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(57) Abstract: A balancing weight (90) for balancing a wheel of a vehicle has a body (92) of non-ferromagnetic material providing a
major portion of the balancing weight's mass and a ferromagnetic inlay (95) for holding the balancing weight (90) by magnetic force.
The ferromagnetic inlay (95) provides a minor portion of the balancing weight's mass. A weight applicator (80) has a magnet (82) for
interacting with the ferromagnetic inlay (95) of the balancing weight (90) and holding the balancing weight (90).
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Balancing Weights with Ferromagnetic Inlay

Field of the invention

The invention relates to balancing weights, which can be handled by an auto-
mated handling system, and which may be attached to the rim of a wheel of a
vehicle for balancing the wheel. The invention also relates to a balancing weight
applicator, which can be part of an automated handling system, for handling the
balancing weights. The invention furthermore relates to a method for automated

handling of balancing weights.

Description of the related art

Clip-on balancing weights as disclosed in the US patent 4,728,154 have a body of
a metal providing mass and a clip to hold the balancing weight to the rim of a

wheel.

US patent 7,478,659 B2 discloses a sticker weight pressurizer for wheels. The
pressurizer has two pressure blocks for pressing balancing weights to a rim of a
wheel. The balancing weights are applied manually by an operator in a first step,

and are firmly pressed to the rim by the pressurizer in a second step.

US patent 8,182,639 B2 discloses a weight applicator for a wheel. The weight
applicator has an outer arcuate surface for holding the balancing weight to be
attached to the wheel by means of an adhesive. For this purpose, balancing

weights having adhesives on opposing sides are required.

A dispensing device for balancing weights and a method for dispensing balancing
weights is disclosed in WO 2013/034399 Al. Herein, plastic balancing weight

tapes with integrated steel balls are disclosed.
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US 5,134,766 discloses an automatic weight application machine holding the

balancing weights by a ferromagnetic clip.

WO 2010/143322 A1l discloses a balancing weight.

Summary of the invention

The problem to be solved by the invention is to improve balancing weights and
applicators for balancing weights for a simplified handling of balancing weights
during application to a rim. Furthermore, it is desired, if the balancing weights
can be applied precisely to a predetermined position. A further objective is to
reduce costs in handling of balancing weights by an applicator and to provide an

improved method of handling balancing weights.

Solutions of the problem are described in the independent claims. The depend-

ent claims relate to further improvements of the invention.

Tests have shown, on that the magnetic force which can be established to a bal-
ancing weight as known from prior art is not sufficient to hold the balancing
weight at a modern handling device. Due to very short cycle times, high move-
ment speeds and high accelerations are required. Accordingly a precise location
of the balancing weights compared to the handling device and high holding forc-

es are required.

In a first embodiment, a balancing weight comprises a balancing weight body
having an inlay of ferromagnetic material, which preferably is shaped as an elon-
gated member. The ferromagnetic inlay has a contact surface located at one side
of the balancing weight body. This contact surface allows establishing a magnetic
circuit with an external magnet, having a comparatively small air gap. The term
air gap means herein a gap of non-magnetic material, or any material having a
low magnetic permeability like air, imposing a comparatively high magnetic re-

sistance. Due to be accessible contact surface, a high magnetic flux density can
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easily be established. Although it is preferred to have only one contact surface,
there may be two or more contact surfaces, preferably at opposing sides of the
balancing weight. One contact surface has shown to be sufficient. It is the best

choice, as it has only a low impact on the design and the mechanical stability of

the balancing weight.

It is preferred, that the balancing weights are coated to provide a corrosion pro-
tection and/or to cover the ferromagnetic inlays. As the thickness of two pitted
coatings is in the range of some micrometers, this would not or only rarely affect

the magnetic flux.

In another embodiment, a balancing weight has a body with at least one ferro-
magnetic inlay. The balancing weight may have a body comprising at least one of
titanium, chromium, Nickel, molybdenum, tin, zinc, tungsten, aluminum. The
body may also be a polymer, plastic or composite material containing mass parti-
cles of at least one of these materials. The purpose of the body is to provide a
significant amount of the total mass of the balancing weight. Therefore, the body
(excluding the inlay) provides the major portion of the total mass of the balanc-
ing weight, while the inlay provides the minor portion of the total mass of the
balancing weight. The mass of the inlay is less than the mass of the body. The
ferromagnetic inlay provides ferromagnetic properties and may interact with
another ferromagnetic material or magnet in an application head. The inlay
comprises at least one ferromagnetic material. Such a ferromagnetic material
may be a metal based on iron, or any iron alloy, composition or compound. Pref-
erably, the inlay has a mass of less than 50%, most preferably less than 20% of
the total mass of the balancing weight. It is further preferred, if the mass of the
inlay is less than 10%, most preferably less than 5% of the total mass of the bal-

ancing weight.
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Some kinds of balancing weights have metal clips for holding the balancing
weights to the rim of a wheel. Often, this clip is made of iron or steel, providing
ferromagnetic properties. Using this clip for holding the balancing weight does
not provide a high reproducibility. Instead, there is, according to the invention, a
ferromagnetic inlay within the balancing weight, which is separated from the
clip. This ferromagnetic inlay should have no mechanic and magnetic connection
to the clip. Instead, it should be located at a position, at which the magnetic flux
is not destructed or deflected by the clip. Most preferably, the ferromagnetic
inlay is for the only purpose of holding the balancing weight during delivery to a

rim.

Although it is preferred that the ferromagnetic inlay is a soft magnetic material,
it may also be a permanent magnetic material. It may comprise beyond iron at
least one of the following materials: samarium, cobalt, nickel. The ferromagnetic
inlay preferably is completely embedded within a body of the balancing weight.
In an alternative embodiment, the ferromagnetic inlay may be inserted through
or into a cutout in the body of the balancing weight. The cutout may be a
punched, drilled, or molded hole in the balancing weight. In a further embodi-
ment, there may be a diamagnetic material like a plastic, or a gas like air or ni-
trogen close to the ferromagnetic inlay for controlling the magnetic flux through
the ferromagnetic inlay. The ferromagnetic inlay may be held within the balanc-
ing weight by means of an adhesive, a glue, a plastic material, by form fit or by
press fit or a combination thereof. It is preferred, if the ferromagnetic inlay is a
short piece of a cylinder or rod. In an alternative embodiment, the ferromagnetic

inlay may be an elongated piece of a cylinder or rod.

There may be one or a plurality of ferromagnetic inlays within the body of a bal-
ancing weight. Preferably, a ferromagnetic inlay is in the center section of a bal-
ancing weight. In an alternative embodiment, at least two ferromagnetic inlays

are at the outer ends and sections of a balancing weight. In chained balancing
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weights, not every balancing weight has a ferromagnetic inlay. Instead, every
second or fourth, or any other number of balancing weights may have a ferro-

magnetic inlay.

According to a further embodiment, a weight applicator head has a magnet for
holding a balancing weight with a ferromagnetic inlay. The applicator head may
have a permanent magnet or an electrical magnet (electromagnet). It may have a
coil through which a current may flow to generate a magnetic field for holding
the ferromagnetic inlay of a balancing weight and therefore the balancing

weight.

According to another embodiment, a method for handling balancing weights
comprises the steps of moving an applicator head close to a balancing weight,
holding the balancing weight by magnetic force to the applicator head, moving
the applicator head together with the balancing weight to the rim, and releasing

the balancing weight from the applicator head.

In a further embodiment, a method for handling balancing weights comprises the
further steps of enabling an electrical magnet within the applicator head after
the application head has been moved close to a balancing weight and disabling
the electrical magnet within the applicator head after the balancing weight has
been moved to the rim. Enabling of the electrical magnet may be done by switch-
ing on a current through the coil of the electrical magnet. A disabling of the elec-

tric magnet may be done by switching of the current.

Description of Drawings

In the following, the invention will be described by way of example, without limi-
tation of the general inventive concept, on examples of embodiment with refer-

ence to the drawings.
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1 shows a first embodiment of a balancing weight in a sectional view.

2 shows the balancing weight in a sectional view from the top.

3 shows the chain of balancing weights in a side view.

4 shows another embodiment of a clip-on balancing weight.

5 shows a further embodiment of a clip-on balancing weight.

6 shows a further embodiment of a clip-on balancing weight without clip.

7 shows a sectional view of a balancing weight with ferromagnetic inlay.

8 shows a balancing weight with embedded ferromagnetic inlay.

9 shows a balancing weight with a cutout at the bottom side, holding a fer-

romagnetic inlay.

10 shows a chain of adhesive balancing weights.

11 shows a single adhesive balancing weight.

12 shows a side view of another embodiment of a balancing weight.

13 shows an embodiment of a balancing weight with a modified cutout.

14 shows an embodiment of a balancing weight with a further modified cut-

out.

15 shows a balancing weight with an elongated ferromagnetic inlay in a top

view.
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Fig. 16 shows a balancing weight with an elongated ferromagnetic inlay in a side

view.

Fig. 17 shows an adhesive balancing weight with an integrated magnet.

Fig. 18 shows an applicator head holding a balancing weight.

Fig. 18 shows an applicator head with an electrical magnet, holding a balancing

weight.

Fig. 20 shows a further embodiment of an applicator head holding a balancing

weight.

Fig. 21 shows a further embodiment of an applicator head with an electrical

magnet, holding a balancing weight

In figure 1, a first embodiment of the balancing weight is shown in a sectional
view from one side. The balancing weight has a bottom side with is designed to
contact a rim of a wheel to be balanced. In this embodiment, the contact side
has an adhesive tape 99 attached. In the case of a clip on balancing weight, there
would be no adhesive tape. Opposing it to the contact side is a top side, which
may bear a marking. In the case of an approximately rectangular balancing
weight, there are four other sides. The balancing weight body 92 has an inlay 95
of ferromagnetic material, which preferably is shaped as an elongated member.
Most preferably, the inlay is approximately parallel to the contact side. The fer-
romagnetic inlay 95 has a contact surface 94 located at one side of the balancing
weight body. This contact surface allows establishing a magnetic circuit with an

external magnet, having a comparatively small air gap.

In figure 2, the previous embodiment is shown in the further sectional view from

the top.
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In figure 3, a plurality of balancing weights, forming a chain or belt is shown. The
balancing weights are attached to a common adhesive tape 99. Before assembly,
a required number of balancing weights may be cut or separated from the belt,

maintaining its adhesive tape section. Here, the ferromagnetic inlays 95 can still

be seen. It is preferred, that the balancing weights are coated to provide a corro-
sion protection and/or to cover the ferromagnetic inlays. As the thickness of two
pitted coatings is in the range of some micrometers, this would not or only rarely

affect the magnetic flux.

In Fig. 4, an embodiment of a clip-on balancing weight is shown. The balancing
weight 10 has a body comprising a center section 13, a first side wing 11 and a
second side wing 12. A clip 16 for attaching the balancing weight to the rim of a
wheel is attached to the center section 13 of the balancing weight. Preferably,
the clip 16 is embedded into the center section 13. For holding the balancing
weight by an applicator, a first ferromagnetic inlay 14 and a second ferromagnet-
icinlay 15 are provided. Preferably, these ferromagnetic inlays comprise a fer-
romagnetic material, like iron, steel or even a plastic with embedded ferromag-
netic particles. The ferromagnetic inlays shown herein may be oriented towards
the top surface, as shown in the figure, which improves the magnetic force to a
magnetic weight applicator. Alternatively, the ferromagnetic inlays may also be
covered by the weight material, or any other cover material, like a dye, a protec-
tive film, or any other coating. By using two or more ferromagnetic inlays, the
position of the balancing weight with respect to an applicator head may be pre-
cisely defined. There may be an additional means for mechanically guiding the

stabilizing the balancing weight.

In Fig. 5, a further embodiment of a clip-on balancing weight 10 is shown. Here,
only a first ferromagnetic inlay 14 is provided, preferably at the center of the

balancing weight. To avoid unwanted effects, the ferromagnetic inlay must be

PCT/EP2014/057330



10

15

20

25

WO 2014/167079 PCT/EP2014/057330

separated, preferably magnetically separated by the clip 16, if the clip has ferro-

magnetic properties. If a plastic clip is used, such as separation is not necessary.

In Fig. 6, a clip-on balancing weight 20 without clip is shown. The balancing
weight shown herein is similar to the previously shown balancing weights. The
main difference is that there is no clip provided. During the mounting process of
the balancing weight to the rim, a separate clip is pushed over the balancing
weight and the rim, to secure the balancing weight to the rim. For holding the
clip, a recess 21, preferably at the center of the balancing weight is provided.
Again, a first ferromagnetic inlay 14 and a second ferromagnetic inlay 15 are
provided. Although it is preferable to have a symmetrical arrangement with two

ferromagnetic inlays, a single ferromagnetic inlay would work.

In Fig. 7, a sectional view of a balancing weight 20 according to any one of the
previous embodiments is shown. There may be a first cutout 25 at the top of the
balancing weight in which a second ferromagnetic inlay 15 is held. The cutout 25
may be manufactured during molding of the balancing weight 20, it may be
punched into the balancing weight, or it may be drilled or manufactured by any
other suitable way into the balancing weight 20. It may have chamfered or
rounded edges to simplify insertion of the ferromagnetic inlay 15. There may be
a similar cutout for a first ferromagnetic inlay and/or any further ferromagnetic

inlays.

In Fig. 8, a further balancing weight 30 is shown with embedded ferromagnetic
inlay 15. This ferromagnetic inlay may be molded into the body of the balancing

weight.

In Fig. 9, a balancing weight 40 with a cutout 45 at the bottom side is shown. In
this cutout, a ferromagnetic inlay is held. The cutout may be manufactured as

described before, and the balancing weight may be covered as described before.
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In Fig. 10, a chain 50 of self-adhesive balancing weights is shown. The balancing
weights 51, 52, and 53 are preferably chained together, for example by a com-
mon self-adhesive tape under the balancing weights or by a metallic connection
between the balancing weights. There may be a long chain of balancing weights
from which pieces of required length may be cut off. Each of these balancing
weights preferably has a ferromagnetic inlay 54, 55, and 56. There may also be
segments of chained balancing weights, for example comprising of a piece of
three balancing weights 51, 52, 53, which are fixedly connected to each other. In
such a case, it is preferred to use ferromagnetic inlays only in one or two of the
balancing weights. For example, a single magnetic inlay may be used at the cen-
ter balancing weight 52 of three adjacent balancing weights, or any other num-
ber of adjacent balancing weights. In an alternative embodiment, two ferromag-
netic inlays may be used at the outmost balancing weights of a chain of balancing

weights. These may be the balancing weights 51 and 53 in this embodiment.

In Fig. 11, a single adhesive balancing weight 60 is shown. At its center, there is a
ferromagnetic inlay 65. There may also be any other number of ferromagnetic

inlays in this balancing weight.

In Fig. 12, a further embodiment of a balancing weight 60 is shown. Here, the
ferromagnetic inlay is positioned at the bottom side of the balancing weight,
which is close to the rim. To hold the balancing weight 60 to the rim, a self-
adhesive tape 69 may be provided. The ferromagnetic inlay 65 is placed within a
cutout 64. Between the ferromagnetic inlay and the body of the balancing
weight 60, there may be gap 66. In the most preferred embodiment, the ferro-
magnetic inlay is held within the cutout by the adhesive tape 69. In another em-
bodiment, there is filler, like a glue or cement, within the gap 66 to further hold
the ferromagnetic inlay within the body of the balancing weight 60. It is further
preferred, if the gap contains at least a ferrimagnetic material. Such a ferrimag-

netic material may be air, plastic, or a similar material. Having at least a small
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amount of ferrimagnetic material in series with the ferromagnetic inlay would
give a well-determined magnetic flow, and therefore may avoid excessive hold-
ing forces between the balancing weights and an applicator head. This may pre-

vent sticking of the balancing weight to an applicator head.

In Fig. 13, a further adhesive balancing weight 60 with a modified cutout 64 is
shown. Here, the cutout preferably has a conical shape, into which the ferro-
magnetic inlay, which preferably also has an adapted conical shape, is pressed.
This results in a form fit between the ferromagnetic inlay and the body of the
adhesive balancing weight. In addition, here may be a gap 66. Preferably, the
thickness of the gap is between 3mm and 0.1 mm. Most preferably, the thickness

is between 0.5mm and 0.1 mm.

In Fig. 14, a further adhesive balancing weight 60 with a modified cutout 64 in

inverted conical shape is shown. It preferably is held by press fit.

In Fig. 15, a self-adhesive balancing weight 70 with an elongated ferromagnetic

inlay 75 in shown in a top view.

In Fig. 16, a self-adhesive balancing weight 70 with is shown. This balancing
weight contains an elongated ferromagnetic inlay 75. This inlay may have the
shape of a cylindrical rod. The ferromagnetic inlay may be mounted from the top
side or from the bottom side, similar to the embodiments shown before. Most
preferably, it is embedded into the body of the balancing weight. Preferably,

there is an adhesive tape 79 to hold the balancing weight to the rim.

In Fig. 17, a balancing weight 71 with an integrated magnet 76 is shown. The
magnet may be mounted from the top side or from the bottom side, similar to
the embodiments shown before. Most preferably, it is embedded into the body
of the balancing weight. The letters N and S denote the North Pole and the south

pole of the magnet. These may be exchanged in their direction.
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In Fig. 18, an applicator head 80 is shown, holding a balancing weight 91. The
applicator head has a body 81 holding a magnet 82. Herein, a permanent magnet
is shown. Instead, a magnetic coil may be used. The magnetic field generated by
the magnet 82 in the applicator head generates a magnetic flux 83 penetrating
the elongated ferromagnetic inlay 95 in balancing weight 91. The magnetic flux is
guided by an armature 84. By this magnetic flux, the ferromagnetic inlay 75 and
therefore the balancing weight 91 is held to the applicator head 80. There may
be further mechanical fixing means 89 for mechanically holding the balancing
weight in a predetermined position with respect to the applicator head, so that
the balancing weight may not rotate or tilt when being held by the applicator
head. Dependent of or together with the fixing means 89, the orientation of the
balancing weight with respect to the applicator head may be determined by the
direction of the magnetic flux. The magnetic flux shown in this embodiment
would try to force the elongated ferromagnetic inlay parallel to the magnet 82.
Therefore, there would always be a clearly determined orientation of the balanc-

ing weight.

In Fig. 19, an applicator head 80 having an electrical magnet is shown. The elec-
trical magnet preferably has a coil 86 comprising of a plurality of windings. Pref-
erably, the windings are held by a coil form 85. For better flux control, it is pre-
ferred to have an armature 84 within the coil. Preferably, the armature is ex-
tended to the sides of the balancing weight, like in the previous figure. In this
case, the previous permanent magnet is replaced by a coil with an inner arma-
ture part. The magnetic flux 83 is similar to the magnetic flux generated by a
permanent magnet, as shown in the previous figure. The magnetic force may be
controlled by controlling a current flowing through the coil. Accordingly, the
magnetic force may be increased or decreased. For example for picking up the
balancing weight, a comparatively high magnetic force may be used; during

transport, the magnetic force may be reduced; after the balancing weight has
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been applied to the rim, for releasing the balancing weight from the applicator

head, the magnetic force may be set to zero.

In Fig. 20, a further embodiment of an applicator head 80 is shown for holding a
balancing weight 60, as previously disclosed. If there is only a small and not elon-
gated ferromagnetic inlay, it is preferred to change the orientation of the magnet
82 towards the ferromagnetic inlay as shown. The magnetic flux 83 differs in its
orientation accordingly, compared to the previous embodiments. If there is a

plurality of ferromagnetic inlays, a plurality of magnets may be used.

In Fig. 21, an embodiment of an applicator head 80 with an electrical magnet is
shown for holding a balancing weight 60. The electrical magnet may have a wind-
ing 86 held by a coil form 85 and being centered by an armature 84. The magnet-

ic flux 83 is similar to the magnetic flux of the previous embodiment.

In Fig. 22, a preferred embodiment of an applicator head 80 with an electrical
magnet is shown for holding a balancing weight 90. The electrical magnet may
have at least one winding 86 held by a coil form 85 and being centered by an
armature 84. The magnetic flux 83 goes from the armature into the ferromagnet-
ic inlay and leaves the ferromagnetic inlay by contact surface 94 into the Arma-

ture 84.

PCT/EP2014/057330
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Claims

1.

Balancing weight having a body (92) of non-ferromagnetic material and a
ferromagnetic inlay (95) for holding the balancing weight by magnetic
force,

characterized in, that

the ferromagnetic inlay (95) provides at least one contact surface (94) at at

least one side of the balancing weight body.

Balancing weight according to claim 1,
characterized in, that
the ferromagnetic inlay (95) provides one contact surface (94) at one side

of the balancing weight body.

Balancing weight according to any one of the preceding claims,
characterized in, that
we ferromagnetic inlay (95) is parallel to an attachment side of the balanc-

ing weight body.

Balancing weight according to any one of the previous claims,
characterized in, that

the body is providing an major portion of the balancing weight’s mass and
the ferromagnetic inlay is providing a minor portion of the balancing

weight’s mass.

Balancing weight according to any one of the previous claims,
characterized in, that
the balancing weight has a metal clip for attaching the balancing weight to

a rim, and that the ferromagnetic inlay is located separately from the clip.
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10.

11.

16

Balancing weight according to any one of the previous claims,
characterized in, that
the ferromagnetic inlay is held within a cutout in the body of the balancing

weight.

Balancing weight according to any one of the previous claims,
characterized in, that

the ferromagnetic inlay is embedded within the balancing weight.

Balancing weight according to claim 6,
characterized in, that

the cutout is sealed by a sealing material, like a plastic, an epoxy or a dye.

Balancing weight according to any one of the previous claims,
characterized in. that

the ferromagnetic inlay is a cylindrical-shaped rod.

Weight applicator for applying a balancing weight according to at least one
of the previous claims to a wheel,

characterized in, that

the weight applicator has at least one magnet for interacting with the fer-

romagnetic inlay of the balancing weight.

Weight applicator according to claim 10,
characterized in, that

the magnet is a permanent magnet or an electrical magnet.
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12.

13.

17

Method for handling balancing weights according to any one of the previ-
ous claims, comprising the steps of

moving an applicator head close to a balancing weight,

holding the balancing weight by magnetic force to the applicator head,
moving the applicator head together with the balancing weight to the rim,
and

releasing the balancing weight from the applicator head.

Method for handling balancing weights according to claim 12,

comprising the further steps of:

enabling an electrical magnet within the applicator head after the applica-
tion head has been moved close to a balancing weight and

disabling the electrical magnet within the applicator head after the balanc-

ing weight has been moved to the rim.
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