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AN ILLUMINATING MEANS FOR A VEHICLE

Technical Field
It is an object of the present invention to provide an illuminating means e.g. for a bicycle.

The illumination means may be adapted for signalling or even for illumination of the road.
It is an object of the invention to provide a device which is simple and cheap to produce
and yet reliable and which provides a good protection against theft and a good

performance.

Background of the Invention
Hluminating means for vehicles such as bicycles are known in various forms. Some

devices may be adapted not only as an attention signal for other users of the road but
also to illuminate the road. Some devices may just reflect light transmitted by other users
or may reflect the street light and some devices comprises an electric light bulb provided

with power from a battery or from a dynamo attached to the bicycle.

The present invention relates to a signalling device with a light bulb or a LED provided
with power from a generator. The generator comprises a coil attached to the frame of the
bicycle and magnets attached e.g. to a wheel of the bicycle. Such devices are known e.g.
from US 5,590,946, and typically they are highly reliable, provides good protection against
theft and can be produced with very low costs. The problem is that the performance

compared, to traditional dynamos, are low.

The present invention relates to a device which offers an improved performance of the
generator in relation to the weight and the price of the parts and that is yet simple and

reliable.

Description of the invention
It is the object of the present invention to provide an illuminating means for a bicycle or

any other vehicle comprising two parts movable in relation to each other, such as a wheel
and the fork or the crank and the frame of a bicycle. The illuminating means according to

the invention comprises:
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- At least one coil, comprising a core and windings, attachable to a first part of the
bicycle. The coil having a first and a second electrical output, such as the two free
ends of the wire of the windings.

- One or more magnets attachable to a second of the two parts of the vehicle.

- A plurality of light emitting means, such as LED's, traditional light bulbs, fluorescent

tubes or any other kind of light emitting means.

According to one aspect of the invention the light emitting means are divided into at least
two groups of serially interconnected light emitting means. Each of the groups is
connected between the first and the second electrical outputs of the coil and at least two
of the groups have different numbers of serially interconnected light emitting means. In
this way at least two circuits with different electrical characteristics are established.

Preferably at least one of the illuminating means is a light emitting LED (LED) or similar
means that emits light with a low power consumption. LED's furthermore provides the
feature of conducting a current in only one direction which is an aspect of a preferred
embodiment of the present invention. According to this embodiment at least two of the
groups of serially interconnected light emitting means comprises at least one LED's. At
least one of the groups comprises a LED which is adapted to conduct a current from the
first electrical output of the coil to the second electrical output of the coil and at least one
other of the groups comprises a LED which is adapted to conduct a current from the

second electrical output of the coil to the first electrical output of the coil.

According to a further preferred embodiment of the invention the coil and the magnet(s)
are adapted to generate different electrical currents and/or voltages between the first and
second respectively between the second and the first electrical output of the coil, upon
movement of the first part in relation to the second part. It has been found that a voltage
from the first to the second electrical output of the coil is in the size of 1-3 volt such as in
the size of 2 volt and preferably the voitage from the second to the first electrical output of
the coil is in the size of 2-6 volt such as in the size of 4 volt is appropriate for the use of

one or two LED's in each direction.
In a preferred embodiment of the invention the LED's are chosen so that the total voltage

barrier of all of the LED's adapted to conduct a current from the first electrical output to
the second electrical output of the coil is in the size of 50-100 pct of the voltage from the
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first to the second electrical output of the coil and all of the LED's adapted to conduct a
current from the second electrical output to the first electrical output of the coil is in the
size of 50-100 pct of the voltage from the second to the first electrical output of the coil.

According to another aspect, the invention relates to an illuminating means for a vehicle

comprising two parts movable in relation to each other, the illuminating means comprising

- at least one coil attachable to a first of the two parts of the vehicle, the coil having a
first and a second electrical output,

- one or more magnets having a surface area facing the coil and attachable to a second
of the two parts of the vehicle and

- one or more light emitting means connected between the first and second outputs,

where at least one of the magnets is positioned adjacently to a first element of a
magnetically conducting material having a surface area facing the coil which is larger than
that of the at least one of the magnets. The magnetically conducting material may simply
be a piece of metal attached to the back of the magnet or fixated together with the

magnet, e.9. in a plastic casing of the magnet.

According to a preferred embodiment the first element comprises a first and a second part
positioned adjacently in the direction of movement. The magnet or magnets are

positioned between the element and the coil so that the smallest distance, during
movement of the magnet relative to the coil, between the coil and the surface of the first
part is larger than that between the coil and a surface of the second part of the first
element. This can be achieved e.g. by folding the piece of metal, to which the magnet is
attached, in a direction towards the coil or in any other way providing a piece of metal
which in one end extends towards the coil and with a magnet attached to the other end,
between the element and the coil. In this way a virtual magnetic pole is created at the end
extending towards the coil, and the polarity of the virtual pole is opposite the polarity of the

part of the magnet facing towards the coil.
The element may be formed and adapted so that the smallest distance, during movement

of the magnet relative to the coil, between the element and the coil is the same or

substantially the same as the distance between the magnet(s) and the coil.
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In a further preferred embodiment of the invention the coil comprises a core element
having two surfaces such as the two free ends of the coil or such as surfaces of any
magnetically conductive elements attached to the core. The two surface parts are
preferably positioned adjacently in a direction towards the magnet(s), so that they are
close to the magnet(s) compared with the coil. The two surface parts may be positioned
extending towards the magnet(s) by forming the core into the shape of a horse-shoe or a
U, where the two free ends are facing the magnet(s) or it may be a core of any shape
whereto the surfaces of magnetically conductive element(s) extending towards the

magnet(s) are attached.

The coil may be positioned in any direction in relation to the magnet(s) but a preferred
position is with a longitudinal axis extending at least substantiaily perpendicularly to the
direction of movement and so that, at a predetermined position where the distance
between the magnet(s) and the coil is smallest, the axis extends toward the magnet(s).
This is a preferred way of positioning the coil, since it eases the mounting of the coil, e.g.

on a bicycle.

In order to improve the performance of the coil and magnet(s) a further preferred
embodiment of the invention relates to the distance between the two surfaces of the core
or of the elements attached to the core and extending towards the magnets. The distance
may preferably be at least substantially the same as the distance between the magnet
and the part of the element adjacent the magnet, which is bend in a direction towards the
coil. The positive effect herein can also be achieved by placing two or more magnets with
substantially the same distance as between the surfaces of the core. The magnets shouid

preferably be positioned with alternating plus and minus poles facing the coil.

in a preferred embodiment the cross-sectional area of a part of the core is smaller than at
least substantially any cross-sectional area of either of the elements to which the
magnet(s) or the core is attached. In this way, dependent on the alloys of the
ferromagnetic material, up to, or more than 80 percent of the magnetic saturation for the

material of the core is reachable.

Any magnetically conductive materials can be used for the core of the coil or for the

elements attached to the core or to the magnets but Trafoperm N3 or Vacofer S1 will
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provide a good performance, which by knurling the surface of the core or by making the

core from lamination of sheets of metal, can be improved further.

According to another aspect, the invention relates to an iiluminating means for a vehicle
comprising two parts movable in relation to each other, the illuminating means comprising:

. at least one coil attachable to a first of the two parts of the vehicle, the coil having a
first and a second electrical output,

. one or more magnets having a surface area facing the coil and attachable to a second
of the two parts of the vehicle and

. one or more light emitting means connected between the first and second outputs,

comprising an element of a magnetically conducting material, the element having at least
three surface parts being positioned adjacently in the direction of movement, where at
least a part of the element extends through the coil, and where the smaliest distance,
during movement of the magnet relative to the coil, between the coil and the magnet is
larger than or equal to that between any of the surface parts and the magnet. Such a

plurality of surface elements will further improve the performance.

According to another aspect, the invention relates to An illuminating means for a vehicle
comprising two parts movable in relation to each other, the illuminating means comprising:

- one or more magnets attachable to a first of the two parts of the vehicle,

- atleast one coil attachable to the second part of the vehicle, the coil having a first and
a second electrical output and a predetermined number of windings provided in a
predetermined number of layers, and

- one or more light emitting means connected between the first and second outputs,

and wherein

- the number of layers is smaller than 1/4 of a number of windings of a layer of the coil

having the largest number of windings.

It has been found that a length of the coil exceeding four times a mean diameter of the
windings of the coil provides a good efficiency of the coil and furthermore that a length
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between 20 and 60 mm. will provide for a suitable electrical current for illumination of

LED's as well as a good performance.

The invention furthermore relates to an illuminating means as described, and wherein the
parts are sealed in fittings adapted to be mounted to a bicycle. The parts may for instance
be incorporated in cast plastic elements with fittings such as bolts and flanges for
attachment either to the frame of the bicycle or for attachment to flat flanges of the
bicycle. Attachment of the parts to flat flanges of the bicycle provides the advantage of a
solid fixation with lower risk of injuries due to parts rotating on the frame and by accident

blocking e.g. a wheel of the bicycle.

Detailed description of the invention
A preferred embodiment of the invention will now be described in detail with reference to

the drawings in which:

Fig. 1 illustrates a bicycle with signal devices mounted in preferred positions,

Fig. 2 illustrates an embodiment of the invention comprising two basic parts of the
invention, one part mounted to the frame of the bicycle, and the other part mounted to the

wheels of the bicycle,

Fig. 3 illustrates the preferred embodiment of the basic part mounted to the frame of the

bicycle,

Fig. 4 illustrates the preferred embodiment of the basic part mounted to the wheels of the

bicycle,

Fig. 5 illustrates the preferred embodiment of a coil comprised in the part mounted to the

frame of the bicycle,

Fig. 6 illustrates the preferred embodiments of the brackets that allow one part of the
signal device to be mounted to the frame of the bicycle,

Fig. 7 illustrates a typical signal from induction in a coil such as the signal in the invention,
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Fig. 8 illustrates electric circuits comprising a coil and illuminating means,
Fig. 9 illustrates a typical curve for magnetic saturation of ferromagnetic materials,
Fig. 10 illustrates different embodiments of the core of the coil used in the invention,

Fig. 11 illustrates different embodiments of one magnet and a ferromagnetic element

mounted to the magnet or near the magnet,

Fig. 12 illustrates a sequence of induction in a coil as the part that comprises a single

magnet passes,

Fig. 13 illustrates different embodiments of two magnets and a ferromagnetic element

mounted to the magnets or near the magnets,

Fig. 14 illustrates a sequence of induction in a coil as the part that comprises the two

magnets passes,

Fig. 15 illustrates an embodiment of the brackets and the mounting position of the part

mounted to the frame of the bicycle.

As shown in Fig. 1, the signal device is mounted to the front or the back of a bicycle. The
signal device produces light signals or constant fight when the bicycle is moving, and
these signals may be seen in allocated angies around the bicycle or even serve as
illumination of the road. The signal device may be used in daylight, at night or in bad

weather such as rain or fog.

As shown in Fig. 2, the signal device comprises a first part 1 and a second part 2. The first
part and the second part are mounted to the bicycle 3 such that they can move in relation
to each other. By means of an example, the first part 1 is mounted to the frame of the
bicycle 3, and the second part 2 is mounted to the wheel of the bicycle 4. The first part 1
may also be mounted to the wheel of the bicycle and the second part 2 is mounted to the
frame of the bicycle. By means of another example, the first part or the second part can
be mounted to the crank of the bicycle while the other part is mounted to the frame of the

bicycle.
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The second part 2 may comprise any number of permanent magnets, but in one preferred
embodiment, one or two magnets are used for induction of electricity when passing the
first part 1. The second part 2 is preferably mounted to one of the wheels of the bicycle.
The first part is preferably mounted to the frame of the bicycle and comprises one coil. In
a preferred embodiment, the first part may additionally comprise illuminating means such
as one or more LED’s or one or more light bulbs. The illuminating means may also be
comprised in a third part mounted either to the frame of the bicycle, mounted to elements

mounted to the frame of the bicycle or it may be mounted to the wheel of the bicycle.

The illuminating means may be fully driven or mainly driven by the induced electricity by
means of a battery provided either in a fourth part or integrated in the second or third part.
This enables the making of variants of products that may enable light to be emitted in a
period after the bicycle has stopped, e.g. at a traffic light. By means of another example,
the signals of electricity generated when the magnet passes the coil may be summarised
with electric signals generated eisewhere, e.g. by an electronic device comprised in a
third part whose circuit is connected to a battery. In this way the illuminating means may
be driven by different electric signals, where at least one is generated by induction in the

coil.

A bicycle may be equipped with as many parts as desired of the mentioned two basic
parts 1 and 2. By means of an example, the bicycle may be equipped with three parts of
the type mounted to the wheel and one part of the type mounted to the frame. In one
particular embodiment, the basic part that comprises the coil also comprises the
illuminating means and is mounted to the frame of the bicycle. The other basic part that
comprises the magnet or the magnets is mounted in three different positions in the wheel
symmetrically such that all three positions may pass the basic part mounted to the frame

of the bicycle as the wheel turns.

The part 1 that comprises the coil may comprise more than one coil with different
dimensions or properties in relation to the way the electric signal is generated. In addition,
there may be several numbers of illuminating means such as one, two, three or more
LED'’s or light bulbs connected to the coil or coils in different electric constellations. The
coil or coils may be connected to an electric circuit that controls the electric signal
generated by the coil, thus enabling the electric signal to be rectified, accumulated or
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summarised with other electric signals generated by the same electric circuit or another

electric circuit.

The part 1 that comprises the coil may be mounted to the frame of the bicycle by different
means, but in a preferred embodiment, this is done by the use of brackets. By means of
an example, the part mounted to the frame of the bicycle may be integrated in some way

with parts of the frame or other parts mounted to the frame of the bicycle.

The part mounted to the wheel may be mounted to the wheel or even integrated with parts
of the wheel. As a preferred embodiment, the part mounted to the wheel 2 is mounted by

the use of one or more spokes 4 in the wheel.

By means of an example, the part mounted to the wheel may be integrated with the tyre of
the wheel, the rim of the wheel, disc brakes mounted to the wheel or with the centre part

of the wheel.

As shown in Fig. 3, a preferred embodiment of the part mounted to the frame comprises
one coil 9 and the illuminating means such as two or three LED’s 13. In this preferred
embodiment, no electric circuit is present and instead the leads of the coil are soldered to
two or three LED’s which again are soldered together such that the circuit becomes very
robust and reliable, e.g. for outdoor use. As a preferred embodiment, the coil and the

illuminating means are comprised in the same part 1.

In a preferred embodiment, groups of serially connected LED’s are arranged in parallel
such that one group of one or more LED's may lead the induced current in one direction
and another group of one or more LED's may lead the induced current in the other
direction. As a magnet passes the coil, the signal generated may be formed as a
sinuscurve, which means that the electric current capable of flowing through the coil and
the illuminating means may change direction during the induction. Such an induced signal
can be seen in Fig. 7 A. When the two LED’s are connected in parallel as described, the
electric current can be converted into light in both half periods of the induction since one
LED enlightens during flow of current in one direction and the other LED enlightens during
flow of current in the other direction. In Fig. 8, preferred embodiments of circuits can be

seen.
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The circuit shown in Fig. 8B is of particular interest. As shown, the signal induced by the
coil may be led by one LED as the current flows in one direction. When the current
changes direction, it is forced to be led through two LED'’s connected in series. This has
proved to be a very suitable circuit in order to attain a wanted compromise between

efficiency and sensitivity of the signal device.

The efficiency of the circuit, including the LED'’s and the coil, is dependent on the relation
between the inner electric resistance of the coil and the electric resistance of the

illuminating means connected to the coil.

As the resistance of the illuminating means increases, a higher percentage of the electric
energy is absorbed in the illuminating means, converting more of the present energy into
light. In other words, the efficiency of the circuit is improved. If the resistance of the

illuminating means increases, the total resistances of the coil and the illuminating means

are also increased, reducing the possible flow of electric current.

These two effects work against each other. One might achieve a high efficiency using
illuminating means with very high resistance, though the current that is flowing through the
illuminating means are very low, resulting in a very little amount of energy absorbed in the
illuminating means. The other scenario where the illuminating means have a very low
resistance, the current flowing through the illuminating means and the coil may be high,
but only with a little part of the induced energy to be absorbed in the illuminating means

and the rest to be lost as heat generated in the coil.

The best performance of the circuit is attained when the resistance of the coil and the

resistance of the illuminating means are almost the same.

A LED is not a ‘real’ resistor but acts as a resistor reducing the resistance as the electric
current is increased. A specific standard LED used in laboratories has shown to behave
as a resistor of 180 Ohm when conducting 10 mA. and a 42 Ohm resistant when

conducting 50 mA.

A typical coil used in a signal device may have an inner resistance of about 100 Ohm.
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If one LED is connected to the coil and electricity is induced in the coil, 60 % of the
energy is absorbed by the illuminating means at a current of 10 mA. If the current is 50

mA., only 30% of the energy is absorbed by the illuminating means.

This effect, of course, can be used to make a compressor for the intensity of the
illuminating signal at different levels of induction. In this way, one may compress
variations in the induced electricity as the bicycle changes speed or as the gap of air
between the coil and the magnets are reduced so that the intensity of an emitted light
signal may be very much the same at different speeds of the bicycle. Apart from that, the
effect is not wanted since the efficiency of the coil that converts energy should be as high

as possible in order to reduce the need for a strong magnetic source.

One way to increase the efficiency of a circuit comprising a coil and one or more LED’s is
to connect the LED's in series. By doing so, the efficiency of the system is increased since
more energy is absorbed by the LED'’s. For given values this means that two LED's
connected in series can be seen as one resistor of 80 Ohm leading 50 mA. Connected to
a coil with an inner resistance of 100 Ohm, 45% of the energy is absorbed in the two
LED’s at the 50 mA. The current of 50 mA in the circuit forces a higher induction - approx.
20% - due to a total higher resistance in the circuit. But, as can be seen, this cannot
eliminate the gained higher efficiency rising from an efficiency of 33% to an efficiency of
45% and resulting in a higher total efficiency and a higher total energy absorbed in the

illuminating means as one for a given induction.

In addition, the efficiency is increased further by connecting three ore more LED’s in

series.

The disadvantage of connecting the LED's in series is, apart from the use of more LED’s,
a higher illuminating voltage. One LED must have approx. 1.8 Volts to start illumination.
Therefore two LED’s connected in series need approx. 3.6 Volts to start illumination. This
means that the induction necessary to start the LED’s for a given coil has to be doubled.
In order for the device to start illuminating, the bicycle then has to obtain a higher speed,
the magnets must be bigger or the coil must have more windings. More windings in the

coil increases the inner resistance of the coil resulting in a decreased efficiency.
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However, If one connects the LED’s so that one LED leads the current in one direction
and two or more LED’s connected in series lead/s the current in the other direction, a
wanted combined solution is obtained. The circuit has both high efficiency and high
sensitivity. This has proven to be very attractive, especially in variants where three LED’s
are needed to ensure that the light emitted can be seen in the wanted angles.

This circuit is illustrated in Fig. 8B.

As a variant, the circuit shown in Fig. 8B can additionally have a capacitor connected in
parallel with one of the two leads connected in parallel. The effect of this capacitor has not

been proven but should improve the circuit by storing energy.

Other variants of the preferred embodiment is shown in Fig. 8A, Fig. 8C and Fig. 8D
where the LED’s are replaced with other illuminating means such as light bulbs or

fluorescent elements.

The coil 9 in the part 1 may be a coil without a solid core material or it may have such one
or several ones. Additionally, a solid core of the coil may have different embodiments
such that different properties of this core is achieved. The material of the core can be

magnetically conductive such as iron or alioys known as highly magnetically conductive.

In a preferred embodiment, the core material is ferromagnetic steel plate formed in two
separate elements 11 and 12 as shown in Fig. 5. The area of the core inside the coil is
minimised such that the magnetic flow exceeds 80% of the magnetic saturation value for
the core material. Such saturation can, of course, not be achieved for all the positions
between the part comprising the magnets and the part comprising the coil. The excess of
the 80% is therefore achieved in at least one possible position between the coil and the
part 2 in the wheel. By means of an example, this position can be the place where one
magnet 14 is positioned as close to the core of the coil 11 or 12 as possible, limited only
by the housings of the two parts 6, 8 and 17.

As shown in Fig. 9, a ferro-magnetically conductive material may have a high ability to
conduct magnetic flux. Without trying to explain the more complicated physical
phenomenon of the ferromagnetic effect , the phenomenon, generally speaking, is similar
to an amplification of the magnetic field and therefore leads to an increase in induction
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when used as core material in a coil instead of e.g. a core of air. When used elsewhere,
the ferromagnetic effect can be thought of as magnetic conductivity. The conductivity or
amplification, however, is limited to ferro-magnetic materials such as steel plate. At a
sudden point, the magnetic ampilification starts to weaken which means that even though
the magnetic strength is increased the magnetic flux density through the material is not
increased as will be the case for a weaker magnetic field strength. When full saturation is
achieved, the magnetic flux density through the material can only be increased by

increasing the magnetic field strength considerably.

One may think of this effect as a combined magnetic limiter and compressor. Even though
this is not the full story of magnetic saturation in ferromagnetic materiais, it is primarily the
reduction in magnetic ampilification or conductivity above the 80% level of saturation that

is of great interest in connection with this invention.

Normally, saturation occurs somewhere between 1.2 Tesla and 2.1 Tesla of magnetic flux
density for ferromagnetic materials. The saturation does not arise suddenly but starts
somewhere around 80% of the value of magnetic saturation for the material. This is,
however, dependent on the alloys of the ferromagnetic material. With a value of saturation
below 80%, most ferromagnetic materials respond almost linearly to an increase in the

strength of the magnetic field.

This phenomenon can be utilised in different ways. First of all it is desired that the core of
the coil responds with the magnetic behaviour above the 80% value of saturation since it
then becomes less sensitive to variations in the air gap between the magnets and the coil
when passing each other without reducing the efficiency of the system. The amount of
induced electric power in the coil is almost inversely proportionai to the size of the air gap
between the two parts when passing each other. When a signal device is constructed, it is
therefore dimensioned so that it will work properly with the largest air gap expected. If the
air gap somehow decreases due to variations in mounting or replacement of the wheels,
the electric output of the coil will increase due to a higher magnetic fluctuation, leading to
frustrated users not knowing if the device is properly mounted or adjusted or, in worst

case, the higher induction leads to damage of the illuminating means.

Secondly, due to the wanted saturation of the core inside the coil, a small area is
attractive since it enables the average diameter of the core windings to be decreased,
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leading to a reduction of the inner resistance of the coil without reducing the number of

windings.

The smallest area of the core material does not necessarily have to be placed inside the
coil,. By means of an example, the core material can have an embodiment so that parts
of it are outside the core helping to fetch the magnetic field from the part 2 passing and
thus having areas as small or smaller than inside the coil that at some places are

exceeding 80% of the magnetic saturation.

As shown in Fig.5, the core material 11 and 12 has a preferred embodiment where it is
formed with large areas pointing towards the part that comprises a magnetic source
preferably placed in the wheel. At least one of the core elements is formed so that it may
be passed by a magnet in the wheel more than one time as the magnet passes the part
that comprises the coil. The core 11 and 12 may have an embodiment where they have
two flaps formed such that they may be positioned next to the flaps of the other element.
In one preferred embodiment, the part 11 has two flaps and the part 12 has one. In this
way, a magnetic source, e.g. the north pole of a magnet, passing the core 11 and 12 may
change the direction of the magnetic field inside the coil 9 more than one time by, in a
sequence, first magnetising the first flap of part 11,then the flap of part 12 and then the
other flap of part 11. In this way, the direction of the magnetic field changes twice instead
of one time. This is a great advantage since it decreases the exploitation of the magnetic
source. Other embodiments of the core suitable for other types of embodiments of the coil

and with more flaps are illustrated in Fig. 10.

The embodiment of the core is very much influenced by the design of the coil, especially
the direction of the coil. As shown in Fig. 10, the coil may be designed with centre axis
aligned with the direction of movement of the parts comprising the magnets instead of, as
a preferred embodiment, centre axis aligned or aimost aligned with the centre axis of the

wheels - or the axis of rotation.

As shown in Fig. 5, the coil 9 comprised in the part 1 is illustrated as a slick coil. As a
preferred embodiment, this coil is made by windings of copper, even though the material
may be any electrically conductive material, so that the number of windings in a layer of
windings is four times or more the number of layers of windings. Alternatively this may be
expressed as the length of the coil having windings being four times or more the average
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thickness of the windings. The windings are wound on a plastic core 10 fixating the core

plates 11 and 12 that form the core of the coil.

The inner resistance of the coil 9 as well as the resistance of the illuminating means 13
are important for the efficiency of the signal device. A reduction in the inner resistance of
the coil can be achieved in different ways. It is, however, desired that the coil has as many
windings as possible and as little resistance as possible, thus using a minimum of the

expensive and heavy copper.

It is found that the best way to obtain a small and light coil using only little copper is by
making the coil slick, that is, long and thin. If one is to make a coil with a given number of
windings, one may choose to make the coil very short. This means that it must have a
large number of layers if a sudden number of windings are to be added. This again leads
to a high average diameter of the windings, which leads to the use of a long copper thread
for the given number of windings. A long thread gives more inner resistance than a short
one, so the inner resistance is high for such a coil. The other extreme is to make the coil
very thin but long. In this way, the average diameter of the windings are kept low, thus

reducing the inner resistance of the coil.

It may seem logical to make all coils short and thin in order to increase the efficiency
when used for induction. The long and thin coil, however, has the disadvantage that the
volume of the core is increased. This means more losses due to magnetic hysteresis and
heavier electric losses during magnetisation of the core material. Additionally, the length
of the core is increased, leading to higher magnetic resistance in the magnetic circuit that
the core is a part of. Such resistance might not be tolerated in normal magnetic circuits
but is not of great importance in this signal device. In a signal device as treated here, the
gaps of air necessary between the two parts passing each other may be 2 mm to 6 mm
wide and therefore represent a very large magnetic resistance 100-1000 times bigger
than the ones in the core of the coil and therefore the length of the core of the coil is less

important.

As shown in Fig. 4, a preferred embodiment of the part 2 mounted to the wheel comprises
one or two magnets 14. If two magnets are used, the magnets in a preferred embodiment
are mounted so that their opposite magnetic poles are facing the coil or the core of the
coil. These magnets can be coin-like magnets magnetised in the direction of their centre
line. The magnet or magnets may be mounted facing their backside towards a
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ferromagnetic element such as a plate 15 that may vary in shape and size depending on
the way the magnets are mounted to the wheel and in the housing. Further the magnet or
magnets are comprised in a housing 16 and 17 made of plastic or a suitable metal. In a
preferred embodiment, the part mounted to the wheel has a fixating feature that enables it

to be fastened between two spokes 4.

in an embodiment with two magnets, the two magnets may be positioned aligned with the
direction of movement so that they pass the coil in a sequence. in a preferred
embodiment is must be ensured that the magnets at one time during their passage of the
core of the coil may be positioned so that their opposite magnetic poles may magnetise
one end of the coil each. In this way, the best use of the magnets is achieved, though the
spacing between the two magnets can be bigger or smaller creating different properties of
the induction such as many impuises instead of strong impulses. The spacing of the two
magnets does not exceed the distance between two spokes on the side of the wheel that
they are mounted in since it is then similar to the use of two parts comprising one magnet

with magnetic opposite orientated magnets.

In a preferred embodiment, the magnets are aligned so that that the planes of the surface
of the magnetic poles are substantially parallel to the plane in which the wheel is rotating,
or they may be angled to that plane. By means of an example, the magnets may be

orientated so that set planes are perpendicular to the plane in which the wheel is rotating.

Further the planes of the surface of the magnetic poles may be substantially parallel to the
flaps of the core or to a plane perpendicular to the centre line of the core of the coil. It
may, however, aiso be that said planes are angled to said flaps or even perpendicular to

the flaps.

The important factor when constructing the magnetic part in the wheel is to use the
magnetic source as well as possible considering the need for an air gap between the two
basic parts. This means that a good constructed magnetic part is one that resuits in high
induction in the coil when compared to other magnetic sources on either weight, cost or

volume.

it has been found that the magnets in the signal device are a cost driver and should be
kept as small as possible. Additionally, users have expressed that it is important for them
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that the part comprising the magnet or magnets does not have large volumes making
them bulky or a weight that is large enough to create notable imbalance when the wheel is
turning during ride. The challenge is therefore, as mentioned, to create a large fluctuation
in the core of the coil with as little magnetic material as possible when the magnetic

material passes the coil.

An important issue in this optimisation is that, from a magnetic-circuit point of view, there
must be a large gab of air between the magnet and the core of the coil. The reason for
this is that both the part comprising the magnet and the part comprising the coil must be
comprised in a housing and that they must be able to pass each other without touching
each other during movement of the bicycle. Further the gab must be expected to have a
sudden size, e.g. 2 mm to 8 mm, due to the mounting situation where a user must be able

to mount the device without using special equipment or precision tools.

The circuit consisting of the core of the coil, the gab of air between the two parts of the
device, the magnet and the ferromagnetic element behind the magnet is central for
making the optimisation. This circuit may be treated in the same way as an electronic
circuit calculating the currents and voltages of the system. However, in this case it will be

magnetic force, magnetic flux and magnetic flux density.

If one treats the above-mentioned circuit of the device as such, one finds that two
important resistances in making a very large magnetic flux is the gab of air and the
magnet itself. Different means of reducing the gab of air is treated elsewhere and is not
the subject of this invention, but the resistance of the magnet is, however, of interest here.
in some literature on patents, one finds examples of magnetic flux through the core of the
coil that is maximised for a given amount of magnetic material by shaping the magnet in
order for it to be as close as possible to both ends of the core of the coil with the two
magnetic poles of the magnet. This may be a U-shaped magnet with the same length of
the coil so that the two ends of the magnet is positioned near the ends of the coil at some

point during passing, thus maximising the magnetic flux.

This is, however, not the best use of the magnetic material since the magnet itself
contributes with a large magnetic resistance, thus reducing the possible magnetic flux
through the whole circuit of core, gab of air and magnet. The resistance of the magnet is
almost the same as for the gab of air which again is 100 to 1000 times as much as for
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ferromagnetic materials. Therefore trying to make a long U-shaped magnet, given the
amount of magnetic material, the area of the magnet may be smail. Even though the
magnetic field strength of a long magnet is bigger than that of a small magnet, it can be
proven that the reduction in area of the long magnet reduces the possible magnetic flux

density through the magnet and the coil.

It is therefore preferred that a U-shaped magnet circuit is formed from two elements: a
magnet and a ferromagnetic element. In this way, the magnetic material 14 can be formed
properly, thus reducing the magnetic resistance of the magnet. The leading of the
magnetic field to another end of the coil is done by the ferromagnetic material 15. This
embodiment leads to the use of one magnet 14 very short in the direction of
magnetisation but with a large diameter to minimise the magnetic resistance. This can be
a coin-like magnet as the said preferred embodiment. The ferromagnetic element 15 can
be an element formed as a wing or flap mounted to the magnet or mounted with a gab to
the magnet pole not facing towards the coil. This is best seen in Fig. 11B and Fig. 11B

where another embodiment than the preferred is shown.

The preferred embodiment of the magnet and the ferromagnetic element is shown in Fig.
11 B and Fig 11C. The ferromagnetic element has two wings or flaps. The two flaps may
additionally be oriented so that they may pass the core of a coil in a sequence where the
flaps of this ferromagnetic material pre-magnetise and post-magnetise the core and help
to maximise the magnetic flux through the core. By means of an example, this sequence

can be seen in Fig. 12.

Another preferred embodiment of the magnets and the ferromagnetic element is shown in
Fig. 13. In this embodiment, two magnets are orientated opposite each other, so that the
south pole of the one magnet may point in one direction as the north pole of the other

magnet points in the same direction.

The two magnets may be added a ferromagnetic element that helps to increase the
magnetic flux density in the circuit, and to pre-magnetise and post-magnetise the core of

the coil.

It has by way of experiments been found that if the magnetic mass used e.g. in a single
magnet as described earlier is split into two smaller magnets 14 mounted with a backing
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of metal 15, the all in all exploitation of the magnetic mass is increased. This circuit is
shown in Fig. 4 and Fig. 13A-E.

Additionally, in Fig. 14 is shown a sequence where the magnetic circuit comprising two

magnets 14 and one ferromagnetic backing element 15 passes a coil.

Two important details on the ferromagnetic backing is that the flaps or the wings can be
shaped so that they may have areas aligned with the magnetic pole facing the coil, and
that the ferromagnetic backing of the magnets may have a shape where the magnet is
mounted directly to the backing on a detail formed in the backing, thus lifting the magnet
off the rest of the backing so that a reduction in short wiring between the magnet 14 and

the backing 15 is reduced as shown in Fig. 11E.

The different embodiments of the core of the coil comprised in the basic part mounted to
the frame and the magnet circuit comprised in the basic part mounted to the wheel may
be utilised to design a signal device with certain properties. As shown in Fig. 7 A-F, the
signal induced may vary as the magnetic circuit in the wheel and the core of the coil

varies.

The simple induction shown in Fig. 7A does not represent an optimal exploitation of the
magnetic material. The magnetic flux density cannot be very high due to the long distance
from the south pole of the magnet to the other end of the coil in the shown position.

If one, as proposed in this invention, uses a U-shaped ferromagnetic element adjacent
e.g. the magnet south pole - in Fig. 7B, the distance between the coil and the created
"virtual" magnetic south pole of the element is smalier than the distance between the
"real" magnetic south pole and the core. In addition, and more important, the flaps of this
ferromagnetic element helps to pre-magnetise and post-magnetise the core of the coil
removing possible remaining magnetisation and thus making the induction more powerful.

The same effect can partly be achieved, as also proposed in this invention, by adding a
flap on the core of the coil so that the magnetic field can be lead easily to the end of the
coil pointing away from the magnet. The typical induction of this circuit is shown in Fig.
7C.
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If the two added features of the magnet and the core are combined additional efficiency is
gained. As shown in Fig. 7D, more impulses are generated, and laboratory tests have
shown that a peek in the generated voltage double the voitage measured in a circuit as
the one shown in Fig. 7A. Such an increase in voltage can, for a given outer resistance,
represent a quadruplicating of the generated energy. This means that the magnetic
material in the circuit in Fig. 7D utilises the magnet four times as well, measured in energy

conversion.

If, in addition, the core of the coil is combined with a flap as shown in Fig. 7E, some

improvements have been measured.

Finally, if the magnetic circuit comprising two magnets orientated magnetically opposite, is
used as shown in Fig. 7F, much more power and much more impuises are generated.
The voltage of the peak impulse in the induction is 2.5 to 3 times the one measured in Fig.
7A using the same amount of magnetic material. This means that the energy conversion

for a given amount of magnetic material is 6-8 times as efficient.

The shown signals in Fig. 7 A-E are not measured values but are meant as illustrations of

the observed signals in laboratory tests.

The different signais may be designed in different ways so that they may work in some
preferred way with the combined connection of illuminating means. By means of an
example, the circuit shown in Fig. 7D may be connected to three LED'’s so that the two
LED’s are conductive in one direction of the electric current and the one LED is
conductive in the other direction of electric current. This circuit is best seen on Fig. 8B.
The asymmetrical signal shown in Fig. 7D may be connected to the circuit in Fig. 8B so
that the peak voitage induction is lead through the two LED’s connected in series. In this
way, two smaller impuises are conducted through the one LED, and the illumination of all

LED’s can start at the same speed of the bicycle.

The ferromagnetic parts used in this description have been referred to as being one
element, but this may not be the case. The ferromagnetic element used in combination
with the magnet may consist of smaller ferromagnetic elements combined to an element

almost similar to the ones described in this invention. The magnets may neither be one
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element but an assembly of smaller magnets, together creating a magnetic source similar

to that of a single magnet.

As shown in Fig. 6, the mounting of the part of the signal device mounted to the frame
may be performed with at least two different brackets. In a preferred embodiment, are one
type of the brackets 5 enables the part intended to be mounted to the frame 1 of the
bicycle to be mounted to one of the tubes 3 of the bicycie and another bracket 18 enables
the device to be mounted along with the wheel at the centre of the wheel, e.g. using the
nut 19 usually used to fasten the wheel as shown in Fig. 15A and Fig. 15C. The bracket
18 is designed to be mounted to the frame of the bicycle where the frame has a flat area.
By means of an example, this may be where the wheels are attached to the frame, or in
flat areas integrated with the frame or at other elements mounted to the frame. Fig. 6a
shows two types of brackets in preferred embodiments. The brackets may be fastened to
the frame by squeezing them around a tube of the frame. The force for this squeezing can

be obtained by using a screw.

When constructing a signal device as the one intended in this invention, it must be taken
into account that the device is mounted near the rotating wheel with a minimum of air gab
between the two basic parts. The risk is then that the part of the signal device mounted to
the frame of the bicycle may be caught in the wheel, e.g. between two spokes when
rotating. Users have expressed that they consider this a problem, especially in the back of
the bicycle as shown in Fig. 2 where the wheel rotates such that it is possible for the
spokes 4 to catch the part 1. In worst case, the further rotation of part 1 resuits in a
locking of the wheel in the back. This is hazardous and will not be tolerated by

consumers.

The accident may arise if someone or something hits the part 1 so it rotates enough for
the spokes 4 or the part 2 to hit the part 1 and lock it so further rotation of the wheel in the
direction shown in Fig. 2 leads to an additional rotation of the part 1.

The problem may to some extend be solved by designing the part 1 and the part 2 such
that rotation of part 1 does not reduce the air gap as much. In this way, the part 1 has to
be rotated a great deal before it is caught by the passing spokes 4 or part 2. Another
solution is to ensure that part 1 can rotate freely in relation to the spokes by having a big
gap of air between the spokes 4 and the part 1. In this way, it is only the part 2 that can hit
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the rotating part 1 passing it. If both part 1 and part 2 are designed with rounding, the
problem may be further reduced.

Another more secure way of solving the probiem is to ensure that the part 1 can only be
rotated with difficulty. This is best done by designing a bracket 18 that enables the part 1
to be mounted to the frame at a position where a flat area of the frame or elements
mounted to the frame are present. Two flat areas tightened together make a very good

lock against rotation.

This has proven to be a much better way to secure the device.

Examples of embodiments can be seen in Fig. 15.

Finally, it should be remarked that the device can be integrated with the frame of the
bicycle in different ways. By means of an example, the part mounted to the frame of the
bicycle may be mounted to a flat bracket welded to the frame of the bicycle.

It must furthermore be understood that the invention can be comprised in any other
means for signalling such as a bicycle bell, a cat's eye etc. or while the coil may be

integrated e.g. in the frame or handbrakes of the bicycle, the magnets may be integrated

in rims, spokes or tyres of the bicycle or into a gear.
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Claims

1. An illuminating means for a vehicle comprising two parts movable in relation to each

other, the illuminating means comprising:

- atleast one coil attachable to a first part of the vehicle, the coil having a first and a
second electrical output,
- one or more magnets attachable to a second of the two parts of the vehicle, and

- a plurality of light emitting means,
wherein

- the light emitting means are divided into at least two groups of serially interconnected
light emitting means, where each group is connected between the first and the second

electrical outputs of the coil,

- atleast two of the groups having different numbers of serially interconnected light

emitting means.

2. An illuminating means according to claim 1, wherein the light emitting means comprise

at least one LED.

3. An illuminating means according to claim 2, wherein the light emitting means comprise
a first and a second group of LED's and wherein the first group of LED's is adapted to
conduct a current from the first electrical output of the coil to the second electrical output
of the coil and wherein the second group of LED's is adapted to conduct a current from

the second electrical output of the coil to the first electrical output of the coil.

4. An illuminating means according to claim 3, wherein the coil and the magnet(s) are
adapted to generate, upon movement of the first part in relation to the second part,

- afirst electrical current from the first electrical output of the coil to the second

electrical output of the coil and a first voltage between the first and second electrical

outputs and
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- asecond electrical current from the second electrical output of the coil to the first
electrical output of the coil and a second voltage between the first and second

electrical outputs,

and wherein the first and second electrical currents are different and wherein the first and

second voltages are different.

5. An illuminating means according to claim 4, wherein the first voltage is in the size of 1-3
volt such as in the size of 2 volt, and wherein the second voltage is in the size of 2-6 voit

such as in the size of 4 volt.

6. An illuminating means according to any of claims 3 to 5, wherein the LED's in the first
group of LED's have a total voltage barrier in the size of 50-100 pct of the first voltage and
wherein the LED's in the second group have a total voltage barrier in the size of 50-100

pct of the second voltage.

7. An illuminating means for a vehicle comprising two parts movable in relation to each

other, the illuminating means comprising:

- atleast one coil attachable to a first of the two parts of the vehicle, the coil having a
first and a second electrical output,

- one or more magnets having a surface area facing the coil and attachable to a second
of the two parts of the vehicle and

- one or more light emitting means connected between the first and second outputs,

where at least one of the magnets is positioned adjacently to a first element of a
magnetically conducting material having a surface area facing the coil which is larger that

of the at least one of the magnets.

8. An illuminating means according to claim 7, wherein

- the first element comprises a first and a second part positioned adjacently in the
direction of movement

_  the at least one magnet is positioned adjacently to a surface of the first of the parts of

the first element, the surface facing the coil, and
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- the smallest distance, during movement of the magnet relative to the coil, between the
coil and the surface of the first part is larger than that between the coil and a surface

of the second part of the first element.

9. An illuminating means according to claim 8, wherein a smallest distance, during
movement of the magnet relative to the coil, between the surface part of the second part

and the coil is substantially the same as between the magnet and the coil.

10. An illuminating means according to any of claims 7 to 9, further comprising a second
element of a magnetically conducting material, the element having two surface parts
being positioned adjacently in the direction of movement, where at least a part of the
second element extends through the coil, and where the smallest distance, during
movement of the magnet relative to the coil, between the coil and the magnet is larger

than or equal to that between any of the surface parts and the magnet.

11. An illuminating means according to any of claims 7 to 10, wherein the coil is
positioned with a longitudinal axis extending at least substantially perpendicularly to the
direction of movement and so that, at a predetermined position where the distance
between the magnet and the coil is smallest, the axis extends toward the magnet.

12. An illuminating means according to claim 10, wherein the distance between the two
surface parts of the second element is substantially the same as the distance between the

two second part of the first element and the magnet.

13. An illuminating means according to any of claims 10-12, wherein a plurality magnets
are attachable to the first of the two parts of the vehicle and wherein the distance between
the magnets is at least substantially identical to the distance between the two surface

parts of the second element.

14. An illuminating means according to any of claims 10 to13, wherein a cross sectional
area of a part of the second element extending through the coil is smaller than at least
substantially any cross sectional area of the first element and parts of the second element

not extending though the coil.
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15. An illuminating means according to any of claims 10 to14, wherein the second
element is made of a soft ferromagnetic material such as Trafoperm N3 or Vacofer S1.

16. An illuminating means according to any of claims 10-15, wherein the second element

of the coil has a knurled surface

17. An illuminating means according to any of claims 10-16, wherein the second element

of the coil is laminated from a piurality of sheets of metal.

18. An illuminating means for a vehicle comprising two parts movable in relation to each

other, the illuminating means comprising:

. atleast one coil attachable to a first of the two parts of the vehicle, the coil having a
first and a second electrical output,

- one or more magnets having a surface area facing the coil and attachable to a second
of the two parts of the vehicle and

- one or more light emitting means connected between the first and second outputs,

comprising an element of a magnetically conducting material, the element having at least
three surface parts being positioned adjacently in the direction of movement, where at
least a part of the element extends through the coil, and where the smallest distance,
during movement of the magnet relative to the coil, between the coil and the magnet is

larger than or equal to that between any of the surface parts and the magnet.

19. An illuminating means for a vehicle comprising two parts movable in relation to each

other, the illuminating means comprising:

- one or more magnets attachable to a first of the two parts of the vehicle,

. atleast one coil attachable to the second part of the vehicle, the coil having a first and
a second electrical output and a predetermined number of windings provided in a
predetermined number of layers, and

- one or more light emitting means connected between the first and second outputs,

and wherein
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- the number of layers is smaller than 1/4 of a number of windings of a layer of the coil

having the largest number of windings.

20. An illuminating means according to claim 19, wherein a length of the coil exceeds four

times a mean diameter of the windings of the coil.

21. An illuminating means according to claim 19 or 20, wherein the length of the coil is
between 20 and 60 mm. preferably between 30 and 50 mm. such as in the size of 40 mm.

22. An illuminating means according to any of the preceding claims, wherein the two parts

are comprised in sealed fittings, said fittings comprising means for attaching the parts to a

bicycle.
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