounted within the cartridge means 224, and are
35 biassed apart by respective compression springs  40.
Mounted to the cartridge 224 are guide bars 42. The wall
members 230 are slidably mounted upon the guide bars 42, and
the compression springs 40 are located upon guide bars 42.




20 and/or the friction between the tube and collar is considd bR 2805
wll be re‘QBQ?}§§ that when the fins have been fitted onto the tubes, it
is not possib O withdraw the cartridge 25 neans 24, 124 | BREIBUdN 183 I y
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The wal | nenbers %?Je st{1dably nounted upon the guide bars 42, and the
conpression springs 40 are | ocated upon guide bars 42. WO 02/ 30591 - 15 0
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fins. Fig.4 shows the cartridge nmean tRpef 22ne f Liks
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springs 40 are compressed and the separation between
15 adjacent fins 226 is reduced to the desired fin spacing s.

The point at which the compression of the springs 40 occurs

will depend wupon the rating of those springs -and the

resistance to movement of the fins 226 along the tubes 22.
20 Thus, the drive means acts through the abutment 50 directly
upon {(and in this embodiment only wupon) the wall member
230a, and that wall member 230a will drive the whole of the
cartridge 224 until the frictional resistance Lo such
movement (perhaps caused by the leading f1n or fins 226
engaging the tubes 22) exceeds the rating, of the springs 40 %ﬁ
whereupon the springs 40 will successively be compressed.
It is of course necessary to arrange that the combined

spring rating is lower than the overall power of the
machine,

25

so that all of the springs are fully compressed
30 when .the 1lead fin has been pushed to its predetermined
position upon the tubes, ensuring that all of the other fins
are similarly positioned in their predetermined positions.
The rating of the springs 40 will typically be small, since
they are only required to force the wall members 230 apart
35 to permit ease of loading of the fins.

It will be noted that in the embodiment of Figs. 3 and 4 the
spacers 44 project towards the left (as drawn) from their
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separate the fins by a sufficient distance to prevent

interlocking of adjacent collars, which interlocking
significantly increases the frictional
movement of the fins along the tubes.

resistance to

20

As seen in Figs. 5 and 6, the cartridge means 224 is mounted
to slide along the base, specifically along guides 52 which
lie parallel to the longitudinal axis A-A. The carrier
means 18 is also mounted to slide along +the base,
25 specifically along guides 54. Clearly, the form of the
guides 52,54 can be chosen as desired, and the form of the
guides for the cartridge means 224 might be substantially
identical to the form of the guides for the carrier means
18, for example. In the embodiment shown the cartridge
means 224 may simply be placed into the guides 52, but in
alternative embodiments the cartridge means might be more

30

securely fastened to the base, e.g. it might be securable to

guide members permanently (but slidably) mounted +to the
base. ' '

35

The embodiment of Figs. 3-6 has a split 238 along its mid-

line, so that the top "half" of the cartridge means can be
moved upwardly to separate it from the finned tube, whilst
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tubes 22 therethrough, but also subsequently allowing
15 separation of the cartridge means from the finned tube. It
will be noted that there must be provision for preventing
the fins from falling out of the cartridge following loading
thereinto, and in this embodiment this is provided for imn
that the cartridge lies directly upon the carrier means 18,
20 and the fins are loaded into the cartridge after the
cartridge has been Placed upon the carrier means 18. In
alternative embodiments in which it is desired +that the
cartridge be loaded away from the machine (so as to reduce
the "down-time” of the machine) other suitable means for
25 preventing the fins from falling out of the cartridge can be
provided, which.means can be removed once the cartridge is
mounted upon the machine and the fins are supported by the
carrier means (or are supported by +the tubes during
finning). In another embodiment, the ledges 62 which are
30 secured to the side walls 64 of the cartridge means 324 can
include movable projections which can support the fins as
these are loaded thereinto and during fitment onto the tubes
22, but which can be moved to allow the cartridge means 324
to be separated from the finned tubes.
35
In the embodiment of Fig.7 the wall members 330 are movable,
and the cartridge means has two gquide bars 342 upon which
the wall members are mounted in similar fashion to the
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the wal I“JBB ts 330, all incorporate open- sided apertures 6
apertures a‘ﬁ?@ﬁflng passage of the tubes 22 therethrough, BIIBak/e®59
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15 ‘tubes cou;d be in position to be removed from the carousel
following finning, and further tubes could be in position

or prepared to be located in position, ready for finning.

The carousel arrangement can increase the utility of the
20 machine by reducing the down-time associated with clamping

the tube(s) into position prior to finning, and subsequently
removing the fTinned tubes.

In the embodiment of Fig.9, the wall members 430 are placed
25 at fixed longitudinal positions in the cartridge means (i.e.
they are not able to move together and apart as in the
embodiments of Figs. 3-7. The wall members are each split
at their mid-line 438, so that the top part of the wall
member can be moved upwards to separate it from a Fitted
30 fin, whilst the bottom part can be moved downwards to
separate it from the fitted fin. In this embodiment,
however, the parts of each wall member 430 can be moved
independently of the other wall members and the remainder of

the cartridge, and in Fig.9 the parts of the leading wall

35 member 430a have been moved to separate them from the

leading fin 426a.




shape, which is not uncomon in heat exchanger applications. {TheRixZ80>f
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m ght be effected by hydraulic or 10 pneunatic pressure, for or by
a nut and bolt, as desired). Only one U shaped tube 68 is shown, though in
practice up to six tubes 68 could be seéfred to the carousel, so that in
use one U-shaped tube could be facing the carrier nmeans in the finning

posi ti on, Fefiillosting} hethel 5 sepkasateiai d die itheposidi DN hénber ' effyed fLpa the
carousel fallow ng finni.ng, and.fuyrther tubes coul in pqgsition, _or
pr epar ed tcg%lgcé:q'l\ggcegt g b po@?f'?gngﬁr&}&f fgf’ i3 289% 9% diPYlsel the

ar r angenemtaldameimitre 6201 hérivihit yhef nikt 20 meshébetby thedudmg, thed
down-tine ; Cj ' i t uhe( I Nt sition prior to
finning, éLna _su%gégggg}r‘:ﬂﬁ‘e %%v%& tgglhlﬁne@‘?u e{(s).gg‘ﬁ t’%ri‘é1 eﬁﬁé&' mbhf of
Fi g. 9, X héagdme rengagegentplcarede 23uah fisxelb | dngetrldchaltheostwdons
in the carg;gidg aps Ye@re : t ve _together and apart
as in the lélnboglzﬁ_ﬁt s %Pg%f"‘éﬂsﬂessg q’ﬁgéﬁgp#smﬁ%gfssg?ggégﬁh 8§| i§u8§t
their m diteeloggking) that the top part of the wall nenber can be noved
upwards to separate it froma fitted 30 fin, whilst the bottom part can be

moved domth%/%\%rds to separate it fromthe fitted fin. In this enbodi nent,
however , MarRe §hledttPalipsndassy mavedadnte neragauenerieperiddnt tie of

the otliter fual |42@aperfeansht NembrBRNAEI0IPT cahhq)é?aébbhﬁﬁ%eg?”%iﬁbﬁﬂg9
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19 Fol | owiitgp tihe sepdrat ich Hfn t4msp\aldndresdesn 430a, the cartridge' can
be noved farther to the left as drawn, the wall nenber 430b driving the

next fin 426b to the left, and into engagenent with the collar 436 of the
fin 426a @Y Sadesireed atmamgedgeheat chhebecandhided 0 niddmey | aak tHgidwo

fins 4262 hHRAGRE §QOPhALNHIG L N Peeﬁ'cﬂﬁése%fd TS L RN the left of

the leading fin 426a, so that the leading fin can be moved
into engagement with the collar of an existing fin, i.e. a
fin which has previously been positioned upon the tube 422,
perhaps. by the movement of a previous cartridge means.

20
In Fig.9, the fin 426b is shown at a slight distance away
from the wall member 430b, but this is for reasons of
clarity only. Thus, in practice the wall member 430b will
drive the fin 426b towards the left as the cartridge is

25 itself driven to the left by the carrier means, and so each
fin member will engage its respective wall member.

It will be appreciated that the fin members 426 could be
spaced apart within the cartridge means of Fig.9 by any

30 desired distance, and the wall members 430 could be as thick
as required to ensure that neither they nor the fins will
become deformed during fitment onto the tube(s).

The separation of the parts of the wall -members can be
35 effected by any suitable means, such as for example
pneumatic actuators. The parts of the wall members 430 can
be arranged to slide within linear guides located in the
side walls of the cartridge means. Following the separation
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ent s described the tube(s
| yh.W. . §i BExl ¢ base of the machi
£1ns are novable relative thereto; ‘ igenent has dhsi
advant ages as outlined above. Neverthel ess, arrangenents in | T
are substantially fixed relative to the base and the tubes argmﬁgéﬁﬂféﬁm?
relative to the base, and in which 15 both the fins and the tubes are
novabl e relative to the base, and not necessarily excluded fromthe scope
of the invention. DW& S W GEE 003 0 0 6 APR 2005 - 21 CLAIMS 1. A tube
~finning nachine for nounting extended surface nenbers upon one or nore
. tubes, the machi ne having a base, car i &% ffeans novabl e relative to the
* base, drive nmeans for noving the carrier neans in a |ongitudinal
i direction, arfd®&H¥&ridge neans for locating a plurality of extended
surface nenbers, characterised in that the cartridge neans has respective
support nean foragqﬁﬂaeéﬁgnded surface _nenber, and in that at |east sone
of the support’ méans ar & WOEE BaFapaf; J8% BopRting, extepded osunfagee
finning machi ne agembgirsguponcoaenor norehtabes i hehes WM indTBREei g €a
novabl e laterally ti = oRgil LN iJ.ection. 3. t ube
fi nni ng machi ne a%agﬁgi n%%%lég:l al?l%&llél ﬁg\l‘/’th gh allgg'%]ﬁg%ppg?t t??&aﬁ)ga@ﬁans a
substantial part GF*¥Re MeRWBNJRE sIPENG nithBer Caxriar  yneans nnimg amchi ne
accordi ng to clai modgitudithah diwepeidpherandf ddrecrpdRNdagh il f s
menbers lie wthi erj p. h u t ans. .S. A tuhe finning
machi ne accor di nghtagaglgglamﬁ Pgﬁ%[\%?%# t f: é;’gtgép%dret nBRRE25Pe "E)‘T‘"?B%'é‘?} apart
by resilient characterised in that the cartridge means has
respective support means for each extended surface

of the tube(s).

member, and in that at least some of the sepport
means are movable relative to the cartridge.

2. A tube finning machine according to claim 1 in which
the support means are movable laterally relative -to
the longitudinal direction.

3. A tube finning machine according to claim 1 in which
each support means spans a substantial part of the
extended surface member.

4. A tube finning machine according to e¢laim 3 in which
the periphery of the extended surface members lie
within the periphery of the support means.

5. A tube finning machine according to claim 1 in which
the support means are biassed apart by resilient
biasging means.

6. A tube finning machine according to claim 1 in which
each support means comprises separable parts.

7. A method of mounting extended surface members to one
or more tubes using a machine according to claim 2,
characterised by the following steps: {i} mounting
one or more tubes onto the machine, {ii} mounting a
cartridge means loaded with a plurality of extended
surface memberse ontc the machine, {iii} actuating
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A net hod A
Xt menbers to one > using a nac I'ne
claim?2, <c¢haracterised by the followng steps: (1) nounting oneldr A
tubes onito the machine, (iij nmounting a cartridge neans | oaded with a

plurality of extended surface nenbers onto the machine, (iii) actuating
AVENDED SHEET D.W& S W GEE F 002 0 0 6 APR 2005 d - 22 the drive neans
to cause the carrier neans to effect relative novenent of the cartridge
means and tube(s) until the |eading extepgded surface nmenber within the

cartridge neans reaches a fi rst predetermned position relative to the
t ube(s) ext ended surface

, {1Vv) novi a ort ans of the |l eadin
nmenber laterally FgFa Fi‘l‘éet ggr F??ﬁ@eﬂi‘r‘%aﬁ@rréﬁg Rogns ke  SEERGE: he
drive neans again relativee mheemtlef tive angx toidfé antanksir 2iwkr tudeas)ve
movenent of the ﬂﬁ%ikdﬂﬁe@éﬂélﬁ‘&deﬁf@@éé& &ﬁ%fécéh&emé} smgn@eene

surface nmenber within the cartridge neans reaches a second term ned
position rel ative FBFERLAIRHBEEPS AVENSHISSSHERT first precleterm1ned
position relative to the tube(s), {iv} moving the

support means 0Of the leading extended surface member
laterally relative to the cartridge means, and {v}
actuating the drive means again to cause the carrier

2005

means to effect further relative movement of the
cartridge means and tube(s) until the next extended
surface member within the cartridge means reaches a
second predetermined position relative to the

tube(s).
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