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(54) BRAKING SYSTEM FOR GYMNASTIC MACHINES AND OPERATING METHOD THEREOF

(57) The present invention concerns a braking sys-
tem (S), installable on gymnastic passive machines, of
the type having one rotating member such as a flywheel
and the like, on which magnetic braking members are
arranged, capable to generate a magnetic braking force
on said flywheel, comprising: a magnetic sensor (1), ar-
ranged in proximity of said magnetic braking members,
so as to detect the intensity of the magnetic field induced
from said braking members on said flywheel, an angular
velocity sensor (4), for measuring the rotation velocity of
said flywheel, characterized in that said braking system
(S) comprises a second magnetic sensor (2), arranged
at a predetermined distance, preferably comprised be-
tween 5 and 15 cm, from said first magnetic sensor (1),
to measure the magnetic field induced on said flywheel
as conditioned by the structure of said gymnastic ma-
chines; in that said braking system (S) comprises a tem-
perature sensor (3) arranged in correspondence of said
first magnetic sensor (1), to detect the temperature of
said flywheel; and in that said braking system (S) com-
prises one control logic unit (5), operatively connected
to said first (1) and second (2) magnetic sensor, to said
temperature sensor (3) and to said angular velocity sen-
sor (4), in which nominal calibration values are stored,
said control logic unit (5) being capable to acquire and
process the electric signals from said first magnetic sen-
sor (1), from said second magnetic sensor (2) and from
said temperature sensor (3), so as to calculate the actual
braking magnetic force generated by said magnetic
members on said flywheel, during the operation of said
gymnastic machine, correcting said calculation after a

comparison between the data acquired from said sensors
and said stored nominal calibration values.

The present invention also concerns an operating
method of said system.
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Description

[0001] The present invention relates a braking system for gymnastic machines and operating method thereof.
[0002] More specifically, the invention concerns a system of the above kind, studied and realized in particular for
decelerate a gymnastic machine, on which it is installed, generating eddy currents by electromagnetic induction without
physical contact between the system and the gymnastic machine itself.
[0003] In the following, the description will be directed to a braking system installed on a passive pedal machine, such
as a bicycleergometer or bicyclesimulator or spinning bike and the like, but it is clear that the same should not be
considered limited to this specific use.
[0004] As it is well known, currently some exercise machines, such as spinning bikes, exercise bike or treadmill, use
magnetic or electromagnetic brakes to exert a resistant force to a user’s ride or race, who is performing a gymnastic
exercise.
[0005] Currently the magnetic or electromagnetic brakes consist of a metal conductor disk , called rotor or flywheel,
which rotates passing through a magnetic field generated by powered coils or by permanent magnets, which constitute
the magnetic brake. Induced voltages are created in the flywheel that generate also eddy currents, known also as
Foucault currents. These eddy currents in their turn generate a magnetic field, which, opposing to that of the initial
magnetic field generator, perform the braking function.
[0006] The braking force induced on the flywheel is controlled by adjusting the supply current of the coils.
[0007] Said braking force in the flywheel generates heat, which causes the increase of the temperature of the flywheel
itself. This temperature increase reduces the braking force.
[0008] In the braking systems currently in use there are also other parameters that affect the braking force. The most
important parameters are: the geometry of the structure on which the braking systems are installed, the conductivity of
the metal of which the flywheel is made, the thickness of the flywheel itself, the magnetic field direction, the flywheel
area intercepted by the magnetic field, the shape of the flywheel and the relative speed between the magnetic field and
the flywheel.
[0009] Due to said parameters that affect the braking force, current braking systems are individually calibrated for
each exercise machine, which they are installed on.
[0010] Moreover, in the current braking systems, the braking force acting on the flywheel is only nominally equal to
that desired, while actually it can be appreciably different.
[0011] It seems apparent that the braking systems according to the prior art are not reliable, since the operation
depends on external conditions.
[0012] In light of the above, it is, therefore, object of the present invention providing a universal brake system for
gymnastic machines, whose developed braking force is independent of the environmental conditions and the structure
or geometry of the gymnastic machine, on which the system is installed and from the materials the flywheel is made of.
[0013] A further object of the invention is providing a system allowing to perform a direct real time measurement of
the induced magnetic field and therefore the braking force acting on the flywheel, compensating the exercise temperature
values of the flywheel, the environmental temperature variations and the effects of the secondary environmental and
eddy magnetic fields.
[0014] Another object of the invention is to provide an operation method, to make the braking force independent from
parameters external of the system.
[0015] It is therefore specific object of the present invention a braking system, installable on gymnastic passive ma-
chines, of the type having one rotating member such as a flywheel and the like, on which magnetic braking members
are arranged, capable to generate a magnetic braking force on said flywheel, comprising: a magnetic sensor, arranged
in proximity of said magnetic braking members, so as to detect the intensity of the magnetic field induced from said
braking members on said flywheel, an angular velocity sensor, for measuring the rotation velocity of said flywheel,
characterized in that said braking system comprises a second magnetic sensor, arranged at a predetermined distance,
preferably comprised between 5 and 15 cm, from said first magnetic sensor, to measure the magnetic field induced on
said flywheel as conditioned by the structure of said gymnastic machines; in that said braking system comprises a
temperature sensor arranged in correspondence of said first magnetic sensor, to detect the temperature of said flywheel;
and in that said braking system comprises one control logic unit, operatively connected to said first and second magnetic
sensor, to said temperature sensor and to said angular velocity sensor, in which nominal calibration values are stored,
said control logic unit being capable to acquire and process the electric signals from said first magnetic sensor, from
said second magnetic sensor and from said temperature sensor, so as to calculate the actual braking magnetic force
generated by said magnetic members on said flywheel, during the operation of said gymnastic machine, correcting said
calculation after a comparison between the data acquired from said sensors and said stored nominal calibration values.
[0016] Further according to the invention, said first and second magnetic sensor are of Hall effect type.
[0017] Preferably according to the invention, said system could be made on a printed circuit board, having a shape
which extends substantially longitudinally, so that said first and second magnetic sensor are arranged at the opposite
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ends of said printed circuit board at said predetermined distance.
[0018] It is further object of the present invention an operating method of a braking system, installable on gymnastic
passive machines, of the type having one rotating member such as a flywheel and the like, on which magnetic braking
members are arranged capable to generate a magnetic braking force on said flywheel, comprising the following operating
steps:

providing a measure of the magnetic field intensity induced from said braking members on said flywheel,
providing a measure of the rotation velocity of said flywheel,
providing a measure of the intensity of the magnetic field induced on said flywheel as conditioned by the structure
of said gymnastic machines,
providing a measure of the working temperature of said flywheel during the working of said gymnastic machines,
providing a control logic unit, comprising a memory support wherein nominal calibration values are stored, said
control logic unit being capable to acquire and process the electric signals coming from said sensors, to calculate
the braking magnetic actual force generated by said magnetic members on said flywheel during the working of said
gymnastic machine, correcting said calculation after a comparison between the data acquired from said sensors
and said nominal calibration values stored.

[0019] Further according to the invention, the calculation of said magnetic force takes place by the following steps:

storage of one look-up table in said memory support of said control logic unit, comprising nominal calibration values
calculated in standard conditions measured on a sample gymnastic machine such as: dn position of one first magnetic
sensor and RPMn, rotation velocity of said flywheel;
detecting the actual rotation velocity RPM of said flywheel of said gymnastic machine, by an angular velocity sensor;

calculation of an actual induced magnetic field  on the flywheel of one gymnastic machine;

comparison of said value of the actual induced magnetic field  and the actual rotation velocity RPM with the

nominal calibration values comprised in said look-up table, from which the actual value of the braking force C acting
on the flywheel of said gymnastic machine is obtained.

[0020] Preferably according to the invention, the calculation of said actual induced magnetic field  takes place by

the following formula: 

wherein Tr is a transformation matrix which takes into account the offset of the position of said magnetic sensor; 

is the induced magnetic field measured in said testing step at a preset velocity, wherein the magnetic brake is in the
position d; α(T-T0)u is the correction factor in temperature which takes into account the working temperature T, compared

to the nominal one T0 of the model, wherein α is the de-rating factor in temperature of said temperature sensor and u
is the unitary versor of the frame of reference; Boff is the offset value of the magnetic induction, measured from said

second magnetic sensor;  is the static magnetic field which takes into account the a gymnastic machine own mechanic

structure ; a is one attenuation factor of said static magnetic field.
[0021] Still according to the invention, said value Tr is calculated by the following formula, which is an estimation made
during the testing step of the gymnastic machine, by two measurements made at different velocities of rotation of the
flywheel, v1 and v2 : 

[0022] Always according to the invention, said value  is calculated by the following formula: 
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[0023] Further according to the invention, said factor a is calculated by the following formula: 

[0024] Finally according to the invention, said method allows the calculation of the power output by said gymnastic
machine by the formula: 

wherein C is the braking torque exerted by said gymnastic machine, whose value is taken from said look-up table after
the measurement of the rotation velocity of the flywheel RPM and the calculation of said actual induced magnetic field.
[0025] The present invention will be now described, for illustrative but not limitative purposes, according to its preferred
embodiments, with particular reference to the figures of the enclosed drawings, wherein:

figure 1 shows a schematic diagram of the braking system object of the present invention;
figure 2 shows the circuit board of the system of figure 1;
figure 3 shows a side view of a part of an gymnastic machine the brake system object of the present invention is
installed on, in a rest position;
figure 4 shows a further side view of a gymnastic machine the brake system of the present invention is installed on,
in an operating position; and
figure 5 shows a block diagram of the operating method of the braking system of the present invention.

[0026] In the various figures, similar parts will be indicated by the same reference numbers.
[0027] The braking system S for gymnastic machines object of the present invention is typically installed on gymnastic
machines having a rotating member, such as a flywheel and the like, on which the magnetic brake members are arranged,
such as permanent magnets, or electromagnets, or a suitably powered coil, also called magnetic brake, adapted to
generate a magnetic field on said flywheel.
[0028] In particular, said braking system S comprises essentially a Hall effect first magnetic sensor 1, a Hall effect
second magnetic sensor 2, a temperature sensor 3, an angular velocity sensor 4 of the flywheel of the gymnastic machine
on which said braking system S is installed, a control logic unit 5 and an amplifier 6 for amplifying the signals coming
from said first magnetic sensor 1, to be sent to said control logic unit 5.
[0029] Said first magnetic sensor 1 has the function of detecting the intensity of the magnetic field on said flywheel,
exploiting the well-known Hall effect, and it is therefore arranged close to said magnetic brake, supported by magnet-
holder forks that can structurally differ in different machines. Said first magnetic sensor 1 is connected by said amplifier
6 to said control logic unit 5.
[0030] Said second magnetic sensor 2 is placed at a predetermined distance from said first magnetic sensor 1,
preferably at a distance between 5 and 15 cm, to detect the magnetic field as influenced by the structure of the gymnastic
machine. In fact, generally the gymnastic machines have a metal or metal alloy frame, which therefore modify the
magnetic field generated by the magnetic brake in the space. Therefore, the position of said second magnetic sensor
2 is such as to ensure that said second magnetic sensor 2 does not significantly be affected by the magnetic field induced
by the magnetic brake, but such as to allow to detect the effect of the structure of the gymnastic machine on said magnetic
field induced in the flywheel.
[0031] Said temperature sensor 3 is placed close to said first magnetic sensor 1, to detect the flywheel temperature.
[0032] Said control logic unit 5 is adapted to acquire and process the electrical signals coming from said first 1 and
second 2 magnetic sensors and from said temperature sensor 3, which it is connected to.
[0033] Said angular velocity sensor 4 is also connected to to said control logic unit 5, adapted to detect the angular
velocity of the flywheel during the execution of the gymnastic exercise by the user.
[0034] Figure 2 shows the possible implementation of the system shown in figure 1 on a printed circuit board. Said



EP 3 181 197 A1

5

5

10

15

20

25

30

35

40

45

50

55

printed circuit board has a shape that extends substantially longitudinally. In this way, it is seen that said first 1 and
second 2 magnetic sensor are arranged at the opposite ends of said printed circuit board.
[0035] The braking torque applied by a magnetic or electromagnetic brake on the flywheel, is directly proportional to
the magnetic induction field induced according to the Faraday-Lenz law.
[0036] The induced magnetic field is, in its turn, connected to the rotation velocity of the flywheel, indicated with RPM,
to the insertion depth of the magnetic brake, i.e. to the distance (dx,dy,dz)T, indicated with d, between the magnetic brake

and said first magnetic sensor 1, and to the magnetization strength of the permanent magnets that constitute the brake,
indicated by M, according to the relation: 

[0037] When a measurement of the magnetic field induced in the flywheel is carried out, the value of this measurement
depends also on other quantities such as: the point in which the measurement is carried out, the characteristics of said
first 1 and second 2 magnetic sensor, the surrounding environment, the type of gymnastic machine, the mechanical and
electrical tolerance of the braking system S.
[0038] Therefore, for the purpose of measuring, the following relationship holds: 

where T is the environmental temperature, x is the position (x,y,z)T of said first magnetic sensor 1 with respect to the
magnetic brake, which also takes into account of the mechanical manufacturing tolerances, and S is a magnitude related
to the surrounding space that takes account of the offset effects of factors external to the measuring system.
[0039] The relation (2) can be characterized numerically, under specific design conditions.
[0040] By varying the flywheel velocity RPM for different positions of the magnetic brake, it is possible to associate
with each measured magnetic induction value Bind,mis (RPM, d), a braking torque C, measured by the dynamometer.

[0041] In this way a data table or look-up table is obtained, which represents the analytical relationship between the
variables under consideration (torque, velocity, magnetic induction), when the other elements are fixed:

• magnetizing force M0 of the reference magnetic brake,
• nominal environmental temperature T0,
• nominal position X0 of said first magnetic sensor 1,
• reference environment S0.

[0042] As shown in the above Table 1, which is an example of look-up table, by varying the flywheel rotation velocity
RPM and the magnetic brake position d, it is possible to associate a magnetic induction B torque, which corresponds

Table 1

RPM1 RPM2 ··· RPMg

d0
  

···
 

d1
  

···
 

d2
  

···
 

··· ··· ··· ···

dn
  

···
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to a braking torque value C.
[0043] Said look-up table is stored in a suitable storage support, which said control logic unit 5 is equipped with.
[0044] In an association phase, knowing the flywheel velocity rotation RPM detected by said angular velocity sensor
4 and reading a value of the magnetic field B, it is possible to know the associated braking torque C.
[0045] The look-up table can therefore be defined with respect a sample magnetic sensor 1 installed on a sample
gymnastic machine in reference nominal controlled conditions, in a calibration phase.
[0046] For other magnetic sensors installed on gymnastic machines of the same type, the deviation of one or more
of these parameters from the nominal conditions, for example during the construction of the exercise machine and/or
during normal operating cycle, leads to the need to apply a correction to the detected value of the magnetic field B, so
that it can be compared with the look-up table.
[0047] The measurement correction model is the following: 

where

α(T-T0)u is the correction temperature factor that takes into account the operating temperature T, with respect to
the nominal temperature T0 of the model, with α that represents the weakening factor or de-rating in temperature
of the temperature sensor 3 and u is the unit versor of the reference system;
Boff is the environmental correction factor that takes into account the possible presence of magnetic noise in the

environment, external to the measuring system;
Tr[x-x0] also called position offset value, is the linear transformation matrix that takes into account a possible
displacement and/or rotation of said first magnetic sensor 1, according to detection axes, with respect to the nominal
position x0;

 is the magnetic induction value in nominal conditions, given by the vector resultant of two components:

 static field in d position, it is a correction factor associated with the structural difference of the magnet-holder

forks and then takes into account the mechanical structural differences between different gymnastic machines, in

which there are different permanent magnetisation values, which occur in the calibration phase;  field induced

by the rotation of the flywheel that generates the braking torque, when the magnetic brake is in d position;
a also called static magnetic offset, is the static field attenuation factor due to a different magnetization M, as
previously described.

[0048] The estimation of the parameters of the measurement correction model according to the equation (3) takes
place in the following way (hereinafter reference is made in particular to figure 3).
[0049] Preliminarily, the temperature T is measured by said temperature sensor 3.
[0050] The de-rating factor α is characteristic of the magnetic sensor 1 used in accordance with the data of the datasheet.
[0051] Then, the external offset value Boff related to the environmental magnetic field by said second magnetic sensor

2 is measured.
[0052] In nominal conditions Boff =0, the higher the environmental field, Boff increases in the amplitude accordingly.

[0053] Subsequently the position-offset value Tr[x-x0] in the test phase of the gymnastic machine is estimated, by two
different speeds measures: 

where:

 is the induced magnetic field measured at velocity vn, with the magnetic brake in position d;

 is the nominal induced field at velocity vn, with the magnetic brake in position d, in accordance with the
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look-up table.

[0054] In nominal conditions, the transformation matrix coincides with the identity matrix Tr [...] = I.
[0055] Subsequently, the static magnetic offset value a is estimated in the test phase of the gymnastic machine, by
a measurement with flywheel at rest.
[0056] In this case the induced field is zero, and it is obtained: 

In nominal conditions, a = 1.
[0057] Next, corrections are applied and a comparison with the look-up table is made.
[0058] The estimated parameters according to the formulas (4) and (5) during the testing phase of the gymnastic
machine are stored in an appropriate storage support, which said control logic unit 5 is equipped with.
[0059] Said parameters, estimated according to the formulas (4) and (5), are used to correct the measurement of the
magnetic field induced on the flywheel, detected during normal operation of the gymnastic machine, so as to calculate
an actual value of the magnetic field induced on the flywheel by means of the formula: 

[0060] The operation of the braking system S described above is as follows.
[0061] When said braking system S is installed on a gymnastic machine, in particular on a spinning bike, the switching
on of said braking system S is initially carried out.
[0062] Thereafter, said temperature sensor 1 carries out the measurement of the temperature T of the flywheel.
[0063] Said control logic unit 5 performs the calculation of the temperature correction factor α(T-T0)u.
[0064] Subsequently, said second magnetic sensor 2 carries out the measurement of the offset magnetic induction
value Boff.

[0065] Then, said control logic unit 5 reads the calibration data Tr and a, and calculates the induced field  according

to formula (6), said angular velocity sensor 4 performs the detection of the RPM velocity, said control logic unit 5 performs
a comparison with the look-up table in the memory (Bi

d,RPM) in order to determine the braking torque value acting on

the flywheel at that time, according to the RPM velocity data and the induced actual magnetic field on the flywheel, finally
said logic control unit 5 calculates the power of the gymnastic machine associated to the actual braking magnetic force
according to the following formula: 

[0066] Subsequently, the measurements acquisition cycle is repeated from the temperature T measuring step.
[0067] As it is obvious from the above description, the system and method of the present invention allow to uniquely
and universally measure the braking force of a magnetic brake installed on a flywheel of a gymnastic machine.
[0068] The present invention has been described for illustrative but not limitative purposes, according to its preferred
embodiments, but it is to be understood that modifications and/or changes can be introduced by those skilled in the art
without departing from the relevant scope as defined in the enclosed claims.

Claims

1. Braking system (S), installable on gymnastic passive machines, of the type having one rotating member such as a
flywheel and the like, on which magnetic braking members are arranged, capable to generate a magnetic braking
force on said flywheel, comprising:
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a magnetic sensor (1), arranged in proximity of said magnetic braking members, so as to detect the intensity
of the magnetic field induced from said braking members on said flywheel,
an angular velocity sensor (4), for measuring the rotation velocity of said flywheel,
characterized
in that said braking system (S) comprises a second magnetic sensor (2), arranged at a predetermined distance,
preferably comprised between 5 and 15 cm, from said first magnetic sensor (1), to measure the magnetic field
induced on said flywheel as conditioned by the structure of said gymnastic machines;
in that said braking system (S) comprises a temperature sensor (3) arranged in correspondence of said first
magnetic sensor (1), to detect the temperature of said flywheel; and
in that said braking system (S) comprises one control logic unit (5), operatively connected to said first (1) and
second (2) magnetic sensor, to said temperature sensor (3) and to said angular velocity sensor (4), in which
nominal calibration values are stored, said control logic unit (5) being capable to acquire and process the electric
signals from said first magnetic sensor (1), from said second magnetic sensor (2) and from said temperature
sensor (3), so as to calculate the actual braking magnetic force generated by said magnetic members on said
flywheel, during the operation of said gymnastic machine, correcting said calculation after a comparison between
the data acquired from said sensors and said stored nominal calibration values.

2. Braking system (S) according to the preceding claim, characterized in that said first (1) and second (2) magnetic
sensor are of Hall effect type.

3. Braking system (S) according to any one of the preceding claims characterized in that it is made on a printed circuit
board, having a shape which extends substantially longitudinally, so that said first (1) and second (2) magnetic
sensor are arranged at the opposite ends of said printed circuit board at said predetermined distance.

4. Operating method of a braking system (S), installable on gymnastic passive machines, of the type having one
rotating member such as a flywheel and the like, on which magnetic braking members are arranged capable to
generate a magnetic braking force on said flywheel, comprising the following operating steps:

providing a measure of the magnetic field intensity induced from said braking members on said flywheel,
providing a measure of the rotation velocity of said flywheel,
providing a measure of the intensity of the magnetic field induced on said flywheel as conditioned by the structure
of said gymnastic machines,
providing a measure of the working temperature of said flywheel during the working of said gymnastic machines,
providing a control logic unit (5), comprising a memory support wherein nominal calibration values are stored,
said control logic unit (5) being capable to acquire and process the electric signals coming from said sensors,
to calculate the braking magnetic actual force generated by said magnetic members on said flywheel during
the working of said gymnastic machine, correcting said calculation after a comparison between the data acquired
from said sensors and said nominal calibration values stored.

5. Method according to the preceding claim characterized in that the calculation of said magnetic force takes place
by the following steps:

storage of one look-up table in said memory support of said control logic unit (5), comprising nominal calibration
values calculated in standard conditions measured on a sample gymnastic machine such as: dn position of one
first magnetic sensor (1) and RPMn, rotation velocity of said flywheel;
detecting the actual rotation velocity RPM of said flywheel of said gymnastic machine, by an angular velocity
sensor (4);

calculation of an actual induced magnetic field  on the flywheel of one gymnastic machine;

comparison of said value of the actual induced magnetic field  and the actual rotation velocity RPM with

the nominal calibration values comprised in said look-up table, from which the actual value of the braking force
C acting on the flywheel of said gymnastic machine is obtained.

6. Method according to the preceding claim characterized in that the calculation of said actual induced magnetic field

 takes place by the following formula: 
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wherein Tr is a transformation matrix which takes into account the offset of the position of said magnetic sensor (1);

 is the induced magnetic field measured in said testing step at a preset velocity, wherein the magnetic brake

is in the position d; α(T-T0)u is the correction factor in temperature which takes into account the working temperature

T, compared to the nominal one T0 of the model, wherein α is the de-rating factor in temperature of said temperature

sensor (3) and u is the unitary versor of the frame of reference; Boff is the offset value of the magnetic induction,

measured from said second magnetic sensor (2);  is the static magnetic field which takes into account the a

gymnastic machine own mechanic structure ; a is one attenuation factor of said static magnetic field.

7. Method according to the preceding claim characterized in that said value Tr is calculated by the following formula,
which is an estimation made during the testing step of the gymnastic machine, by two measurements made at
different velocities of rotation of the flywheel, v1 and v2 : 

8. Method according to the preceding claim characterized in that said value  is calculated by the following

formula: 

9. Method according to the preceding claim characterized in that said factor a is calculated by the following formula: 

10. Method according to anyone of the claims 6-9 characterized by calculating the power output by said gymnastic
machine by the formula: 

wherein C is the braking torque exerted by said gymnastic machine, whose value is taken from said look-up table
after the measurement of the rotation velocity of the flywheel RPM and the calculation of said actual induced magnetic
field.
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