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Field of lnvention

This disclosure relates to scotch yoke engines and pumps. More pamwlarly this
disclosure relates to improvements to the linear bearing structures of these devices,
~ the linear bearings being those structures which guide the slider mechanism which

0rb1ts the main axis and also those (excludmg the piston skirt) which gulde the yoke
and i its plston assernbly in 1ts rempfocatlon along the eyimder axis.

' It is customary for the linear bearmg surfaces ofthe yoke structure and other

components of the scotch yoke eugme or pumip to be formed from the material of
which the yoke or component is made from or to'use a separate beanng structure and

~_then screw clamp it to the yoke. structure or.component. These pnor art attempts at

providing linear beanng stmﬁaces are not as practxcable as they may at first seem. A
significant drawback of thése prior art approaches is the restriction they pose to the
manufacturer as there is in incumbent need to prowde access 10’ ‘the space adjacent to

~ the surface to'bé created or aftached: 1o by screw means such that a machining tool

can have ease of access to prepare the surface Whether that be the finished bearing

“surface made of the: yoke or a surface: of the yoke to which the bearmg structure isto

be screwed 10, Ttus is especially the case thh regards toa spccual form of scotch
yoke engme or pump, hereinafter: called “the. slider engine” “Raffa,ele slider -
engine”, can be found in PCT/AU/ZOOOIOOZSI and wherein the 0pposed linear -

. .bearing surfaces whlch form the ﬁrst gulde means are closer together than the

diameter of the big end Joumal and are located 10 only that side of the big end bearing -
pin axis the piston itself is located O 'I'he shder engxne mcludes second guide

_means havmg a first énd dand a second end and the second gu:de means engages thud

guide means within a projection of the piston circumference, the pmjectlon of the
circumference bemg in the direction of the crankshaft ‘the second guide means
engagmg third guide means such that the piston assembly is prevented fmm rotating
around an axis extendmg generally parallel to the main axis of the crankshaﬁ the first
end of the second guide means being lotated closer to the crown of the piston than is .
the first gu:de means and the second end of the. second guide means located further
away from the crown of the piston than i is. the first guide means, the second. gulde

‘mieans moving into and then wholly out of the vo!ume swept by the blg end bearing

journal of the crankshaft durmg a rotation of thie crankshaft around the main axis.

The beauty of the slider engme bemg the small distance between the opposed linear
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-bearing surfaces of the first guide means, the small distance between the opposed
~ bedring surfaces forming the second gulde means, and the small distance between the
opposed bearing surfaces forming the thitd guide means in comparison to those '
- generally seen in ﬂte older form of donkey cross head type of scotch yoke engine or
‘pump. The invention makes it far easier to form linear bearings in these small spaces

between the surfaces formmg each group of opposed bea.nng surﬁaces of the shder '

-type engme

The slider engine preferably mcludes a female ﬁrst gulde means formed in the shape
of a T-shaped channel which is adapwd to engage A male generally similarly shaped
sliding conniecting means. The sliding connecting means being adapted to be’
rotatably mounted on the big end bearing Joumol of a crankshaft. The slider portion |

- of the connecting means preferably being a T-shaped male device and the first gulde :
~ means being. preferably a female T-shaped device, however, itis possrble and often '
‘better to have the channel portion included in the slider portxon and the male T-.

shaped portion the ﬁrst guide means. In most of the drawmgs herein however it wnll
be presented the other way around.’ Simllarly w1th respect.to the second and third

. guide means in that we present herein the second guide ‘means in the form of a raxl
~ and the third gulde means in the form of a channel this may easdy be reversed so

that the second guide means are m the shape of a channel and the third guxde means
in the form of a rall : :

-

The invention we teach 1n thls disclosure shows a new way to form the linear bearmg

surfaces of the yoke, whether that be for the slider engine or the older donkey cross -

head type form ‘which overcomes the disadvantages of the prior art by provndmg the A
means by which a suitable’ linear bearing structure can be produced desplte the ,
constrmnts 1mposed by the lack of otherw1se suttable space.

_sc sure of the _nventlo

We ‘have discovered how to make linear bearmgs for the scotch yoke engine or pump

" - by the use of soft metal or metal alloy material of a kind with the various forms of -

white metal.. The metal or - alloy may be used to form the beanng surface or be used -
to bond a suitable bearing structure to the yoke or component used to gulde the yoke

‘ot its piston assembly along the cylmder axis. Non‘hmrtmg examples of the -

invention are described and depicted in drawmgs throughout this overall disclosure.

- It is usual to use white metal beanngs in engine and pumps of’ conventiorial de31gn,

that is, the design of engine or pump commonly used in power appllcatlons ;
throughout the world but these common white metal bearings are rotary bearings, Tt
lS known that stop start movements of rotatiorlal type white bearing can cause. the
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‘bearings to deienorate but we have dlscovered that in the scotch yokc engine the
~ usual fatigue from stop start motlon can'be. avoxded because in the scotch yoke engine

there are no.point loads as there &re in rotational bearmgs Thisisa truly significant
discovery because it means that we have dxscovered a way or set of ways by whichia .

* cheap and easily mamzfacmred linear beamag system smmbk: for tho sootob yoke C

engine can be manufactured.

The Iinear beanng stmctures of the sootoh yoke eugme or pump are in the form of rall | ,

. like members and oha.nnel ‘ar slot like mombers the rail llke membexs bemg
~ constrained to reciprocate withir

- the charmols or slots, The slots or chignnels are
preferably kept to'the narrowest they may pracucably be diie to the fieed to keep
thennal dlstomons and growth tq an absolute mmlmum The problem being ﬂ:ough
that in havmg natrow slots one is presentcd with havmg to'use narrow toohng te

‘produce the surfaces. of the slots or chaunels Narmw toohag and conﬁned spaces ‘

heighten the risk of tool ﬂexuro and s0 tlre slot ot channel is hard 1o produce of a
consistent set of dlmEBSlOIIS Anojher factor is that the. prior art invesitors. have used -
the body material the channel or slot is formed from to create the running surfaccs

. The body material is often of a noccss1ty very Ilgld and difficult to machine and S0

the problcms associated w1th nanow toolmg becomc compounded Wxth our-
invention we large}y overcomc thesc limitations because we have found a way to
create a bearing structure wherem the matcrlal used to produce the bearing surface is
conSlderably softer and easier’ to machmo that is the body matenal used by those

- expréssing the vrews found in the pnor art.

We speak of the body matenal m tlns apphca’aon as bemg of metal but it is emnsaged
that carbon ﬁbre or fibre composxte tnaterials can often be used to form the body

miaterial and even thh thlS more exotic material our invention. still fanctions and can
provide an excellent bearmg structure for the purposes disclosed herein. With fibre

or fibre composite materials we prefer that the first surface of the bearing structure be-

a electradeposited layer and then over lgymg that either a white metal or white metal

. like layer is directly cast or even ’ solder layer and then a wlute metal layer or evén a
" construction layer and the a ‘white metal layer or solder layer and then a whlte metal

layer.. Truth to tell itis pracucable in some cnrcumstances and needs that'a bearing -

* structure mcludmg a multiplic:ty of layers is formed to carry out the invention. What
“is more it may be required in some situations thata further. layer or group of layers is -
overlaid on the white métal bearmg sirface, these overlays or overlay of matenal can

bé regarded as frotective layers and ate meant to be somewhat sacrificial in that they
provnde the initial bearing layer when the bearing system is being broken in when the -
cngme first starts after tnanufaoture and thaI penod shortly thereaﬁer

SUBSTITUTE SHEET (RULE 26) RO/AU
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‘We also envisage a hybrid form of our invention wherein prefabncated white metal

bearing shell are forméd and then bondedt the bedy material by means of a solder.

‘The prefabﬂcatcd bearing “shell” bemg a straxght shell and not curved-as is the. case

in retational wlute metal beanngs and L just agis therease with romuonal~ forms of. .

ptal or any other
further number of layets bearings. The straight shells may in t?aet be surficed 1 with:
wmaterial or formed of aterial whmh i not white metal and-as such:be an alloy ofa
metal or metals mcludmg but not llmlml to the follomng such as. copper alummum.

- lead, phosphorous, Iead, tin, zZine, bismuth antlmony, or even. cornpounds elements of _

carbon or silica.. With regards to the stralght shells ofthé invention: they. may mclude
solder material on their back face/s so that they truly are'a prefabncated bearing ii

. many sdmses and they can then be heated of the body ma,tenal heated to melt the

| ~ solder and as. the body and shell are forced together effect the bondmg reqmred. Ttis

15
" rmay be held a small distance from the body. material and a solder gr any. other useful

20

30

also the case that: componems can be chilled to rapidly set of harden a material .
involved in the construction of the bearmg In an alternative arrangement the shell

bondmg agent flowed into the space laymg in between so as to fill the space and form
a bndge between the shell back and the body, the brldge then. hardenmg to effect the

“bond rcqulred Itis also conceivable that the shell may be back filled between the

body and the shell 50 as'to push the shell upper surface agamst a fast whlch jsheldat
a set dlstance from the body. We have also envisaged and show that the shell

material maybe in the form of a roll or sheét which may be advanced over thebody

material to be bonded to and cut or docked to size in situ. -The roll or sheet material

- may be. tcnswned or held in tenswn as the space behind the shell between the body

matertal and the shell back is filled w1th a bonding agent

Generally spealcmg when dxscuSsmg in broad forms of the invention the yoke is
formed having a T~shaped channel which has firstbéen coated by a flash tinning

 process.or solder or solder like matérial and then at least one other material is castor

formed onto the solder or solder like matenal such that it is bondod to the solder or

“solder like material. The at least one other material bemg a bea.nng material.
o Preferably the channel surface onto ‘which the flash tinning or solder or solder like

material is. coated onto has béen cleaned of i unpunues. This may | be especmlly

__ important if the yoke and its channel have been produced using a casting process, 3

- - and, there are various methods which may be ‘sed to do th1s cleamng process

35

inoluding abrasron ablation, machine. cuttmg, alkali and/or acid washes. In fuct a

N combmatlon of any of the followmg methods may be used but what is 1mportant is

SUBSTITUTE SHEET (RULE 26) RO/AU
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| that cleaning or dleaﬁng away of impurities may be necessary to ensure a proper

bonding of the flash tin, solder or solder like material to the channel surface.

When we speak'of casting of the beating material we include but don't intend that the
invention be limited to the-following teehmques molding and injecting techniques,
painting, flowing over or flow casting, die castmg, grawty casting, extruding,

 sintering, electroplatmg, electrodeposmon In fact mstead of having a first layer of

solder, solder like material or ﬂash tin an: electroplatmg ar electrodeposition
techmque can be used to create a suntable layer onte which a bearing material or
construction layer can be cast. The bearmg matenal is preferably a liquid ot a
suspeusion and may be structurally reinforced with fibre, wire, or aggregate material,
silica, metal oxides. The reihforcing material may be added 10 the material before,

©  duting orafter castmg but before solidlﬂca‘aon_ ‘Even Kevlar type fibre or tape or .

15

filaments may be added to the material to aid stlffuess or other performance

. enhancing atm’butes and the remforcmg may be organﬁ:ed so that it is uniform orina”

certain orientation or éven somewhat chabtic- dependmg on'need and obJectwe It is
envtsaged that with certain techniques that the casting result the materlal being -
formed net size or shape but this need not be SO as one may wxsh to cut or furthcr :

- work the surface 1o end up wnh the correct smng or shape

.20

25

30

35

Certam other prehmmary step/s may need to be enacted before the flash tinning or -
soldenng or solder like coating or castmg of the bearing material is performed which

~ might mclude for example the heating up or coolmg down of the component 1o be

- tregted, the component being | the yoke structure or guide means whether that be a first

*'guide means, second gulde means or even a thlrd gulde means or the shder pomqn of
the connectmg means. ~ -

The beanng matenal 1s preferably formed by a casung pmcess subsequent to the ~
formation of the yoke or guide means. The bearing matenal may be of any useful
metal or alloy including but not limited to the followmg list of materials: Britannia

‘metal, white metal, babbitt imetal, pewter fuseable alloy, and'the alloyed metals ¢an
‘be chosen from the followmg list of malerlals but are not limited to the following list:
silver, alummum, cadrmum, copper, lead, ‘bronze, tin, bismuth, brass, zinc, antlmony,

gold, also it is antlclpated that carbon materials be- included in the metal or alloy
chosen and accordipgly we include metal or alloys containing carbon material,
Kevlar or l1kc substnnce or any crther suitable organic ok morgamc matenal

To reduce the wordmess of this disclosure we heremaﬁer wﬂl refer to ﬂash tin, solder -

. like material or solder or electrodeposnted matetial or electroplated material or
. fuseable alloy as solder and the processes by which any ef these are performed as

SUBSTITUTE SHEET (RULE 26) RO/AU
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6.
soldenng When forming the bearing of the uwentxon itis preferable that the surface -
to be bonded to by'a bearmg matenal is first coated w1th a solder by a soldermg

’

In some embodrmems of the mventmn a uumber of Iayers of matenal may be used to

. “build up the: beanng structure where&s in oertam embodiments ofthe- invention the '

bearmg materral may be dlrectly cast omo the channel or rajl

. In some embodunents of the mventwn a solder may be used as the ﬁrst layer ina ';
staek of layers forming the bearing, a second layer of number of layers of matcrial

- may then be subsequently applicd before the actial bearin _
 These we hereinafier generally call construction or mtetmedrate layers of the bearing.

* Solder may be used between each construction’ layer or it may not be needed ‘

* depending on the materials ueed Genmlly speaking an. rmtlal layer of solder is

" applled to the base matenal by, base rnaterlal we mean the raw channel or rarl tmto ,

o wlhch the bearmg is to be’ bonded : '

¢ material is finally added. -

In the mventwn a consn'ucuon layer‘ may. be deposrted ina. vanety of’ ways mcludmg '
those listed above for the beanng matenal Castrusion is a semi-cast semi extrusion.

process we have invented which is performed by extrudmg agamst a die that does not
entirely border the boundary of the material extruded, at least part of the boundary of

. the material bemg forced into contact with and. engagement with a layers or layers of

‘the bearmg structure. Layers inthe beanng whether they be solder layers,
E constructlon layers or even the beanng layers i 1tse1f may be overlaid with plated

maxenal ' The overlay can be absolute or’ patchy if required: The overlay may bein

. the form ofa pattern, the overlay adhermg to the. underlying layer An overlay may

3
wi

30

35

be deposited by way of' galvanization, electroplatmg, wet or dry. The overlay may be

i deposited by way of gas bome depos:tion The oveilay may be an oxide of the
. underlymg surface matenal it may be grown on and of the underlymg surface of the

material. An overlay once laid may be machmed chemically, mechamcally,
electrrcally, optically, lasered; ablated, and during subsequent steps any of the -

. followmg cleaned, fluxed, ptckled hardened, work hardened, flame hardened,
induction hardened etched. Itis enwsaged that at least one layer of a multi- layered
- form of the invention be glued or cemented or otherwise bonded to at least one other’

layer in the stack of layers formmg the mululayered bearing.

- In some embodlmcnts of the invention.a prefabrrcated bearmg shefl may be formed

which is then bonded or otherwise fused to the underling base material.or

~ construction layer. In some arrangements it may be practicable {0 tension or
otherwise hold the prefabricated beanng at a distance from the underlymg body

SUBSTITUTE SHEET (RULE 26) RO/AU



WO 2009/059381 PCT/AU2008/001664

15

20

25

30

35

7

otherwise to be known as base material and then mttoduce a bonding ageut in
between the back face of the shell and ‘dae base materials SRR

A great advan&ge of the. mventmn, in almost all its gulses, is the fact that it can be |

. used to produce a sitable beating surface even overa rough body. By usinga -

fuseable alloy or solder/glue/rose meta,l as the'means to combiné & bearing of the

invention with a body | for example arail or slot ﬂw need to have a completely smooth

surface on the body 10 bond to is largely obviated as the ‘bonding agent, whatéver one '
cheoses 1o use within the llmits of the. inventlon, acts as a ﬁlhng agent 80 that it fills
up the irfeghlarities in surface contour which may exist, Itis also disclesed that

‘bearing material be cast chrectiy ofto & body ‘without the rieed for'a solder or bonding

layer to be used, cértainly this can be accomphshed with some of the family of
Babbitt metal or whlte metals and even with certain copper and tin alloys

There are a number of other novel aspects in our. disclosure herem and we would
speak of these now. The white metal or soft metal bearing of the invention may be
adapted to have a pin cushion like nosing so that and: hard matters is prevented from
entering the beanng space proper. Another aspect is the provision of wells which are
pressure oil filled so as to act as cleaning ponds. Yet another aspect is the inclusion
of magnetlc elements adjacent the long end of the bearlng of the invention. The

- magnet serving to pluck magnetxcally sensitive material from the surface of that
_ component of the linear beanng system which is the movmg component

Another- mventwe aspect of the invention-is the provision of one way oil valve means
in the oil gallery prov:smnmg the oil supply to the beanng interface, whether that be
between the big end Jjournal and the slider portion of the counécting means or
whether that be between the first guide means and the piston underside. By having a
one way valve situated i in these locatlons itis possible to ensure that gravity does not
have the wherew1thal to dram the oil fmm the bearmg interface. -

vMany perhaps are the smal[ vanations which may be performed by those Skllled in

the art to make small changes to that which we have disclosed herem but these would

‘ only be small shop fleor scale i lmprovements which should in no way be seen to limit

the scope of the invention in all or any of its various aspects or detract from its
overall and specific inventive qnallnes Itis obvious that we ‘teach that various
inventive aspeots from any particular embodiment of the mventlon may be swapped -
or otherwise used wherever possible with those features from any other embodiment -
of the invention, . The reader is encouraged to let their mind i run with the palette of
solutlons we have served up herein, thls invention is sweepmg in its breadth afberal]._
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Brief Desﬁgn’. ition of t_he-Drég_ ings

* Figure 1

Figure 2

- Figure 3
. 'Figure4

Figure )
Figure 6
Figure 7

| : Figuré 8

Figﬁre 9

" Detailed Descrip_tion of the Dramngg
. Figure 1 shows an isometric, view of a first embodlment of the mventwn 10 The -

mventxon is shown in this drawing in relation to & generalized form of yoke/piston
asscmb]y of the shder engine wtuch includes a yoke 2 having a longitudinal axis 1

“which extends substnntla]ly parallel to the cylinder axis 11. The yoke 9 has a T-

shaped first guide means 3 which extends along an axis 4 substantially pexpendxcular
to the cylinder axis 11. The yoke includes second guxde mesns Sa located on a first

side of the first guide means and another second gmde means 6a located on the other'

side of the first guide means. Adjacem the top end 22 of the yoke is located a-piston

L7 havmg 2 crown top surface 77 and an underside surface 78. The second guide

means 5a has a first end 55a and a second end 55b the first end is located closerto
the piston crown than is the first guide means and the second end 55b of the second

, gulde means 5a is located further | away from the piston crown top surface than is the
) ﬁrst guxde means, similarly the first end 66a of the other second gulde means 6a is
located closer to the piston crown top surface than is the first guide means and the

second end 66b is. further away from thie piston crown top surféce than is the fi rst
guide means. As can be seen the second guxde means.5a and 6a extend within a
projection 777 of the p:ston crown outer circumférence, the pro_l ectxon bema away
from the crown top surface i in the direction of the ﬁrst gmde means

The bearmg matenal compnsmg the first gulde means is formed as a group of
opposed parallel finear (planar) bearing surfaces, a first surface 33a closest to the _
plStOn crowh top surface, and, surfaces 33b and 33¢ less close to the piston crown top

SUBSTITUTE SHEET (RULE 26) RO/AU
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surface than is surface 33a, these surfaces and 33a are parallel to axis 4. The surfaces
33a, 33b, 33c are not formed of the yoke material but are rather formed by a casting
process subsequent to the forma.non of the' yoke They are cast in metal or alloy
bearing materlal The metal or ailoy material selected for thxs can be any form of

. metal or alloy mcludmg but not limited to the folldwmg list of materials: Britannia

" meétal, white 'metal, Babbitt metal, Heusby metal; rose metal silver, aluminum,

.~ cadmium,’ copper, lead, bronze tm, bismuth, brass, arrhmony, gold, also it is

~ anticipated that carbon materials be mcluded in the meétal or alloy chosen and

* accordingly we inchide metal ar alloys comainmg carbon matenal Kevlar or any
. other suitable orgamc or mo::game matenal ' '

In this embodxment it is shdwn ‘that a yoloe for the shd,er engme has been created

- which includes a first guldc means whlch has bearing surfaces formed by the addmon

30

35

- of a bearing materlal subseqitent to the production of: the basic yoke structure but as

you will see in further dramng followmg this figure I the seoond guide means and

- even the third gulde means and slider component of the connectmg means may have
' beanng structures which has been added to: them after theu' basic productaon

Flgure 2 shows the mvent:on 10 in relatlon toa generallzed form of yoke/plston
assembly and sliding connectmg means of the slider engine. It can be seen the yoke 9

.-+ includes a group of cast on. bearmgs 33a and 33b, furthermore it is shown that the
20

beanngs are fixed to the yoke structure 9 by solder layer 333a which is itself in bond
with the underlying base mateual 335 of which the yoke 9 is formed. Tt can also be

. scen the sliding connecting means 92 in relatlon to the yokc and its group of bearings '

33a and 33b (33c not shown). ‘The slider portion 922 of the connectmg means
1noludmg its own group of opposed parallel lingar bearings 92a and 92b. The

-connecting means- adapted tobe rotatably mounted on a big end Joumal 850 ofa
~ crankshaft (not shown). The b1g end journal having a big end axis 85. Figure2isa

sectional schematic end view of the invention looking along the blg end axis. The
slider portion bemg in the fo:m of a '1‘

‘Figure 3a shows an embodiment of the invention 10 wherem itis mcluded Bsa

portion of the sliding connecting means. 92, The viewis g sectxonal schematic aloug

~ the big end journal axis. As éan be seen the slider portlon 922 of the connectmg

means 92 includes the invention 10. . The slider portwn mclud.mg its own group of
para!lel opposed linear bemngs 92a and 92b, these bearings have been bonded to the

- basic slider portion by way of solder layers 922a and 922b respectwely

Flgure 3b shows a secuonal scbemauc side view of the embodiment of the inveutton
deplcted in Figute 3 and it can be seen that the sllder portlon is in the form of a cross
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‘j bar ofaT. The T bemg male and obwously in this case for the slider to engage with

Ca suitable first guide means the first guide: means will of necessity’ be able to receive
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~within it the slider portion thus-w1se conferring female statuson the first gulde

means, but of course if the sxtuatton were reversed with the first guide means being a

" méle T then the slider would be a female for recemng it.

. thure 4 shows an embodxment of the invenuon 101 m sectlonal schematic slde vnew A

As can be seen 2 generic to the mventlon basu: component 2055 ‘shown mcludmg a

first layer of bondmg mabenal, glue cement 255 which is- adhered to the basic -,
‘component and atop itis bonded a metal layer 256 and atop it is cast a solder layer

258. The basic component may be formed of métal of non-metal, The metal layer
256 that is the second layer is bonded to the base component 205 by way ofa

_ bondmg agent 255 -which may be a glue or cement. The third Iayer 257 bemg a
" solder layer then bonds the bearmg layer 258 to itself. The bearing Iayer bemg a

white metal linear bearing whose surface thay be d;'essed by_machxmng means if
required. Base could be metal or carbon, organic or inorgalﬁc. 'Glue, Cement,
Bridging Bonding Material which is of course solid in use.

Figure 5 shows an embodiment of the invenﬁo'n which includes a basic component
205 onto which is bonded a white metal bearmg material 258 by means ofan
intertmediate layer 257 belng a solder layer. Base, Steel, AtummmmaIIOy, Copper o

“alloy, titanium alloy, metal or metalized surface.

. Figure 6 shows an embodunent of the invention which meludes a basw component

205, which has bonded to it a steel layer 259 by way of a solder layer 257 and a white
metal layer 258 is self bonded to the steel layer.

On tlus page we show ]ayer were blllld up of linear beanng for yoke slideway or |

-_ guide ways or piston to yoke joint, whether angled for varlable compression ratio or

flat joint. However when we say whme metal we include flat bearing matenal

‘whether metal or carbon based, organic or morgamc aIso when we say so[der we
include all ﬁxsable melals, glues, cements

. Figure 7 shows in cross sectional view an- embodlment of the invention 10 whlch is

made of a multiplicity of layers. The base component 205 can be made of steel or

- iron or any other useful metal or alloy including but not limited to copper, brass, -

bronze, silver, magnesmm, titanium, aluminum. The base component material is.
shown presenting a non-smooth surface 206 although given the qualities of the .
invention this is not the worry it might first appear as it may be smoothed or etched
by pamc le bombardment or even hardcned. The base component surface is ﬁl‘st
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_ ‘covered w1th a flashing of solder or solder hke material 207. The solder like material

may be a Britannia metal ora pewter metal or a Huesby metal or 4 rose metal or any
other useful fuseable alloy and it may be deposited in any useful way mclttdmg but

~ not limited to the following methods: troweled on, mechanically and actively

smoothed on, cast on, semi-cast and semi-extruded on. With respect to this lattm‘ ‘
process we have called it castrusion, “to castmde" “to have formed a castrusion”.
Castrusion is performed by extruding against a d1e that does not entirely border the .
boundary of the mass extruded such that at least part of the boundary of the mass
extruded is in cotitact with and in electro—mechantcal engagement with a'layer of
layers . of metal substrate matter, said marter bemg layer like anda member ofa
bearing stack, the stack being preferably crowned hy a whlte bearmg metal layeror

. babbitt metal or a plated overlay or any.other useful beanng layer of metal. A white.

metal beating material 258 is then bonded to the flashing layer 207.. May have solder
layer Brtttama Metal Fuseable Metal Salder; Pewter, Huesby Metal '

- Base. Surface/s may be smooth or rough or etched or treated or parttcle bombarded or

hardened

"~ The base may be stee] OF tron or. a.ny other useful metal copper, brass, bronze, s1lver,

20

25

35

magnestum alloy. -

A construction, filler layer may be used, thts layer may be deposued in an number of

~ ways, it may be troweled on, it may be thereby cast and mechantcally actively
~ smoothed and or suxfaced Semtcast and semi- extruded at the same time. l‘hts isa

process we call castrudmg, to castrude, to have formed a castruswn Castrusmn is.
performed by extruding only agamst a die that does not entlrely border the boundary .
of the mass extruded, at least part of the, boundry of the mass extruded bemg in

' contact with and engagement with a layer or layers of metal substrate matter, Sald
‘matter being layer-like and a member of a beartng stack, the stack being preferably
- crowned by a white metal bearing material layet or babbet metal ora plated on

overlay or any other useful bearmg lays of metal

~

' thure 8 shows a cross secttonal view of an embodtment of the mventton 10 wherem

the base component 205 stirface 206 is rough and has been flashed with a solder layer
207. Atop the solder layer has been cast a layer of filler material 211. ‘The filler
material being a white metal, rose metal, fuseable matertal which has been blended
with fibre and or aggregate, or even with wire such that the layer is a reinforced white
meta} filler layer and atop this layer is fused a whtte mnetal hearing material 258 for
the production of a bearing surface. In the remforcmg layer there may be added

‘metal rods, mesh, weaves, cable which may be tens:onable as concrete can be post-
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: ‘tensmned Fibre and or aggreoate remforced white metal layer covers over relatively
 rough or unmachined surface of base material. White metal layer is cast onto the
,remforced whlte metal or there is an intermediate Iayer '

.Flgune 8a a castmg could have ltS surface cleaned by amd for examplc and the

resultmg surface may be t00 crude for bemg a running surface. The object of this
invention js ‘to use a novel form of whlte metal beanng construction material. ‘It i 1s
nove] because it xs beanng matenal of a blended nature, whlte metal alloys and fbre, 4
carbon, Kevlar, to name but two. The besring being, formed of at lsast one tinning..

, layer in adherance to a base, the tmning havmg bonded to lts other face a layer of

L layer is’ another layer of whlte metal thc beamag surface layer Remforcmg mesh or

15

25

. fibre orientation can be metal mesh. Can be free strands, rods, wire, fibres, mesh, .
 welded mesh, chain, woven. cin be tens:onable, post or pretensnonod Soldcr layer is

an mtermedlate layer Co

Fxgure 9 shows a cross secnonal 1somelnc vaew of a prefabncated stxa;ght bearmg

~ shell 100 for use within the invention, The prefabrwated shell being a bi-metal
' bearmg of sumlar propetties to those found: in the rotatlonal beanugs of conventional
~engines and pumps The first layer 101 bemg made of steel and the second layer 102

including- copper ora bronze alloy, preferably. The view is looking at the back 103 -
of the béaring shell. It.can be seen that an oil hole 104 passes through the metal
layers enablmg oil to pass through the bearing shcll walls to-a component further.

. along if needs be. The shell being elongate along an ax1s 109

* Figure 10 shows an cross sectwnal isometric view of the upper or front face 1 10 of

_ the prefabricated straight bearing shell of Figure 9. The front face bemg the bearing

face of the shell: It can be seen:that the second layer 102 mcludcs an oil groovc 108
-in commumcanon w1th the oil through hole 104 '

.Flgure 11 shows a cross secﬁonal schematw side view of an einbodﬁneﬁt of the
invention 10 and it.can be. seen that a prefabrlcated straight bi-metal bwrmg shell 100 .

of the mventlon is located in a position adjacent a base’ component 205 (in this case a
portlon ofa yoke structure) and that ther¢ are two holes 115a and 115b passing
through the body of the base component 205 through which has been fed a suitable
fuseable alloy like a rose metal or other. useful or like whité metal to backfill the |

. spaoe laying between’ the shell-back face 103 and that surface 207 of the base
' component to which the shell is bonded
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Figuré 12 showé- a cross sectional _sqhematic side -vi_ew‘o'f the inye‘ntion 1(_)~d,épic,ted- in_
Figures 9 thru 11." It can be segn that the base component 205hasa ptedrilléd oﬂl_ .
galley 213 adapted and posruoned for communication (that is of course, fluid

- communication) with the oil through hole 104 of the shell 100, what is more, because

the back of the shell 104 isa dlstance away from the to be bonded to surface 216 of
the hase component a spacer means in the form of a flexible gasket 117 hds been -

" included around the through hole. back opening and the predrilled oil gallery opening

i0
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in the base component surface so that when the fuseable alloy 207 is introduced in the
intervening space between the shell back and the surface to be bonded with of the -

- base component the fuseable alloy is prevented from rnakmg its way into the oil
_galley or the through hole. The spacer.means is. preferably of toroidal shape but can

be of any useful shape to form the barrier required. It can also be seen that the
bearing shell 100 has wrap around ends 219a and 21 9b so.that the beanng materlal
258 extends not just along the axis 4 but also away ﬂom it as well

.'FI gure 13 shows a sectional schematlc end view of an embodlment of'the invention

10 and it cari be seen that a prefabricated straight bearmg shell 231 has been
configured to be a type of plston which is adapted to be disposed within a basin like
cylinder 232 formed in a base component 205 (though the cylinder and the piston

- need not be round as it may be rectangular or any other useful shape). The basinisa. .

walled depression in a base component which has a fluid supply gallery 237 passing

- through it so that the volume trapped between the shell back 104 and the basin floor

233 can be filled with a bondmg agent 241 wh1ch is preferably a suitable fuseable
alloy. The shell back is in the form of a dish or pan-and there may be if desired a seal

- 243 placed between the side 244 of the piston like shell 231 and the wall. 245 or walls .

of the basin of the base component to aid in seahng the plston in the cylmder/basm
The idea being that the base component is held a distance away from a laste (ot
shown) and the piston is able o be hydrauhcally motlvated by the supply of fill

material in the form of a hqmd fuseable alloy into reglstratton against the laste
(mandrel)

Flgure 14 shows a lsometnc v1ew of the basm 232 in the base component shown in

" Figure 13.

- Figure 15 shows a lsometnc view of the plston llke shell 231 ofFlgure 13.

F1gure 16 shows a sectional schethatic side view ofa heanng shell 231 s:mxlar to that

" in Figure 13-which has been fitted into & basin like depression or hole/cylinder 232 in .

a base component 207. Thc shell 231 has been bonded mto the cavxty 232 by a

fuseable alloy 257

SUBSTITUTE SHEET (RULE 26) RO/AU



WO 2009/059381 PCT/AU2008/001664

15

20

25

30

14 .

'Flgure 17a shows a sectional schematlc side view of a bearing shell 231 fitted into.a
“hole 232 in a base component 207. the underside surface 103 of the shell 231 hasa -

d:scontmuous crenellated shape so as to mcrease its purchasc on ﬂle solder layer 292 _

' which bonds it to the case component.

: Flgure 17b showsa beatmg arrangement of the mven’aon 10 It can be seen that there
are two whxte metal bearings 258a and 258b which have been bonded to the base

component 207 by solder means 292 and that the solder means parts the twWo beanng

- along a mldpomt between them extendmg along its longttudmal axis. -

Figures 18a through to 18¢c shows a stepmsc process for the manufacture of an .
embodiment of the {nvention. Figure 18 is a cross sectional side view of a

_ prefabncated strip of bearing material 26 . The strip has lug means 266 and 267

adjacent its ends. The striphasa upper face 182 being the bearing face and an

- underside face 183 being that face of the stnp to be bonded to a base component 205.

The strip has a through hole 104 for fluid passage. The stnp may be of any:number

: of layers but in this instance we show it havmg only one layer. The lugs are shown

_ proud of the bearing surface and underside surface but in reality what. we mean to
‘convey is that at least the strip ends are adapted to.be engaged by some. kmd of grip.
‘0r cngagement means so the stnp may bc tensioned between the engagemcnt means.

Flgure 18b is d top plan view of the strip 26 shown in ﬁgure 18a and it can be seen .
the fluid through hole 104 and the lugs 267a and 267b at or adjacent the ends of the -

strip. The strip is long and narrow and it is meant to be tensioned by cngagement and

tensioning means so that it is as su-alght as practicable when it is bonded to the base |
component. The base component as we have. made you aware thr ghout may bea

-yoke, a second gmde means, a third guide means or a sllder pomon of a connecting
- means or even a surface omo which or mto wl-nch a piston base is mounted to a yoke
' -top end portion. ‘ '

- Figure 1Bci is sectlonal schematic side view of the  strip. 26 when it is or- has been .
- tensioned into a straight lme between wensioning means 302 and 303. It can be seen
- that we have deplcted a set of tongs or phers at each end to indicate the role of

tensioning engagement means used to tension the strip. It can be seen that the stnp is
lield close to a base. component 206 surface 328 to be bonded to and that the gap or

~space between the underside or strip back 103 and the base component surface to be

35

bonded to has been fitled with a ﬁ.lseable alloy or other solder like material like a rose ‘

alioy 207.- We have shown that the spaée can be filled by ametal alloy or F ller type

metal alloy compos1te The space between the back of the strip and the surface to the
base component tp be bonded with by the useful ﬁlseable metal may be supplied with
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the alloy by means of the through hole 104 in the strip and or via at least one fluid
flow gallery 354a or 354b which passes through the base component 206. Obviously
there are a number of routes the fugeable alloy may- .be taken or forced alongor .

‘through in order ﬂtat the fuseable alloy is flowed into the gap’ but we have shown just

these two as to list them alt would be superﬂuous to the task of teachmg of the

_ mventlon

- Flgure l9a is a sectlonal schem&tw s:de view wluch shows an embodtmem of the o
. invention in the form of a boarmg shiélt 450 which is- nded t0 8’ base oemponent 206.
by solder/ white metal means 207. THo shell has bull nose ends 4512 and 45 lb which v

are adaptéd to pcrform asa type of pin- cushxon so that if perchance pamculate matter
makes its way anto the other members of the bearing system it may be picked up and

~ caught in the cushion before it may. enter the bearing space proper and cause damage '
to those sutfaces forrmng the bearing mterface f '

Fi 1gure 196 shows the devsce of 1 9a wherem the. bull nese- ends 45 1 aand 451b have
' picked up partlculate matter as.can be seen in balloons 4542 and 454b. Pamculate

matter may be metal shavmgs ﬁlmgsa and hard debns or contammants of any type

' I—‘lgure 20 is a.sectional schematnc sxde view of the productlon of an embodtment of

20

25

the invention 10 which shows a roll or strip of carbon fiber or composite material 461
positioned closetoa base component 206 surface 462 to be bonded to in orderthat it
may be bonded to the base component bya bonding agent/glue 207, The fibre sttip
being a layer ina lmear beanng ‘The strip may be metalized and or have its front

- surface 488 ‘metalized w1th bearing metal and the gap hetween its back face 487.and

the surface 462 of the base componem 206 may be filled with a suitable fuseable
metal. The strips front and back faces may be metahzed by electro-deposmen means

‘or-even ion bombardment if reqmred The stnp may or may not haye a metalized

bearmgsurface Lo C 4 o

~ Figure 21a is an isometric vnew ofa bearmg shell 421 having an upper face 422 bemg_

a bearing face and a lower or unders1de surface 423 and having side walls 424 and

© 425. The shell is clongate. w:th the side wall extendlng parallel to the elongate axis.
- The shell has at Ieast one 011 through hole but it cannot he seen in this view.

Flgure 21b is-an |soo1etr1c vnew of a connectmg means 737 of the shder engme aud it

is the base component o which the bearing shell of Figure 21a is to be mounted on

by fuseable metal means. The slider portion 438 of the. connecung means is in the
formofa T and hasva}t_ least one_oit gallery opening 439 in its top surface 430, The.
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bearing shell of Figure 21a being adapted to fit the upper surface 430 of the slider
portion of the connectmg means 737. . '

Figure 21c is an isometric view of a bw,rmg shell’ 823 adapted to be fitted and bonded
to the underside surface of the slider portion 438 of the connecting means 737 shown -
in Figure 21b. The shell i is inthe shape Z preferably the Z shape is right angular but
thls need not be so.’

Figure 21d is a sectional schematic end view of a connecung means 737 of the shder

engine as deplcted in isometric view of Flgure 21b, Tt can be seen that the bearing
| 'shell of Figure 21a has been bonded. to the upper surface of the slider portion and that
- one of the beanng shells 823a of Figure 21c has been bonded to an underside surface -
421aof the shder portion whilst another one of the bearing shell 823b of Figure 21¢

is in the process of being fitted and bonded to the other underside sugface 431b of the
slider poruon Axis 11 is the relative position of the cyhnder axis.

 Figure 22ais isometric view of a U shaped bearing shell 823.

Flgu:e 22b is a sectional schematic side vnew of a connectmg means 737 Iookmg
across the big end bearing axis 276. As can be seen the slider portion 430 of the

_ connecting means has been fitted with miore than one bearing shell 823a, 823b such

that there are two bearing shells fitted. The bearing shells 823a and 823b have been
bonded to the slider portion by fuseable alloy and the shells have each been adapted
to provide a upper linear bearing surface 681a and 681b respectively on the upper
side of the slider portion underside. of the s]ider portion.

Figure 23 is a sectional schcmatxc snde view of ﬂle sllder portion 430 of a connecting -
means 737 which has been fitted witha shell 828 which provrdes both the upper 681
bearmg surface and lower 682a and 682b beanng surfaces for the slider portion. The

shell is a wrap around shell and it has been bonded to the slider portion by a bondmg

.agent 207. The bonding agent may be a solder/whlte/rose metal matenal

Flgure 24a shows a sectlonal schematic end view of & base component 206 which has »

a channel 934 formed in it and in this view we are. looking along the lotigitudinal axis
©of the charnel/slot. The slot has fitted within it a beating shell 823 which has been -

adapted to wrap around the entire inner. surfax:es of the slot. A ﬁlhng means io the
form of a reservon' 268 and nozzle means 935 is shown ready to pour in a bonding
agent into the gap 936 that exists between the back faces 937a, 937b, 8937¢, 9374, -

93 7¢ of the shell and the rwpectwe adjacent walis of the slot In the reservoir can be
seen fluid metal 2077.
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Figure 24b shows the base componant 206 of the Figure 24a depmtlon wherein the

- bonding agent/whtte metal means hias been enteregd into the gap and- set such that the

10

15 -
) depu:twn

20

.shcll is bonded mto the slot of the baso component

Figure 25 shows a trl-metal shell of the invention. The shell of the mventlon may
~ have as many layeis of materlal used m t.helr construction as-is deemed neccssary
They can have a multlpllc:lty of layers or they can have Just one depcnding on need
~ The three layers are depicted 874a, 874b, 874c :

Figure 2% shows a sect:onal schemaﬁc VIew of the top end of the yoke ina sllder

erigine which mcludos flying cross micans in'the connection between the piston base
914 and the top end of the yoke. “The top end of the yoke includes a white metal
bearing which has been. bonded to the yoke top end as per the other embodiments of -
the inventien. Shown is a solder la’yei- 207 bonding a white metal bearing 258 layer
to the T-slot 288a of the flat joint. arrangement linking the piston 7 at its base 914 to

~ the yoke top end regmn 913 the yoke top end being a base component.

Figure 26b shows the plStOtl and ﬂymg cross means. 91 5 used in the Flgure 26a

’ Figure 27 shows a shghtly altematlve jOll‘!t arrangement for the top end-of the yoke -

913 and it can be seen that the top end 913 has been bonded to with 4 white metal
bearing 258 in which there is a mtermedlate flash layer 207 between the white metal
and the white metal 258 ’

- Figure 28 shoWs a schemauc lsometnc view: of a third- guide mcans or channe] 206 in
‘the form.of a channel which has been bonded 6 with-a bearing 258 of the invention-

and 'wherein there isa ﬂash layer 207 fused between the base component and the

~ white metal.

25

30

Figure 30 shows a sectional schemanc 1sometnc view of a rail or second guide means
206 of the slider engme ‘which has been bonded to by a bearmg 258 of the invention.
There is a solder layer 207 joining the whtte metal beanng material 258 wnth the base

- component forming the rail 206.

- Flgure 31 shows a. scotch yoke plston 7 and yoke 487 for the shder engine although

the second guide’ means are not dwplayed for clarity sake in this.drawing. Shownisa-

- . ball valve 400 preventing oil from returnmg down the oil galley. above the first guide

N ~means 489. . The ball valve. arrangement may be swapped for any other useful form- of .

valve. mcludmg but not hmlted to ateed valve,
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Figure 32 shows a connecting means 737 for the slider engine in which a gallery 429

leading from the oil supply at the big end journal 424 has i inits length a valve means

for stopping the return of oil back down to the big end after the oil has passed the
valve. - The valve is a one-way valve and it is depicted as a ball valve 400 but it ‘may
be swapped with any other practlcable valve mcludmg but not lumted toa reed valve.

IGa]lery from valve to shder bearmg
-'Regardmg both Figure 3 1 and thure 32

_ The one way Vach in the supply litie. extendmg from blg end boss beanng tunnel to
* linear bearing system of: the slider enables. the oil above the valve to, stay Where it 1s

when the eng1ne is stopped

'_ One way valve’ may be mcluded in the yoke also SO that the oil above or beyond the

valve and between the valve and another valve ¢ or head is trapped there so it doesnt
have to be bled through wasting time for the: pressure | to build up. Reed valves -
instead of ball valves may be used. - In fact any practlcle valve system may be used
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Statement of Industrial Applicability and Commercial Utility. -
The invention has industrial utility and commercial applicability in the field and
manufacture of scotch yoke engines and pumps.
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A scotch yoke engme or pump whmh ificludes a linear gmde bearmg for guiding
“the roclprocatlon ofa component bomg a yoke or slider portion of the connecting

means along an axis wherein: the gulde bearing is adapted to be bonded by
settable means into.a fixed pos:tron relauve to the reciprogating component, and -
the bonding being to either the yoke, the shder portion of the connoctmg means,

the second gmde means or the third guxde means.

2. Ascotch yoke engine or pump accordmg to. claun { wherem the setmble means is

an alloy.

A scotch yoke engme or pump accordmg to.

A scotch yoke engine or pump according to claim I wherem' the lincar bea.rmg is

a prcfabncatcd shell.

5. A scotch yoke engine or pump accordmg to claim { wherein: the lmear bearing

matenal is a bearing white metal
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