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Title

SPRING MOTOR FOR GENERATING ELECTRICAL ENERGY

Field of the Invention

This invention relates to a machine capable of sustained delivery of mechanical
energy with intermittent energy input. The invention also relates to a method of

operation of such a machine.

The machine operates as an engine for delivery of mechanical work for an

extended duration in comparison to the duration of energy input into the engine.

Background Art

With a typical engine, input energy is delivered to the engine in a substantially
constant manner for conversion into output energy (in the form of mechanical
work). By way of example, in the operation of an electric motor, input electrical
energy is delivered continuously to the motor for conversion into output energy in

the form of mechanical work.

There are circumstances where it is desirable to have an engine which can
provide a sustained energy output with only intermittent energy input. One such
circumstance is where an engine is required to drive an electrodynamic machine
for producing electrical power at a location where a reticulated power supply is
unavailable. Some of the electrical power so produced can be utilised to operate

the source providing the intermittent input energy.
Disclosure of the Invention
The present invention provides a machine comprising:

a drive shaft;
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a first gear train and a second gear train both drivingly connected to the

drive shaft;

the first gear train having a first input shaft;

the second gear train having a second input shaft;

a first drive mechanism drivingly connected to the first input shaft;

a second drive mechanism drivingly connected to the second input shaft;

and

a power means for operating the first and second drive mechanisms 1o
sequentially move through power and return strokes whereby upon each
power stroke the drive mechanisms respectively apply torque to the first

and second input shafts.

Preferably, the sequence in which torque is applied to the first and second input
shafts is such that torque is initially delivered to both the first and second input
shafts and subsequently to only one of the input shafts. This is achieved by one
drive mechanism completing its power stroke after completion of the power stroke
by the other drive mechanism. Conveniently, said one drive mechanism has
completed about one-half of its power stroke at the stage where the other

completes its power stroke.

The transmission ratio between the first drive mechanism and the drive shaft, and
the transmission ratio between the second drive mechanism and the drive shaft,

can each be selected according to the particular application of the engine.
The first and second gear trains may share some common gears.

The first drive means may comprise a first rack and pinion mechanism. With this
arrangement, the pinion of the first rack and pinion mechanism is drivingly

connected to the first input shaft.
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The second drive mechanism may comprise a second rack and pinion
mechanism. With this arrangement, the pinion of the second rack and pinion

mechanism is drivingly connected to the second input shaft.

The power means may comprise a spring structure associated with each rack and
loading means for loading the spring structure to generate a spring force therein,
wherein the spring force is utilised to drive the rack in one direction to provide the

power stroke for effecting rotation of the respective pinion.

Preferably, the pinions are adapted to freewheel with respect to their respective
input shafts upon movement of the racks in the reverse direction (being the return
stroke). The freewheeling action of each pinion with respect to its input shaft may
be provided by a clutch mechanism operating between the pinion and the input
shatft.

The first and second racks preferably undergo their return strokes in unison.

The spring structure may be of the type which is loaded in tension or of the type

which is loaded in compression.

The spring structure may be in any appropriate form, such as, for example, a
mechanical spring, a pneumatic spring, a body of elastic material such as rubber,
or any combination thereof. Where a mechanical spring is utilised, it can be of

any suitable type, such as a helical spring or a coil spring.

The loading means for loading the spring structure may comprise a power
mechanism including a telescopic ram, whereby operation of the ram effects rapid
loading of the spring structure. Conveniently, the ram comprises a hydraulic ram.
The hydraulic ram is preferably included in a hydraulic circuit which further
includes a hydraulic pump driven by an electric motor. The electric motor may be
powered from an electrical supply generated by an electrodynamic machine

driven by the engine.

The machine may further comprise
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a third gear train and a fourth gear train both drivingly connected to the

drive shaft;

the third gear train having a third input shaft;

the fourth gear train having a fourth input shaft;

a third drive mechanism drivingly connected to the third input shaft;

a fourth drive mechanism drivingly connected to the fourth input shaft,

wherein the power means drives the third and fourth drive mechanisms to
sequentially move the third and fourth through power and return strokes
whereby upon each power stroke the third and fourth drive mechanisms

apply torque to the third and fourth input shafts.

The various drive mechanisms are preferably arranged to operate in a

pre-determined sequence.

Preferably, the pre-determined sequence is such that torque is initially delivered to
both the first and second input shafts and subsequently to only first input shaft
during which stage torque is initially delivered to both the third and fourth input
shafts and subsequently to only the third input shaft during which stage torque is
initially delivered to both the first and second input shafts and subsequently to

only the first input shaft.

The third and fourth gear trains may share some common gears with each other

and may also share some common gears with the first and second gear trains.

The present invention also provides a machine comprising a drive shaft, and first,
second, third and fourth drive mechanisms drivingly connected to the drive shaft
for applying rotational torque thereto during power strokes of the drive
mechanisms, the drive mechanisms being operable to perform their respective
power strokes in a cycle whereby the first and second drive mechanisms operate

together during part of their power strokes and thereafter the second drive
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mechanism completes its power stroke while the first drive mechanism continues
its power stroke during which stage the third and fourth drive mechanisms operate
together during part of their power strokes and thereafter the fourth drive
mechanism completes its power stroke while the third drive mechanism continues
its power stroke during which stage the first and second drive mechanisms

operate together during part of their power strokes to repeat the cycle.

The invention also provides a method of operating a machine having a drive shaft,
and first and second drive mechanisms operatively connected to the drive shaft
for applying rotational torque thereto during power strokes of the drive
mechanism, the method comprising the steps of operating the machine in an
operating cycle in which the first and second drive mechanisms operate together
during part of their power strokes and thereafter the second drive mechanism
completes its power stroke while the first drive mechanism continues its power
stroke, and following completion of the power stroke of the first drive mechanism
the first and second drive means operate together during part of their power

strokes to repeat the cycle.

The invention also provides a method of operating a machine having a drive shaft,
and first, second, third and fourth drive mechanisms operatively connected to the
drive shaft for applying rotational torque thereto during power strokes of the drive
mechanisms, the method comprising the steps of operating the machine in an
operating cycle in which the first and second drive mechanisms operate together
during part of their power strokes and thereafter the second drive mechanism
completes its power stroke while the first drive mechanism continues its power
stroke during which stage the third and fourth drive mechanisms operate together
during part of their power strokes and thereafter the fourth drive mechanism
completes its power stroke while the third drive mechanism continues its power
stroke during which stage the first and second drive mechanisms operate together

during part of their power strokes to repeat the cycle.
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Brief Description of the Drawings

The invention will be better understood by reference to the following description of
several specific embodiments thereof, as shown in the accompanying drawings in

which:

Figure 1 is a schematic perspective view of an engine according to a first

embodiment;

Figures 2 to 9 schematically illustrate drive mechanisms forming part of the

engine of Figure 1 in various operating conditions;

Figure 10 is a schematic view of gearing forming part of the engine, with
two drive transfer paths being identified within the gearing;

Figure 11 is a view similar to Figure 10 with the exception that two other

drive transfer paths are identified;

Figure 12 is a schematic perspective view of a drive mechanism of the
engine according to a second embodiment, the drive mechanism being

shown in one operating condition;

Figure 13 is a view similar to Figure 12 with the exception that the drive

mechanism is shown in another operating condition; and

Figure 14 is a schematic perspective view of an engine according to the

second embodiment.

Best Mode(s) for Carrying out the Invention

The first embodiment, which is shown in Figures 1 to 11 of the accompanying
drawings, is directed to an engine 10 which can deliver mechanical work for an

extended duration in comparison to the duration of energy input into the engine.
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The engine 10 includes a drive shaft 11 through which it delivers mechanical
work. In this embodiment, the drive shaft 11 is shown drivingly connected to an
electrodynamic machine 13 for generating electrical energy, some of which is
used to operate the engine 10 as will be explained in more detail later. The
electrodynamic machine 13 may be of the type disclosed in international
application PCT/AU00/00778, the contents of which are incorporated herein by

way of reference.

The drive shaft 11 is driven by a drive system 15 which incorporates various drive
mechanisms 16, power means 17 for operating the drive mechanisms 16, and

gearing 18 for drivingly connecting the drive mechanisms 16 to the drive shaft 11.

The engine 10 further comprises a hydraulic circuit which incorporates a reservoir
23 to contain a supply of hydraulic fluid and electrically operable hydraulic pumps
25 for pumping the hydraulic fluid through the hydraulic circuit. The hydraulic
pumps 25 receive electrical energy for their operation from an electrical supply 27.
The electrical supply 27 in this embodiment comprises an electrical storage
means in the form of batteries 30 which are continuously charged using electricity
generated by the electrodynamic machine 13. Surplus electricity generated by
the electro-dynamic machine 13 can be used for other purposes such as lighting

or powering electrical equipment.

The various drive mechanisms 16 comprise a first drive mechanism 31, a second
drive mechanism 32, a third drive mechanism 33 and a fourth drive mechanism
34.

The first drive mechanism 31 is in the form of a first rack and pinion mechanism
35 comprising a first rack 37 and a first pinion 39 in engagement with the rack 37.
The first pinion 39 is mounted onto a first input shaft 41 through a clutch
mechanism 43. The clutch mechanism 43 allows torque transmission from the
first pinion 39 to the first input shaft 41 upon rotation of the pinion in one direction
while allowing the pinion to freewheel on the first input shaft upon rotation of the

pinion in the reverse direction so as not to transmit torque thereto.
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The second drive mechanism 32 is in the form of a second rack and pinion
mechanism 45 comprising a second rack 47 and a second pinion 49 in
engagement with the second rack 47. The second pinion 49 is mounted onto a
second input shaft 51 through a clutch mechanism 53. The clutch mechanism 53
allows torque transmission from the second pinion 49 to the second input shaft 51
upon rotation of the pinion in one direction while allowing the pinion to freewheel
on the second input shaft upon rotation of the pinion in the reverse direction so as

not to transmit torque thereto.

The third drive mechanism 33 is in the form of a third rack and pinion mechanism
55 comprising a third rack 57 and a third pinion 59 in engagement with the third
rack 57. The third pinion 59 is mounted onto a third input shaft 61 through a
clutch mechanism 63. The clutch mechanism 63 allows torque transmission from
the third pinion 59 to the third input shaft 61 upon rotation of the pinion in one
direction while allowing the pinion to freewheel on the third input shaft upon

rotation of the pinion in the reverse direction so as not to transmit torque thereto.

The fourth drive mechanism 34 is in the form of a first rack and pinion mechanism
65 comprising a fourth rack 67 and a fourth pinion 69 in engagement with the
fourth rack 67. The fourth pinion 69 is mounted onto a fourth input shaft 71
through a clutch mechanism 73. The clutch mechanism 73 allows torque
transmission from the fourth pinion 69 to the fourth input shaft 71 upon rotation of

the pinion in one direction while allowing the pinion to freewheel on the fourth

_input shaft upon rotation of the pinion in the reverse direction so as not to transmit

torque thereto.

Each rack 37, 47, 57 and 67 comprises a rigid rack bar 81 having rack teeth 83
along one face thereof. The rigid rack bar 81 is guidingly supported for axial

movement in a guide structure 85.

The first input shaft 41 and the third input shaft 61 are defined by a common shaft
91 on which a drive gear 93 is rigidly mounted. With this arrangement, the drive
gear 93 is caused to rotate upon rotation of the first input shaft 41 and is also
caused to rotate upon rotation of the third input shaft 61. The drive gear 93 isin
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meshing engagement with a driven pinion 95 rigidly mounted on a first lay shaft
97. A drive gear 99 is rigidly mounted on the first lay shaft 97 and is in meshing
engagement with a driven pinion 101 rigidly mounted on a second lay shaft 103.
A drive gear 105 is rigidly mounted on the second lay shaft 103 and is in meshing

engagement with a driven pinion 107 mounted on the drive shaft 11.

A drive gear 111 is rigidly mounted on the second input shaft 51 and is in meshing

engagement with the driven pinion 95.

A drive gear 113 is rigidly mounted on the fourth input shaft 71 and is in meshing
engagement with a driven pinion 115 rigidly mounted on the first lay shaft 97. The
drive gear 111 on the second input shaft 51 and the drive gear 113 on the fourth
input shaft 71 have the same number of teeth and the same pitch circle diameter.
Similarly, the driven pinions 95 and 115 on the first lay shaft 97 have the same

number of teeth and the same pitch circle diameter.

With this arrangement of gearing, each drive mechanism 31, 32, 33 and 34 is
drivingly connected to the output shaft 11. More particularly, the first drive
mechanism 31 is drivingly connected to the output shaft 11 through a first gear
train within the gearing 18, the first gear train providing a first drive path which is
depicted by a broken line in Figure 10 and which is identified by reference
numeral 121. Similarly, the second drive mechanism 32 is drivingly connected to
the output shaft 11 through a second gear train within the gearing 18, the second
gear train providing a second drive path which is depicted by a dotted line in
Figure 10 and which is identified by reference numeral 122. The third drive
mechanism 33 is drivingly connected to the output shaft 11 through a third gear
train within the gearing 18, the third gear train providing a third drive path which is
depicted by a broken line in Figure 11 and which is identified by reference
numeral 123. The fourth drive mechanism 34 is drivingly connected to the output
shaft 11 through a fourth gear train within the gearing 18, the fourth gear train
providing a fourth drive path which is depicted by a dotted line in Figure 11 and

which is identified by reference numeral 124.
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The gearing between the first input shaft 41 and the second input shaft 51
provides a transmission ratio of 1:10. In other words, the second input shaft 51
undergoes ten revolutions for each revolution of the first input shaft 31. Similarly,
the gearing between the second input shaft 51 and the drive shaft 11 provides a
transmission ratio of 1:10. In other words, the drive shaft 11 undergoes 10

revolutions for each revolution of the second input shaft 51.

The gearing between the third input shaft 61 and the fourth input shaft 71 provides
a transmission ratio of 1:10. In other words, the fourth input shaft 71 undergoes
10 revolutions for each revolution of the third input shaft 61. Similarly, the gearing
between the fourth input shaft 71 and the drive shaft 11 provides a transmission
ratio of 1:10. In other words, the drive shaft 11 undergoes 10 revolutions for each

revolution of the fourth input shaft 71.

The power means 17 for operating the drive mechanisms 16 comprises a spring
structure 130 associated with each of the racks 37, 47, 57 and 67.

The power means 17 also comprises a power mechanism 133 for loading each of
the spring structures 130. The power meéhanism 133 comprises a hydraulic ram
135, the cylinder 137 of which is fixed to a supporting structure (not shown). The
extensible rod 139 of each hydraulic ram 135 is connected to a mounting lug 141
provided on one end of each rack 37, 47, 57 and 67. With this arrangement,
extension of each hydraulic ram 135 causes the respective rack to which it is

connected to move axially along the respective guide structure 85.

Each spring structure 130 comprises two helical tension springs 145. One end of
each helical spring 145 is connected to a mounting 147 on the cylinder 137 of the
respective hydraulic ram 135 and the other end of the spring is connected to a
mounting 149 on the rod of the hydraulic ram. With this arrangement, extension
of the hydraulic ram 135 causes the springs 145 to correspondingly extend and so
be loaded.

The spring force established in the loaded springs 145 subsequently causes the
respective rack 37, 47, 57, 67 to move in the other direction, so undergoing a
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power stroke and driving the respective pinion 39, 49, 59 and 69 with which it is in
meshing engagement to thereby apply torque to the respective input shaft 41, 51,

61, 71 on which the pinion is mounted.

The first and second racks 37, 47 do not operate in unison when performing a

power stroke but rather in a timed sequence. The sequence is such that the

.second rack 47 moves at a rate faster than the first rack 37 during the power

strokes thereof, the rate of relative movement between the racks being regulated
by the gear ratio between each rack and the particular pinion with which it is in
meshing engagement. In this embodiment, the relationship is that the second
rack 47 moves at about twice the rate of the first rack 37. A similar relationship
exists between the third and fourth racks 57, 67; that is, the fourth rack 67 moves

at a rate faster than the third rack 57 during the power strokes thereof.

Each hydraulic ram 135 is incorporated in the hydraulic circuit referred to
previously and so operates in response to fluid pressure delivered by way of the
hydraulic pumps 25. A control system (not shown) is provided for operating the

hydraulic rams 135 in a prescribed sequence.

Operation of the engine 10 will now be described with reference to Figures 210 9

of the accompanying drawings.

In Figure 2 of the drawings, the engine is shown in a condition prior to start of its
operation, with each of the racks, 37, 47, 57 and 67 being at rest. To commence
operation of the engine, the power means 17 associated with the first and second
racks 37, 47 are operated to rapidly load the spring structures 130 associated with

those racks in preparation for their power strokes, as shown in Figure 3.

The first and second racks 37, 47 then commence their respective power strokes
at the same time. The second rack 47 travels at a rate which is twice that of the
first rack 37 as illustrated in Figure 4. As the second rack 47 completes its power
stroke, the power means 17 associated with the third and fourth racks 57, 67 then
operate to cause those racks to undergo return strokes and to rapidly load the

spring structures 130 associated with those racks in preparation for their power
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stroke, as is illustrated in Figure 5. Since the second rack 47 travels at a rate
which is twice that of the first rack, it completes its power stroke at the stage when
the first rack 37 has completed one half of its power stroke. At this stage, the third
and fourth racks 57, 67 commence their power strokes, while the first rack 37
continues its power stroke. The fourth rack 67 travels at a rate which is twice that
of the third rack 57 and so completes its power stroke when the third rack 57 has
only completed one half of its power stroke, as illustrated in Figure 6. At this
stage, the first rack 37 also completes its power stroke. The power means 17
associated with the first and second racks 37, 47 then operate to rapidly load the
spring structures 130 associated with those racks in preparation for their next

power stroke.

The first and second racks 37, 47 commence their power strokes, and the third
rack 57 continues with its power stroke, as illustrated in Figure 7. The third rack
57 completes its power stroke at the same stage that the second rack 47
completes its power stroke as illustrated in Figure 8. The power means 17
associated with the third and fourth racks 57, 67 then operate to rapidly load the
spring structures 130 associated with those racks in preparation for the next
power stroke, as illustrated in Figure 9. The operating cycle of the engine
continues in this fashion. Because of the overlap between the various power
strokes, the drive shaft 11 has rotational torque applied to it substantially

constantly during operation of the engine.

From the foregoing it can be seen that the hydraulic rams 135 are operated
intermittently so as to load the spring structures 130 as required. The loading
operation of the spring structures 130 occurs rapidly in comparison to the time
taken for the loaded springs to drive the racks in the direction applying rotational
torque to the respective input shafts. In other words, the return stroke of each
rack is rapid while the power stroke is prolonged. In this way, there is prolonged
delivery of torque to the input shafts with intermittent energy input to the spring
structures by virtue of the rapid loading of the spring structures using the power

mechanisms.
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The present embodiment thus provides a simple yet highly effective engine which
is capable of prolonged delivery of mechanical work at the drive shaft 11 with only

intermittent energy input provided by the power means 17.

In the embodiment which has been described, each input shaft 41, 51, 61 and 71
has a pinion 39, 49, 59 and 69 mounted on it, and the pinion is in meshing

engagement with the respective rack 37, 47, 57 and 67.

In a second embodiment, which is illustrated in Figures 12 and 13, each drive
mechanism is in the form of a rack and pinion mechanism 160 comprising two
racks 161, 162 and a pinion 163 in meshing engagement with the racks. One
rack 161 is positioned above the pinion 163 and the other rack 162 is positioned
below the pinion. The two racks 161, 162 are adapted to operate in unison but in
opposite directions. In this way, the rack 161 performs its power stroke while
moving in one direction and the rack 162 performs a simultaneous power stroke
while moving in the opposite direction. Each rack 161, 162 has a spring structure
165 and hydraulic ram 167 associated with it in a similar fashion to the first

embodiment.

Such an arrangement is advantageous as it allows greater torque to be delivered
to pinion 163, and so to the input shaft to which the pinion is drivingly connected,
in a shorter period of time. The arrangement is also conducive to a more compact

construction of engine.

Rack and pinion mechanisms 160 according to this embodiment can replace the
rack and pinion mechanisms 35, 45, 55 and 65 in the first embodiment, if desired.

Rack and pinion mechanisms 160 as illustrated in Figures 12 and 13 are also
utilised in engine 170 according to a third embodiment, as illustrated in Figure 14.
The engine 170 according to this embodiment has a drive shaft 171 which is

drivingly connected to an electrodynamic machine 173.

The engine 170 has a first input shaft 175 which is drivingly connected to the drive
shaft 171 through gearing 177, and a second input shaft 179 which is also
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drivingly connected to the drive shaft 171 through the gearing. A plurality of the
rack and pinion mechanisms 160 are operatively connected to the first input shatft.
Similarly, a plurality of the rack and pinion mechanisms 160 are operatively
connected to the second input shaft. The various rack and pinion mechanisms
5 160 operate in timed sequence in order to apply rotational torque to the first and
second input shafts 175, 179. More particularly, the rack and pinion mechanisms
160 operatively connected to the second input shaft 179 operate at a faster rate
(for example, twice the rate) of the rack and pinion mechanisms 160 operatively
connected to the first input shaft 175. In this way, the engine 170 operates ina
10 somewhat similar fashion to the engine 10 of the first embodiment. Rotational
torque applied to the first and second input shafts 175, 179 is transmitted through
the gearing 177 to the drive shaft 171.

The gearing 177 includes a drive gear 181 which is rigidly mounted on the first
input shaft 175. With this arrangement, the drive gear 181 is caused to rotate
15 upon rotation of the first input shaft 175. The drive gear 181 is in meshing
engagement with a driven gear 183 rigidly mounted on a first lay shaft 185. A
drive gear 187 is rigidly mounted on the first lay shaft 185 and is in meshing
engagement with a driven gear 189 rigidly mounted on a second lay shaft 191. A
drive gear 193 is rigidly mounted on the second lay shaft 193 and is in meshing

20 engagement with a driven gear 195 rigidly mounted on the drive shaft 171.

A drive gear 197 is rigidly mounted on the second input shaft 179 and is in
meshing engagement with a driven gear 199 rigidly mounted on the first lay shatft
185.

While the engine 170 is shown with two rack and pinion mechanisms 160
25 operatively connected to the first input shaft 175, it should be appreciated that any
number of such rack and pinion mechanisms can be operatively connected to the
first input shaft. Similarly, while the engine 170 is shown with two rack and pinion
mechanisms 160 operatively connected to the second input shaft 179, it should be
appreciated that any number of such rack and pinion mechanisms can be

30 operatively connected to that shaft.
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The rack and pinion mechanisms operatively connected to each input shaft 175,
179 are intended to operate in a timed sequence so that rotational torque is

delivered in a uniform manner to those shafts.

It should be appreciated that the scope of the invention is not limited to the scope
of the embodiments described. For instance, while in each embodiment each
drive mechanism 16 has been described as a rack and pinion mechanism, it need
not be limited thereto. The rack may, for example, be replaced by a large gear
wheel which meshes with the pinion. With such an arrangement, the large gear
wheel may be powered by a spiral spring which can be loaded in any appropriate

fashion.

It should also be appreciated that the invention is not limited to an engine for
driving an electro-dynamic machine. The engine may be used to drive any

appropriate load.

Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of

any other integer or group of integers.
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The Claims Defining The Invention Are As Follows

1.

A machine comprising:
a drive shaft;

a first gear train and a second gear train both drivingly connected to the

drive shatt;

the first gear train having a first input shaft;

the second gear train having a second input shaft;

a first drive mechanism drivingly connected to the first input shaft;

a second drive mechanism drivingly connected to the second input shaft;

and

a power means for operating the first and second drive mechanisms to
sequentially move through power and return strokes whereby upon each
power stroke the drive mechanisms respectively apply torque to the first

and second input shafts.

A machine according to claim 1 wherein the sequence in which torque is
applied to the first and second input shafts is such that torque is initially
delivered to both the first and second input shafts and subsequently to only

one of the input shafts.

A machine according to claim 2 wherein one drive mechanism is arranged
completing its power stroke after completion of the power stroke by the other

drive mechanism.

A machine according to claim 3 wherein said one drive mechanism is adapted
to complete about one-half of its power stroke at the stage where the other
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12.

13.

17

completes its power stroke.

A machine according to any one of the preceding claims wherein the first and

second gear trains share some common gears.

A machine according to any one of the preceding claims wherein the first
drive means comprises a first rack and pinion mechanism with the pinion

thereof drivingly connected to the first input shaft.

A machine according to any one of the preceding claims wherein the second
drive mechanism comprises a second rack and pinion mechanism with the

pinion thereof drivingly connected to the second input shaft.

A machine according to claim 6 or 7 wherein the power means comprises a
spring structure associated with the rack of each rack and pinion mechanism
and loading means for loading the spring structure to generate a spring force
therein, wherein the spring force is utilised to drive the rack in one direction to

provide the power stroke for effecting rotation of the respective pinion.

A machine according to claim 6, 7 or 8 wherein the pinions are adapted to
freewheel with respect to their respective input shafts upon movement of the

racks in the reverse direction

A machine according to any one of the preceding claims wherein the first and

second racks undergo their return strokes in unison.

. A machine according to claim 8, 9 or 10 wherein the spring structure

comprises a helical tension spring.

A machine according to any one of claims 8 to 11 wherein the loading means
for loading the spring structure comprises a power mechanism including a
telescopic ram, whereby operation of the ram effects rapid loading of the

spring structure.

A machine according to claim 12 wherein the telescopic ram comprises a
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hydraulic ram incorporated in a hydraulic circuit which further includes a

hydraulic pump driven by an electric motor.

14. A machine according to claim 13 wherein the electric motor is powered from

an electrical supply generated by an electrodynamic machine driven by the

engine.

15. A machine according to any one of the preceding claims further comprising:

a third gear train and a fourth gear train both drivingly connected to the

drive shaft;

the third gear train having a third input shaft;

the fourth gear train having a fourth input shaft;

a third drive mechanism drivingly connected to the third input shaft;

a fourth drive mechanism drivingly connected to the fourth input shaft,

wherein the power means drives the third and fourth drive mechanisms to
sequentially move the third and fourth through power and return strokes
whereby upon each power stroke the third and fourth drive mechanisms

apply torque to the third and fourth input shafts.

16. A machine according to claim 15 wherein the various drive mechanisms are

adapted to operate in a sequence in which torque is applied to the various
input shafts is such that torque is initially delivered to both the first and
second input shafts and subsequently to only first input shaft during which
stage torque is initially delivered to both the third and fourth input shafts and
subsequently to only the third input shaft during which stage torque is initially
delivered to both the first and second input shafts and subsequently to only

the first input shatft.

17. A machine comprising a drive shaft, and first, second, third and fourth drive
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mechanisms drivingly connected to the drive shaft for applying rotational
torque thereto during power strokes of the drive mechanisms, the drive
mechanisms being operable to perform their respective power strokes ina
cycle whereby the first and second drive mechanisms operate together during
part of their power strokes and thereafter the second drive mechanism
completes its power stroke while the first drive mechanism continues its
power stroke during which stage the third and fourth drive mechanisms
operate together during part of their power strokes and thereafter the fourth
drive mechanism completes its power stroke while the third drive mechanism
continues its power stroke during which stage the first and second drive
mechanisms operate together during part of their power strokes to repeat the

cycle.

A method of operating a machine having a drive shaft, and first and second
drive mechanisms operatively connected to the drive shaft for applying
rotational torque thereto during power strokes of the drive mechanism, the
method comprising the steps of operating the machine in an operating cycle
in which the first and second drive mechanisms operate together during part
of their power strokes and thereafter the second drive mechanism completes
its power stroke while the first drive mechanism continues its power stroke,
and following completion of the power stroke of the first drive mechanism the
first and second drive means operate together during part of their power

strokes to repeat the cycle.

A method of operating a machine having a drive shaft, and first, second, third
and fourth drive mechanisms operatively connected to the drive shaft for
applying rotational torque thereto during power strokes of the drive
mechanisms, the method comprising the steps of operating the machine in an
operating cycle in which the first and second drive mechanisms operate
together during part of their power strokes and thereafter the second drive
mechanism completes its power stroke while the first drive mechanism
continues its power stroke during which stage the third and fourth drive
mechanisms operate together during part of their power strokes and

thereafter the fourth drive mechanism completes its power stroke while the
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third drive mechanism continues its power stroke during which stage the first
and second drive mechanisms operate together during part of their power

strokes to repeat the cycle.

20. A machine substantially as herein described with reference to the

accompanying drawings.

21. A method of operating a machine substantially as herein described.
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