WO 97/ 21935 PCT/ GB96/ 02969 Thr ust
Bearing Arrangenent This invention relates to thrust bearing arrangenents
for apparatus having a rotatable shaft about which shaft are arrayed a
plurality of axially facing thrust pad surfaces, and in particular to
tilting pad thmasdmhies i ng arrangenents in which individual tkcT/eBIgRSEY
surfaces are able to tilt or rock to a limted extent about a generally
radial ly extending fulcrumridge. Tilting pad thrust bearing arrangement
are well known per se, having either discrete bearing pads or an integral
ring of pads joined to each other by webs of pad material that are thin
enough to permt the individual pads to tilt relative to supporting carrier
means of the pads and against which, in both forns, the pads bear to _
transmt axial thrust forces. The supporting carrier neans is forned either
as a netal ring of such thickness as to support the thrust |oads w thout
deformation or sonetines as a prepared surface of the apparatus housing the
bearing arrangenent. In either case it is conventional for the

Thrust Bearing Arrangement

This invention relates to thrust bearing arrangements for
apparatus having a rotatable shaft about which shaft are arrayed
a plurality of axially facing thrust pad surfaces, and in
particular to tilting pad thrust bearing arrangements in which
individual thrust pad surfaces are able to tilt or rock to a
limited extent about a generally radially extending fulcrum
.ridge.

Tilting pad thrust bearing arrangement are well known per se,
having either discrete bearing pads or an integral ring of pads
joined to each other by webs of pad material that are thin enough
to permit the individual pads to tilt relative to supporting
carrier means of the pads and against which, in both forms, the
pads bear to transmit axial thrust forces.

The supporting carrier means is formed either as a metal ring of
such thickness as to support the thrust loads without deformation
or sometimes as a prepared surface of the apparatus housing the
bearing arrangement. In either case it is conventional for the
pad-supporting face of the carrier means to be substantially flat
in the axial direction, except possibly for lubricant nozzles at
the surface at locations between adjacent pads, and for the face
of each thrust pad opposite to a bearing surface to be machined



pad-supporting face of the carrier nmeans to be substantially flat int
axi al direction, except possibly for |ubricant nozzles '#I thgggﬁt
p A

| ocati-ons between adj acent pads, and for the face of e ﬁg
opposite to a bearing surface to be nmachi ned -2- awhy_exdh Q = D
central or circunferentially offset location to | eave a radkgt} -§¢% ndi ng
_fulcrumridgew8§77 §5of whi ch the pad is supported on said ﬁ%? face
of the carrier nmeans and about which fulcrumridge it is able to nake
limted tilting novenents. It will be appzeciated that in the case of

I ndi vidual pads or an integral ring of such pads, the provision of such

ful crum ri dy@yorxcRPt sdhpdreentyidd oFurcizsunieraniiiadd yanf B8Rl tiasadiioantio non-
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during the life o earing arrangenent because the machined ridge Is

upon a cond@neBIRPATtesh Sfd RISk FURRPTHIPE fAge of the carrier means and
about which fulcrum ridge it is able to make limited tilting

movements.

It will be appreciated that in the case of individual pads or an
integral ring of such pads, the provision of such fulcrum ridge
on the supported pad surfaces involves an additional and non-
trivial manufacturing stage the cost of which may not be fully
realised during the life of the bearing arrangement because the
machined ridge is upon a consumable item and discarded with any
bearing pad that needs replacing due to wear of the opposite,

bearing face.

GB-A-1535165 describes a thrust bearing arrangement wherein
parallel surfaced bearing pads are supported on a smooth faced
carrier by way of an intervening plate machined such that it
presents an upstanding fulcrum ridge to each bearing pad.
Whereas this construction permits the consumable components, the
bearing pads, to be of simpler and cheaper construction, the
machined plate nevertheless requires considerable manufacturing
effort and, by virtue of its manufacture, has dimensions which
add significantly to those of the bearing arrangement.

It is an object of the present invention to provide a tilting pad
thrust bearing assembly which is simpler and more cost-effective
to manufacture and use.

According to the present invention a tilting pad thrust bearing
arrangement comprises a plurality of flat parallel faced bearing
pads arrayed about a longitudinal axis and supported on pad
carrier means, comprising a carrier body having a flat support
face extending about the 1longitudinal axis and between said
support face and the bearing pads support means defining
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beari ng pad that needs replacing due to wear of the ' 1 f ace.
GB- A- 1535165 describes a thrust bearing arrange S r ﬁE adl el
surfaced bearing pads are supported on a snooth facell car BERLABED way df an

i nterveni ng plate machi ned such that it presents an upstanding fulcrum
ridge to each lwasimgspad. Wiereas this construction permts pOEGBE¥R%%BD| €
conponents, the bearing pads, to.be of sinpler and cheaper construction,
the machined plate neverthel ess requires cogsiderable manufacturing effort
and, by virtue of its manufacture, has di nensions which add significantly
to those of thgsheAlddl ACHNIURM - ddr A 31420do A4S GidniRY A fHidTulddhg  a
arrangenment in which such intervening plate is replaced by discrete gen?grs
havi ng such f&vestaRtiadd¥s radiphdy BYLeRBG nMcIom (HEgs) ut) whighy the
obj ect of thegppssered P@ueesﬁcuiﬁu; provide a tilting pad thrust bearing
assenbly which 1 s siﬂgoer and nore cost-effective to nuf_ act ur e, and Use,
In accor dance®dF® hSPRROL JAERReT RRMALISARY & IShify “ﬁ-&‘ggthfBE’Pe‘BeQVi g LA
arrangenent agleeibredshimtheterimhacfcisabssangiflant wiiform thickness and

each fulcrum ridge by adjacent integral parts of the material

overlying each other in face to face contact.

Embodiments of the invention will now be described by way of
example with reference to the accompanying drawings, in which

Figure 1l(a) is a plan view of a first embodiment of tilting pad
thrust bearing assembly in accordance with the present invention
having carrier means in the form of a load bearing annular body,
a unitary ring of bearing pads and therebetween shim means in the
form of members of uniform thickness, the material of which is
displaced as folded back tabs to define fulcrum ridges, joined as
a unitary shim member ring,

Figure 1l(b) 1is a sectional elevation through the bearing
arrangement of Figure 1(a) taken in the direction b-b,
illustrating also locating means of the bearing pads with respect

to the carrier,

Figure 1l{c) is a plan view of the carrier means annular body of
Figure 1(b),

Figure 1(d) is a plan view of the unitary annular shim member of
Figure 1{(b), showing the formation of fulcrum ridges thereon by
folding back tabs of the shim member,

Figure 1l(e) is a sectional elevation through the shim member of
Figure 1{(d) along the direction e-e and showing the fulcrum ridge

in section,
_\\
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claim1l1 is characterised in that each support nenber conprises a - 3-
shim nenber forned by a thin flexible shim material of
substantially uniformthickness and each fulcrumridge is -formed by

adj acent integral parts of the material overlying each other in face to

face contact”wgggegkgents of the invention will now be desc;h?gﬁzﬁﬁe&@y of

exanple with reference to the acconpanyi ng drawi ngs, in whic 1 (a)
is a plan view of a first enbodi ment of tiltinng pad thrust bearing assenbly
in accordance with the present inventiormr Maving carrier means in the form
of a | oad bearing annul ar body, a unitary ring of bearing pads and

t her ebet ween shimneans in the formof nenbers of uniformthickness, the
material of which is displaced as folded back tabs to define ful crum
ridges, joined as a unitary shimnmenber ring, Figure 1(b) is_a

sectional Eigu%R i%(?) fr auBkan tHeW B¥aypyiPL the carrier body of a second

embodiment of bearing arrangement in accordance with the present
invention, in which discrete bearing pads are supported on
carrier means, including a 1locad bearing annular body (shown
ghosted), by way of a unitary annular shim member ring having
folded-tab fulcrum ridges and wherein the pads, shim member ring
and annular body of the carrier means are secured to each other
at intervals by spot welds,

Figure 2(b) is a sectional elevation through the arrangement of
Figure 2{a) along the line b-b thereof,

Figure 3{a) is a plan view of a third embodiment of a bearing
arrangement in accordance with the present invention comprising
discrete bearing pads, each supported on carrier means including
a load bearing annular body (shown ghosted), and shim means in
the form of a discrete rectilinear shim member for each pad,
secured by spot welds to the pad adjacent the fulcrum ridge and
to the annular body at a position between adjacent pads,

Figure 3{(b) is a sectional elevation through the arrangement of
Figure 3{a) along the line b-b thereof,

Figure 4(a) is a plan view of a fourth embodiment of the present
invention, similar to that of Figure 2(a), but in which each of
the bearing pads and the annular body of the carrier means are
located with respect to each other by a pair of locating members
formed by curled spring pins,

Figure 4(b) is a sectional elevation through the arrangement of
Figure 4(a) in the direction b-b,

Figure 4(c) is a sectional elevation through the arrangement of



arrangenment of Figure 1(a) taken in the direction b-b, illustrating
al so locating neans of the bearing pads with respect to the carrier, Figure
1(c) is a plan view of the carrier neans annul ar body of Figure 1(b),
Fi.gure 1(d) is a plan view of the unitary annul ar shi mmenber of Figure
1(b), showi ng Hrhppsation of ful crumridges thereon by fol dichgHEd&eised abs
of the shimnenber, Figure 1(e) is a sectional elevation through the shim
menber of Figure 1(d) along the directioq_q;q_and showi ng the ful crumridge
in section, WD 97/ 21935

PCT/ GB96/ 02969 -4- Fj gur, ) 4 plan_vi ew by way of the carrier body of
a second enbgagﬁﬁﬁtfgg Bgéﬁﬁ%gdg??gﬁgghgn¥'in accordance with the present

i nvention, in which discrete bearing pads are supported on
Figure 5(a) is a plan view of a fifth embodiment of the present
invention differing from that of the fourth embodiment in that a
discrete and circumferentially short shim member is associated

with each discrete bearing pad,

Figure 5(b) is a sectional elevation through the arrangement of
Figures S5(a) in the direction b-b,

Figure 5(c) is a plan view of the discrete shim member of Figure
5(a) and illustrating in ghosted form, its manufacture in a strip
of such members from which it is detached for use,

Figures 6{a) and 6(b) are sectional elevations illustrating
different forms of locating members and fulcrum ridge,

Figures 7(a) and 7(b} are plan and sectional elevation views
respectively of a form of shim member defined by a flattened
tubular body with a fulcrum ridge between locating holes,

Figures 7(c) and 7(d} are plan and sectional elevation views
respectively of a variant of the shim member of Figures 7{a) and
{b) in which the locating holes extent through the fulcrum ridge,
and

Figures 8(a) to 8(d) are sectional elevations through shin
members illustrating different members of increasing fulcrum
ridge thickness.

Referring to Figures 1(a) to 1(e), a first embodiment of the
bearing arrangement according to the invention, indicated at 100,
is centred on longitudinal axis 101 and comprises a plurality of
flat parallel surfaced bearing pads 102,, 102;, 1023 ..... arrayed
about the longitudinal axis. The bearing pads have respective



carrier neans, including a | oad bearing annul ar body (shown ghosted), by
way of a unitary annul ar shi m nenber ring having fol ded-tab ful crumridges
and wherein the pads, shimnenber ring and annul ar body of the carrier
means are secured to each other at intervals by spot welds, Figure 2(b) is

a sectional Lon through the arrangenent of Figure 2(a) _along the |ine
b-b thereof,%hsgﬁ%gg3(a) is a plan view of a third enbodi ne ?ﬁgpm%nﬂgaring
arrangenent in accordance with the present invention conprising discrete
beari ng pads, each supported on carrier-neans including a | oad bearing
annul ar body (shown ghosted), and shimneans in the formof a discrete
rectil i nearPearingnefbeiadesr &82h paf3:.sedfBed -by- spBtd wePHISHEE t Haeggko

adj acent t hgnfdilienuBuppsiephritackde1 eyl ap3hgdy  at, aamPSidd g ihelvesn

adj acent pads,. Fiqure éﬁga is_a se tLon3$ el.evation through the arrangenent
of Figure Raph a'l’%?‘?jt HendFiom,y thedte feazgngusuTARGSS | 8Y 2 3p LetaFidRIvf a
fourth enbothinerfleatbléevgly avdnt Theerihg@nof Bearliayg pads hbd safppoirgedeo(a),

but i n whi ch, a0t gLahle ARAAYPGERA0MA § N 308 BbuBOM Y 1SnRRIEES"
' carrier body 106 of mild steel of axial thickness of between 5 mm
and 10 mm, or of other suitable material, having a flat support

face 107.

Between the support face 107 and supported faces 1037,, 103/,
.... of the bearing pads is support means, indicated generally at
108, that has associated with each bearing pad a support member
including a radially extending fulcrum ridge about which the pad
supported thereon can tilt.

In accordance with the invention the support means comprises shim
means indicated generally at 110 formed by a thin flexible shim
material of substantially uniform thickness and each support
member comprises a shim member 112,, 112; ... in which the
fulcrum ridge is formed by adjacent integral parts of the
material overlying each other in face-to-face contact.

The shim means extends in directions generally circumferential
and radial with respect to each associated bearing pad and is
formed from steel having a thickness 1less than 3 mm, and
preferably 0.5 mm or less, or of material having suitable
strength, flexibility and working properties. For convenience in
association with a ring of bearing pads the individual shim
. members 112, 112;, ... are joined as a planar unitary annular
shim member ring 112. Each of the effective individual shim
members includes, a respective fulcrum ridge 115,, 115;, ..... in
the form of a tab 116,, 116;,...... of shim material, defined by
circumferentially and radially extending slits 117,,117, .....
through the shim material and folded out of the plane of the shim
member to lie against, and parallel to, an adjacent portion of



| ocated with respect to each other by a pair of |ocating nenbers forned by
curled spring pins, Figure 4(b) is a sectional elevation through the
arrangenment of Figure 4(a) in the direction b-b, Figure 4(c) is a sectiona
elevation through the arrangenent of WD 97/ 21935

PCT/ GB96/ 02969 wdberidgure 4(a) in the direction c-c, Figure Stcycedgsotespl an
view of. a fifth enbodi nent of the present invention differing fromthat of
the fourth enbodiment in that a discrete and circunferentially short shim
menber is associated with each discrete bearing pad, Figure 5(b) is a

secti onal elgﬁgékggﬁggé@%%n t he arrangenment of Figures 5(a) in the

direction b-b;, Is a plan view of the discrete shi mnenber of
Figure 5(a) and illustrating in ghosted form its manufacture in a strip

The displacement of each tab is shown as being in a direction
towards the bearing pad so that the pad when untilted abuts only
the flattened crest of the tab displacement and the remainder of
the shim member is borne on the surface 107 of the annular body
106, but it will be appreciated that the displacement may be in
the opposite direction such that the fulcrum ridge abuts the
surface of the annular body and the bearing pad is supported on
the greater expanse of shim member.

The annular body 106 has at least two through-apertures 120, 121
therein through which headed locating screws 122 or the like can
extend by way of a clearance fit to threaded or interference
engagement with the thrust pad ring. The clearance of the
locating screws with respect to the carrier body is such that the
thrust pad ring is held against radial and circumnferential
displacement with respect thereto but permitted limited axial
displacement insofar as this is confined to that necessary to
permit tilting function of the thrust pad components 102,, 102;
... about the fulcrum ridges.

It is found by calculation that for a wide variety of bearing pad
sizes a reguired degree of tilt is provided by a single thickness
of shim means material of less that 0.5 mm thickness. 1In fact a
thickness down to 0.025 mm may suffice, although difficulties may
be encountered in handling the material and shim means formed
therefrom.

Referring to Figures 2{a) and 2(b), a second embodiment of
bearing arrangement 200 is shown viewed from the direction of the
annular body 106 of the carrier means {which is ghosted) to show
the structure of the shim means. The arrangement has the ring of
bearing pads, indicated generally at 201, formed of discrete pads
202,, 202, ... not connected to each other by web means, and the



of such nenbers fromwhich it is detached for use, Figures 6(a) and 6(b)

are sectional elevations illustrating different forns of |ocating nenbers
and fulcrumridge, Figures 7(a) and 7(b) are plan and sectional el evation
vi.ews respectively of a formof shimnenber defined by a flattened tubul ar

body with a f ri dge between | ocating holes, Figures 7 and 7(d) are
pl an and sec?ﬁ%%@#gglevation views respectively of a varian%géFB?WB9 hi m

menber of Figures 7(a) and (b) in which the locating hol es extent through
the fulcrumridge, and Figures 8(a) to 8(8)-are sectional elevations
through shimmenbers illustrating different menbers of increasing ful crum
ri dge thi ckpRis meisr r 48, t SOPPEHLIRS 3( AplEary(apnubay FBim eRBBEFFERLZ0f
the bearingeé¥rcdpeaaeny #6Cehdi REihOmERSer NVENtiPNredgtditCredtrRl AOQruinS

centred on | ongitudinal axis 101 and conprises a _plurality of flat parallel
surfaced beBdRS padsi-1021err | AnFh2FeFPIisipg | BFfective | 1aAiiuplabtin: he
| ongi t udi nameri¥drs 212]1e2D2ar i.ng .p8S6cied WatACEheYEendividual pads that

are joined to each other,.

The arrangement also differs from the previously described
embodiments by the form of locating means, each bearing pad 202,,
202, ... being secured to the associated part of the shim member
only and the shim member 212 being secured to the annulér body
106 such that the it is prevented from moving circumferentially
and radially with respect to the annular body and bearing pad.
Each part of the shim member, say 212,, is secured to the
associated bearing pad 202, at 218, adjacent the fulcrum ridge
and to the annular body at a positién 219: between adjacent
bearing pads, that 1is, laterally of the pad where it is
accessible from the front (bearing surface side} of the pad.
Preferably the shim member is secured to the pad at two radially
spaced points, 218;,,218;5, to prevent the member responding to
rotational forces. Also conveniently, the member is secured at
said points by spot welds or the like.

It will be appreciated that thereas the array of bearing pads may
be secured to the annular shim member before disposing them with
respect to the annular body, with full access to surfaces
thereof, securing of the shim means to the annular body may only
be possible by way of the spaces between adjacent pads. Whereas
it is convenient as illustrated to secure each effective shim
member of the ring to the annular body adjacent each bearing pad,
the ring as a unitary body may be secured at fewer locations.

It will be apparent from Figure 2{a) and the method of securing
each effective shim member of the ring to both the associated pad
and region of the carrier body, that the shim members need not be
joined integrally in the form of a unitary annular shim member
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bearing surfaces 103[err], 103[err], 103[err] .... and opposite
therete parallel supported surfaces 103'[err], 103" [err], ...., and are
joined to each other renote fromtheir bearing surfaces by a relatively

thin flexible wedoktidas The ring of bearing pads is supported POT/GBI6IOREED
means, indicated generally at 105, conprising an annular carrier body 106
of mld steel of axial thickness of betweeng5_mm and 10 nm or of other
suitable material, having a flat support face 107. Between the support face
107 and suppogigﬂ faces 103'[err], 103'[err] .... of the bearing pads is
support neans; indicated generally at 108, that has associ.ated with each
beari ng pad a support nenber including a radially extending fulcrumridge

about whi ch t herpAd HIRROE] §ird e (@PNaRAM {H),t & LRiAS MAEENY 6D Bdading

i nvention the support” means conprises_ shim means i ndjcated generaluy a& 110

formed by a tAFFaRgemeny d08hisyshown viewed from the direction of the annular
body 106 of the carrier means (which is ghosted) to show the
structure of the shim means. The arrangement has the ring of
bearing pads, indicated generally at 301, formed of discrete pads
302;, 302, ... not connected to each other by web means, and the
shim - means, 310, comprises a discrete member 312;, 312; ...
associated with each discrete pad rather than a unitary annular
member. Each shim member extends generally circumferentially with
respect to the pad but, being radially smaller, conveniently as a
rectilinear strip extending tangentially rather than arcuately in
a truly circumferential direction. Each fulcrum ridge 315;, 315:
... is formed as a folded tab 316,, 316, ..., but from an end of
the strip folded back and extending radially for the full width

of the strip.

Each shim member strip, say 312,, is secured to the associated
bearing pad 302, at 318, adjacent the fulcrum ridge and to the
annular body at a position 319, between adjacent bearing pads,
that 1is, laterally of the pad where it is accessible from the
front (bearing surface side) of the pad. Preferably the shim
member is secured to the pad at two radially spaced points,
318;4,318,5, and to the body at two radially spaced points 319;,,
319;s, to prevent the member responding to rotational forces.
Also conveniently, the member is secured at said points by spot
welds or the like.

It will be appreciated that other forms of locating means may be
employed both with discrete shim members and shim members joined
together as a unitary shim member ring.

Referring to Figures 4(z) and 4{b) the fourth embodiment of
bearing arrangement 400 also viewed through the annular body is



mat eri al of substantially uniformthickness and each support nenber
conprises a shimnenber 112[err], 112[err] ... in which the fulcrumridge
is formed by adjacent integral parts of the nmaterial overlying each other
in face-to-face contact. The shimneans extends in directions generally

circunferenti adial with respect to each associ ated i d and
foghhltet Ll

is formed from'sté€el having a thickness |less than 3 nm and 0.5
nmor |ess, or of material having suitable strength, flexibility and
wor ki ng properties. For convenience in assbciation with a ring of bearing

pads the individual shimnmenbers 112[err], 112[err ... are joined as a
pl anar uni t geReEHAY &indpam kBnbRE # ﬁﬁ“hﬁnt Eéﬁc%f- of 19 &@ctqq% (b)

i ndi vi dual shi paspatherse i dHanlgRansa 41 6S peRHE MAnGULBHUTAY | shgin IddiR 1412
115[err], ..;.. Ln the form of t ab 1%6[err] 116Jerr], ......, of shim
material . dBRVHH BYlEnume madgesntd iRt y YRy radi ERIMEC haTEORg A j flded-
117[err], 1184€%k rfabs -416,, t4T&UQGhH .t heEabh nbewtiagi phdaaoR.f olded ot oFf dhee

L ane of of "G LA Ss LRcki8a268" BRL oA R 5BhY b ' Phe La A Hans
by way of a pair of axially-extending locating members 430, 431
disposed adjacent to, but spaced from, the ends of the fulcrum
ridge. The locating members comprise curled, or scrolled,
radially contractible spring pins which form an interference fit
in co-operating apertures 432~435 in the bearirg pad and carrier
body whilst passing through the shim member 412, optionally with
a clearance fit. The pins, being in line with the fulcrum ridge
but spaced from the ends thereof, permit sufficient pivoting of

the spaced pad and carrier parts for satisfactory tilting.

Such locating means which locates each bearing pad directly and
extends through the shim member ' associated with each pad to
locate it in the vicinity of the pad also permits the use of
discrete, circumferentially short, shim members;

Referring to Figures 5(a) and 5(b) these show plan and sectional
elevation views similar to Figures 4(a) and 4(b), of a fifth
embodiment of bearing arrangement 500, This comprises carrier
ring 106 and discrete bearing pads 502,, 502 .... . It differs
from the fourth embodiment in respect of the provision of
discrete shim members of short circumferential extent. The
fulcrum ridge 515;, 515; ... is formed on each by folding a tab
of shim material back to lie in face-to-face contact as discussed
above and the individual shim members are located and retained by
locating members 530 and 531, corresponding to the pins 430 and
431 described above, passing through apertures 536, 537 through
the shim material in line with, but spaced from the ends of, the

fulcrum ridge.

An individual shim member 512, is shown in greater detail in
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shi m nenber. The di spl acenent of each tab is shown as being in a direction
towards the bearing pad so that the pad when untilted abuts only the
flattened crest of the tab di splacenent and the remai nder of the shim
menber i s bornay@ewtdess surface 107 of the annul ar body 106, bptticBIsnzbde be
-appreci ated that the di splacenent nmay be in the opposite direction such
that the fulcrumridge abuts the surface ofthe annul ar body and the
bearing pad is supported on the greater expanse of shim nenber. The annul ar

body 106 has .at_ | ea ] 1 2RE e kdh tdNi F<£h
y .f%guggrg&gigﬁkﬁfHH“¥1Gu§Qk5§HB 51140 ratéd hERTSidh tINiaUaBmMEELS

headed | ocatin or the like can extend by way of a clearance fit
to threaded oy nberfreadencsiBplagdifent WFTH IHBUE hr$HiRadoFPngiromevhich

clearance of #hghiaaali MemsersewayVbé adesmeat £é0 ddee carrier body is such
that the thrust pad ring is held against radial and circunferential

di spl acenent with respect thereto but permtted Iimted axial
It will be appreciated that such discrete shim members located by

locating means in the form of such pins-or the like may be
employed when the array of bearing pads is present as a unitary
ring joined by webs, that is, in the form shown in Figures 1la),
provided of course that each bearing pad of the ring is located
by such members extending through the associated shim member.

The above describes locating means in the form of several pins or
the like which form an interference fit in both bearing pad and
annular body of the carrier, but if desired a more conventional
locating means may be effected in which the locating member is
secured tightly with »respect to the bearing pad only and
relatively loosely with respect to the carrier means, analogously
to Figure 1l1lb).

It will be appreciated that when the locating members have
clearance movement with respect to the carrier means then it is
less important that the supported surfaces of the bearing pad and
surface of the annular body are separated, and in such
circumstances it is feasible to have the apertures through the
shim member defined through the fulcrum ridge rather than
alongside its ends at parts of lesser thickness.

Considering the above outlined variants of locating members and
fulcrum ridge, Figure 6(a) illustrates in sectional elevation
respectively a radial locating member that is a profiled pin 61
forced into an interference fit in the bearing pad 502; and a
clearance fit in the annular body 106 where it is retained by a
head 61,. Figure 6(b) illustrates a radially contractible spring
pin 62 that is a clearance fit in the carrier body 106 where it
is retained by a splayed end 62,. In both cases the pins extend



di spl acenent insofar as this is confined to that necessary to permt
tilting function of the thrust pad conponents 102[err], 102[err] ... about
the fulcrumridges. It is found by calculation that for a wide variety of
bearing pad sizes a required degree of tilt is provided by a single

t hi ckness of [ ns material of less that 0.5 mmthickn ct a
t hi ckness dovﬁgtﬁ?z%S%ZS mm may suffice, although difficulti 3’?’%&@32@ '
encountered in handling the material and shi mnmeans formed therefrom
Referring to Figures 2(a) and 2(b), a secbhd enbodi nent of beari ng

arrangenment 200 i.s sho I ewed tron13¥ directjon of the ul ar bady 106
of the carrFRFOURANERE WHHLRERE FHEGFediis PERONThESERFTR Ale JPTPRE O m
means. The gslditgerahet shar mimeerialg tof doeale nhipadessi ndi cat ed general |y at
201, fornmed of discrete pads 202[err], 202[err] ... not connected to each

ot her by web nmeans, and the WO 97/ 21935
PCT/ GB96/ 02969will be appreciated that it is possible to obtain a face-to-

face contact between integral parts of shim material in uniform
thickness other than by simple folding back of a tab or end
region of a flat strip of the material.

Locating means in the form of the above described pins or 1like
members may extend other that parallel to each other and/or the
longitudinal axis. 1In particular, if such pins are inclined with
respect to each other in a radial direction and an interference
fit in the bearing pads, they may be a clearance fit in the
carrier body and be retained therein without the provision of a
splayed or headed end.

Referring to Figures 7(a) and 7(b) these show in plan and
sectional elevation respectively a shim member 712, formed by
flattening an initially tubular body, the end regions 713,, 714:
being cut to provide a single thickness through which locating
holes 7365, 737. pass adjacent the ends of the fulcrum ridge 715a.
Figures 7(c) and 7(d) show similar views of a modified form 712,
in which the locating holes 736s, 737s extend through the fulcrum
ridge, that is, the fulcrum ridge extends for the full length of
the member.

It will also be appreciated that if required the shim means may
be provided with a fulcrum ridge height or thickness more that
provided by a single additional thickness of the shim material.

Referring to Figures 8(a) to 8(d) which show various options in
sectional elevation various options for defining fulcrum ridge
thickness, Figure 8(a) shows how an integral annular shim member
ring 212’ corresponding to 212 may be pleated by pleat 814 to
define a fulcrum ridge 815 adding two thicknesses per pleat.



shi m neans, 210, conprises a unitary annul ar shimnenber 212 correspondi ng
to the shimnmenber 112 in respect of the fulcrumridges 215 err], 215[err],
and conprising effective individual shimnmenbers 212[err], 212[err],

... associated with the individual pads that are joined to each other. The
arrangenment al swoeidshbasrs fromthe previously described enbodi perGneduzedohe
formof |ocating neans, each bearing pad 202[err], 2022 ... being secured
to the associated part of the shim nenber_qgnly and the shim nenber 212

bei ng secured to the annul ar body 106 such that the it is prevented from

NoVi ng ci r cungghfil isdldhy iandseadiad | Nowi 4R ERSRAGE ttant hBrarnul 3 hrayweand
beari ng pad. Each part of e, shi m negber, ,say 212[err], IS secgure o the
% ko
associ at ed beBH8 MPHhRe 2621299 1124 2 2 PAERTTY %%T’%?Eentﬁt He@CEr oier i g &THRd
to the annul afideed)s 13t thipkaess on Pi@her rd (hetidkast palferc dvw e avhing mpaber
that is, Iate@?lél éﬁOf t he ?%g %eﬁggﬁg eriEIﬁ 1;niomthe. f ront .
(bearing surf _Hef‘ag‘? ° pa. ° § AEX shP mihended st SRP9SEEe o
the pad at tvsurfadesl |18225pag231 poi mefin2l&dceim2k8dger 8240 pFigentd Bhd)
member 1 esponding b QeLet Abl oW of UkiFRreAl SO 15O lsk WlBISHS, by
have an elongate tab 825 folded repeatedly, that is coiled, about
it to increase thickness of fulcrum ridge 826.



said points by spot welds or the like. It wll be appreciated that thereas
the array of bearing pads nay be secured to the annul ar shi m nenber before
di sposing themw th respect to the—annmutar—body,"with full access to

surfaces thereof, securing of th h'e annul ar body may only
be possible f the spacesiuam%mm& pads.

conveni ent a%%??rat ed to secUk lve shim ne%ﬁ?é%*h?%e ring
to the annul ar body adjacent each bearing pad, the ring as a unitary body
may be secured at fewer locations. It will be apparent from Figure 2(a) and
t he nmethod of securing each effective shimnmenber gg H) QAS% BEp p the
associ ated pad and region of the carrier;dpady, that H er sy need
not be joined integrally in the formof a unitary &nnul i @am:b-e} WO
97/ 21935 PCT/ GB96/ 02969 -9- ring.

CLAIMS

1. A tilting pad thrust bearing arrangement (100; 200; 300;
400; 500) comprising a plurality of flat parallel faced
bearing pads (102,; 202,; 302,; 402,; 502,) arrayed about a
longitudinal axis (101) and supported on pad carrier means
(105), comprising a carrier body (106) having a flat support
face (107), extending about the longitudinal axis and,
between said support face and the bearing pads, support
means (108) defining associated with each pad a support
member including a substantially radially extending fulcrum
ridge about which the supported pad can tilt,
characterised in that each support member comprises a shim
member {(112,; 212,; 312;; 412,; 512,; 612; 7l2x; 712z;) formed
by a thin flexible shim material of substantially uniform
thickness and each fulcrum ridge {115,; 215;; 315;; 415;;
515;; 615; 715,; 7155) by adjacent integral parts of the
material (116,; 316; 416; 516; 816; 820; 821) overlying each
other in face to face contact.

2. A tilting pad thrust bearing arrangements as claimed in
claim 1 characterised in that the shim member (112,; 212;;
412,; 512,; 812} 1is substantially planar and the fulcrum
ridge (115; 116; 415; 515; 812.) comprises a tab (116;; 316;
416,; 516; 820, 821l) cut from, and folded out of, the plane
of the shim member to lie against, and parallel to, an

adjacent portion of the shim member.

3. An arrangement as «claimed in «claim 1 or claim 2
characterised in that the fulcrum ridge {815; 817) is formed
by at least one pleat (814; 816) of the shim material.

-
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Referring to Figures 3(a) and 3(b), a third enbodi nent of bearing
arrangenent 300 i s shown vi ewed frem-the-direction of the annul ar body 106

of the.carrier nmeans (which is gh t o showthe structure.of .the shim

means. The arrangenent has the ri ﬂ]ﬁ IH&!’UM, s, indicated generally at
301, forned of woefsm®is pads 302 . not conneptpdBYsM2963C h

ot her by web nmeans, and the shimneans, 310, corrprl ses a discrete nenber
312[err], 312[err] ... associated with each discrete pad rather than a

unitary annul ar nenber. Each shi m nenber extends genergtty
circunferentially with respect to the pad hgt,. being rH‘MSa?PH SWIBEFN
conveniently as a rectilinear strip extending tangentj al | yRERL EANGED t han
arcuately in a truly circunferential direction. Each Tarcrumridge
315[err], 315@err] ahs drafangemést aabolaladmeab i316EHmy réne 3b6] &ﬂra]ims 1 baot 3

f d of th t fal d d back di d
w dth of the stripchekefrehiminpa e e o iim 13088, foods, @y #E fdlpen
associ ated beari ngbyacto?hﬁ?{zgrtl]xe a‘shﬁﬂ.8{n&teqlaadjmanstt beopdsd e ufncreajg@?é?nd
to th I bod b

0 the annul ar body,aj ePoslilian, SRALer LoDsyeen Sdiacenh DeaGd Hvide

that is, laterally i's acCessi
thickness at least three times thickness of the shim

material.

5. An arrangement as claimed in any one of the preceding claims
characterised in that the shim material is of steel of no
greater that 0.5 mm thickness.

6. An arrangement as claimed in any one of the preceding claims
characterised in that each bearing pad (202;; 302;) of the
array is secured to the associated shim member {212;; 312,)
and the shim member is secured with respect to -the annular
body 106 of the carrier means such that the shim means is
prevented from moving circumferentially and radially with

respect to the annular body and bearing pads.

7. An arrangement as claimed in claim € characterised in that
the shim member (212;; 312,) associated with each pad (202,; -
302,} extends in a generally circumferential direction from
said fulcrum ridge (215;; 315;) and is secured to the
carrier body (106) at a position (219,.; 319, between the
bearing pad and an adjacent pad of the array.

8. An arrangement as claimed in claim 6 or claim 7
characterised in that the shim members (212,; 312,) are
secured by a plurality of spot welds.

S. An arrangement as claimed in any one of claims 1 to §

! ThlS Sheet Has Been Relpla
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front (bearing surface side) of the pad. Preferably the shimunenher is
secured to the pad at two radially spaced points, 318] g41s SHSEEI HAS IBEENd to

the body at two radially space l ' ﬁll m 1319[ nrr] Hmmcgyent the
nmenber responding to rotational Inmum Imij t veni e Afmmtre—trETIET
secured at sa s by spot welds &r Yheslike. It wll ed
that other forns 0 ocating means nay be enpl oyed both vmthp(gﬁéé&ﬁ#%gshl m
menbers and shi m menbers joined together as a unitary shimnmenber ring.
Referring to Figures 4(a) and 4(b) the fourth enbodi ment of bearing
arrangenment 400 al so viewed through the annul ar body is WD 97/ 21935
PCT/ GB96/ 02969 - 10 - generally sim | ar 1o the arrangenent 200 of Figure
2(a) and (b) in respect of shimnmeans 410 corrpri si ng annul ar shi m nmenber

412 having fulcr ri 41 rr 1 fo reon f.ol -
aving tutc ucrnarla%gggiseg [gn ]t’hat 54ach bearing pra]\%d th% =0 ?18, Z?OZCf.ed

402,; 502;) of the array is coupled to the carrier body

—

(106), to inhibit relative motion in at least
circumferential and radial directions, by at least one
locating member (122; 430, 431; 530, 531; 61; 62) extending
through the shim means (112; 412,; 512,; 612).

10. An arranged as claimed in claim 9 characterised in that each
‘bearing pad (402,; 502,) is discrete and coupled to the
carrier body (106) by-way of a pair of locating members
(430; 431; 530; 531; 61:; 62) extending between the bearing
‘pad and the annular body and spaced apart along the fulcrum
ridges of the shim member associated with the pad.

11. An arrangement as claimed in claim 9 characterised in that
locating members (62) form an interference fit in the
bearing pad and clearance fit in the carrier body and shim
means.

12. An arrangement as claimed in any one of claims 10 or claim
11 characterised in that the locating members comprise
curled spring pins (430, 431; 530, 531; 62) forming an
interference fit in an aperture (435, 433} of the bearing
pad.

13. An arrangement as claimed in claim 10 characterised in that
the locating members comprise curled spring pins {430, 431;
530, 531) forming an interference fit in both an aperture of
the bearing pad and of the carrier body and are spaced from
the ends of the fulcrum ridge (415,; 515:}.

14. An arrangement as claimed in any one of the preceding claims

Thls Sheet Has Been Reilaced
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1)

of the arrangenent is secured to the annul ar body of the¢TeS SHEET

way of.a pair of axially-extendimg™ g menbers- 430 431 RERLASE

adj acent to, but spaced from the rumritdge-—Tne Tocating
menbers conpri §goesHbsd, or scrol Hiﬂﬁﬂ"ﬁ“ mng'mtracti bl e spCTOB9GE2069
which forman interference fit in &0-operaim Nng apertures 432-435 in the
beari ng pad and carrier body whil st passing through the shimnenber 412,
optionally with a clearance fit. The pins, being in line with the fulcrum
ri dge but spaced fromthe ends thereof, geé?n'_t sufficient pivoting of the
spaced pad and carrier parts for satisfact tilting. Such | ocating neans
whi ch | ocates each bearing pad directly and extends through the shim

mb iated wit : . 1Q,l if.din.t i £4 ni f .
250 perm ts the UaETctarsbl s thafShBPhH s B, Sl nindiane:
Referring to Fi gurél2.b(memkens BEbpcidtesh wilthwthé aindinddeat t bearilngepadat 05Hn
. = to Fi b e h c .
hrrangenent 500 Ui eFted Be Mlnthiobo Sloif cihihfad HIUNTREY Sindied Lt

pads 502[err], 502peMgr ring (133; @ipfefk2).

back tabs 416[err], 416[err] ... Each bearing pad 402[et] -402@#%
Bd

15. An arrangement as claimed in any one of claims 10 to 13
characterised in that each shim member (812;) is discrete
and of limited circumferential extent with respect to the
associated bearing pad and the fulcrum ridge (826) comprises
a coiling of the shim material thereabout against opposite
faces.

. This Sheet Has Been Reﬂlaced




fromthe fourth enbodinment in respect of the provision of discrete shim
menbers of short circunferential extent. The fulcrumri-dge 515[err],
515[err] ... is fornmed on each by folding a tab of shimmaterial back to
li.e in face-to-face contact as di scussed above and the individual shim
menbers are | ogah eghaadsd retained by l.ocating nmenbers 530 and BGWGB6/02969
corresponding to the pins 430 and 431 descri bed above, passing through
apertures 536, 537 through the shimmaterial in line with, but spaced from
the ends of, the fulcrumridge. An indiviqM@I shi m menber 512[err] is shown
in greater detail in WO 97/ 21935

PCT/ GB96/ 02969 - 11 - Figure 5(c), which figure also illustrates how such
shi m nenbers may be made sinply in a continuous strip formfrom which

i ndi vi dual nenbers may be detached for use. It will be appreciated that
such discrete shimnenbers | ocated by

106 1020 b 102, 107 103; 02
i o0 /| 103:
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| ocating neans in the formof such pins or the |ike may be enpl oyed when
the array of bearing pads is present as a unitary ring joined by webs, that
is, in.the formshown in Figures 1(a), provided of course that each bearing
pad of the ring is |located by such nmenbers extendi ng through the associ at ed
shi m nenber. Thgo®®omss descri bes | ocating nmeans in the form obcseBesebepi ns
or the like which forman interference fit in both bearing pad and annul ar
body of the carrier, but if desired a nore conventional |ocating nmeans nay
be effected in which the |ocating nenber i2f4secured tightly with respect to
the bearing pad only and relatively |oosely with respect to the carrier
means, anal ogously to Figure 1(b). It wll be appreciated that when the

| ocating nenbers have cl earance novenent with respect to the carrier neans

then it is le 'nportanL,LIwm—iiELSLmuxﬁf surfaces of the bearing pad
and surface of eNanT ge=gge=g e~sgepara , and in such circunstances it
Is feasible to hav-‘/;A\apz.qy esJ:<\§. hAhe shi m nenber defined through
the ful crumri dge/ss herl t -h aJngs;oa s ends at parts of |egser
t hi ckness. > \\ 2123
\ 2153
210
212
{7212
¢ 2027
29103 2152

3191A
= FIG3(b)




Consi dering the above outlined variants of |ocating nmenbers and ful crum
ridge, Figure 6(a) illustrates in sectional elevation respectively a radi al
| ocati.ng nmenber that is a profiled pin 61 forced into an interference fit
in the bearing pad 502[err] and a clearance fit in the annular body 106
where it is rexoswoddy a head 61[err]. Figure 6(b) illustratesr/aBicacdsal |y
contractible spring pin 62 that is a clearance fit in the carrier body 106
where it is retained by a splayed end 62Lerr]. In both cases the pins

ext end WO 97/ 21935 /4 -

PCT/ GB96/ 02969 - 12 - s crumridge 615 of shim
formed by fol ding the ghin Br i a0 e, 1 hi cknel@®
appreci ated tpg. it A pdss s BRI, A Lﬁé -to-

i ntegral parts of} shei ‘ o8 P t b#Ckness i

fol di ng back gf a

5121 5391/5151

= R A > B
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Locating nmeans in the formof the above described pins or |ike nmenbers may
extend other that parallel to each other and/or the longitudinal axis. In
partieular, if such pins are inclined with respect to each other in a
radial direction and an interference fit in the bearing pads, they may be a
clearance fit JypotRPagarrier body and be retained therein w POBIEBI6HRI
provi sion of a splayed or headed end. Referring to Figures 7(a) and 7(b)
t hese show in plan and sectional elevation respectively a shimnenber 712A
formed by flattening an initially tubul ar 4ddy, the end regions 713[err],
714[ err] being cut to provide a single thickness through which |ocating
hol es 736[err], 737[err] pass adjacent the ends of the fulcrumridge
715[err]. Figures 7(c) and 7 % show sim |l ar views of nod'i%ed form
h ext® t hrough t he
C

712[err] in which the | ocati ol es 736[err], 737[ef
R T 91 ¢ngth of
\!:"' l' means may

fulcrumridge, thay 1 ri dge extends\\ ON
the menber. It wlI\al s§¥peNap ' t hat§QR o%‘ w&
be provided with a | ei g% or thi cﬂn {_A'--- g ovi ded by

— 612

a single additional . 6Yhi m materi al L] '

A

7106 106 ;
6176V =
F166{a) +1G6(b)

T36p T2g nsA/\é T3,
755 7154 \712,
a a b | | IS

| B oy B
73731'-'" 737A-/—'O ~— 7
FiG7(c) +1G7(a)

7378 /7153 7‘1‘.:‘.'6~ 73
@.ma 712Aﬁ
F1G7(a) +1G7(b)
815 7 817 816
N £ s

FiG8(a) +1G8(b)

822 820 682 ;anc 812p é825 826

FiG8(c) T8 &3 FIG 8(d)




P RnPLACﬂC’:@i SHEET
Ref ersri ngjt tjo 8(d) which show various options in sectional
el evati on} vpr |2;1?| ?(pf,q?gns flor defining fulcrumridge thickness, HEPQMEEM ﬁHEF-T
shows how| ap ég‘} nnuljar shim nmermber ring 212 correspondl ng to 212
may be pl gal 14 to deflneafulfrumrldge 815 adding two
thi cknesses per pleat, 97/ 21935

PCT/ CBO6I 9230y eﬂ:&ggtrhﬂuhecéﬁ?}allBESEéﬁEﬁxﬁfQP&@ih POt ARpdfifiBicko

of memnber) folded in a pleated nmanner t0|n e ful crum 3
ridge 817 tﬂeekaessradwaé&yeest@)qu B ke maigeabyhmyﬁ@rﬁoerfhm[té\er]pa

825 (o def | A8 FOPRoLGed HrCHaRaCbupPortind0TaREl WP EapbiofChealié and
ci rcunf er engbatity wdtig §hl¢\¢mni§édgelzm nky hble &0 ehakgatldmiiigdsAsilting

fol ded repegtedl ¥neLhat is coiled, about it to increase thickness of
fulcrumridge 826. " ° :

It will be appreciated that in the case of individual pads or an
_'intégral ring of such pads, the provision of such fulcrum ridge
on the supported pad surfaces involves an additional and non-
trivial manufacturing stage the cost of which may not be fully
realised during the life of the bearing arrangement because the
machined ridge is upon a consumable item and discarded with any
bearing pad that needs replacing due to wear of the opposite,'

bearing face.

GB-A-1535165 describes’ a thrust bearing arrangement wherein
parallel' surfaced bearing pads are supported on a smooth faced
carrier by way of an intervening plate machined such that it
presents an upstanding fulcrum ridge to eaéh bearing pad.

Whereas this construction permits the consumable components, the
bearing pads, to be of simpler and cheaper construction, the
'machined plate nevertheless requires considerable manufacturing
effort and, by virtue of its manufacture, has dimensions which

add significantly to those of the bearing arrangement.

US-A-3142519 describes a simiiar arrangement in which such

intervening plate is replaced by discrete members having such

fulcrum ridges defined by embossment of the plate.

It is an object of the present invention to provide a tilting pad
thrust bearing assembly which is simpler and more cost-effective

to manufacture and use.

In accordance with the present invention a tilting pad thrust

bearing arrangement as defined in the:precharacterising part of

claim 1 .is characterised in that each support member comprises a




3 * 28 LP {/.-, AVEE .;i\.\’g{l g_;_'?EE
-14- CLAIMS' 1 A tilting pad {t hrust bearing arrangenent (looﬂgﬂﬁggmgﬂpsﬂggr
400; 500) co QN@WPEE ahjitly .of flat parallel faced bearing pads

202; 302; 40% 502) arraye bdqut a | ongitudinal axis (101) and supported

on pad carri ' nygri-sing a cargier body (106) having a flat
support face J(107) and extendi ng about the |ongitudinal axis and, between

sai d SupporEhiﬁceméﬁ9e£hef89ﬁéLnngadé %H@HOfkggﬁéﬁie(1Q§hmdemdﬂéﬁaal of
associated wt a support menber 1 ncluding a substantially

eac ad
radi-al |y exﬁ@lﬁatwgtﬁf by v ifge Hrsthnags emd wachufvdcrem padocad st formed
characteri Ssg baibéé‘ﬁt eaﬁbegyalt.)oFaregn‘efr tﬁ@”ﬁlra't%’?:%ai‘ %%ﬂg&ﬁ‘eereaEkl%ther
212; 312; 41 2; [err [err];) formed by a thin flexible
shi m mat er i &N B@C%L&%t%ﬁEQaﬁq agHi+f or m t hi ckness and each fulcrumridge
(115; 215; 315; 415; 515; 615 715[err] 715[err]) is fornmed by adjacent

integral parts of the
- Embodiments of the invention will now be described by way of

-

example with reference to the accompanying drawings, in which

Figure l(a) is a plan view of a first embodiment of tilting pad
thrust bearing assembly in accordance with the present invention
having carrier means in the form of a load bearing annular body,
a unitary ring of bearing péds and therebetween shim means in the
form of members of uniform thickness, the material of which is
displaced a% folded back tabs to define fulcrum ridges, joined as

a unitary shim member ring,

Figure 1(b) is_ a sectional elevation thrpugh' the bearing
arrangement of Figure 1l(a) taken in the direction b-b,
illustrating also locating means of the bearing pads with respect

to the carrier,

Figure 1(c) is a plan view of the carrier means annular body of

Figure 1(b),

Figure'l(d) is a plan view of the unitary annular shim member of
Figure 1(b), showing the formation of fulcrum ridges thereon by
folding back tabs of the shim member, | '

Figure 1(e) ié a sectional elevation through the shim member of
Figure 1(d) along the direction e-e and showing the fulcrum ridge

in section,



materl aI (116; 316; 416; _ 516 816; 820 821) overlying each ot h&EPhﬂ:ﬂEWN@ SHEET
to face con ! , 1genent as clainmed in claim1 characterised in
that the sHT¥ _”" - 27| 212; 442; .512; 812[err]; 812[err]) is
substanti al fy}pl anar anq_tha fulcrun1ridge 115; 116 415——5&5-—8&2

conprises a th 2 TMAY 8158, u1p; 516; 820, B2I; 825) cut frﬂiﬁl and f

out of, thelpllane of the shjn]nmenber to lie agai nst, and p l,wllu W““l

adj acent po#ftion of the shim jpenber. 3. An arrangenent

claim 1 ot—-—clatm—2-chatasierised in that the fulcrunlrldge (815 gf 7) -
Is formed by at | east one pleat (814; 816) of the shimmaterial. - 15 -
4. An arrangenent as clainmed in any one of clains 1 to 3 characterised

in that thectnfMgum ridge (824; 826) is formed by folding the shimmteri al
agalnst opposite faces (822

1. A tilting pad thrust bearing arrangement (100; 200; 300;

400; 500) comprising a plurality of flat parallel faced

bearing pads (102; 202; 302; 402; 502) arrayed about a

longitudinal axis (101) and supported on pad carrier means

(105) comprising a carrier body (106) having a flat  support
face (107) and extending about the longitudinal axis and,
between said support face and the bearing pads, support
means (108) defining associated with each pad a support
member including a substantially radially extending fulcrum
ridge about which the supported pad can tilt,

characterised in that each support member comprises a shim
member (112; 212; 312; 412; 512; 612; 712x; 712y;) formed by
a thin flexible shim material of substantially uniform
thickness and each fulcrum ridge (115; 215; 315; 415; 515;
615; 715x; 715s) is formed by adjacent integral parts of the
material (116; 316; 416; 516; 816; 820; 821) overlying each
other in face to face contact. |

2. An arrangement as claimed in claim 1 characterised in that
the shim member (112; 212; 412; 512; 812 8125 is
substantially planar and the fulcrum ridge (115; 116; 415;
515; 812:) comprises a tab (116; 316; 416: 516; 820, 821;
825) cut from, and folded out of, the plane of the shim

member to lie against, and parallel to, an adjacent portion

of the shim member.

3. An arrangement as claimed in claim 1 or claim 2
characterised in that the fulcrum ridge (815; 817) is formed
by at least one pleat (814; 816) of the shim material.



823) .of the shi REPEE@E? 1T §OTE a ful crum ridge having a thi ckRENACEBMENT SHEET
| east three tineg—threkness oft e shim material. 5. An arrangenent as .
clainmed in any fone gf t he %ae *dl ng clains.characterised in that—the-shim

ee €4

material is of |st TMARG: itér that 0.5 mﬂthl

arrangenent as cllained in._any dng¢ of the p?‘ Cedi ng ml,mml"m M@!‘I sed in
t hat each bearijng pad (202; 302) of the array is secured tto oci at ed
shi m nenber (212~—3¥2—eanra—the—sHi m nenber is secured with respect to the

annul ar 30?34 .106 nef ihﬂam@émne]tcrﬁf aBansl Slwkdd t hAt anfie ole motenbeaims 1 to 3
prevente rom Lreunteren | 1y and radiall, res { to the

annul ar body and‘%‘@&%i‘%&rbﬁﬁg Ehg?knelrb?r Hﬁhlrl gecl(ggf]ﬁadgfﬁ) i hyigred
(cggrz acg 8r2 |) sed i ngtyhaﬁoll&iﬁlgShttﬁﬁl lrrsnmrmé%fézlaBla);Fagser@pem?et faemsh peaR;

; ext ends i n neral ly circunferenti.al direction

faborum t1 dge (28835 o Gk Shird AEmbay (o (IR i A GUIBRP (HHOBF Bating
position (219; 3%8)ichekesenathelbgs i nghiad aiehedn @dHliakABEspPagfofthde shim
array.

P n Y

material.

S. An arrangement as claimed in any one of the preceding claims
characterised in that the shim material is of steel of no

greater that 0.5 mm thickness.

6. An arrangement as claimed in any one of the preceding claims
characterised in that each bearing pad (202; 302) of the
array is secured to the associated shim member (212; 312)
and the shim member is secured with respéct to the annular
body 106 of the carrier means such that the shim member is
prevented from moving circumferentially and radially with |

respect to the annular body and bearing pads.

7. An arrangement as claimed in claim 6 characterised in that
the shim member (212; 312) associated with each pad (202;
302) extends in a generally circumferential direction from
said fulcrum ridge (215; 315) and is secured to the carrier
body (106) at a position (218; 319) between the bearing pad
and an adjacent pad of the array.

8. An arrangement as claimed in <claim 6 or claim 7
characterised in that the shim members (212; 312) are
secured by a plurality of spot welds.

9. An arrangement as claimed in any one of claims 1 to 5
characterised in that each bearing pad (102; 202; 302; 402;
502) of the array is coupled to the carrier body (106), to
inhibit relative motion in at least circumferential and

radial directions, by at least one locating member (122;



8. An ary

_'_‘;%f Cofdafped in claim 6 or claim 7 ch erised _
in that the ﬁﬂﬁgk' ' ?%? 312) are secured by a plurality oﬁéiﬁéEMENTSHEEr

wel ds. 9. arrangenent a$ ¢lained in any one of clains 1 10 5

characteriseq iln 2HaMAE4RTB b¢ali ng pad (102; 202; TR f the
array is coudldd to the carriled body (106)16t0o u“"ﬂm"mm'"mm"g“ on in
at least cirdqunferential and rgdial directions, by af |kast one+ ocating
menber (122; -16 - 430434+~ 530, 531; 61; 62) extending through the
shim neans (112; 4487 431%; 5882) 5310.6¥) &) ¥iqaBRhgathEbagieENé Nseiimadhs
characteri sed in that each bearing pad (402; 502) iS discrete and coupl ed
to the carrier bdé}zflﬂﬁiibilﬁby6£%)%a pair of |ocating nmenbers (430; 431,
530; 531; 61; 62) extendi ng between the bearing pad and the annul ar body

and spaced aBart along the fulcrum _ | . _ ] )
: 10. An arrangement.as claimed in claim 9 characterised in that

each bearing pad (402; 502) is discrete énd coupled to the
carrier body (106) by way of a pair of locating members
(430; 431; 530; 531;'61; 62) extending between the bearing
pad and the annular body and spaced apart along the fulcrum
ridges of the shim member associated with the pad.

11. An arrangement as claimed in claim 9 characterised in that
locating members (62) form an interference f£fit in the
bearing pad and clearance fit in the carrier body and shim
member.

12. An arrangement as claimed in any one of claims 10 or claim
11 characterised in that the locating members comprise
curled spring pins (430, 431; 530, 531; 62) forming an
interference fit in an aperture (435, 433) of the bearing
pad.

13. An arrangement as claimed in'claim 10 characterised in that
the locating members comprise curled spring pins (430, 431;
530, 531) forming an interference fit in both an aperture of
the bearing pad and of the carrier body and are spaced from
the ends of the fulcrum ridge (415; 515).

14. An arrangement as claimed in any one of the preceding claims
characterised in that the shim members (112; 212; 412)
associated with the individual bearing pads of the array are

joined to each other as a unitary annular shim member ring
(112; 212; 412).

15. An arrangement as claimed in any one of claims 10 to 13

characterised in that each shim member (812;) is discrete



rldges of t-h ; FI ;mclated with the pad. 11. An arrangenent as
claimed in cl zgﬂ Qmi@ﬂﬁg 5dd. in that |ocating menbers (62REPLACEMENT SHEET
interference filt in the beariind pad and cl earance—fi-t—in-the carrier body
and shim nme ri. 277 MAY '@@:Bargerrent as claired in ﬁ ﬁ one of clainms 10 or

claim 11 charfackerised in thdt Jthe |ocatT d frenbe ﬂ’mul Hﬂﬂ.’ ’lﬁd
in an

spring pins {430, 431, 530, 531; 62) formng an
aperture (435,..433) of the hearling pad. 13. An arrangenent as®clainmed in

cl ai m( igoCth iCt%% seg?)imn?ltaa tdi&dmar;eﬁfglabmtgnfomltgls?esﬁécﬂﬂ s?r ithe
i ns orm an interferepce fit i,n bo n aperture

gf t he bearing ‘H% tbr?ér&é‘%r pad Bﬁgy BR T I, FEA S r(gr%%t) EQEWE&S(?F
the fulcrumridgg ééiﬁméléf thé. shimafiategeEtnthageabautedgaingdy oppesite
t he preceding C|€I ns_characterised in that the shimnmenbers (112; 212; 412)

associated with Sndi vi dual* bearing pads of the array are joi ned to each
other as a unitary annul ar shi m nenber ring
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(112; 212: *412).

13 characterised in that each shi m nenber

and. of

slimted circunferenti al

(812[err])

158 An arrangenment as clainmed in any one of clai
I's discrete

extent with respect to the associ ated
beari ng pad and the fulcrumridge (826) conprises a coiling of jghes
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A tilting pad thrust bearing assembly (400) comprises
an annvlar body (106) which carries an array of bearing
pads (4021) etc. cither as discrete pads or in an integral
ting. The pads are manufactured with opposite faces fat,
that is, without the usual radially extending fulcrum ridges,
such ridges being provided at (4151) etc. by a shim member
(412,) disposed between the pads and a comespondingly flat
surface (107) of the carricr body (106). The fulcrum ridges
are defined by folded back tabs (4161) displacing the shim
material or by pleating the shim material, This construction
permits the consumable bearing pads to be made profitable
more casily and cheaply.
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