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(57) ABSTRACT 

The invention relates to a Scotch yoke fluid device (10). The 
Scotch yoke fluid device (10) has a crank (11) with a big end 
having an axis (14) which orbits around a main axis (15) for 
the crank (11). Connecting means (13) are mounted on the 
big end axis (14). There is at least one piston (22) mounted 
for reciprocating motion in a cylinder (18) along a piston 
axis. The piston has a cross-sectional area perpendicular to 
the piston axis. The piston also has guide means (16) which 
include a linear Surface transverse to the piston axis. The 
guide means (16) engage engagement means on the con 
necting means. There is at least one restricting means (24) 
for constraining the piston (22) to move along the piston 
axis. The restricting means (24), or a constraining means 
(19) for the restricting means (24), or both, always extend 
into a volume defined by the Swept area of the crank (11), 
projected along the main axis (15) of the crank (11). The 
invention also provides components, Such as pistons, piston 
rods, restraining means and constraining means, made of 
composite fibre. The composite fibre may include both 
aligned and non-aligned material. The invention also relates 
to methods of manufacturing Such components. 

  



Patent Application Publication Oct. 21, 2004 Sheet 1 of 12 US 2004/0206234 A1 

i 

i 

  



US 2004/0206234 A1 Patent Application Publication Oct. 21, 2004 Sheet 2 of 12 

  



Patent Application Publication Oct. 21, 2004 Sheet 3 of 12 US 2004/0206234 A1 

Figure 7 

  



Patent Application Publication Oct. 21, 2004 Sheet 4 of 12 US 2004/0206234 A1 

WO 02/088530 

Figure 10 

Figure 14 

Figure 15 

  



Patent Application Publication Oct. 21, 2004 Sheet 5 of 12 US 2004/0206234 A1 

Figure 19 Figure20 Figure 18 
  



Patent Application Publication Oct. 21, 2004 Sheet 6 of 12 US 2004/0206234 A1 

  



Patent Application Publication Oct. 21, 2004 Sheet 7 of 12 US 2004/0206234 A1 

Figure 39 
3. 

J 2 
Figure 43 

4 

C 32 

se- le 

a 
3y 

  



Patent Application Publication Oct. 21, 2004 Sheet 8 of 12 US 2004/0206234 A1 

  



Patent Application Publication Oct. 21, 2004 Sheet 9 of 12 US 2004/0206234 A1 

  



Patent Application Publication Oct. 21, 2004 Sheet 10 of 12 US 2004/0206234 A1 

Figure 65 

se (6) Figure 72 
e SS) NS2 

  



Patent Application Publication Oct. 21, 2004 Sheet 11 of 12 US 2004/0206234 A1 

Figure 75 Figure 76 
  



Patent Application Publication Oct. 21, 2004 Sheet 12 of 12 US 2004/0206234 A1 

Figure 81 Figure 82 Figure 83 

2 - ... -4. 
34 34 

A 

  



US 2004/0206234 A1 

SCOTCH YOKE ENGINE 

TECHNICAL FIELD 

0001. This invention relates to improvements in engines 
and in engine components. The invention particularly relates 
to engines of the Scotch yoke type and to components 
therefor. 

BACKGROUND ART 

0002. In a first aspect, the present invention deals with a 
development of an aspect of one of the inventions disclosed 
in International Patent Application No. PCT/AU00/00281. 
The invention in that disclosure related to a fluid device 
which included a crank having a big end with its axis 
orbiting around a main axis. Connecting means was rotat 
ably mounted on the big end axis. At least one piston, being 
mounted for reciprocal motion in a cylinder along a piston 
axis, had piston guide means engaging engagement means 
on the connecting means. Also included was at least one 
restricting means for constraining the piston to move along 
the piston axis. In a preferred embodiment, as the crank 
mechanism rotated, the restricting meWS extended into the 
Swept Volume of the crank, projected along the main axis of 
the crank. 

0003) In the original invention as disclosed in PCT/ 
AUO0/00281, the piston guide means was commonly a 
Surface which Slidably engaged another Surface, often 
complementary, on the connecting means. The restraining 
means was conveniently parallel to the piston axis and was 
described as extending into the Swept Volume of the crank 
mechanism, at least when the piston was at bottom dead 
Centre. 

0004. In a second aspect, the present invention deals with 
the manufacture of components Suitable for use in connec 
tion with the scotch yoke devices in PCT/AU00/00281, as 
well as other forms of Scotch yoke engine, and also in 
connection with the first aspect of the present invention. 
0005. It is possible to make the components of the 
inventions referred to from traditional materials, especially, 
in many cases, aluminium alloy. However, more recently 
inventions have been made with a view to manufacturing 
pistons from carbon-carbon material. There are significant 
advantages in that carbon-carbon components can have a 
higher melting point than aluminium alloy, for example and 
may retain room temperature Strength to higher tempera 
tures. They can be made lighter than aluminium components 
and have an extremely low co-efficient of thermal expan 
SO. 

0006 Imported herein by reference is the content of the 
following US patent Specifications dealing with carbon 
carbon technology: 4,683,809, 4,909,133, 5,900,193 and 
6,029,346 and 6,148,785. 
0007 U.S. Pat. No. 4,683,809 is concerned with the 
manufacture of a carbon-carbon piston involving inserting 
precursor fibres in a mat or random fibre orientation in a 
closed die, pyrolizing the precursor fibres, impregnating 
them with a cabonaceous resin System, Stretching the pre 
cursor fibre prior to or during Stabilisation, Stabilising the 
material by heating the fibre in air, carbonising the material 
by slowly heating the fibre in an inert atmosphere and 
graphitizing the fibres by raising the temperature to a desired 
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beat treatment temperature. The piston can be fitted to a 
cylinder by lapping So as to precisely fit the bore of the 
cylinder. The piston may be constructed without piston 
grooves and without reinforcing material. The piston crown 
area may be reinforced with unidirectional fibres or cloth. 

0008 U.S. Pat. No. 4,909,133 discloses an improvement 
over the invention in 4,683,809, in which the crown, side 
wall, Skirt and inner Surfaces of the piston are armed by a 
one piece, closed end, Single knitted fibre Structural shape. 
It is claimed that a knitted fibre architecture, which enables 
the fibre directions to be controllable, results in increased 
Strength properties, compared to cloth or mat. 

0009 U.S. Pat. No. 5,900,193 is concerned with a 
method of making carbon-carbon composite pistons by 
Stacking carbon fibre laminae, prepregnated with a carbon 
aceous resin, over male mandrels to form a laminated 
composite billet, compressing female mandrels into the 
laminated composite billet to form a mould assembly, heat 
ing the laminated composite billet in the mould assembly to 
cure the carbonaceous resin, pyrolizing the composite billet 
to carbonise it, reimpregnating the carbonised composite 
billet with additional carbonaceous resin, repyrolizing to 
further density the billet and coring piston blanks, each with 
a crown and complete piston Skirt Surface, from the densified 
billet. The machined blanks can then be machined to final 
dimensions. The carbon fibre laminae may be woven carbon 
fabrics, unidirectional car fibres or directionally oriented to 
tailor Structural and thermal properties. Optionally, ring 
grooves may be machined into the pistons. AS an additional 
option, the crown and Skirt Surfaces of the pistonblanks may 
be sealed, for example, with a ceramic coating or a metallic 
coating. 

0010 Further modifications are disclosed in U.S. Pat. No. 
6,029,346. 

0.011) Still further modifications are disclosed in U.S. Pat. 
No. 6,148,785. 

0012. The second aspect of this invention is concerned 
with improvements in making components of Scotch yoke 
devices, including those disclosed in PCT/AU00/00281. In 
one particular aspect, the present invention is concerned 
with making a combined piston and connecting rod or 
connecting means using carbon-carbon composite or other 
fibre composite. 

DISCLOSURE OF THE INVENTION 

0013 In relation to the first aspect of the invention, it has 
now been found that it is advantageous and possible to 
design the fluid engine So that the restraining means can 
extend into the Swept Volume of the crank mechanism, even 
when the piston is at top dead centre. 

0014. The restraining means will usually engage a 
complementary constraining means, usually mounted on the 
crank case. In the present invention, these constraining 
means may extend into the Swept Volume of the crank 
mechanism. In this invention, either the constraining means 
extends into the Swept Volume of the crank mechanism or 
the restraining means So extends, or both may So extend 
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0.015 Accordingly, in the first aspect, the present inven 
tion provides a Scotch yoke fluid device which includes: 

0016 a crank including a big end having an axis 
which orbits about a main axis for the crank; 

0017) 
axis, 

0018 at least one piston mounted for reciprocal 
motion in a cylinder along a piston axis, the piston 
having a cross-sectional area perpendicular to the 
piston axis, the piston having guide means including 
a linear Surface transverse to the piston axis, the 
guide means engaging engagement means on the 
connecting means, and 

0019 at least one restricting means for constraining 
the piston to move along the piston axis, 

connecting means mounted on the big end 

0020 wherein the piston guide means bisects the piston 
croSS-Sectional area and at least part of each restricting 
means is located within a Volume defined by the piston 
croSS-Sectional area projected along the piston axis, but is 
not located along the centre line of the bisection formed by 
the piston guide means, 
0021 characterised in that at least one of: 

0022 i) the or at least one of the restricting means; 
and 

0023 ii) a constraining means for the or at least one 
of the restricting means 

0024 always extends into a volume defined by the swept 
area of the crank projected along the main axis of the crank. 
0.025 The contents of International Patent Application 
No. PCT/AU00/00281 are imported herein by reference. 
The variations of the invention disclosed in the imported 
Specification may apply equally to the first aspect of the 
present invention. 
0.026 Preferably, the restraining means fits into a groove 
or channel of the constraining means, which in turn is 
formed in or bolted to the crank case. The constraining 
means may comprise or include one or more rollers. 
0027. In this specification, when the restraining means or 
the constraining means is described as extending into the 
Swept Volume of the crank mechanism, it is to be understood 
that this includes the Situation where the restraining means 
and/or the constraining means, as the case may be, meets the 
circumference of the Swept Volume of the crank mechanism, 
as well as when that circumference is crossed. 

0028. The invention disclosed in the specification 
imported herein by reference, above, is capable, in Some 
embodiments, of variable compression. It is within the Scope 
of this invention that the constraining means may be relo 
catable to accommodate the variable compression embodi 
ment. For example, the constraining means may be adapted 
to be unbolted from the crank case and relocated in a more 
appropriate position on the crank case. 
0029. It will also be appreciated that, while this aspect of 
the invention has been illustrated with regard to a fluid 
device having a single piston, it is anticipated that this aspect 
of the invention may be applicable to multi-piston fluid 
devices. 
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0030. In the second aspect of the present invention, to the 
various types of fibre structure disclosed in the US specifi 
cations, it is proposed to add non-aligned material, Such as 
carbon, to aligned material and/or to add chopped Strand 
tape. These may be mixed into the resin. The addition of 
chopped Stands may provide compression load Strength in 
addition to the previously-disclosed advantages. This can 
reduce the possibility of the composite bursting under pres 
SUC. 

0031. The second aspect of the invention relates to com 
ponents, especially pistons, connecting means, restraining 
means, constraining means and combined pistons and con 
necting means. Such components may be Suitable for any 
type of Scotch yoke device, including but not limited to those 
disclosed in PCT/AUOO/OO281. 

0032. The components may be made of any of the 
materials disclosed in the US specifications referred to 
above and may optionally include non-aligned material 
and/or chopped Strand tape. 
0033. The invention includes various novel methods of 
making Such components. Specific examples of these are 
given in connection with the description relating to the 
drawings, below. AS will be appreciated by a man skilled in 
the art, each of these specific examples can be extrapolated 
to a general method of manufacture and the invention covers 
these extrapolations. 

0034. The second aspect of the present invention is 
Suitable for the application of pultrusion, an automatic 
method of producing continuing fibre reinforced shapes in 
large Volumes. The process of pultrusion is known in the art. 
0035. Using pultrusion, and incorporating it in the second 
aspect of this invention, it is feasible to make pistons end to 
end, like a chain of Sausages, the pistons being Severed one 
from the other at the final Stage of manufacture. In this 
embodiment, the fibre Strands may be pulled along through 
the die mould prior to injection of resin, So that the fibre Sods 
are oriented in the desired direction. 

0036). In another embodiment, the fibres used are chosen 
from, but not limited to, the following list: kevlar, carbon, 
copper Strands, glass, plastic, aramids or combinations of 
various fibres or any other Suitable reinforcing material, the 
Strands being held together in any Suitable way. Preferably, 
the Strands are pre-stressed then impregnated with resin. The 
resin used may be any Suitable material known to the art. 
Fibre reinforced aluminium, particularly carbon fibre rein 
forced aluminium, can be manufactured So as to be lighter 
than aluminium alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037. The invention in its aspects will be now described 
in connection with certain non limiting preferred embodi 
ments thereof, described in connection with the drawings, in 
which: 

0038 FIG. 1 is a sectional side elevation of an embodi 
ment of a fluid engine device according to the first aspect of 
the invention; 

0039 FIG. 2 is a view of the device of FIG. 1, looking 
in the direction of arrow A, 

0040 FIG.3 is a variation of the embodiment of FIG. 1; 
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0041 FIG. 4 is a further embodiment of the first aspect 
of the invention, showing a Sectional Side elevation of a 
second embodiment-“a boxer” type device; 
0.042 FIG. 5 is a side elevation of a connecting means 
made according to a first embodiment of the Second aspect 
of the invention; 

0.043 FIG. 6 is a side elevation of one of the components 
in FIG. 5; 

0044 FIG. 7 is a similar view to that of FIG. 5, but 
showing the connecting means having a passage for oil or 
other fluid; 
004.5 FIG. 8 shows how components may be formed 
from a composite billet of carbon-carbon or other fibre; 
0046) 
5; 

0047 FIG. 10 shows a component of FIG. 11, which 
represents a variation of FIG. 9; 

FIG. 9 is a view in a plane 90° to the view of FIG. 

0048 FIG. 12 is a side view of the element of 10; 
0049 FIG. 13 is a further variation of the embodiment in 
FIG. 9; 

0050 FIG. 14 is a perspective view of an element similar 
to that in FIGS. 9 to 13; 

0051 FIGS. 15, 16 and 17 illustrate the addition of being 
Surfaces to components made from carbon-carbon or other 
fibre; 

0.052 FIGS. 18, 19, 20, 21, 22 and 23 are different 
alternatives to the embodiment in FIG. 5; 
0.053 FIG. 24 is a perspective view, showing a formed 
composite billet and indicating how different components 
may be carved out of the billet; 
0.054 FIG. 25 shows one of the carved out components 
from FIG. 24; 

0055 FIG. 26 is a side view of a component similar to 
that in FIG. 25; 

0056) 
26; 

0057 FIGS. 28 to 36 are further embodiments, alterna 
tive to that in FIG. 5; 

0.058 FIG. 38 is a perspective view of a connecting 
means or connecting rod which in this case can combine 
restraining guide means; 

0059 FIG. 39 is another version of a piston and con 
necting means; 
0060 FIG. 40 is a further version of a piston incorpo 
rating first and Second piston guide means, 

0061 
FIG. 40; 

0.062 FIG. 42 shows a version of a cylinder head, 
connecting rod and first piston guide means (slider) shown 
in two pieces, 

0063 FIG. 43 is a top view of the embodiment in FIG. 
42, assembled; 

FIG. 27 is an end view of the component of FIG. 

FIG. 41 is a representation of one of the parts in 
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0064 FIG. 44 shows a carbon-carbon or other fibre billet 
after a piston head, such as that shown in FIG. 42, has been 
carved out; 

0065 FIG. 45 shows, assembled, a piston head and 
connecting means made up of Several pieces, Some of which 
are shown in FIG. 46; 

0066 FIG. 47 shows an alternate way of making the 
piston head of FIG. 46; 
0067 FIG. 48 is a view of a connecting means varying 
slightly from that in FIG. 38; 
0068 FIGS. 49, 50 and 51 show (in part) different ways 
of joining the embodiment in FIG. 48; 
0069 FIGS. 52 and 53 are alternate embodiments for the 
connecting means of FIG. 49; 

0070 FIG. 54 is an end view of a solid extruded con 
necting rod; 

0071 FIG.55 is an end view of the embodiment in FIG. 
53, showing a particular orientation of fibre; 

0.072 FIG. 56 is an alternate embodiment (in part) to that 
of FIG. 40; 

0073 FIG. 57 is another embodiment of the connecting 
means of FIG. 48, but being differently shaped on the end 
remote from the piston head; 
0074 FIG. 58 is another embodiment of the arrangement 
in FIG. 5; 

0075 FIG. 59 is a top view of the embodiment in FIG. 
58; 

0.076 FIG. 60 is a perspective view of a billet from 
which connecting means such as those in FIG. 48 may be 
Cut, 

0077 FIG. 61 shows a connecting means cut from the 
sheet of FIG. 60; 

0078 FIG. 62 shows a different version of an element cut 
from a sheet like FIG. 60; 

007.9 FIG. 63 shows in end view a sheet or billet before 
the element of FIG. 62 (which includes a piston head) is cut 
Out, 

0080 FIG. 64 shows how a sheet or billet like that of 
FIG. 60 may be manufactured in a tube form instead of 
“flat"; 

0081 FIGS. 65, 66, 67 and 68 show different ways of 
cutting up sheets or billets to form components of the Second 
aspect of the invention; 
0082 FIG. 69 shows in perspective view a solid cylinder 
of carbon-carbon or other material and ShowS has piston 
heads may be cut out; 
0.083 FIG. 70 shows an alternate way of cutting cylinder 
heads out of a billet and represents an alternate to the 
illustration in FIG. 8, 
0084 FIG. 71 shows a cylinder head having been cut out 
of a carved out square of the billet of FIG. 70; 
0085 FIG.72 shows a “chain” of pistons prior to cutting 
out of a continuous billet, 
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0.086 FIG. 73 shows a perspective view of a piston head 
made up of a Series of laminations, 
0087 FIG. 74 is the piston head of FIG. 73 in exploded 
form; 
0088 FIG. 75 is an end view of a piston bead similar to 
that in FIG. 46; 
0089 FIG. 76 shows some of the components of FIG. 
75; 

0090 FIG. 77 illustrates an embodiment of a method of 
wrapping fibre tape around a piston head, Such as that in 
FIG. 45: 

0091) 
0092 FIG. 79 shows the wrapping of the fibre tape 
without picturing the piston head, for ease of illustration; 
0093 FIG. 80 is a diagrammatic view of the wrapping 
procedure in FIG. 79 after several turns have been made; 
0094 FIG. 81 is a further embodiment of a piston, 
alternative to that in FIG. 5; 
0.095 FIG. 82 is a plan view of the piston of FIG. 81; 
0096 FIGS. 83, 84 and 85 are alternate versions of the 
piston of FIG. 82; 
0097 FIGS. 86, 87 and 88 show a piston head, connec 
tion means and connecting means, respectively, adapted to 
the slotted together and; 
0.098 FIGS. 89,90 and 91 show corresponding compo 
nents in a different configuration. 

FIG. 78 shows an alternative wrapped piston head, 

BEST MODE OF CARRYING OUT THE 
INVENTION 

0099. In FIGS. 1 and 2, fluid device 10 has a crank 
mechanism 11 including a big end bearing 12. Big end 
bearing 12 orbits about main axis 15 and has a big end axis 
14. Rotatably mounted on big end bearing 12 is connecting 
means 13 which is engaged by first piston guide means 16. 
0100 Piston 22 is mounted for reciprocal motion in 
cylinder 18 (refer FIG. 1). Piston 22 includes intermediate 
means 20 to which piston guide means 16 are attached. 
0101 The restraining means are shown at 24 and can be 
see from FIG. 2. These extend into the swept volume of 
crank mechanism 11, even when piston 22 is at top dead 
centre as shown in FIGS. 1 and 2. 

0102 Restraining means 24 are constrained by constrain 
ing means 19 which, as illustrated, may also extend into the 
Swept Volume of crank mechanism 11. 
0103 Constraining means 19 may of course be of a 
different configuration So as to provide more extensive 
engagement of Second piston guide means 24. 
0104 Constraining means 19 are conveniently bolted to 
the crank case (not shown). 
0105. As can be seen from FIG. 3, constraining means 19 
can be of a larger dimension compared to that in FIGS. 1 
and 2. 

0106 With reference to FIG. 4, while this shows an 
alternative embodiment, the basic intention is the Same as 
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that shown in the preceding figures. The constraining means 
19, in the case of each of the opposed pistons shown, extends 
into the Swept Volume of the crank. It will be appreciated 
that, in the embodiment shown in FIG. 4, the piston at the 
left hand Side is shown at top dead centre while the piston 
at the right hand Side is shown at bottom dead centre. 
0107 Reference is now made to the second aspect of the 
invention and to the remaining figures. 
0108) As a preliminary, the contents of international 
patent application No. PCT/US99/02153 are imported 
herein by reference. This specification discloses friction 
materials which can be used in connection with this Second 
aspect of the invention, particularly as coatings or as com 
ponent parts. 

0109. In the Figures, for ease of reference similar parts 
will be given the same reference numerals. It is anticipated 
that for most applications all of the parts illustrated may be 
made from carbon-carbon or other fibre composites. 
0110 Referring to FIG. 5, connecting means 31 has 
engagement Surface 33 and connection means 34, which in 
turn is joined to connection means 36. In this embodiment, 
connection means 34 is joined to connection means 36 via 
bolt 39. Connecting means 31 and connection means 34 are 
made in one piece from carbon-carbon composite. A mixture 
of fibre types is used AS can be seen from the Figure, long 
strands 40 lie in the plane of the drawing. Other long strands 
42 are perpendicular to the plane of the drawing. Mixed 
chopped Strands 44 are also shown. This configuration is 
also shown in FIG. 6, which is a cross sectional view of 
connection means 36 in FIG. 5. 

0111. As shown in FIG. 7, the components may include 
a passage 46 for oil or other fluid. 
0112 Pistons 30 may be cut out of a billet 48 of suitably 
layered material, with pistons 30 being carved out in any 
suitable way (refer FIG. 8). The caring out may be carried 
out by any Suitable method, including Sawing, laser cutting, 
preSSure cutting, projectile cutting, etc. 
0113 Turning now to FIG. 9, which shows a cross 
Sectional side view of connection means 36 in FIG. 5, it can 
be seen that connection means 36 is, made in two annexed 
parts. 

0114 Referring now to FIG. 9, it will be appreciated that 
this component 36 can be carved out of a slab billet. The 
components 36 may be joined together in any Suitable way, 
such as shown in FIG. 9 or by using a joining plate 50 which 
may contain two pins 52 as in FIG. 11 or four such pins as 
in FIG. 13. Six Such pins are shown in FIG. 9. Big end cap 
54 is shaped suitably in each case. Big end cap 54 may be 
made of the carbon-carbon or other fibre material, as can the 
other components, including connection means 36. 
0115 Turning now to FIGS. 15, 16 and 17, these Figures 
illustrating the addition of different bearing Surfaces to 
engagement surface 33 and, in the case of FIG. 17, to part 
of connection means 34. In FIG. 15, bean Surfaces 56 are 
attached to the upper and lower parts of engagement Surface 
33 and will provide for tensile and compressive thrust. In 
FIG. 16, bearing surfaces 56 also extend part way down the 
Sides of engagement Surface 33, thus allowing for Side thrust 
also. This is similarly the case with the FIG. 17 embodi 
ment. In addition, in the case of the FIG. 17 embodiment, 
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further bearing surfaces 58 are fitted as shown in two pieces 
in each case on connection means 34 So as to provide 
bearing surfaces for a bolt 39. Bearing surfaces 58 can be 
riveted on, for example. 
0116. In each of FIGS. 15 to 17, the bearing surfaces may 
be glued on and may be metal, carbon-carbon fibre or other 
material. Bearing surfaces 58 preferably dove tail or other 
wise fit together to provide a Smooth bearing Surface. 
0117 FIGS. 18 to 20 show connection means 34 in 
various configurations, in each case bonded or otherwise 
joined to connection means 36. 
0118. In FIGS. 21, 22 and 23, engagement surfaces 33 
are shown joined to connection means 34. In the case of the 
embodiments in FIGS. 21 and 22, connection means 34 are 
joined to connection means 36 which may be in one piece 
(FIG. 21) or two pieces (FIG. 22). However, in FIG. 23, 
connection means 34 is integral with connection means 36. 
0119 Turning now to FIG. 24, there is shown billet 48 in 
this case moulded into a particular croSS Sectional shape 
which can be carved out to result in component 60 as shown 
in FIG. 25. In a similar way, the components in FIGS. 26 
and 27 can be carved out of a suitably shaped billet 48. 
0120. With reference to FIGS. 28 to 37, these show 
various different embodiments of connecting means 31, in 
each case having engagement Surface 33, connection rod 34, 
and connection means 36. In the FIG. 32 embodiment, for 
example, the component parts forming Surface 33 and rod 34 
may be glued or bolted together. In the FIG. 36 embodi 
ment, rod 34 is jointed to connection means 36 by post 62. 
In the FIG. 37 embodiment, Surface 33 is laminated, lami 
nations being glued together and rod 34 is hollow internally, 
to result in a lighter component having greater Struck 
Strength. 
0121. In the embodiment in FIG.38, it will be noted that 
the embodiment includes oil passages 46. Alternately, these 
can represent reinforcement, Such as bolts extending the 
length of the rod 34. It will also be noted that in this case the 
rod 34 can include restring means 24. 
0.122 FIG. 39 is a fierier embodiment of connecting 
means 31 and is Self-explanatory. 
0123 Piston 30 is FIG. 40 includes restraining guide 
means 24 and piston guide means 16. 
0.124 Restraining means 24 can be made as shown in 
FIG. 41. 

0125. In FIG. 42 there is shown piston 30 which can be 
made integrally with rod 34 or Separately from it. Connec 
tion means 36 is manufactured with extension 60 adapted to 
fit into cavity 66. 
0126. In FIG. 49, billet 48 has had carved out of it piston 
head 32, leaving a cavity 68. 
0127 Turning now to FIGS. 45 and 46, head 32 is made 
of four parts 70. (Of course, there could be more or less parts 
than four). These are fitted into cross-shaped connecting rod 
34. An alternative as shown in FIG. 47 is for parts 70 to be 
made in halves, rather ta in quarters as shown in FIGS. 45 
and 46. 

0128. The embodiment in FIG. 48 shows connection rod 
34 being strengthened by pieces 72, each of which may be 
cut out of a flat carbon-carbon composite Sheet, trimmed and 
glued into place. 
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0129. In FIGS. 49 to 51, the component parts of connec 
tion rod 34 are shown in totality, or as one half of the 
connecting rod 34, in each case the drawing being repeated 
and mirror reversed to provide the other half. Thus connec 
tion rod 34 is made up of components 34a and 34b, with the 
optional omission of pieces 72. 
0130. Different configurations are shown in FIGS. 52 
and 53, which are self-explanatory, as is FIG. 54. 
0131) As shown in FIG.55, the connecting rod in FIG. 
53 can be made up of strands 40, 42 and 44. (Any of 40, 42 
and 44 may be used, separately or in combination). 
0132) If desired, the embodiment in FIGS. 53 and 55 
may be cut out of a Single sheet in one piece. 
0133) The embodiments in FIGS. 56 to 59 are self 
explanatory. 
0134) Turning now to FIG. 60, billet 48 may be cut to 
form connecting rods 34 as shown in FIG. 61 by slicing at 
cut lines 74. 

0135 FIGS. 62 and 63 are self-explanatory. 
0136 FIG. 64 shows a billet 48 similar to that in FIG. 60, 
except that instead of a “flat” sheet, a tube is formed. 
0137 In FIGS. 65 to 69, billet 48 is cut-as shown in 
Some cases, along cut lines 74 to form Suitably-shaped 
elements. For example, in FIG. 69 the solid cylinder can be 
cut to form piston heads 32. 
0138 FIG. 70 is somewhat similar to the illustration in 
FIG. 8, except that in this case billet 48 has cut out of it in 
a grid pattern piston heads 32. 
0139) 
0140. In the embodiment of piston head 34 shown in 
FIGS. 73 and 75, the piston head is made of thee different 
laminates A, B and C, which are bonded together by Suitable 
CS. 

0141 FIGS. 75 and 76 represent a development of the 
piston in FIGS. 45 and 46, except in the case of FIGS. 75 
and 76 there are six parts 70 of head 32. Further, head 32 is 
wrapped by tape 76. 
0.142 FIG. 78 shows a simplified version of a wrapped 
piston head 32. To wrap piston head 32, a strand of fibre tape 
80 is wound around part 70 of head 32 as shown in FIGS. 
77, 79 and 80. 
0143 FIGS. 81 to 85 are self-explanatory. 
014.4 FIGS. 86, 87 and 88 show in detail how an 
embodiment such as that in FIG. 83 may be slotted together 
with suitable grooves 80 in piston head 84 and connection 
means 36. Similarly, FIGS. 89,90 and 91 show the fitting 
together of the piston components similarly to those in FIG. 
42. 

FIG. 72 is self-explanatory. 

INDUSTRIAL APPLICABILITY 

0145 The present invention takes the invention disclosed 
in PCT/AU00/00281 and further improves it both in relation 
to the configuration of the restricting means and/or con 
Straining means and in relation to the composition of the 
components, especially combined pistons/connecting 
means. The present invention enhances the existing indus 
trial applicability of the invention in PCT/AU00/00281. It 
also makes advances in the manufacture of Scotch yoke 
device components generally. 
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1. A Scotch yoke fluid device which includes: 
a crank including a big end having an axis which orbits 

about a main axis for the crank; 
connecting means mounted on the big end axis, 
at least one piston mounted for reciprocal motion in a 

cylinder along a piston axis, the piston having a croSS 
Sectional area perpendicular to the piston axis, the 
piston having guide means including a linear Surface 
transverse to the piston axis, the guide means engaging 
engagement means on the connecting means, and 

at least one restricting means for constraining the piston 
to move along the piston axis, 

wherein the piston guide means bisects the piston croSS 
Sectional area and at least part of each restricting means 
is located within a volume defined by the piston croSS 
Sectional area projected along the piston axis, but is not 
located along the centre line of the bisection formed by 
the piston guide means, 

characterised in that at least one of: 

i) the or at least one of the restricting means; and 
ii) a constraining means for the or at least one of the 

restricting means always extends into a Volume 
defined by the Swept area of the crank projected 
along the main axis of the crank. 

2. The fluid device of claim 1, wherein the constraining 
means includes a groove or channel into which the restrain 
ing means fits. 

3. The fluid device of claim 2, wherein the constraining 
means is formed in or bolted to a crank case. 

4. The fluid device of claim 1, wherein the restraining 
means and/or the constraining means meets the circumfer 
ence of the Swept Volume of the crank. 

5. The fluid device of claim 1, wherein the restraining 
means and/or the constraining means crosses the circumfer 
ence of the Swept Volume of the crank. 

6. The fluid device of claim 1, wherein the constraining 
means is relocatable. 

7. The fluid device of claim 1, wherein the constraining 
means includes or comprises one or more rollers. 

8. The fluid device of claim 1, having more than one 
piston. 

9. The fluid device of claim 1, wherein the or at least one 
piston is combined with the connecting means. 

10. The fluid device of claim 9, wherein the combined 
piston and connecting means is composed of a fibre com 
posite. 

11. The fluid device of claim 10, wherein the fibre 
composite includes non-aligned material and/or chopped 
Strand tape. 

12. The fluid device of claim 10, wherein the fibre 
composite is a carbon-carbon composite or a composite 
using fibres chosen from the group: kevlar carbon, copper 
Strands, glass, plastic or a combination of two or more of the 
foregoing. 

13. The fluid device of claim 12, wherein the non-aligned 
material and/or chopped Strand tape is mixed with aligned 
material into a resin. 

14. The fluid device of of claim 10, wherein the fibre 
composite also includes metal. 
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15. The fluid device of claim 14, wherein the metal is 
aluminium. 

16. A Scotch yoke fluid device which includes: 
a crank including a big end having an axis which orbits 

about a main axis for the crank; 
connecting means mounted on the big end axis, 
at least one piston mounted for reciprocal motion in a 

cylinder along a piston axis, the piston having a croSS 
Sectional area perpendicular to the piston axis, the 
piston having guide means including a linear Surface 
transverse to the piston axis, the guide means engaging 
engagement means on the connecting means, and 

at least one restricting means for constraining the piston 
to move along the piston axis, 

wherein the piston guide means bisects the piston croSS 
Sectional area and at least part of each restricting means 
is located within a Volume defined by the piston croSS 
Sectional area projected along the piston axis, but is not 
located along the centre line of the bisection formed by 
the piston guide means, 

characterised in that the or at least one piston is combined 
with the connecting means. 

17. The fluid device of claim 16, wherein the combined 
piston and connecting means is composed of a fibre com 
posite. 

18. The fluid device of claim 17, wherein the fibre 
composite includes non-aligned material and/or chopped 
Strand tape. 

19. The fluid device of claim 17, wherein the fibre 
composite is a carbon-carbon composite or a composite 
using fibres chosen from the group: kevlar carbon, copper 
Strands, glass, plastic or a combination of two or more of the 
foregoing. 

20. The fluid device of claim 19, wherein the non-aligned 
material and/or chopped Strand tape is mixed with aligned 
material into a resin. 

21. The fluid device of of claim 17, when the fibre 
composition also includes metal. 

22. The fluid device of claim 21, wherein the metal is 
aluminium. 

23. A component suitable for a Scotch yoke fluid device 
including the device of claim 1 or 16, the component being 
composed of a fibre composite. 

24. The component as claimed in claim 23, wherein the 
fibre composite includes non-aligned material and/or 
chopped Strand tape. 

25. The component of claim 23, wherein the fibre com 
posite is a carbon-carbon composite or a composite using 
fibres chosen from the group: kevlar carbon, copper Strands, 
glass, plastic or a combination of two or more of the 
foregoing. 

26. The component of claim 25, wherein the non-aligned 
material and/or chopped Strand tape is mixed with aligned 
material into a resin. 

27. The composite of of claim 23, wherein the fibre 
component also includes metal. 

28. The component of claim 27, wherein the metal is 
aluminium. 

29. (Cancelled) 
30. (Cancelled) 
31. (Cancelled) 


