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Description

FIELD OF INVENTION

[0001] The present invention relates to a variable re-
sistance device adapted to be incorporated in an exercise
machine to provide a selectively-variable degree of re-
sistance for the exercise machine.

DESCRIPTION OF PRIOR ART

[0002] An exercise machine, by definition, needs to
provide the user, with a degree of resistance for muscular
exercise. In almost all forms of exercise, there is a re-
quirement in exercise machines for the degree of resist-
ance to be varied.
[0003] First, there is the need for the user to vary the
degree of resistance with a minimum of effort and com-
plexity.
[0004] Second, another need is for the selected degree
of resistance to be precise and repeatable. This is par-
ticularly so for resistance machines used by athletes who
require a precise calibration of resistance values so that
the values can act as a precise reference point for mon-
itoring their exercise routines. As an example, sporting
institutions would benefit from a precisely calibrated ex-
ercise machine for testing large numbers of athletes over
a long period of years, so that there can be confidence
that the degree of resistance used in a set of test exer-
cises can be guaranteed to remain constant over the pe-
riod of years. This degree of repeatability is often difficult
to maintain, for instance, in exercise machines that use
magnetic resistance, and wind resistance. In the case of
magnetic resistance, the calibration of the magnets can
alter over time. Wind resistance can be affected by the
amount of atmospheric pressure, particularly when the
same machine is used at different altitude levels.
[0005] There is also the need for the user to selectively
change the degree of resistance, even within a workout.
In PCT/US88/01580, International Publication
WO88/08735 (Duke), an exercise machine, which sim-
ulates rowing, is provided with a resistance device which
consists of a paddle that rotates in a cylindrical water-
filled container. The degree of fluid in the container de-
termines the degree of resistance experienced by the
user. This prior art machine is provided with a handle
connected to a drive cord. The user pulls and releases
the drive cord, thereby simulating the stroke an oar when
rowing a boat. However, in this prior art device, resistance
is varied by a cumbersome method of wrapping a greater
or  lesser quantity of strap around the drive spool. It is
believed that this increases or decreases the tangential
forces as the circumference is increased or decreased.
Moreover, this manner of varying the resistance does not
readily provide an accurate repeatable degree of resist-
ance, since the user might not know how much cord has
been wrapped, nor how much cord remains unwrapped.
Also, the range of resistance-afforded by wrapping and

unwrapping a cord-is narrow in range, so that the user
does not have the benefit of using a wide range of resist-
ance values.
[0006] In the prior art, which relate to resistance in the
form of paddles that rotate in baths of water, there are
systems which involve a first and second chamber,
wherein liquid is transferred between the chambers so
as to vary the amount of liquid in the primary container
in which the paddle rotates, for example United States
patent no. 5,944,637 (Stickler), and United States patent
no. 5,195,936 (Mao). In these prior art, however, the liq-
uid is forced from a first chamber into a second chamber
through the same aperture or apertures. In other words,
there is a two-way flow of liquid through the same aper-
ture. Thus, these prior art apparatus must be provided
with complex mechanisms needed to force the liquid
through the same aperture, initially, in a first direction,
then back through the same aperture in a second direc-
tion. The need for applying such forces means that the
exercise machines require complex and thus more ex-
pensive mechanisms to force the liquid in and out of the
apertures which link the chambers.
[0007] An objective of the present invention is to over-
come or at least ameliorate one or more of the above
problems in the prior art, or to provide an improved alter-
native.

SUMMARY OF INVENTION

[0008] According to the present invention, there is pro-
vided a variable resistance device adapted to be incor-
porated in an exercise machine to provide selectively-
variable resistance therefor, the device including:

a primary fluid chamber adapted to receive fluid
therein, the primary chamber having a primary fluid
flow region;
a rotation mechanism positioned and adapted to ro-
tate within the primary fluid flow region such that the
rotation mechanism upon rotation encounters a  de-
gree of resistance dependent on the amount of fluid
in the primary fluid chamber, the rotation mechanism
being adapted to be rotated by rotational input from
the exercise machine; and
a secondary mechanism adapted to achieve and
maintain an appropriate amount of the fluid in the
primary fluid chamber to provide a selected degree
of resistance for the exercise machine, the second-
ary mechanism having a secondary fluid flow region
and an outlet that allows fluid to flow out of the sec-
ondary fluid flow region back into the primary fluid
flow region;
the variable resistance device further includes a fluid
flow circuit, which includes said primary and second-
ary fluid flow regions, through which circuit the fluid
flows to establish a circuit-flow condition that repet-
itively cycles around the circuit from the primary fluid
flow region into the secondary fluid flow region and
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then back into the primary fluid flow region, the cir-
cuit-flow condition being adapted to establish and
maintain said appropriate amount of fluid in the pri-
mary fluid chamber during use; and
a variation means including a valve for variably con-
trolling flow of fluid through the outlet by raising or
lowering the height position of the outlet to selectively
establish different circuit-flow conditions each corre-
sponding to a different appropriate amount of the
fluid in the primary fluid chamber to provide a differ-
ent degree of resistance for the exercise machine.

[0009] Preferably, the secondary mechanism includes
a secondary fluid chamber adapted to receive fluid there-
in, the secondary fluid chamber having said secondary
fluid flow region.
[0010] Preferably, the amount of fluid in the primary
fluid chamber is able to be ascertained by measuring the
level of fluid in the secondary fluid chamber.
[0011] In one embodiment, the secondary fluid cham-
ber may be positioned externally to the primary fluid
chamber.
[0012] In other embodiments, the secondary fluid
chamber may be positioned internally within the primary
fluid chamber.
[0013] Preferably, the primary fluid flow region of the
primary fluid chamber is defined by inner surfaces of the
primary fluid chamber and by outer surfaces of the sec-
ondary fluid chamber.
[0014] Preferably, the inner surfaces of the primary flu-
id chamber form a first circle, and the outer surfaces of
the secondary fluid chamber form a second circle  which
is concentric and co-axial with the first circle, the primary
fluid flow region being generally between the two circles.
[0015] Preferably, the primary fluid flow region gener-
ally surrounds the secondary fluid chamber.
[0016] In one embodiment, the primary fluid flow region
may be arranged substantially horizontally.
[0017] Preferably, the primary fluid flow region further
includes a space which is within the second circle and
which is beneath the secondary fluid chamber, the space
defining a gap between an external undersurface of the
secondary fluid chamber and an inner surface of the pri-
mary fluid chamber.
[0018] In some embodiments, the gap may be insuffi-
cient for a fluid whirlpool to be created under the second-
ary fluid chamber when the fluid flows in the primary fluid
flow region.
[0019] In some embodiments, the primary fluid cham-
ber may be arranged generally upright.
[0020] In an example of the upright embodiment, in
use, when the user provides the rotational input, the fluid
moves around the primary fluid flow region of the primary
fluid chamber and also through the fluid flow circuit, and
when the user ceases providing the rotational input, the
fluid in the uprightly-oriented primary chamber falls to
bottom of the primary fluid chamber thereby acting as a
body of fluid that stops the rotation of the rotation mech-

anism.
[0021] In some embodiments, the inner surfaces of the
primary fluid chamber and/or the outer surfaces of the
secondary fluid chamber may be provided with baffles to
hinder the flow of fluid in the primary fluid chamber.
[0022] Preferably, the gap is sufficient for a fluid whirl-
pool to be created under the secondary fluid chamber
when the fluid swirls around in the primary fluid flow re-
gion, the primary fluid flow region being shaped so that
the whirlpool is able to continue swirling freely even after
cessation of the input from the exercise machine to the
rotation mechanism.
[0023] Preferably, the secondary mechanism is pro-
vided with an inlet that allows fluid to flow from the primary
flow region into the secondary flow region.
[0024] Preferably, the valve of the variation means also
variably controls the flow of fluid through the inlet.
[0025] The secondary mechanism is provided with an
outlet that allows fluid to flow out of the secondary flow
region back into the primary flow region.
[0026] The valve of the variation means variably con-
trols the flow of fluid through the outlet.
[0027] The valve of the variation means variably con-
trols the flow of fluid through the outlet by raising or low-
ering the height position of the outlet.
[0028] In some embodiments the valve of the variation
means variably controls the flow of fluid through the outlet
by increasing or decreasing the flow-through size of the
outlet.
[0029] The fluid may be water or other suitable fluid.
[0030] Preferably, the fluid flow circuit is open to the
atmosphere and is not of a hydraulic-nature.
[0031] Preferably, the fluid in the fluid flow circuit is
constant in amount.
[0032] The rotation mechanism may be directly con-
nected to the rotational input from the exercise machine
without the need for a transmission and/or step-up sys-
tem.
[0033] The exercise machine, for example, may be an
exercise bicycle, or a rowing-simulating exercise ma-
chine.
[0034] In some embodiments, a transmission arrange-
ment may be provided to alter the rate of rotation from
the exercise machine such that the rotation mechanism
receives a different rotational rate of input.

DESCRIPTION OF DRAWINGS

[0035] In order that the present invention might be
more fully understood, embodiments of the invention will
be described, by way of example only, with reference to
the accompanying drawings, in which:

Figure 1A illustrates an embodiment of an external
cover member for a primary fluid chamber;
Figure 1B illustrates a secondary fluid chamber sur-
rounded by a rotating set of vanes, except with the
cover member removed to show the inside of the

3 4 



EP 1 418 986 B1

4

5

10

15

20

25

30

35

40

45

50

55

secondary chamber and with the side wall of the pri-
mary chamber also omitted for clarity;
Figure 1C is an exploded view of various compo-
nents of the variable resistance device;
Figure 1D is a schematic view of overlapping open-
ings in cylindrical walls of inner and outer parts of a
value assembly shown in Figure 1C;
Figure 1DD is a schematic view identical to Figure
1D save that the two openings shown have a different
degree of overlap;
Figure 2A is similar to Figure 1A, except that the
second embodiment relates to a vertical configura-
tion or upright configuration;
Figure 2B illustrates a vertically-oriented secondary
chamber surrounded by a rotatable set of vanes; ex-
cept with the cover member removed to show the
inside of the secondary chamber and with the side
wall of both the primary and secondary chambers
also omitted for clarity;
Figure 2C illustrates an exploded view of various
components of the vertically-oriented embodiment
of a variable resistance device;
Figure 3A illustrates a cross-sectional view of a hor-
izontal embodiment of a variable resistance device;
Figure 3B illustrates the embodiment of Figure 3A
except shown with the dynamic fluid flow condition
illustrated with arrows;
Figure 3C relates to an expanded detail of a section
taken from 3B;
Figure 4A relates to a cross-sectional side view of a
vertically-oriented embodiment of a variable resist-
ance device;
Figure 4B relates to the embodiment of Figure 4A,
except with the dynamic fluid flow condition illustrat-
ed notionally with small arrows;
Figure 5 relates to a further modification of a verti-
cally-oriented embodiment in which the secondary
chamber is external to the primary chamber;
Figures 6 to 11 illustrate the incorporation of embod-
iments of the variable resistance device in various
types of different exercise machines;
Figure 12A illustrates a horizontal embodiment of a
variable resistance device, in which the diagram has
been simplified in order to highlight principals of op-
eration of the device; and
Figure 12B illustrates a vertical embodiment of a var-
iable resistance device in which the diagram has also
be simplified in order to highlight the operating prin-
ciple.

[0036] The diagrams in Figures 12B and 12A show em-
bodiments illustrated in a simplified form merely in order
to facilitate understanding of the function of various em-
bodiments of the invention, and that the actual configu-
ration of exemplary embodiments of these items are
more fully illustrated in Figures 1A to Figure 11.
[0037] In the drawings, like components, or those with
analogous function, are referred to with like numerals,

merely for ease of understanding the description. For this
reason, some components with different shape and con-
figuration, in the various embodiments, have been pro-
vided with the same reference numerals in the drawings
to aid understanding of the specification.
[0038] In the drawings, the relative dimensions of some
of the components have been exaggerated in size merely
for clarity in understanding the drawings.
[0039] In Figures 3A, 3B, 4A, 4B and 5, the grid of
dotted lines serve to indicate examples of liquid levels.

DESCRIPTION OF EMBODIMENTS

[0040] Before describing some exemplary embodi-
ments in detail in relation to Figures 1A to 11, first of all,
for the sake of ease of understanding the overall con-
cepts, reference is made first to the simplified drawings
in Figures 12A and 12B.

Incorporation In Exercise Machines

[0041] Figure 12A relates to a simplified diagram show-
ing components of an embodiment of a variable resist-
ance device 100. The device 100 is adapted to be incor-
porated in an exercise machine in order to provide re-
sistance against which the user performs the exercise
on the machine. The device 100 may be incorporated in
a range of exercise machines, for example, such as the
machines in Figures 6 to 11.
[0042] Figures 6 and 7 show the variable resistance
device 100 incorporated in examples of exercise ma-
chines. For instance, Figures 6 and 7 show the device
100 in a rowing-simulating machine, with the device 100
being arranged respectively upright and horizontally.
[0043] Figure 8 shows the device 100 incorporated in
a running-simulating machine in the form of an elliptical
stepper machine.
[0044] Figure 9 shows the device 100 incorporated in
a upper-body exercise machine.
[0045] Figure 10 shows the device 100 in a seated-
pedaling machine, known as a recumbent cycle.
[0046] Figure 11 shows the device 100 incorporated
in a stationary exercise bicycle, known as an upright cy-
cle.
[0047] The embodiments of variable-resistance devic-
es can be incorporated into these known exercise ma-
chines using known linking mechanisms, and hence the
present invention is not restricted to any one form of link-
ing mechanism. The function of a linking mechanism is
merely to translate rotational input, generated by the us-
er’s exercise motion, to cause rotation of a rotation mech-
anism in the device 100. The rotation mechanism is ro-
tated by rotational input from the exercise machine. The
linking mechanism is not part of the present invention,
and would be regarded more appropriately as part of the
exercise machine itself.
[0048] An example of an exercise machine linked to a
prior art resistance device is found in PCT/US88/01580,
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International Publication Number WO 88/08735 in the
name of Duke. The details of the Duke machine and link-
ing mechanism are incorporated into this present de-
scription as a reference, merely as an example of an
exercise machine and a linking mechanism. There is no
inference that the variable resistance device of the
present invention is disclosed in the Duke prior art.
[0049] A further example of an exercise machine is
United States Patent No. 4,396,188 in the name of Dreis-
sigacker, which relates to an exercise machine that uses
a rotatable fan-type flywheel, relying on air-resistance.
The details of the Dreissigacker machine and linking
mechanism are incorporated into this present description
as a reference, merely as another example of a different
exercise machine and linking mechanism. There is no
inference that the variable resistance device of the
present invention is disclosed in the Dreissigacker prior
art.
[0050] The variable resistance device of the present
invention is adapted to be incorporated in a range of ex-
ercise machines, and is not limited to a particular exercise
machine or linking mechanism.
[0051] The rotation input from the exercise machine
can be directly coupled to the rotational mechanism in
the form of a rotating spindle 30 having a set of rotating
vanes 2 which rotate about a common axis of the spindle.
In Figure 2C, the axis of the spindle fits through a hole
13 in the base 12 of the primary chamber 1.
[0052] The rotation mechanism is directly connected
to the rotational input from the exercise machine. Some
embodiments may or may not require a transmission
and/or step-up system.
[0053] The speed of rotation depends to an extent on
the nature of the particular exercise machine. Some di-
rect drive machines, such as the arm rower of Figures 6
and 7, would be used at rotational speeds of 30 to 100
r.p.m. Others exercise machines require ramped up
transmission drive cycles that enable rotation speed of
60 to 100 r.p.m., generated by the user’s body motion,
to be translated or stepped up to rotational speeds of 600
to 1000 r.p.m.
[0054] The large amount of liquid in the overall device
100 acts as a coolant which absorbs any heat that may
be generated from the work associated with rotation.
[0055] Some embodiments of the invention do not re-
quire a transmission or step-up system, because the ro-
tational speed achieved by a user, for instance, pedaling
an exercise bicycle is around 60 r.p.m. or so, even up to
around 100 r.p.m., which is suitably in the range of
speeds at which the present embodiments can operate.
In contrast, other resistance mechanisms, such as fric-
tion belts, tend to be jerky at such slow rotation speeds,
because sufficient speed is required to overcome the in-
itial resistance inherent in these systems. Magnetic re-
sistance systems also require sufficient rotational speed.
Whereas, the present embodiments are suitable for op-
erating at rotation speeds that can readily be achieved
by human muscle power. Also, the present embodiments

are suited for direct drive connection to the exercise ma-
chine because the degree of resistance provided by liq-
uids, such as water, are of the order of magnitude that
can be directly used for exercise. In contrast, the resist-
ance offered by other prior art systems, such as magnetic
or air resistance, are usually much higher or lower  than
the range of resistance preferred by users. Hence, some
form of transmission is required to increase or decrease
the load. Hence, in those prior art systems, direct drive
is rarely feasible. Thus, the present embodiments are
ideally suited for direct drive connections, thus avoiding
the higher cost and size associated with transmission
step-up systems.
[0056] An advantage of direct drive systems is that
there is less "ramp up" required for the user to overcome,
since the user initiates the exercise by starting the swirl
the fluid or water in the primary chamber 1, whereas in
transmission drive systems there is often a substantial
degree of inertia and a degree of friction inherent in the
resistance components, such as the magnetic resistance
components or the belt drive components. For example,
it can be appreciated that it would be easier for a user to
start swirling a paddle in water, compared with overcom-
ing the initial friction of a belt drive system. Thus, direct
drive systems, for which the present embodiments are
well suited, are ideal for exercise machines used in re-
habilitation programs where the users often do not have
normal muscle function, which causes the initial "ramp
up" of prior art systems to pose a problem, which would
not be the case for healthy users.
[0057] Thus, those embodiments of the invention that
are used in direct drive systems are particularly useful
for rehabilitation exercise programs. Direct drive embod-
iments are also useful for rowing-simulating exercise ma-
chines.
[0058] Alternatively in other embodiments, however, a
variable transmission device may be used to connect the
rotation input to the rotating spindle 30, so as to adjust
the ratio of the relative rotational speeds. This is partic-
ularly the case for exercise machines for general use,
since some forms of exercise may not generate sufficient
rotational speed to generate a suitable degree of resist-
ance from the resistance device 100.
[0059] In the embodiments where there is a direct drive
connection, the absence of a transmission mechanism
allows the exercise machine to cost less and be simpler
to manufacture.

Provision of Resistance

[0060] The present embodiment of the variable resist-
ance device 100 provides a range of different degrees
of resistance that can be varied selectively by the user.
[0061] In Figure 12A, the device 100 includes a primary
fluid chamber 1 which is shaped as a squat cylindrical
chamber with a base 12, filled with an amount of fluid
(the fluid level is not shown in the diagram). In this sim-
plified diagram of Figure 12A, the primary chamber 1 is
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arranged generally horizontally.
[0062] The rotating vanes 2 rotate within the primary
chamber 1. The vanes 2 rotate in the liquid flow region
of the primary chamber 1 such that the vanes encounter
a degree of resistance dependent on the amount of fluid
in the primary chamber 1. A more detailed illustration of
the vanes 2 is in Figure 1C.
[0063] In Figure 12A, the vanes 2 rotate about the cen-
tral axis of a transmission shaft or spindle 30. In this em-
bodiment, the spindle 30 is oriented upright or vertical.
[0064] The spindle 30 is connected to a linking mech-
anism of the exercise machine. The spindle 30 receives
rotational input from the exercise machine via the linking
mechanism. In use, the exercising action of the user on
the exercise machine is translated, by the linking mech-
anism, into rotational motion of the vanes 2.
[0065] A more detailed illustration of the embodiment
of Figure 12A is shown in Figure 3A.
[0066] In Figures 3A and 12A, in order to provide a
degree of resistance for the user’s workout, the primary
chamber 1 is filled with an amount of fluid which resists
the rotation of the vanes 2. (The fluid level is illustrated
as dotted lines in Figure 3A).
[0067] Having described the simplified diagram of Fig-
ure 12A, fuller illustrative details are shown in Figures 1A
to 1C. Figure 1A shows a fully assembled primary cham-
ber 1. The primary chamber 1 is supported on a support
beam 7. Figure 1B shows the primary chamber 1 con-
taining the rotatable vanes 2. Figure 1B shows the ar-
rangement with the lid of the primary chamber removed
to reveal the secondary chamber 3, having an inlet 5 and
an outlet 6 incorporated in parts of a valve having an
outer cylinder 9. (Note: in Figures 1B as drawn, the up-
right side walls of the primary chamber 1 have been omit-
ted to reveal the other components, and only the base
12 of the primary chamber 1 is shown).

Variation of Resistance

[0068] The degree of resistance, encountered by the
rotating vanes 2, is dependent on the amount of fluid in
the primary chamber 1. For instance, when there is a low
fluid level in the primary chamber 1, the vanes 2 encoun-
ter a low degree of resistance. Conversely, if the primary
chamber 1 has a greater amount of fluid, the vanes 2
encounter a higher degree of resistance.
[0069] In Figure 12A, the amount of fluid in the overall
device 100 is kept constant. Thus, changes in the amount
of fluid in the primary chamber 1 is achieved by main-
taining part of the total in a secondary mechanism having
a secondary fluid chamber 3. The secondary mechanism
achieves and maintains an appropriate amount of the
fluid in the primary chamber 1 to provide a selected de-
gree of resistance for the exercise machine. Therefore,
in order to vary the fluid level in the primary chamber 1,
i.e. to vary the resistance, part of the fluid is held in the
secondary chamber 3.
[0070] In the embodiment, the secondary chamber is

motionless with respect to the primary chamber 1.
[0071] For illustration, if there are 10 litres of fluid in
the overall device 100, then establishing and maintaining
an amount of seven litres in the secondary chamber 3
will ensure that only three litres remain in the primary
chamber 1. Hence, these three litres of fluid will provide
a relatively low degree of resistance.
[0072] If the user wishes to increase the resistance of-
fered by the device 100, he alters the fluid flow through
the circuit to establish a different circuit flow condition in
which, for instance, four litres are retained in the second-
ary chamber 3, thus leaving six litres in the primary cham-
ber 1. Hence, there is now double the amount of fluid in
the primary chamber 1, which results in an increased
degree of resistance afforded for the user’s workout.
[0073] In the exemplary embodiments, the overall re-
sistance device may contain around 14 litres of water. A
user typically rotates the vanes 2 at around 60 r.p.m.,
which is around one cycle per second. Without being
bound by particular experimental results, it is believed
that around 7 litres of water can be moved around the
circuit in around seven seconds. In exemplary embodi-
ments, a rate of transfer of 1 litre per second, may be
achieved between the primary and secondary chambers
1, 3. Hence, the appropriate level of fluid needed for a
particular degree of resistance can be established fairly
rapidly.
[0074] In another example, in a non-limiting embodi-
ment which houses 10 liters of fluid, changes in resist-
ance were found to be surprisingly fast. Increases up to
the maximum resistance level seem to the user to be
almost instant. In the embodiment, decreases in resist-
ance level also appeared to user as being almost instant.
For example, decreases of over half of the possible re-
sistance range were achieved by a few slow cycles of
the flywheel taking no more than a few seconds.
[0075] In various embodiments, the size and location
of the inlets and outlets of the device, and other size
parameters, can be varied, with some experimentation,
to achieve the desired degree of flow rate around the
circuit, for example 1 litre per second.

Fluid Flow Circuit

[0076] Fluid flowing continuously between the primary
1 and secondary chambers 3 via a fluid flow circuit which
includes those parts of the primary 1 and secondary 3
chambers through this fluid flows.
[0077] Fluid flows through the fluid flow circuit to es-
tablish a circuit-flow condition that cycles around the cir-
cuit repetitively from the primary fluid flow region into the
secondary fluid flow region and then back into the primary
fluid flow region and so forth. The circuit-flow condition
establishes and maintains the appropriate amount of fluid
in the primary chamber during use.
[0078] In the embodiment, the fluid flow circuit is open
to the atmosphere and is not of a hydraulic-nature. In
hydraulic systems, the hydraulic fluid must be pushed or
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forced through a closed system using a pump, whereas
in the present embodiments the fluid is not pushed or
forced. In hydraulic resistance exercise systems, resist-
ance is regulated by restricting fluid flow, requiring the
user to exert a greater amount of pressure on the hy-
draulic fluid to force the fluid through the hydraulic lines.
In contrast, in the present embodiments, there is a natural
circuit flow condition that is achieved as a result of the
configuration of the components, and of the rotation of
the vanes. There is, thus, no need for expensive devices
that would otherwise be necessary for forcing pressu-
rized hydraulic fluid. The embodiment can therefore be
constructed less expensively since the need for strong
pressurised containers, required for hydraulic systems,
is avoided.
[0079] The primary chamber 1 has a fluid flow region
that is defined by inner surfaces of the primary fluid cham-
ber 1 and by outer surfaces of the secondary fluid cham-
ber 3.
[0080] The inner surfaces of the primary fluid chamber
1 form a first circle, and the outer surfaces of the sec-
ondary fluid chamber 3 form a second circle which is
concentric and co-axial with the first circle. The primary
fluid flow region is generally between the two circles. The
primary fluid flow region thus generally surrounds the
secondary fluid chamber 3.
[0081] In the embodiment where the secondary cham-
ber 3 is located within the primary chamber, an advantage
is that a variable resistance capability is provided without
an overall increase in the size dimensions of the resist-
ance device.
[0082] In the embodiment in Figure 12A, the primary
fluid flow region further includes the space which is within
the second circle and which is beneath the secondary
fluid chamber 3. The space defines a gap A between an
external undersurface of the secondary chamber 3 and
an inner surface of the primary chamber 1.
[0083] It is important that a fluid flow circuit is estab-
lished between the primary 1 and secondary 3 chambers.
The fluid flow circuit is shown in Figure 3B as a series of
arrows.
[0084] In simplified Figure 12A, the flow of fluid through
the circuit is explained as follows: Fluid is initially con-
tained in the primary chamber 1. As the vanes 2 spin
around the spindle 30, turbulence is created in the pri-
mary chamber 1.
[0085] The secondary chamber 3 is provided with inlet
means in the form of inlet 5. The inlet 5 allows fluid to
flow from the primary flow region into the secondary flow
region. The turbulence causes a portion of the fluid to
enter the inlet 5, so that the secondary chamber 3 begins
to fill with fluid. However, upon entering the secondary
chamber 3, part of the fluid is able to leave the secondary
chamber 3 through outlet means in the form of outlet 6.
The outlet 6 allows fluid to flow out of the secondary flow
region back into the primary flow region. Fluid leaving
the secondary chamber through outlet 6 returns to the
primary chamber 1. Thus, the fluid cycles around the fluid

flow circuit, never returning via same path. In other words,
for example, liquid flows through the outlet 6 only in one
direction, which is from the secondary 3 into the primary
chamber 1.
[0086] In Figure 12A and Figures 3A, and 3B, the side
walls of the secondary chamber 3 are inclined and taper
towards the base of the chamber 3. This allows the inlet
5, which in the embodiment is located close to the upper
rim of the chamber 3, to be positioned as close as pos-
sible to the inner side wall of the primary chamber 1. This
positioning is because of the fact that, during rotation, it
is observed that much of the swirling fluid flows along the
circumference of the inner side wall, so the positioning
of the inlet 5 as close as possible to this location ensures
it is located to readily receive fluid. A similar design ra-
tionale is found in the upright or vertical embodiments of
Figures 4A and 4B.
[0087] In the horizontally-oriented embodiment of Fig-
ure 3B, it can be seen the inlet 5 is positioned at the upper
edge of the secondary chamber 3. The reason for this
location is because, as the liquid in the primary chamber
1 is stirred by the vanes 2, the tendency is for some of
the fluid to be pushed upwards (as shown with the small
arrows). As the liquid is stirred by the vanes 2 up the side
of the inner wall of the primary chamber 1, the fluid even-
tually meets the upper inner edge of the primary chamber
1, and thus the direction of the fluid is redirected inwardly
towards the center of the primary chamber (as shown by
the change in direction of the small arrows in Figure 3B).
Thus, the position of the inlet 5 is arranged so as to meet
the direction of a part of the fluid flow in the primary cham-
ber. In the embodiment of Figure 3B, the upper inner
edge is curved to enhance the re-direction of the fluid
towards the location of the inlet 5.

Varying Resistance By Varying Amount of Fluid In Sec-
ondary Chamber

[0088] When fluid is in the secondary chamber 3, it is
effectively taken out of the flow region of the primary
chamber 1. Hence, to increase the resistance, more fluid
is kept in the primary chamber 1, with less being in the
secondary chamber 3. And vise versa, to reduce the re-
sistance, less fluid is kept in the primary chamber 1, with
more being in the secondary chamber 3.
[0089] Although it is the amount of fluid in the primary
chamber 1 that determines the degree of resistance, the
control of that resistance is achieved by controlling the
fluid level in the secondary chamber 3.
[0090] The user can select the fluid level in the sec-
ondary chamber 3. The outlet 6 is controlled by a varia-
tion-means which enables the user to select the amount
of fluid retained in the secondary chamber 3. The varia-
tion-means variably  controls the flow of liquid through
the outlet 6. The variation means variably controls the
flow of liquid through the circuit to selectively establish
different circuit-flow conditions, each corresponding to a
different amount of the fluid in the primary fluid chamber.
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This variation enables the user to select a different de-
gree of resistance for the exercise machine.
[0091] This ability to control the amount of fluid in the
secondary chamber 3 effectively gives the user the ability
to control the amount of fluid in the primary chamber 1.
This is how the user controls the degree of resistance
provided by the device 100.
[0092] The variation-means includes an outlet valve
that controls the amount of fluid that leaves the secondary
chamber 3. An example of a valve is shown in Figures
1A-C, 3A and 3B. However, before describing the exam-
ple of the valve in detail, the broad concept of the valve
is conceptually explained as follows: Imagine a cylinder
with a hole in a side wall. (The cylinder mentioned in this
paragraph, of course, is not part of the present description
of embodiments, and is merely mentioned as an aid for
explaining a concept). Even if there is a continual fluid
flow into the cylinder, the fluid level in the cylinder never
rises above the height of the hole, because the fluid
leaves the cylinder at the height of the hole. Thus, a rel-
atively constant fluid level, which is level with the height
of the hole, can be maintained in the cylinder, simply
because the flowing fluid cannot rise above the level of
the hole. Consequentially, raising or lowering the fluid
level in the cylinder is achieved by either raising or low-
ering the height position of the hole in the wall of the
cylinder.
[0093] This concept, in the above paragraph, generally
explains the function of the exemplary valve in Figures
1A-C, 3A and 3B.
[0094] In Figure 1C, the valve comprises an inner cyl-
inder 8 which has a triangular opening which defines an
inclined slit. The inner cylinder 8 has a knob 4 for the
user to rotate the cylinder 8. The inner cylinder 8 rotates
within an outer cylinder 9 which also has its own similarly-
shaped triangular opening. Figures 1 D and 1 DD show
that by rotating the knob 4 of the inner cylinder 8, the
user can select the degree of overlap of the triangular
openings 8B, 9B. In Figure 1DD, there is a substantial
degree of overlap, so the lowermost level of the outlet 6
is close to the bottom of the openings. Whereas in Figure
1D, there is a lesser  degree of overlap, and so the low-
ermost level of the outlet 6 is positioned at a greater
height. Thus, by rotating the knob 4, the user controls
the height of the outlet 6, which effectively allows the user
to select the height of the fluid in the secondary chamber
3-which effectively allows control of the amount of fluid
in the primary chamber 1. The raising or lowering of the
effective height of the outlet 6 results in a raising or low-
ering of the height of the storage volume of the secondary
chamber 3.
[0095] In Figure 1C, the outer cylinder 9 is fixed to the
base of the secondary chamber 3 so that it fits over hole
18. Thus, fluid that leaves the secondary chamber
through the outlet 6 in the valve will drop through hole 18
back into the primary chamber 1.
[0096] In a further embodiment, the rotating valve can
be provided with an automatic rotation mechanism, for

instance, powered by an electric motor, which can pro-
gressively increase or decrease the resistance over a
stipulated period of time. For instance, the user might
stipulate that the resistance is to increase from a first
value to a second value over a period of 10 minutes. In
an embodiment configured as a rowing machine, the de-
gree of resistance can be changed in midstroke by mov-
ing a lever, or by the foregoing automated control. For
instance, rowing coaches can train their rowing teams
by providing progressively-increasing resistance to sim-
ulate racing conditions.
[0097] In other embodiments, the variation-means
may also includes a valve that controls the size and there-
fore the amount of liquid entering the inlet 5 (described
below in the passage relating to the vertical or upright
embodiment).

Calibration

[0098] The side wall of secondary chamber 3, or the
valve is provided with a graduated series of markings, to
allow the user to measure the liquid level in the secondary
chamber 3.
[0099] The resistance device can be calibrated by op-
erating the rotational device at a known rotational rate
(r.p.m.), and then gauging the liquid level that is estab-
lished in the secondary chamber 3 for that particular
known rotational rate. The rotational speed (r.p.m.) of the
device may be monitored electronically. In this manner,
a series of markings can be ascertained that correspond
to a range of rotational rates.
[0100] A factor that enables the device 100 to be cal-
ibrated accurately is that the amount of fluid in the overall
device is known. As mentioned above, for instance, if the
overall fluid amount is 10 litres, then the amount of fluid
in the primary chamber 1 is the difference between 10
litres and the number of litres in the secondary chamber
3. Hence, there is a need to periodically check that level
of the total amount of fluid in the overall device 100. This
is best checked when the device is at rest. To facilitate
the ability to check the total amount of fluid, the secondary
mechanism is provided with small openings that allow
the water to leak out at a very slow rate, so that, when
the device is at rest, the fluid in both the primary and
secondary chambers can reach a rest-equilibrium level.
The openings, in the embodiment, include the very slight
gaps between the wall surfaces of the inner and outer
cylinders 8, 9. The openings may also comprise small
holes in the side wall of the secondary chamber that allow
fluid to seep out over an extended period of time when
the resistance device 100 is at rest. It is emphasised that
these openings are so small that they do not play any
substantial part in the flow of fluid around the fluid flow
circuit, and thus are not regarded as inlets and/or outlets.
Thus, when the liquid reaches an rest-equilibrium level,
as a result of the liquid level seeping through the open-
ings, the user can obtain an indication of the total amount
of liquid in the device 100. The sides of the primary cham-
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ber 1 may be provided with calibrated markings, so that
the if the equilibrium-rest liquid level falls, perhaps due
to evaporation, the liquid level can be topped up.

Advantage of the Fluid Flow Circuit

[0101] Fluid flows around this circuit only in this one
general direction, as described above. In other words,
the fluid only enters the secondary chamber 3 through
the inlet 5 in one direction, and only leaves the secondary
chamber at the height of outlet 6 in one direction. This
"one-way flow" of fluid around the circuit is what gives
the fluid flow the characteristic of a "circuit".
[0102] This is an important feature of the invention be-
cause, in this manner, the fluid is able to cycle within the
circuit under the force of gravity, aided by the turbulence
caused by the rotating vanes 2. There is no need to ex-
pend energy to work against this natural circuit flow cycle,
which would indeed be the case if it were attempted to
cause the fluid to flow against this natural cycle.
[0103] In contrast to the present embodiments, some
of the prior art are incapable of replicating this advantage.
For instance, in United States Patent No. 5,944,637
(Stickler) in the prior art Figure 10, fluid is forced in and
out of a type of secondary chamber (87) through aper-
tures 92 and 94. In that prior art, energy must be exerted
to force the fluid in and out of the prior art secondary
chamber (87). A similar deficiency is found in United
States Patent No. 5,195,936 (Mao) in the prior art Figure
7, in which a sprocket wheel (38) is required for force
fluid in and out of a type of secondary chamber, being in
the form of a fluid bag 37. In either piece of prior art, there
is an absence of a natural circuit flow cycle. This need,
in the prior art, for apparatus to force fluid in and out
through the same openings means, adds to the cost and
complexity of the known apparatus, and also means that
the user must exert greater effort in selecting a different
degree of resistance.
[0104] Moreover, in the Mao prior art particularly, it
takes a relatively long time to squeeze the fluid out of the
fluid bag 37, whereas in the present embodiment the user
simply has to rotate the knob 4 and can then re-com-
mence exercising while the resistance device 100 adapts
to the newly selected degree of resistance. Thus the user
is able to change the resistance level with one quick ro-
tation of a knob 4, and the natural flow of the circuit flow
condition adapts to create a new level of fluid in the sec-
ondary chamber 3, and hence the primary chamber 1.
[0105] In the present embodiment, as the fluid flows
around the circuit, the user can select the degree of re-
sistance simply by rotating the knob 4. By doing this, the
user effectively selects the amount of fluid that is con-
tained in the primary fluid chamber 1 (as explained
above).

Gaging the Degree of Resistance

[0106] As the vanes 2 rotate about the spindle 30, the

fluid in the primary chamber 1 will be extremely turbulent.
In spite of the turbulence, it can be readily ascertained
how much fluid is in the primary chamber, by referring to
the relatively calm fluid level in the secondary chamber
3. Thus, the fluid level in the secondary chamber 3 pro-
vides an accurate indication of the amount of fluid in the
primary chamber 1. In order to control the amount of fluid
in the secondary chamber 3, the user simply has to
change the height of the outlet 6.
[0107] In contrast to prior art resistance devices, such
as those which use magnets or wind resistance, the level
of fluid in the secondary chamber 3  provides an accurate
and, importantly, a repeatable measure of the resistance
of the exercise machine.
[0108] In embodiments, the degree of resistance is
highly repeatable for the life of the apparatus. In the ex-
emplary embodiment, there are no magnetic or electronic
parts to move out of alignment or lose magnetism. Also,
there is no reliance on air density which can vary at dif-
ferent altitudes. The need for constant calibration is min-
imized, which tends to be required in prior art systems
that use friction belts, electronic and magnetic resistance
mechanisms. In ergonometers that incorporate embod-
iments of the invention, the workload is able to be accu-
rately calculated based on rotational speed (r.p.m.) of
the device, and the amount of fluid present in the cham-
bers. In such embodiments, there are no variables such
as friction and heat, or variations in altitude for air sys-
tems, and no electromagnetic variables to could affect
the settings.
[0109] In the prior art, when wear and tear occurs over
time, the calibration of the magnetic resistance can alter
from the original settings. In the case of machines that
use wind-resistance, the true resistance can vary de-
pending on atmospheric pressure depending on the ge-
ographic altitude. In contrast, in the present embodiment,
relying on the fluid level of the secondary chamber 3 as
a indication of resistance is not as subject to such vari-
ation, even when the machine has been used for a long
period.
[0110] The calibration of the machine, described
above, is dependent on factors that can be controlled,
independent of the machine, for instance the known ro-
tational calibrating speed. Also, the calibration is deter-
mined by the liquid level in the secondary chamber 3,
which is unlikely to be significantly influenced by normal
wear and tear of the present apparatus embodiment.

Embodiments With Whirlpool Effect

[0111] In the horizontal configuration in Figures 3A, 3B,
7, and 12A, as the vanes 2 rotate about the spindle 30,
there is the possibility of a whirlpool being created in the
central portion of the primary chamber 1. Whether or not
a whirlpool is actually formed, depends on the height of
the gap A shown in Figure 3C and 12A.
[0112] If the gap A is of sufficient height, there is suf-
ficient space for a whirlpool to form in the centre of the
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primary fluid chamber 1. A fluid whirlpool to be created
under the secondary chamber 3 when the fluid swirls in
the primary fluid flow  region. Since the primary fluid flow
region is circular, the whirlpool is able to continue swirling
freely even after cessation of the input from the exercise
machine to the rotation mechanism. It is unlikely that a
whirlpool could be generated in a non-circular flow re-
gion.
[0113] However, if the height of the gap A is very short,
there is less tendency for a whirlpool to be created. The
significance of the whirlpool is that the momentum of the
swirling fluid would continue to rotatingly urge the vanes
2 around the spindle, even when the rotational input from
the exercise machine ceases, i.e. when the user stops
working at the exercise machine.
[0114] In the horizontal embodiment, the whirlpool ef-
fect is a preferred feature because it ensures that mo-
mentum of the rotating vanes 2 is maintained for a period,
even when the user’s rotational inputs stops for a mo-
ment. For instance, when the user of an exercise bicycle
stops pedaling for a few seconds, the presence of mo-
mentum ensures that when the user resumes pedaling,
there is no need to start the rotation of the vanes from a
stationery start. In other words, the user can resume pe-
daling roughly with the same sense of resistance as when
he stopped. Since the momentum is maintained due to
the swirling whirlpool, such embodiments do not require
heavy flywheels, which would be otherwise required to
maintain a physical momentum flywheel.
[0115] Not all embodiments of the present invention
have the whirlpool effect, but in those that do, the con-
tinued swirling of the fluid in the primary chamber 1, i.e.
the whirlpool, can properly be regarded as a "liquid fly-
wheel" because it is the movement of the liquid, itself,
that is primarily responsible for keeping the vanes rotat-
ing. The vanes 2 are merely following the motion of the
swirling fluid.

Embodiments Without Whirlpool Effect

[0116] If there is no momentum to keep the vanes 2
rotating, when the user resumes pedaling, he must over-
come the initial inertia of the stationary vanes 2.
[0117] In embodiments where there is no whirlpool ef-
fect to keep the fluid rotating, the momentum can be
maintained by forming the vanes from a heavy material,
which will tend to keep rotating for a longer period in the
absence of the user’s input from the exercise machine.
In such cases, it would be inappropriate to refer to this
as a "liquid flywheel" since the liquid, by itself, would tend
to slow down because of the absence of the whirlpool.
Thus, in cases where there is no  whirlpool formed, the
momentum is generated by the movement of the heavy
rotating vanes 2, which act similarly to a "mechanical
flywheel" known in the prior art; and not as a "liquid fly-
wheel" which requires the gap A to be sufficiently large
to create a whirlpool.
[0118] In other embodiments, the whirlpool effect can

also be minimised by providing the inner surfaces of the
primary chamber 1 and/or the outer surfaces of the sec-
ondary chamber 3 with baffles (not shown) to hinder the
flow of fluid. When baffles are present, the swirling of the
fluid is substantially dampened once the rotational driving
force of the vanes 2 ceases. Thus, the presence of baffles
in the path of the primary fluid flow region minimises or
prevents a "liquid flywheel" from forming. A "liquid fly-
wheel" assumes that the liquid would continue to rotate
freely, whereas the presence of the baffles would effec-
tively prevent that from happening. The baffles would ef-
fectively prevent free movement of liquid around the cir-
cular primary chamber 1.

Vertical or Upright Configuration

[0119] Another configuration where there is no whirl-
pool effect is when the primary fluid chamber 1 is oriented
upright, since there is no horizontally-oriented circular
flow region for the fluid to continue swirling.
[0120] In the simplified diagram of Figure 12B, a mod-
ified embodiment is shown in which the primary fluid
chamber 1 is arranged upright or vertically. However, the
function of device in Figure 12B has similarities to the
one in Figure 12A. Other upright configurations are
shown in Figures 4A, 4B, 5, 6, 8, 9, 10 and 11.
[0121] In Figure 12B, upon cessation of the rotational
input from the exercise machine, the fluid in the upright
primary chamber 1 tends to drop and collect on the bot-
tom of the upright chamber 1. As can be seen in Figure
12B, the upright gap G, which is between the exterior of
the secondary chamber and the interior surface of the
primary chamber, acts as a further path through which
the fluid can quickly drop and collect on the bottom of the
upright chamber 1. There is no liquid flywheel (where
water continues would rotate under its own momentum
in a circular manner around the rim). Indeed, in the ver-
tical embodiment, the opposite to a liquid flywheel occurs,
because the water drops to the bottom of the primary
chamber. The water, collected at the bottom of the pri-
mary chamber 1 thereby acts as a body of fluid that hin-
ders and ultimately stops the rotation of the vanes  2. In
examples of embodiments of the present apparatus, the
vanes 2 cease rotation in about 3 to 4 seconds upon the
user ceasing to provide rotational input, whereas in prior
art devices that rely on liquid-flywheels, the liquid in those
prior art cases can continue to rotate or circle around the
chamber under its own momentum for around 30 sec-
onds. Thus the vertical or upright embodiment of the
present invention cannot be regarded as a liquid flywheel.
[0122] In Figure 12B, the spindle 30 is arranged gen-
erally horizontally. As the vanes 2 rotate about the spindle
axis, the vanes 2 rotate through the primary chamber 1
in a manner akin to the vanes of a river water wheel. The
secondary chamber 3 is motionless with respect to the
primary chamber 1.
[0123] As the vanes 2 rotate, the vanes churn up the
fluid and sweep the fluid up to the upper reaches of the
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primary chamber 1, and then the fluid falls back to the
bottom of the chamber 1, all the time being driven by the
rotating vanes 2. As this continues, a portion of the fluid
enters the inlet 5 of the secondary chamber 3 causing
the secondary chamber to fill up with fluid. In the vertical
embodiment, the position of the inlet 5 is at or close to
the top of the secondary chamber 3, such that the inlet
5 is in the general location where part of the fluid tends
to drop down from the top of the upright primary chamber
1. Thus, even in the upright embodiment, the position of
the inlet 5 is arranged so as to meet the direction of part
of the fluid flow in the primary chamber
[0124] As in the case in the horizontal configuration of
Figure 12A, there are also a fluid flow circuit is established
in the vertical configuration of Figure 12B, because fluid
can leave the secondary chamber through outlet 6.
[0125] Here, once again, the amount of fluid contained
in the primary chamber 1 is determined by the amount
of fluid being retained in the secondary chamber 3.
[0126] More detailed illustrations of embodiments of
the vertical configuration are shown in Figures 2A to 2C,
and in Figures 4A to 4B. (In Figures 4A, 4B and 5, the
fluid is indicated with dotted shading).
[0127] In an example of the upright embodiment, the
inlet 5 is positioned at the top, or close to the top of the
secondary chamber 3 so as to be positioned in the best
location to allow fluid from the primary chamber 1 to enter
the secondary chamber 3 via the inlet 5. However, in
other embodiments, an inlet 5 can be positioned else-
where.
[0128] In Figure 2C (middle diagram), the inlet 5 is
shown as a simple circular hole, however, in other em-
bodiments the shape can be modified to include any
shape that enables fluid to enter the secondary chamber
in a controlled manner.
[0129] Having described the simplified diagram of Fig-
ure 12B, fuller illustrative details are shown in Figures 2A
to 2C. Figure 2A shows a fully assembled primary cham-
ber 1. Figure 2B shows the primary chamber 1 surround-
ed by the rotatable vanes 2. Figure 2C shows the ar-
rangement with the lid of the primary chamber removed
to reveal the secondary chamber 3, having an outlet 6
incorporated in parts of a valve mechanism comprising
first and second circular grooves 9A, 8A. (Note: in Figure
2B as drawn, the upright side walls of the primary cham-
ber 1 and of the secondary chamber 3 have been omitted
to reveal the other components, and only the base 12 of
the primary chamber is shown). In Figure 2C, the knob
4 is provided with a lever arm. Rotation of the knob 4
causes rotation of the plate 10. The knob 4 is connected
to the plate 10 via hole 14 in the lid.
[0130] The surface of the knob 4 can be provided with
markings so that the user can selectively turn the knob
to achieve the desired degree of resistance.
[0131] Another feature of the vertical embodiments is
that, upon the user stopping the rotational input-for ex-
ample, pedaling, rowing or otherwise-the flow of fluid
around the chamber (that is providing resistance to the

flywheel) will break apart to either side of the resistance
chamber. This assists in stopping the rotation when the
user’s input suddenly ceases. This feature makes the
vertical embodiments particularly advantageous for re-
habilitation work.
[0132] In other embodiments, the slope of the side wall
of the primary chamber can be modified. For instance,
in the embodiment in Figure 12B, the side wall slopes
downwardly away from the inlet 5. In other modifications
the side wall can slow downwardly towards the inlet 5,
which would assist in directing the liquid towards the inlet
5. In further variations, the side wall can be perfectly hor-
izontal.
[0133] In other modifications, the shape of the inner
secondary chamber 3 can be crescent-shaped like a half-
crescent-moon, with the curved portion of the crescent-
shaped chamber facing downwards, with the flat portion
of such a chamber facing upwards. In other words, the
inner secondary chamber 3 need not be perfectly circular.
Hence, the inner surface of the primary chamber 1 has
to  be circular, but the actual shape of the inner chamber
3 can vary. In another modification, the inner chamber 3
may be square-shaped.
[0134] In some examples of vertical embodiments, the
inner surfaces of the primary fluid chamber and/or the
outer surfaces of the secondary fluid chamber may be
provided with baffles to further hinder the flow of fluid in
the primary fluid chamber. The resistance offered by the
baffles adds to the resistance that comes from the fric-
tional resistance provided by the inner and outer surfac-
es, and which comes from the gravitational resistance
acting against the vanes 2 that lift the fluid.
[0135] As the liquid in the primary chamber 1 increas-
es, this increase in liquid results in increased resistance
to the rotation of the vanes 2 that are rotatably housed
in the primary chamber. Thus, an increase in liquid in the
primary chamber is associated with a decrease in the
time taken for the vanes 2 to stop rotating when the user
ceases providing rotational input. For example, on the
lightest degree of resistance, i.e. the least amount of fluid
in the primary chamber, the vanes 2 may take some 10
to 20 seconds to stop rotating when the user ceases pro-
viding rotational input. As the liquid level in the primary
chamber 1 increases, there is a decrease in the time
taken for the vanes 2 to stop rotating.

Other Modifications

[0136] The embodiments have been advanced by way
of example only, and modifications are possible within
the scope of the invention as defined by the appended
claims.
[0137] In some embodiments, the variation-means
may also include a valve that controls fluid-flow through
the inlet 5 which is entering the secondary chamber 3.
As an example, in Figure 2C, the valve (instead of having
triangular openings) comprises a pair of circular grooves.
The body of the secondary chamber 3 is provided with a
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first circular groove 9A, while a rotating plate 10 is pro-
vided with a second circular groove 8A. As the user ro-
tates the plate 10 with respect to the secondary chamber
3, the user is able to vary the height of the outlet 6, which
is formed at the lowermost point of the parts where the
grooves 8A, 9A intersect. On this rotating plate 10 is a
sloping flange 16 that is adapted to incrementally block
the inlet 5 to vary degrees. Hence, the degree of rotation
of the plate 10 will alter the degree to which the flange
16 covers the inlet 5. In Figure 2C, the flange 16 is  ar-
ranged such that when there is a greater amount of fluid
in the primary chamber 1, the inlet 5 is closed to a greater
degree. This ensures that, when there is a greater
amount of fluid in the primary chamber 1, the inlet 5 is
made smaller, since the greater amount of primary fluid
means there is more fluid attempting to enter the inlet 5,
hence a lesser need for a large inlet size 5.
[0138] Figure 5 illustrates a modification where the
secondary chamber 3 is external to the vertical primary
chamber 1.
[0139] The components of the primary and secondary
chambers 1, 3, can be made of metal, plastics or the like,
preferably of clear Perspex or polycarbonate material so
that the user can see the swirling liquid within the cham-
bers. When transparent materials are used, the swirling
of the fluid in the chambers presents an attractive visible
feature.
[0140] In another embodiment, the secondary cham-
ber is external to a horizontal primary chamber, which
allows a whirlpool can be created in the centre of the
primary chamber.
[0141] Although the variation-means as been de-
scribed above as a mechanism that raises or lowers the
height position of the outlet means, other modifications
can use a variation-means that controls the flow of liquid
through the outlet means by increasing or decreasing the
flow-through size of the outlet.
[0142] In this embodiment, the preferred fluid is water,
but other fluids such as silicon can also be used. Also,
the water or fluid can be colored for visual effect.
[0143] In the drawings, the valve is positioned off-cen-
tre or off-axis of the secondary chamber, but it can also
be positioned co-axially.
[0144] The shape of the vanes 2 can be varied, so long
as these provide a form of paddle that can sweep against
the fluid in the primary chamber 1.
[0145] The overall diameter of the rotation mechanism
can be varied.
[0146] In the embodiments, the secondary mechanism
includes one secondary chamber 3, but other embodi-
ments can incorporate two or more secondary chambers.
[0147] The device may be provided with cooling devic-
es for cooling the fluid.
[0148] In other embodiments, a pumping mechanism,
such as a pump, can be used to assist or create the flow
of fluid around the fluid flow circuit.
[0149] The concept of a fluid flow circuit excludes any
prior art in which fluid enters and leaves a chamber via

the same opening since this cannot strictly be regarded
as a "circuit".
[0150] In the illustrated embodiments, the secondary
chamber is shown with a frusto-conical-like shape, how-
ever, the shape of the secondary chamber can be mod-
ified to have upright walls, for example.
[0151] In the embodiments, the gap between the outer
edge of the vanes 2, and the inner surface of the primary
chamber 1, is around 0.25 inch or 5-6 mm. However,
some experimentation can be done to determine an ap-
propriate gap size.
[0152] The rotation device in the embodiments are
shaped as vanes, however, other embodiments can in-
clude blade-shaped paddles or other shapes that can act
as a rotatable resistance mechanism.
[0153] References to prior art in the body of this spec-
ification are not to be taken as an admission that any of
the prior art form part of the common general knowledge
of the skilled addressee of this invention.

Claims

1. A variable resistance device (100) adapted to be in-
corporated in an exercise machine to provide selec-
tively-variable resistance therefor, the device (100)
including:

a primary fluid chamber (1) adapted to receive
fluid therein, the primary chamber (1) having a
primary fluid flow region;
a rotation mechanism (2) positioned and adapt-
ed to rotate within the primary fluid flow region
such that the rotation mechanism (2) upon rota-
tion encounters a degree of resistance depend-
ent on the amount of fluid in the primary fluid
chamber (1), the rotation mechanism (2) being
adapted to be rotated by rotational input from
the exercise machine; and
a secondary mechanism (3) adapted to achieve
and maintain an appropriate amount of the fluid
in the primary fluid chamber (1) to provide a se-
lected degree of resistance for the exercise ma-
chine, the secondary mechanism having a sec-
ondary fluid flow region and an outlet (6) that
allows fluid to flow out of the secondary fluid flow
region back into the primary fluid flow region;
and
a fluid flow circuit, which includes said primary
and secondary fluid flow regions, through which
circuit the fluid flows to establish a circuit-flow
condition that repetitively cycles around the cir-
cuit from the primary fluid flow region into the
secondary fluid flow region and then back into
the primary fluid flow region, the circuit-flow con-
dition being adapted to establish and maintain
said appropriate amount of fluid in the primary
fluid chamber (1) during use; characterised in
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that the variable resistance device (100) further
includes
a variation means including a valve for variably
controlling flow of fluid through the outlet (6) by
raising or lowering the height position of the out-
let (6) to selectively establish different circuit-
flow conditions each corresponding to a different
appropriate amount of the fluid in the primary
fluid chamber (1) to provide a different degree
of resistance for the exercise machine.

2. A device of claim 1 wherein the secondary mecha-
nism includes a secondary fluid chamber (3) adapted
to receive fluid therein, the secondary fluid chamber
(3) having said secondary fluid flow region.

3. A device of claim 2 wherein the secondary fluid
chamber (3) is positioned internally within the prima-
ry fluid chamber (1).

4. A device of claim 2 or 3 wherein the primary fluid
flow region of the primary fluid chamber (1) is defined
by inner surfaces of the primary fluid chamber (1)
and by outer surfaces of the secondary fluid chamber
(3).

5. A device of claim 4 wherein the inner surfaces of the
primary fluid chamber (1) form a first circle, and the
outer surfaces of the secondary fluid chamber (3)
form a second circle which is concentric and co-axial
with the first circle, the primary fluid flow region being
generally between the two circles.

6. A device of claim 5 wherein the primary fluid flow
region generally surrounds the secondary fluid
chamber (3).

7. A device of any one of claims 1 to 6 wherein the
primary fluid chamber (1) is arranged generally up-
right.

8. A device of claim 7 wherein, in use, when the user
provides the rotational input, the fluid moves around
the primary fluid flow region of the primary fluid cham-
ber (1) and also through the fluid flow circuit,
and wherein, in use, when the user ceases providing
the rotational input, the fluid in the uprightly-oriented
primary chamber (1) falls to bottom of the primary
fluid chamber (1) thereby acting as a body of fluid
that stops the rotation of the rotation mechanism (2).

9. A device of any one of claims 1 to 8 wherein the valve
includes a first circular groove (9A) in the body of the
secondary chamber (3), and a second circular
groove (8A) in a plate (10), the plate (10) being ro-
tatable with respect to the secondary chamber (3) to
select a degree of overlap between the first and sec-
ond groove, to thereby vary the height of the outlet

(6).

10. A device of claim 9 wherein the plate (10) includes
a sloping flange adapted to incrementally block an
inlet (5) of the secondary chamber (3), the degree
to which the flange (16) covers the inlet (5) being
altered by rotation of the plate (10).

11. An exercise machine incorporating a variable resist-
ance device of any one of claims 1 to 10.

Patentansprüche

1. Vorrichtung (100) mit variablem Widerstand, die in
ein Trainingsgerät eingebaut werden kann, um einen
wahlweise variablen Widerstand dafür bereitzustel-
len, wobei die Vorrichtung (100) Folgendes umfasst:

eine primäre Fluidkammer (1), die ein Fluid darin
aufnehmen kann, wobei die primäre Fluidkam-
mer (1) einen primären Fluidströmungsbereich
aufweist;
einen Rotationsmechanismus (2), der so in dem
primären Fluidströmungsbereich positioniert ist
und sich darin drehen kann, dass der Rotations-
mechanismus (2) bei der Drehung ein Maß an
Widerstand erfährt, das von der Menge an Fluid
in der primären Fluidkammer (1) abhängig ist,
wobei der Rotationsmechanismus (2) durch ei-
nen von dem Trainingsgerät kommenden Dreh-
antrieb in Drehung versetzt werden kann; und
einen sekundären Mechanismus (3), der eine
geeignete Menge des Fluids in der primären
Fluidkammer (1) erreichen und aufrechterhalten
kann, um ein ausgewähltes Maß an Widerstand
für das Trainingsgerät bereitzustellen, wobei der
sekundäre Mechanismus einen sekundären
Fluidströmungsbereich und einen Auslass (6)
aufweist, der Fluid aus dem sekundären Fluid-
strömungsbereich in den primären Fluidströ-
mungsbereich zurückfließen lässt; und
einen Fluidströmungskreislauf, der den primä-
ren und sekundären Fluidströmungsbereich
umfasst, wobei das Fluid durch diesen Kreislauf
strömt, um einen Zirkulationszustand herzustel-
len, der in dem Kreislauf wiederholt von dem
primären Fluidströmungsbereich in den sekun-
dären Fluidströmungsbereich und dann zurück
in den primären Fluidströmungsbereich zirku-
liert, wobei der Zirkulationszustand dazu geeig-
net ist, während des Gebrauchs die geeignete
Menge an Fluid in der primären Fluidkammer
(1) herzustellen und aufrechtzuerhalten;
dadurch gekennzeichnet, dass die Vorrich-
tung (100) mit variablem Widerstand des Wei-
teren Folgendes aufweist:
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eine Variationseinrichtung mit einem Ventil
zum variablen Regeln des Fluidstroms
durch den Auslass (6), mittels Anheben und
Absenken der Höhenlage des Auslasses
(6), um wahlweise unterschiedliche Zirku-
lationszustände herzustellen, die jeweils ei-
ner anderen geeigneten Menge des Fluids
in der primären Fluidkammer (1) entspre-
chen, um ein anderes Maß an Widerstand
für das Trainingsgerät bereitzustellen.

2. Vorrichtung nach Anspruch 1, wobei der sekundäre
Mechanismus eine sekundäre Fluidkammer (3) auf-
weist, die Fluid darin aufnehmen kann, wobei die
sekundäre Fluidkammer (3) den sekundären Fluid-
strömungsbereich aufweist.

3. Vorrichtung nach Anspruch 2, wobei die sekundäre
Fluidkammer (3) im Inneren der primären Fluidkam-
mer (1) positioniert ist.

4. Vorrichtung nach Anspruch 2 oder 3, wobei der pri-
märe Fluidströmungsbereich der primären Fluid-
kammer (1) durch Innenflächen der primären Fluid-
kammer (1) und durch Außenflächen der sekundä-
ren Fluidkammer (3) begrenzt ist.

5. Vorrichtung nach Anspruch 4, wobei die Innenflä-
chen der primären Fluidkammer (1) einen ersten
Kreis bilden und die Außenflächen der sekundären
Fluidkammer (3) einen zweiten Kreis bilden, der zu
dem ersten Kreis konzentrisch und koaxial ist, wobei
der primäre Fluidströmungsbereich allgemein zwi-
schen den beiden Kreisen liegt.

6. Vorrichtung nach Anspruch 5, wobei der primäre
Fluidströmungsbereich allgemein die sekundäre
Fluidkammer (3) umgibt.

7. Vorrichtung nach einem der Ansprüche 1 bis 6, wo-
bei die primäre Fluidkammer (1) allgemein aufrecht
angeordnet ist.

8. Vorrichtung nach Anspruch 7, wobei im Gebrauch,
wenn der Benutzer den Drehantrieb bereitstellt, das
Fluid sich um den primären Fluidströmungsbereich
der primären Fluidkammer (1) herum und auch durch
den Fluidströmungskreislauf bewegt,
und wobei im Gebrauch, wenn der Benutzer keinen
Drehantrieb mehr bereitstellt, das Fluid in der auf-
recht angeordneten primären Kammer (1) zum Bo-
den der primären Fluidkammer (1) fällt, wodurch es
als Fluidkörper wirkt, der die Rotation des Rotations-
mechanismus (2) stoppt.

9. Vorrichtung nach einem der Ansprüche 1 bis 8, wo-
bei das Ventil eine erste kreisrunde Nut (9A) im Kor-
pus der sekundären Kammer (3) und eine zweite

kreisrunde Nut (8A) in einer Platte (10) aufweist, wo-
bei die Platte (10) in Bezug auf die sekundäre Kam-
mer (3) drehbar ist, um ein Maß an Überlappung
zwischen der ersten und der zweiten Nut auszuwäh-
len, um dadurch die Höhe des Auslasses (6) zu ver-
ändern.

10. Vorrichtung nach Anspruch 9, wobei die Platte (10)
einen geneigten Flansch aufweist, der einen Einlass
(5) der sekundären Kammer (3) schrittweise sperren
kann, wobei das Maß, in dem der Flansch (16) den
Einlass (5) bedeckt, durch Drehen der Platte (10)
verändert wird.

11. Trainingsgerät mit einer Vorrichtung mit variablem
Widerstand nach einem der Ansprüche 1 bis 10.

Revendications

1. Dispositif à résistance variable (100) adapté à être
incorporé dans une machine d’exercice pour fournir
pour celle-ci une résistance sélectivement variable,
le dispositif (100) incluant:

une chambre à fluide primaire (1) adaptée à re-
cevoir du fluide à l’intérieur, la chambre primaire
(1) ayant une région d’écoulement pour fluide
primaire;
un mécanisme de rotation (2) positionné et
adapté pour effectuer une rotation à l’intérieur
de la région d’écoulement pour fluide primaire
de telle façon que le mécanisme de rotation (2)
rencontre, lors de la rotation, un degré de résis-
tance dépendant de la quantité de fluide dans
la chambre à fluide primaire (1), le mécanisme
de rotation (2) étant adapté à être mis en rotation
par une entrée de rotation depuis la machine
d’exercice; et
un mécanisme secondaire (3) adapté à apporter
et à maintenir une quantité appropriée de fluide
dans la chambre à fluide primaire (1) pour as-
surer un degré sélectionné de résistance pour
la machine d’exercice, le mécanisme secondai-
re ayant une région d’écoulement pour fluide se-
condaire et une sortie (6) qui permet au fluide
de s’écouler hors de la région d’écoulement pour
fluide secondaire en retour vers la région
d’écoulement pour fluide primaire; et
un circuit d’écoulement de fluide, qui inclut les-
dites régions d’écoulement pour fluide primaire
et secondaire, circuit via lequel le fluide s’écoule
pour établir une condition d’écoulement en cir-
cuit qui effectue des cycles répétitifs autour du
circuit depuis la région d’écoulement pour fluide
primaire vers la région d’écoulement pour fluide
secondaire et ensuite un retour vers la région
d’écoulement pour fluide primaire, la condition
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d’écoulement en circuit étant adaptée à établir
et à maintenir ladite quantité appropriée de flui-
de dans la chambre à fluide primaire (1) pendant
l’utilisation;
caractérisé en ce que le dispositif à résistance
variable (100) inclut en outre
un moyen de variation incluant une valve pour
commander de façon variable l’écoulement de
fluide à travers la sortie (6) en relevant ou en
abaissant la position en hauteur de la sortie (6)
pour établir sélectivement différentes conditions
d’écoulement en circuit correspondant chacune
à une quantité appropriée différente de fluide
dans la chambre à fluide primaire (1) pour as-
surer un degré différent de résistance pour la
machine d’exercice.

2. Dispositif selon la revendication 1, dans lequel le mé-
canisme secondaire inclut une chambre à fluide se-
condaire (3) adaptée à recevoir du fluide à l’intérieur,
la chambre à fluide secondaire (3) ayant ladite région
d’écoulement pour fluide secondaire.

3. Dispositif selon la revendication 2, dans lequel la
chambre à fluide secondaire (3) est positionnée de
façon interne à l’intérieur de la chambre à fluide pri-
maire (1).

4. Dispositif selon la revendication 2 ou 3, dans lequel
la région d’écoulement pour fluide primaire de la
chambre à fluide primaire (1) est définie par des sur-
faces intérieures de la chambre à fluide primaire (1)
et par des surfaces extérieures de la chambre à flui-
de secondaire (3).

5. Dispositif selon la revendication 4, dans lequel les
surfaces intérieures de la chambre à fluide primaire
(1) forment un premier cercle, et les surfaces exté-
rieures de la chambre à fluide secondaire (3) forment
un second cercle qui est concentrique et coaxial
avec le premier cercle, la région d’écoulement pour
fluide primaire étant généralement entre les deux
cercles.

6. Dispositif selon la revendication 5, dans lequel la ré-
gion d’écoulement pour fluide primaire entoure gé-
néralement la chambre à fluide secondaire (3).

7. Dispositif selon l’une quelconque des revendications
1 à 6, dans lequel la chambre à fluide primaire (1)
est agencée généralement verticalement.

8. Dispositif selon la revendication 7 dans lequel, en
utilisation, quand l’utilisateur assure l’entrée en ro-
tation, le fluide se déplace autour de la région d’écou-
lement pour fluide primaire de la chambre à fluide
primaire (1) est également via le circuit d’écoulement
pour fluide,

et dans lequel, en utilisation, quand l’utilisateur ces-
se d’assurer l’entrée en rotation, le fluide dans la
chambre primaire orientée verticalement (1) tombe
au fond de la chambre à fluide  primaire (1), faisant
ainsi office d’une masse de fluide qui arrête la rota-
tion du mécanisme de rotation (2).

9. Dispositif selon l’une quelconque des revendications
1 à 8, dans lequel la valve inclut une première gorge
circulaire (9A) dans le corps de la chambre secon-
daire (3), et une seconde gorge circulaire (8A) dans
une plaque (10), la plaque (10) étant capable de ro-
tation par rapport à la chambre secondaire (3) pour
sélectionner un degré de chevauchement entre la
première et la seconde gorge, pour faire varier ainsi
la hauteur de la sortie (6).

10. Dispositif selon la revendication 9, dans lequel la pla-
que (10) inclut une bride en pente adaptée à bloquer
de façon incrémentale une entrée (5) de la chambre
secondaire (3), le degré auquel la bride (16) couvre
l’entrée (5) étant modifié par la rotation de la plaque
(10).

11. Machine d’exercice incorporant un dispositif à résis-
tance variable selon l’une quelconque des revendi-
cations 1 à 10.
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