~ WD 2008/ 156845 PCT/ US2008/ 007728 -1 ANTI -VI BRATI ON TUBE SUPPORT W TH

~ LOCKI NG ASSEMBLY FI ELD OF THE | NVENTI ON [ 0001] This invention relates to
support devices for supporting elongated nmnenbers. In particular, the
present invention relates to support devices for use 1in connection with

" tube bundves2iosndesEat exchangers and sinilar fl ui d- handPGHES2080TB%ent to

reduce vibration of the tubes within the tube bundle. The support devices
in accordance with the present invention include at |east one | ocking
assenbly to prevent accidental renoval of the support device. BACKGROUND OF
THE | NVENTI ON ) )f \ NG ;'fﬁﬁ i Ftenms of
fluid handli nﬁ BRALEY Rgaui ?@%Fﬁ%ﬁ?ﬁ%duct t he
fluids through the equipnent. In such tube bundles, there is typically
fluid flow both-through the  insides of the tubes and across the outsides of
t he tubes. FIRED-ORfTHEINMEMTHEIN the tubes in the bundle is set by the

t ubesheets into which the tubes are set. One comon configuration for the
tubes is a square formation with the tubes set in aligned rows with tube

| anes (the i ghty: : £ . hfedOl I OWS,

al i gned ortlﬁg% nal ylgﬁ)%ﬁlgﬁg%%ﬁhéég #{;&%ﬁ%ﬁgmg@f@ﬁﬁ scld?%lhllregstrat ed in
Figure 1 i nn&nabérecin partivulah, thd préseheinvemtar felateyioccsipport dewides for usessenbl y in
accordance with the present invention. In this formatjon, each tube is

adj acent t dnepuyraction fveith tubbdyndles dpheajrexchangsey agheimjlag fluidrbapding bundl e and
[ di tl ite . ' t ube, t t Wb ti

os row - f ORI (oG diaf SHEREST SR e FuRE RE Rt GG e SR on ¢ ne
tubes in Qie’irﬁ‘:@ﬂg{ @ccﬁ%cé‘ﬁﬁﬂ?ihb%@éénﬂn‘v@nﬁ&?irﬁmflea%@oﬁ@?dckﬁ?g?h tube is

dj acent six other tubes (the t adj acent tubes in the sanme row and four
t ubes in t lassemvisly a0 pecvent accidessdl removal of the support device.

BACKGROUND OF THE INVENTION

{0002]  Shell and tube heat exchangers and similar items of fluid handling
devi_cés utilize tubes organized in bundles to conduct the fluids through the
equipment. In such tube bundles, there is typically fluid flow both through the
insides of the tubes and across the outsides of the tubes. The configuration of
the tubes in the bundle is set by the tubesheets into which the tubes are set. One
common configuration for the tubes is a square formation with the tubes set in
aligned rows with tube lanes (the straight paths between the tubes) between each
pair or rows, aligned orthogonally to one another. This configuration is
illustrated in Figure 1 in connection with the tube support device and locking
assembly in accordance with the present invention. In this formation, each tube
is adjacent to eight other tubes except at the periphery of the tube bundle and is
directly opposite a corresponding tube across the tube lane separating its row
from the two adjacent rows. In the triangular tube formation, the tubes in
alternate rows are aligned with one another so that each tube is adjacent six other
tubes (the two adjacent tubes in the same row and four tubes in the two adjacent

TOWS).




Pl WD 2008/ 156845 PCT/ US2008/ 007728 -2 [0003] Fluid flow patterns around
the tubes as well as the changes in the tenperature and density of the
fluids which arise as a result of the heat exchange between the two fl uids
_flowing in and around the tubes nmay give rise to flow induced vibrations of
an oscil | a¥er)08i5%4%e in the tube bundle. If these vi bP&T{USHYS/0¢7EHch certain
critical anplitudes, danmage to the bundle may result. Tube vibration

probl ems nay be exacerbated if heat exghange equi pnment is retubed wth
tubes of a different material to the original tubes, for exanple, if
relatively stiff materials are replaced wth l'ighter weight tubes.

Fl ow i nduced vi bration C may al so occur when equi pnent is put to nore severe
oper ati ng [808)dsFldidflovepaumgrhearonhd theotubes aeweH tas tige efpmigpsrimthei s upgr aded
and 'a previously satisfactory heat exchanger, under new conditions, -becones
subj ect totemmtuierﬁm’d&%wwﬁlq fawids whilehy ariseas agsuleobthetheabpxchignger ed under
certain c i tio wh xchan i1l.in the.flo t m but

W thout hesiwer 1 et iR Rpie BUER pishnd Phedubrdmel B A B A68D: "desi gn.
other nmeasyifeedWbrdifons %'f‘ﬁﬂ otst‘i’ill::llro':”;ﬁl He@ird H)btﬁe‘ﬁhﬁér Birde)- 1fdRedRaiBRitios -
7,032,655 to Wanni et al Pat ent No. 117,935 to Wanni et al., and US
Pat ent No. rcicliéﬁ'xalﬁﬁﬁtmai amlﬁlnudest, daﬂnagcjtcsmledmadle\may oesulit (dbhibesupport devi ces
t hat effectbvejy mt| gate f|lowindu gg\ri;@bratlon in _tube bund 3 These

t ube suppoYiPraiopireebl eEsImRY © ERATERAL AbeichangerquipRenLigpuRad o be

recei ved u f: reduce
vi brati onm%'gnhﬁrrhbe}s:)b\?% %gfgfezltt %%ﬁ@gggﬁ%gﬁgﬁgéshgﬁﬁﬁ _'Sg;]@ ]i‘?ﬂpﬁ%qtat I on No.
11/ 128, 884stifpmdtdtiils & raplaced withdightd cheigkctubentFiew-indoecd vibpatidn devi ce, the

g sclosure of which is hereby incorporated inits entirety specifically by
ef er ence. manaksotogper wherpegquipaen! Seput to more severe operating demands, for

example, when other existing equ:pment is upgraded and a previously

satisfactory heat exchanger, under new conditions, becomes subject to flow-
induced vibrations. Vibration may even be encountered under certain conditions
when an exchanger is still in the flow stream but without heat transfer taking

place.

[0004] Besides good equipment design, other measures may be taken to
reduce tube vibration, US Patent No. 7,032,655 to Wanni et al., US Patent No.
7,117,935 to Wanni et al., and US Patent No. 7,128, 130 to Wanni et al. disclose
various tube support devices that effectively mitigate flow-induced vibration in
= tube bundles. These tube support devices utilize elongated members that are
adapted to be received within tube lanes to engage adjacent tubes and effectively

reduce vibration to improve operation.

[0005}]  Co-pending US Patent Application No. 11/128,884 to Wanni et al.,,
also discloses another tube support device, the disclosure of which is hereby
incorporated in its entirety specifically by reference. This tube support device is
also effective in mitigating vibration within the tube bundle to improve

operation. With reference to Fig. 1, the tube support device 10 comprises an

i



~also effective in mtigating vibration within the tube bundle to inprove
operation. Wth reference to Fig. 1, the tube support device 10 conprises an
WO 2008/ 156845 PCT/ US2008/ 007728 -3 elongated flat nenber made up of two
_strips 11, 12 that are connected together back-to-back by welds or other
sui t abl e cwonesusd#s neans. The tube support devices 18CHUS200HMT2§ured to be
inserted in the tube | anes. The support devices my be.inserted withi-n each
tube lane, alternating tube |anes or ag.locations sufficient to mtigate
vi bration. The tube support device 10 includes a plurality of support

renber s 130044 0Ak: SRABAEALE BERPbUREN i, 1715 SR BB REE Ber 13, 14 arc

created on ace 0 trips ach support ne has a

plurality wickabMask ®ytwdlas be6ier buithbiacshnRetid® meshs,cThe hebessuppdrtt 0 recei ve a
FF portion-of the 'tuges therein. The tube support devices nmay be secured in

place | bievicesdOrage sonfagired thboingertedin thedubolanese The pppiart dexiteses 10 and
around the bundle. [[0QQ61 i he cabl es a ffective in securing the
support defPR¥ §_§ “We’c'tﬁ& Y 18??1 8%@?@@% ﬁ@er&eeﬂ%%%&ﬁwsc%ﬂ‘ igcqlllggs pot entg'.J i al

dr awbacks. . LEfd culbd ' i ' | Lyi @b D bl
i aubacks s iBEf e flbHAich et Se RAREIER M ol Rba bhalie e oab!

passes t hr fugipper nianiests a8 eth ﬁmeeﬁ%lﬁge adidtehi@bss! ppThe support enemiersh coul d
| ead to the potential failure of the cable. Additionally, the flow of fluid

around t hel3, Ufase oreatedeon thsdagaeithe tyvaptripsukle 12hEach abprort srombsrbas t he out er

surface of the oguternosi tubes in the,tube.bundl e whi may cause wear.
00071 Theh RINFIRY oF Bt b Fhesi ink SEad e i D B SOk OBV B0 S uppor

device in ' ' Wk B hipet eOHa9 Be'Rbudadds plle Cause wear

go t he Iolgolgiqﬁlgbggge%ﬁ%b%%ggb&%ﬁgéﬁqﬁg& ce aan/ or the fube bundle.
UMVARY  OfbyTpdEsinp\Eddbl«dlrough the ends of the support devices 10 and around the

bundle.

[0006] While the cables are effective in securing the support devices within
the bundle, the use of such cables has potential drawbacks. There may be
difficulties associated with installing the cable around the tube bundle. The
cable may fret at the point where the cable passes through an associated aperture
in the support device, which could lead to the potential failure of the cable.
Additionally, the flow of fluid around the tubes of the tube bundle may cause the
cable to rub on the outer surface of the outermost tubes in the tube bundle, which

may cause wear.

I W!

[0007]  There is a need for a locking assembly for securing a tube support
device in a desired location within the tube bundle that does not cause wear to

the locking assembly, the tube support device and/or the tube bundie.

SUMMARY OF THE INVENTION

[0008) It is an aspect of the present invention to provide a support device for

a bundle of elongated members having locking assembly that maintains the




[00081 It is an aspect of the present invention to provide a support device
for a bundle of elongated nenbers having | ocking assenbly that maintains
the ~I ~ WD 20081156845 PCT/ US2008/ 007728 -4 support device in proper
orientation within the bundle while preventing accidental renoval of the
support dwoizem/158@9091 | n accordance with the princi pPET/USEEHE¥r esent

I nvention, a support device for a bundle of elongated nenbers is provided.
The bundl e of elongated nenbers inclydes a plurality of spaced rows of

el ongat ed nenbers. The bundle may have a square tube pattern configuration,

either 90 or 45.degree |a A ; I ers having an

I nterior éHHp%Tﬁd%‘ﬂ?%W E@P¥‘S§‘2‘F‘§/‘R‘]‘$}1‘é’ms}ﬁ%‘gé’?’["dge%‘%g%ﬂﬁ’gs an el ongat ed
support agdapiiestal Rnttfval 6EHcRUpP6it \Weeite{ adj acent spaced rows of el ongated
-menbers. Each elongated support is preferably fornmed froma pair -of netal
strips that are selectively secured together. The el ongated support having
a first side and a second side.. The f.irst . side being arranged to be

posi ti on_edawlacelﬂta%w«ga?‘ifv\)” ﬂt“ﬁB“@‘_b‘H_ é(?fIﬂEﬁ/\B‘_e?ﬁm g Bt%gulmﬂlfgers and the
Second ot SEviie it BIA04PElchBae MRb MR AIA A bundbhEbniRigh Of Lhe
spaced rows or el ongated nenters. e el ohgated support aving a plurality

of suppor imdiEbie irchsdt’ agsluallionof sfieeé kowg af Sdngaipd atdmbdraciThe bupdler t nenber
has a first supporting assenbly located on the first side for supporting

one of t henay kavgatsguareetmbe patt¢m configurationogithen 30 or dScdegreeslappel tThey assenbl y
| ocated on t econd. sj de for .supporting.one.of the elongated menbers in

t he ot her bPBa).% #ﬁﬁ’n@?@aﬁ‘? e%fhagﬁ%p%}{m%mﬂé“%ﬂ F‘é’gg abtF spaced al ong
substanti 5 i it ' supporting
onl o3up n"gf*ag@"?‘ﬂ‘é‘c‘e‘fdéﬁ32?2‘*3‘%%%?8%9? fiotke th BURRAId berkeen SUpPOTL NG

el ongat ed adpwirsrspagmicrobsus el @thace membats. dachivbongated skppbitasy

preferably formed from a pair of metal strips that are selectively secured

together. The elongated support having a first side and a second side. The first
side being amranged to be positioned adjacent one row of the spaced rows of
elongated members and the second side being arranged to be positioned adjacent
another row of the spaced rows of elongated members. The elongated support
having a plurality of support members spaced along the elongated support. Each
support member has a first supporting assembly located on the first side for
supporting one of the elongated members in the one row and a second
supporting assembly located on the second side for supporting one of the
clongated members in the other row. The plurality of support members are
preferably spaced along substantially the-entire length of the elongated support.
The supporting_ assemblies engage the elongated members within the bundle to
stabilize the eibngated members and thus reduce vibration when fluids flow

through and around the elongated members at higher velocities.

[0010] Inorderto rhaintain proper orientation of the support devices within
the bundle of elongated members and prevent removal of the same, the support
device further includes at least one locking assembly for locking the support

device between the adjacent rows of elongated members. The locking assembly




t hrough and around the el ongated nenbers at higher velocities. (0010] In
" order to maintain proper orientation of the support devices within the
bundl e of el ongated nenbers and prevent renoval of the same, the support
device further includes at |east one | ocking assenbly for |ocking the
support dewveeisbasween the adjacent rows of el ongat ed;ararsaesso77ie | ocki ng
assenbly WO 2008/ 156845 PCTI US2008/ 007728 -5 prevents inadvertent renova
after the support device has been prg@quy oriented wthin the bundle of
el ongat ed nenbers. Each | ocking assenbly is | ocated between adjacent

supporting assenblies. Fach | ocking assenbly .is.sized to ont.act ,adj acent
el ongat edgFFé'ﬁBQr’Ea‘#‘f?”leﬂ r ?PEW@F SBPQ)‘%Q%/‘QW eeepsprpﬂer‘f)( RESHSAd e, which
prevents : {'m]m eﬁ@pg_r kR ted 0 the bundl e
-of el onga~§'ﬁﬁll€renber S f?tgel?fe?é%%(?& the I%%‘gﬁ% agggﬁ?@?ﬁg\%& a thickness -
that is gbemieeh adjwent suppbhtingkaseaablids. tEerhducking tassegnbdp sesibéd &s. Each :
| ocki ng assenbly may extend from opposing sides of the el ongated supports.

It is al sonteelRdizgsnbeloagatad mamhers sribersgmesouned slongajedroeagIol v from a
ingle C si t | t that the l.ocki. bl

contact s Hisursle. SRR PERaRl e ARGt Sring iPppdsh A ubE Mk SRETC0 Y

[00111 Wiid fheidunbfe &loélbﬁéﬂ?é@fn%ﬁlb%@th%ﬂﬁaﬁgpﬂn@%éﬁm% AP hevingle spaced

al ong substantially the entire Iength of the support device, the |ocking
assenbl i eshiclaress thut éngreatet thainehé thiekreds bf thessmppenimgassémigliess deachl | es t hat

are located pear t outer perjphery of the byndle. This arrangenent of
| ocki ng agécgfﬁﬂ §5gem m§ﬂP¥§eB§&W“PBP%%F’ge§H 3“’1 ‘@’E’é’moﬁévﬁces are
properly pBjntal edd ' 9121 In
ccor danc{egadvl\n ﬁd@%ﬂg%%ﬁhﬁte%@g?ﬁﬁg %%F@%ﬁa%ﬁ?@ﬁ fﬁbglgéﬁu{gfq %c ki ng

assenbly kidelofdaselongnek suptporl el thahe ookind Msembly®shtddieilRi n. The slot is
sized to receive a portion of the el ongated support therein. The | ocking
bl ock adjacent elongated members on only one side of the support.

[0011]  While it is contemplated that the supporting assemblies are spaced
along substantially the entire length of the support device, the locking assemblies
are intended to be located between supporting assemblies that are located near
the outer periphery of the bundle. This arrangement of locking assemblies is
sufficient to ensure that the support devices are properly maintained within the

bundle of elongated members.

[0012] In accordance with an embodiment of the present invention, each

N

locking assembly includes a locking block having a slot formed therein. The slot
is sized to receive a portion of the elongated support therein. The locking block
is preferably formed from metal. The locking block may be formed as a cast
component or a sirip of metal that is bent to form a generally U-shape. The
locking block preferably contains rounded edge surfaces to prevent damage to

the elongated members contacted the locking assembly.




Is preferably formed fromnetal. The | ocking block may be forned as a cast
conponent or a strip of netal that is bent to forma generally U shape. The
| ocki ng bl ock preferably contains rounded edge surfaces to prevent damage to
t he el ongated nmenbers contacted the | ocking assenbly. ~'1 WD 2008/ 156845
PCT/ OS20000 0@3/18845 - 6 BRI EF DESCRI PTI ON OF THE DRAW NESTUSE&P0718e i nventi on
w Il now be described in connection with the following draw ngs in which

| i ke reference nuneral s designate likg.elenents and wherein: Fig. 1is a
cross-section of el ongated nenbers having a support device |ocated

t herebetween with a | ocking arrangenent in accordance with one aspect of
the present invention; Fig. 2 is a cross-sectional view one configuration of

t he suppoBRIEEDESCRIPTION OF THEADRAWENESt al ong section line 2-2 in Fig.
1;- and Fig. IS a cross-section -of elongated nenbers -havi ng 'a support- ]
device |located therebetween with a | ocking arrangenment in accordance with
anot her t the present inyention. .DETAI LED DE PT.

EvBOD! VENITSE T&EGI’RNFER}‘PPCNI 't%ﬁﬁ?eﬁ’c}?di“ F?‘?‘?%EP&V@%%%M% of a

bundl e of 48L4 'Fﬁ?hi%ﬁrlﬁ%rréfe}cncmﬁg}c’?élﬁ’%ﬁ?ﬁg @ig%%xﬁeﬂts ahe vief@nged in rows

w th a space ane separating adjacent f menbers 1. The el ongated

menbers 1 prefer @g.\ fercropasection of elohgatied nieambiérs hgvihg\a auppoifidevideui d
handl i ng device is preferably a heat transfer ( device such as, for exanple,
a heat exlasaigddherehgiwesn gyifhnt lagkingraseangemerip aggerdaggs with ops asg6Ft ubes t hat

Fods o nafPERrSBERVERROEE (5T of 2 chell and tube heat exchanger or
other suitable hggt 2isanaberscefsmitisw onbebhfguradon bEdd sigpport device
R and locking arrangement along section line 2-2 in Fig. 1; and
Fig. 3 is a cross-section of elongated members having a support device
located therebetween with a locking arrangement in accordance with another

aspect of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0014]  Fig. | illustrates a portion of a bundle of elongated members 1. The
elongated members 1 are arranged in rows with a space or lane separating
adjacent rows of members 1. The elongated members 1 preferably form part of
a fluid handling device. The fluid handling device is preferably a heat transfer |

( ) device such as, for example, a heat exchanger. The elongated members 1 may

) be rods or hollow tubes that are capable of transferring heat to a fluid flowing

through the device. The rods or hollow tubes may be part of a shell and tube
heat exchanger or other suitable heat transfer assembly (whether for heating or
cooling). As described above, the elongated members 1 may experience or be
subject to vibration as a resuit of fluid flow in and around the elongated

members 1.

[0015} . In order to mitigate vibration and improve performance, at least one

support device 10 may be inserted in the lane between adjacent rows of




_cooling).-As described above, the el ongated nenbers | may experience or be
subject to vibration as a result of fluid flowin and around the el ongated
menbers 1. [0015] . In order to mtigate vibration and inprove performance,
. at least one support device 10 may be inserted in the | ane between adj acent
rows of ~WOMH/TOBE/ 156845 PCTI US2008/ 007728 7 el orRfHEFVHMBEEs 1, as
shown for exanple in Fig. 1. The support device 10 conprises an el ongated
flat nenber made up of two strips 11.912. The strips 11 and 12 are
preferably forned froma netal that can withstand the tenperatures wthin
t he heat I I : di 1 H&V t oget her

usi ng res}efsog5 gﬁtfgg'inmﬂ'ﬁ %%ggfysoﬂpg}ﬁ] i;cgic?(g@'p!ae lglafgg'eln'i Egg?l\é‘%% gﬂgg‘?%rhe support
devi ces 1Qomptisesaiif ¢lohged flat ihembes firade dpiof tvbatripso, [1anhesstmips 1 hat t he
plurality- -of support nenbers -13, .14 are positioned to engage adjacent tubes

1. The sappd? arepreicsably formed fiony armetal yhajican yithstandghe AMBEBPBEY nenbers 14
f d,by,,t i 12. T .t nb 13,. 14. d th
B o B i el R Rsad DR SRR St ST ARRAS A nebiliFuhiiRf o 0n Lhe

menber - 1 ggR ‘{ées?ﬂa Elﬂs%?otﬂé’ﬁb&i'i’aﬂléfa”‘st&ﬁi’gie@hﬁ' 664, VEh@sispoki on of the

el ongated ne therein. Each support device 10 is preferably inserted
into the dewidésel harehyonfigurddandednsdriedtin tinetube baesanch tos thenpleralier si de of
| ane receiyvye support fromthe support device. The arcuate saddl es 15
recei ve afbisunpeHimembersiiidd argpesitiored toengags adiaeent dthssd - tH& r propensity

focoie & S . e 2 | o
the t ubos SHRgPEs AREERLERESoRBt b sl £Bld s SapAdE et 1hafd! PRC? it &
of el ongafgsthed B ML sfip 1 NeThakeRfbromeRMets 1% TA%HS cleatedleh thaVacd 6f be pushed

ast the elongated nmeénbers until the support device 10 is in its proper
| ace in thegwo strips 11, 12. Each support member has an arcuate clongated member-

receiving saddle 15, which is sized to receive a portion of the elongated member
therein. Each support device 10 is preferably inserted into the bundle within a

lane so that the tubes or rods on either side of lane receive support from the

support device. The arcuate saddles 15 receive and cradle the tubes, provide
support and reduce their propensity to vibration while imposing only a minimal

restriction of flow parallel to the tubes.

[0016] When the support devices 10 are inserted into the bundle of elongated
members, the raised support members 13, 14 have to be pushed past the

elongated members until the support device 10 is in its proper place in the

N

bundle, such that the elongated members 1 are accommodated in corresponding
saddles 15 on the support members 13 and 14. Each support member has to be
pushed through the gap or lane between each pair of opposed tubes until the
support device is in place. Because the total depth of the support members is
preferably slightly greater than the spacing between elongated memBers, the
elongated members have to bend slightly to let the saddles pass, although this

maintains the support in place when it is in its final position.



bundl e, such that the el ongated nenbers | are accommbdated i n correspondi ng
saddl es 15 on the support nenbers 13 and 14. Each support nenber has to be
pushed t hrough the gap or | ane between each pair of opposed tubes until the
support device is in place. Because the total depth of the support nenbers

I's pref ewalzbosiséseght | y greater than the spaci ng bet wPER/USEWKOWTEd nenber s,
the elongated nenbers have to bend slightly to let the saddl es pass,

al though this nmintains the support_gn place when it is inits final

posi tion. WD 20081156845 PCT/ US2008/ 007728 -8 [00171 Wiile the frictiona

engagene WeQR. - Oriid LA gRppers 1 wll
provi de f P?ﬁet e%‘%%Swgﬁ@{%Sg%eﬁﬁz‘é@ﬁ cesﬂfgélgﬁ)p%me buﬂﬁgl e, the support
devi ces Ilfjealghgatedimembey If wilbgrovideofoprétenticisbNBeatipparadevicentd kocki ng

-assenbly 20, shown in Figs. | and 2. Each | ocking assenbly 20 includes at-

| east onetht bukillegtisisuprom devieas 10 srespreferaly fixednntonlpgeonsingiatdeast 10.  The
| ocking block 21 is preferably sized to be,r Il ved.w t hin,the,space between
adj acent %Bﬁépgﬁg%ﬁgigssblﬁ@ '%’eﬁ@‘gap%&Y?FgHﬁ?s§eTﬂyzg shown in
“Fig. 1, t; | f i l; £ Is§ PRRA 1phe depth of

t he supplgrgltUHrgr% lggsg%ilg l%énlgﬁﬁhﬁgvzgﬁh%dgﬁ&a@%%n%%ﬁnesn?&Jtircl% el ongat ed nenbers
1 cannotTielockagusotleR! isypreforable diZed aorbs acitivsl wiihinthe bpaceumpeeen menber s
13, 14, As_such, the support devices 10 can be maintained within the bundle
wi t hout - adiecenbsepport memeersoldaandadisrenhgRPow; WEmbsisckt. AAs sbBVR N ext endi ng

Gevi ce 107 8nd TR Ekpless of MtFIoBKBE ock 2 dreftfe BRI déheh e 02CT SLPho"
assenbl i es%pgéﬁ_rﬂérﬁﬁé‘é 3BlmdRaAs i WithRE6h afingdifert URBdnglR)d HBmbErsadj acent the

nd of the device, which is oriented near the outer perineter of the bundle
and i s efdanonof beinadvertentlyreimoyed from seaidles kSeon thersepporimarhberad 3] ocki ng

assenblies, 20. The present jnyention, however, is, hot .
14, Rs sucrim, tlﬂa support devyces tlb can be mmeﬁntagned wnﬁtm the bundle without
the need of additional securing devices such as cables extending around the

periphery of the bundle.

[0018] As shown in Fig. 1, each support device 10 may include as many as
three locking assemblies 20. The locking assemblies are preferably positioned
on the support device 10 adjacent the end of the device, which is oriented near
the outer perimeter of the bundle and is effective in preventing the inadvertent
removal of the locking assemblies 20. The present invention, however, is not
intended to be limited to the use of three locking assemblies; rather, it is

- contemplated that less than three or more than three may be employed provided
the number of locking assemblies is sufficient to prevent inadvertent removal of
the support device 10 from the bundle. For instance, a locking assembly 20 may
be providéd in the spacing between each of the adjacent support members 13,
14. Tt is also contemplated that the locking assemblies 20 may be provided at
spaced locations along the device 10. The use of the locking assembly
eliminates the difficulties associated with the use of the cable, described above,

while reducing the time needed to install the devices.




intended to be limted to the use of three | ocking assenblies; rather, it is
contenplated that |ess than three or nore than three nmay be enpl oyed

provi ded the nunber of | ocking assenblies is sufficient to prevent

I nadvertent renoval of the support device 10 fromthe bundle. For instance,
a | ocki ngvas¥ensasys 20 nmay be provi ded i n the spaci ngPEEURREHOEZEh of the
adj acent support nenbers 13, 14. It is also contenplated that the |ocking
assenblies 20 nay be provided at spared |ocations along the device 10. The
use of the locking assenbly elimnates the difficulties associated with the
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(Preferably, t he | ocking assenblies 20 are | ocated adjacent or in the
vicinity of one end of the strips 11 and 12, which are | ocated

[0020] The operation of the support device 10 in connection with the locking
assembly 20 will now be described in greater detail. The locking assemblies 20
are located and secured to the support device 10 at select focations along the
support device 10. The locking assemblies 20 are located adjacent or near one
end of the strips 11 and 12. Preferably, the locking assemblies 20 are located
adjacent or in the vicinity of one end of the strips 11 and 12, which are located
near the outer periphery of the tube bundle, as shown in Fig. 1. This location of
the locking assemblies 20 is sufficient to secure the support device 10 in place to

prevent its inadvertent removal.

<~ [0021] When the support devices 10 are inserted into the bundle to reduce
vibration, as described in co-pending US Patent Application No. 11/128,884 to
Wanni et al., the elongated members 1 contact the tube-receiving saddles 15
causing the elongated members 1 to flex as the saddles 15 pass the elongated
members 1 until the device 10 is properly located within the bundle. When the
tube support device 10 is properly positioned within the bundle, the tubes 1 rest
in the tube-receiving saddles 15, as shown in Fig. 1. The locking assemblies 20
are positioned between adjacent elongated members 1. In the évent that a lateral

or shifting force is applied to the support devices 10, the locking assemblies 20




~near the outer periphery of the tube bundle, as shown in Fig. 1. This
| ocation of the | ocking assenblies 20 is sufficient to secure the support
device 10 in place to prevent its inadvertent renoval. [00211 Wen the
_ support devices 10 are inserted into the bundle to reduce vibration, as
descri bedwioroesmspsnadi ng US Pat ent Application No. 11/ DRS/@84dostoe7728\anni et
al ., the elongated nenbers 1 contact the tube-receiving saddles 15 causing
the el ongated nenbers 1 to flex as thg_saddles 15 pass the el ongated
menbers | until the device 10 is properly located within the bundle. Wen

the tube ' | & r L1 i hi- dl e, the
tubes 1 r 520 Bt bofiE i Hhe ddpBlnp BRpHARIRABENER kil O BriePT ©5

| ocki ng apgsetidi] bfhe 30pp@tt evdos hihd ﬁfwdnmhw&nae&mmtorehm%ﬁd menbers 1.
In the event ‘that ‘a |lateral -or shifting - force is applied to the support
devi ces 1displabemérdaiitheysuppostirdavices 180 WO 2008/ 156845 PCT/ US2008/ 007728 - 10
cone into contact with the adjacent elongated nenber 1 to naintain the
proper position of the support device and prevent inadvertent renoval or
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30 are located and secured to the support device 10 at select |ocations
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assemblies 30 are located and secured to the support device 10 at select locations
along the support device 10, as shown in Fig. 3. Like locking assemblies 20, the
locking assemblies 30 are located adjacent or near one end of the strips 11 and
12. Preferably, the locking assemblies 30 are located adjacent or in the vicinity
of one end of the strips 11 and 12, which are located near the outer periphery of
- the tube bundle. This location of the locking assemblies 30 is sufficient to
secure the support device 10 in place to prevent its inadvertent removal. In Fig.
3, the locking assemblies 30 are located along the same side of the support
device. The present invention is not intended to be so limited; rather, it is
contemplated that the locking assemblies may be located on opposihg sides of
the support device 10 such that a first locking assembly 30 may _bc located on
one side of the device 10 and the second locking assembly 30 is located spaced

from the first locking assembly on an opposing surface of the support device.

[0023] It will be apparent to those skilled in the art that various modifications
and/or variations may be made without departing from the scope of the present
invention. It is contemplated that the present invention is not intended to be

limited to the support device 10 described herein; rather, it is intended that the




12. Preferably, the | ocking assenblies 30 are | ocated adjacent or in the
vicinity of one end of the strips 11 and 12, which are | ocated near the
outer periphery of the tube bundle. This |ocation of the | ocking assenblies
30 is sufficient to secure the support device 10 in place to prevent its
inadvertewoxensesas. |In Fig. 3, the | ocking assenbl i eCTAG280880170cat ed al ong
the sane side of the support device. The present invention is not intended
to be so limted; rather, it is contgnplated that the |ocking assenblies
may be | ocated on opposing sides of the support device 10 such that a first
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Wanni et at., and US Patent No. 7,128, 130 to Wanni et al., wherein the
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engagi ng zones. It is intended that the present invention covers the
nodi fi cations and variations of the nethod herein, provided they come within
the scope of the appended clains and their equivalents. C-12- CLAIMS 1. A
(support device for a bundle of elongated nmenbers, wherein the bundle




of elongated nenbers including a plurality of spaced rows of el ongated
menbers, wherein the support device conprising: an el ongated support
adapted to be | ocated between adj acent spaced rows of el ongated nenbers,
wherein the el ongated support has a first side and a second side, wherein
the first side is being arranged to be positioned adjacent one row of the
spaced rows of elongated nenbers andl2-he second side is being arranged to
be positioned adjacent another row of the spaced rows of el ongated nenbers;
a pluralignaAmssupport nembers spaced al ong the el ongated support, wherein
each support nenber has a first supporting assenbly | ocated on the first
side of the elongated support for supporting one of the el ongated nenbers
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assenbly conprises a block having a slot fornmed therein, wherein the slot
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support for supporting one of the elongated members in the one row and a second
supporting assembly located on the second side of the elongated support for supporting

one of the elongated members in the other row; and

at least one locking assembly for locking the support device between the adjacent
rows of elongated members, wherein each of the at least one locking assembly is being
located on at least one of the first side of the elongated support and the second side of the
elongated support between adjacent supporting assemblies, wherein the locking assembly

is being sized to contact the elongated members on adjacent supporting assemblies.

2. The support device according to claim 1, wherein each of the at least one
locking assembly is being located on the first side and the second side of the elongated
member, such that a portion of the locking assembly is being positioned between adjacent
first supporting assemblies on the first side and adjacent second supporting assemblies on

the second side.

3. The support device according to claim 2, wherein each locking assembly
comprises a block having a slot formed therein, wherein the slot is being sized to receive

a portion of the elongated support therein.




t he el ongated support. 5. The support device according to claim3, wherein
the bl ock has edge surfaces constructed and arranged to contact adjacent

el ongat ed nenbers. 6. The support device according to claim5, wherein the
edge surfaces are rounded. 7. The support device according to claimb5,
wherein each of the support nenbers has a first thickness and each of the
| ocki ng assenblies has a second thickitess, wherein the second thickness is
greater than the first thickness. 8. The support device according to claim
1, wherein the elongated support has a |length, wherein the plurality of
support nenbeﬂs |sTbemm30$papedmamdngtepbsnénwhabmyhebhekemtmneIMength of
the el on g f@port . The support device according to claima8, wherein
t he bundl menbers has an interior and an outer periphery,
wherein the eIongated support having a first end adapted to be |ocated in
the vicinity &f thEhpweoﬂ gevicpireendingth elaim g, whereiatthe black hasedge | ocki ng
assenbl y ﬁ&mggln @9? d adj S8 hae, %&g toque nwnnge support device
accordlng Wiel e e3ch™s 9 Fed % 1 ocki ng assenbly has
bei ng | ocated on only one side of the eIongated sup ort such that a
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supporti pg. %fenblles on one side of the elongated support. 11. The support
devi ce according to claim10, wherein the Iocklng assenbly conprising a
bl ock secured_to the el ongated support. The support device according to

claim 11, whefein Thresqsp réettet'saCéergelg t@ﬁlfaffﬁée‘é’ einspeh el theisupartar r anged to
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claim 12 rern surfaces are
wherein the second thickness is greater than the first thlckness.

8. The support device according to claim 1, wherein the elongated support
has a length, wherein the plurality of support members is being spaced along substantially

the entire length of the elongated support.

0. The support device according to claim 8, wherein the bundle of elongated
members has an interior and an outer periphery, wherein the elongated support having a
first end adapted to be located in the vicinity of the outer periphery, wherein the at least

one locking assembly is being located adjacent the first end.

10.  The support device according to claim 1, wherein each of the at least one
locking assembly has being located on only one side of the elongated support, such that a
portion of the locking assembly is being positioned between adjacent supporting

assemblies on one side of the elongated support.

11. The support device according to claim 10, wherein the locking assembly

comprising a block secured to the elongated support.

12. The support device according to claim 11, wherein the block has edge

surfaces constructed and arranged to contact adjacent elongated members.

13.  The support device according to claim 12, wherein the edge surfaces are

rounded.




