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(57) ABSTRACT

An oscillating power tool with an electric motor is provided,
including an armature shaft with an armature and a fan
wheel, including an eccentric arranged on the armature shaft
at one end thereof, a first balancing mass for balancing an
unbalance of the eccentric and possibly an eccentric bearing,
being arranged in the proximity of the eccentric or the
eccentric bearing, respectively, however, at an axial dis-
tance, further including a second balancing mass for bal-
ancing a couple unbalance caused by the axial distance
between the eccentric and the eccentric bearing, respec-
tively, and the first balancing weight, wherein the second
balancing mass is arranged on the armature shaft at the side
facing away from the eccentric or the eccentric bearing. Also
a method for balancing such an electric motor is provided.
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OSCILLATING ELECTRIC POWER TOOL
WITH BALANCED ARMATURE SHAFT

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. application
Ser. No. 15/848,069 filed Dec. 20, 2017, which is a con-
tinuation of international patent application PCT/EP2016/
063597, filed on Jun. 14, 2017, which claims priority from
German patent application 10 2015 110 266.8, filed on Jun.
25, 2015. The entire contents of these priority applications
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to an oscillating electric
power tool with an electric motor having an armature shaft
with an armature and a fan wheel, comprising an eccentric
arranged on the armature shaft at one end of the armature
shaft, comprising a first balancing mass for balancing an
unbalance of the eccentric being arranged in the proximity
of the eccentric, but at an axial distance therefrom, and
comprising a second balancing mass for balancing a couple
unbalance caused by the axial distance between the eccentric
and the first balancing weight.

[0003] The invention further relates to a method for bal-
ancing an electric motor for an electric power tool compris-
ing an armature shaft with an armature and a fan wheel, and
an eccentric arranged on the armature shaft at one end of the
armature shaft.

[0004] Oscillating power tools have an eccentric coupling
drive for converting the rotational motion of the armature
shaft of a motor into a drive motion of a tool shaft oscillating
about its longitudinal axis. To this end usually an eccentric
is provided directly on the armature shaft of the motor. The
eccentric acts together with an eccentric lever for effecting
a rotary oscillatory movement of the tool spindle.

[0005] It will be understood that the armature shaft must
be balanced. To this end usually a balancing mass for
balancing an unbalance of the eccentric is provided directly
adjacent to the eccentric. By the axial displacement between
the eccentric and the balancing mass however there results
a couple unbalance which additionally must be balanced. To
this end a further balancing mass may be provided, or the fan
wheel which is also provided on the output side is respec-
tively unbalanced.

[0006] A problem with the prior art designs rests in the fact
that with an increasing motor power the size of the eccentric
and of an eccentric bearing that is possibly arranged thereon,
increases. By the longitudinal displacement between the
eccentric and the balancing weight and/or the fan the couple
unbalance resulting therefrom usually is balanced in that the
armature stack of sheets is provided with suitable recesses.
[0007] However a balancing becomes increasingly com-
plicated with machines of higher power. A milling off of the
armature stack of sheets in many cases is no longer sufficient
to reach the necessary balancing.

SUMMARY OF THE INVENTION

[0008] In view of this it is a first aspect of the invention to
disclose an oscillating electric power tool wherein a balanc-
ing of the armature shaft is reached in a simple and reliable
way.
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[0009] According to another aspect there shall be dis-
closed an oscillating electric power tool with an EC-motor
wherein a balancing of the armature shaft is reached in a
simple and reliable way.

[0010] According to another aspect there shall be dis-
closed a method for balancing an electric motor for an
oscillating power tool.

[0011] According to another aspect there shall be dis-
closed a method for balancing an EC-motor for an oscillat-
ing power tool.

[0012] According to a first aspect there is disclosed an
oscillating electric power tool, comprising:

[0013] an electric motor including an armature shaft;
[0014] an armature and a fan wheel being arranged on said
armature shaft, said armature defining a first side of said
armature shaft on which said fan wheel is arranged, and a
second side opposite to said first side;

[0015] an eccentric received on said first side of said
armature shaft;
[0016] a first balancing mass for compensating an unbal-

ance of the eccentric being arranged in proximity to said
eccentric at said first side of said armature shaft;

[0017] asecond balancing mass for compensating a couple
unbalance caused by an axial distance between said eccen-
tric and said first balancing weight, said second balancing
mass being arranged at said second side of said armature
shaft.

[0018] According to another aspect there is disclosed a
method for balancing an electric motor for an electric power
tool having an armature shaft, an armature, a fan wheel, and
an eccentric being arranged on said armature shaft, said
method comprising the following steps:

[0019] providing an armature shaft with an eccentric;
[0020] mounting an armature stack of sheets including
armature windings on said armature shaft, thereby defining
a first side of said armature shaft and a second side of said
armature shaft;

[0021] mounting a fan wheel on said armature shaft on
said first side of said armature shatt;

[0022] mounting a first balancing mass in proximity to
said eccentric on said first side of said armature shatft;

[0023] mounting a second balancing mass on said second
side of said armature shaft;

[0024] adjusting said second balancing mass on said arma-
ture shaft for compensating a couple unbalance caused by an
axial distance between said eccentric and said first balancing
mass;
[0025]
machine;
[0026]
machine;
[0027] generating signals for specifying size and position
of' notch(es) to be made on said armature shaft for balancing
said armature shaft statically and dynamically;

clamping said armature shaft on a balancing

driving said armature shaft on said balancing

[0028] providing notches on said armature according to
said signals.
[0029] According to another aspect there is disclosed a

method for balancing an EC-motor for an electric power tool
having an armature shaft, an armature, a fan wheel, and an
eccentric being arranged on said armature shaft, said method
comprising the following steps:
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[0030] providing an armature shaft with an eccentric;
[0031] mounting an armature stack of sheets including
armature windings on said armature shaft, thereby defining
a first side of said armature shaft and a second side of said
armature shaft;

[0032] mounting a balancing ring on said armature shaft
on said first side adjacent to said armature stack of sheets;
[0033] mounting a balancing ring on said armature shaft
on said second side adjacent to said armature stack of sheets;
[0034] mounting a fan wheel on said armature shaft on
said first side of said armature shatft;

[0035] mounting a first balancing mass in proximity to
said eccentric on said first side of said armature shatft;
[0036] mounting a second balancing mass on said second
side of said armature shaft;

[0037] adjusting said second balancing mass on said arma-
ture shaft for compensating a couple unbalance caused by an
axial distance between said eccentric and said first balancing
mass;

[0038] clamping said armature shaft on a balancing
machine;
[0039] driving said armature shaft on said balancing

machine for balancing;

[0040] generating signals for specifying size and position
of notches to be made on said balancing rings for balancing
said armature shaft statically and dynamically;

[0041] providing notch(es) on said armature rings accord-
ing to said signals.

[0042] Since according to the invention the second bal-
ancing mass is arranged at a side of the armature shaft facing
away from the eccentric, a large distance between the
eccentric or respectively, the first balancing mass, and the
second balancing mass results. Due to the large lever gen-
erated thereby only a relatively small second balancing mass
is necessary for balancing the couple unbalance. Thus also
with high drive power a simple and reliable balancing of the
armature shaft including an eccentric and possibly eccentric
bearing is ensured.

[0043] According to a further development of the inven-
tion there is received an eccentric bearing on the eccentric,
wherein the first balancing mass is configured for compen-
sating the unbalance of the eccentric and the eccentric
bearing, and wherein the second balancing mass is config-
ured for balancing the remaining couple unbalance.

[0044] Also with such a design a balancing of the couple
unbalance can be ensured in this way.

[0045] According to a further development of the inven-
tion the first balancing mass is configured as a first balancing
disk that is arranged on the armature shaft adjacent the
eccentric.

[0046] In this way a very simple design results, and, due
to the direct arrangement of the first balancing disk adjacent
to the eccentric, the resulting couple unbalance is kept as
small as possible.

[0047] According to a further development of the inven-
tion the second balancing mass is configured as a second
balancing disk that is arranged on the armature shaft.
[0048] In this way a simple arrangement of the second
balancing mass on the armature shaft is made possible.
[0049] In a further preferred configuration of the invention
the second balancing mass is made of an electrically non-
conducting material, preferably from plastic.

[0050] This embodiment has the advantage that due to the
insulating material the electric safety is not impeded, even if
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the second balancing mass is arranged directly adjacent to a
commutator in case of a commutator motor.

[0051] According to the method according to the invention
preferably there is mounted an eccentric bearing on the
eccentric, before performing the balancing operation on the
balancing machine.

[0052] In this way in case of a configuration as an eccen-
tric coupling drive with an eccentric bearing on the eccentric
a balancing of the unbalance resulting from the eccentric
bearing is ensured.

[0053] According to a further development of the inven-
tion on the armature shaft two armature bearings are
mounted before performing the balancing operation on the
balancing machine.

[0054] According to this configuration possible unbal-
ances resulting from the armature bearings are also bal-
anced.

[0055] In a further development of the method according
to the invention a first balancing mass configured as a
balancing disk is utilized that preferably is arranged adjacent
the eccentric.

[0056] In this way a simple design and a couple unbalance
as small as possible are ensured.

[0057] As already mentioned above, the second balancing
mass preferably is configured as a balancing disk consisting
of an electrically non-conducting material, preferably from
a plastic material.

[0058] It will be understood that the features of the inven-
tion mentioned above and to be explained hereinafter cannot
only be used in the given combination, but also in different
combinations or independently without departing from the
scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0059] Further features and advantages of the invention
can be taken from the subsequent description of a preferred
embodiment with reference to the drawings. In the drawings
show:

[0060] FIG. 1 a perspective representation of a power tool
including a drive according to the invention;

[0061] FIG. 2 a simplified schematic representation of the
power tool according to FIG. 1 including the tool spindle,
the electric motor and the oscillatory drive;

[0062] FIG. 3 an enlarged perspective representation of
the armature shaft of the motor including the armature
mounted thereon and the fan wheel, two balancing weights
and an eccentric bearing;

[0063] FIG. 4 a side elevation of the completed armature
shaft according to FIG. 3, wherein in addition there is
depicted an armature bearing at the end opposite to the
eccentric bearing;

[0064] FIG. 5 a perspective representation on the second
balancing mass according to FIG. 3;

[0065] FIG. 6 a sectional representation along the line
VI/VI according to FIG. 4;

[0066] FIG. 7 a representation of the completed armature
according to FIG. 3, seen from the eccentric side; and
[0067] FIG. 8 a simplified schematic representation of a

balancing machine for balancing the completed armature
shaft.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

[0068] In FIG. 1 a power tool according to the invention
is shown in perspective representation and is denoted in total
with numeral 10.

[0069] The power tool 10 comprises a longitudinal hous-
ing 12 which can be gripped around with one hand, and at
the top side of which a switch 14 for switching on and off
the power tool 10 is arranged. In the rear part of the housing
there is received an electric motor which is only designated
with numeral 18. In the front part of the housing there is
indicated an eccentric coupling drive with numeral 20 which
converts a rotary drive motion of the electric motor 18 into
a rotary oscillatory drive motion of a tool spindle 16 that
protrudes from the end of the housing 12 to the outside at an
angle. The eccentric coupling drive 20 is configured so that
the tool spindle 16 oscillates back and forth about a longi-
tudinal axis 24 of the tool spindle 16 at high frequency,
usually in the range from 5,000 to 25,000 oscillations per
minute, and at a small pivot angle, usually in the range from
0.5 to 3 degrees, such as indicated by the double arrow 26.
[0070] At the end of the tool spindle 16 a tool 22 can be
secured exchangeably, as depicted here exemplarily by a
sawing tool 22.

[0071] InFIG. 2 the power tool 10 is shown in a simplified
schematic representation. The electric motor 18 drives the
tool spindle 16 rotatingly oscillatingly about the longitudinal
axis 24 via the eccentric coupling drive 20. The tool spindle
16 is mounted by means of two bearings 28, 30 within the
housing 12. The eccentric coupling drive 20 comprises an
eccentric 32 which is formed directly on the electric motor
18 as will be described hereinafter in more detail. The
eccentric 32 cooperates with an eccentric lever 34 by means
of which the rotary drive motion of the electric motor 18 is
converted into the oscillatory motion of the tool spindle 16.
[0072] As can be seen from FIGS. 3 and 4 the electric
motor 18 comprises an armature shaft 36 at one end of which
facing away from the drive the eccentric 32 is formed
integrally with the armature shaft 36. On the eccentric 32
there is held an eccentric bearing 42 having a crowned outer
ring and that is enclosed by a fork-shaped end of the
eccentric lever 34. Directly adjacent to the eccentric bearing
42 or the eccentric 32, respectively, there is arranged on the
armature shaft 36 a first balancing mass configured as a first
balancing disk 44. The first balancing mass 44 serves for
balancing the unbalance caused by the eccentric 32 and the
eccentric bearing 42.

[0073] Since the first balancing mass 44 is arranged on the
armature shaft 36 axially displaced with respect to the
unbalance caused by the eccentric 32 and the eccentric
bearing 42, there results a couple unbalance which must be
additionally balanced.

[0074] According to the invention to this end a second
balancing weight configured as a second balancing disk 46
is provided which is arranged in the region of the opposite
end of the armature shaft 36. Adjacent to the first balancing
mass 44 there is arranged a first bearing 52 on the armature
shaft 36. At the opposite end of the armature shaft 36 there
is arranged a second bearing 54. Adjacent to the first bearing
52 a fan wheel 40 is provided on the armature shaft 36.
[0075] Between the second bearing 54 at the end of the
armature shaft 36 and the second balancing mass 46 there is
arranged adjacent thereto the armature 38 with its armature
stack of sheets 48 (see FIG. 3) and armature windings 50
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received thereon. At the armature stack of sheets 48 in
addition there may be provided balancing recesses 49, such
as shown exemplarily in FIG. 3.

[0076] Optionally in addition adjacent to the armature
stack of sheets 48 there may be provided balancing rings 66,
68 such as shown in FIG. 4. The utilization of balancing
rings 66, 68 is useful in case the electric motor 12 is
configured as an EC-motor. Namely, in this case the bal-
ancing cannot be done directly on the armature stack of
sheets 48, since in this case permanent magnets instead of
windings would be received at 50. In this case then the
balancing is done at the balancing rings 66, 68.

[0077] The second balancing mass 46 configured as the
balancing disk is shown again in FIG. 5 in enlarged repre-
sentation.

[0078] FIGS. 6 and 7 show a sectional representation
through the armature according to FIG. 4 along the line
VI-VI and, an end view of the armature shaft 36 seen from
the eccentric 32, respectively.

[0079] The second balancing disk 46 serves for balancing
the couple unbalance that is due to the axial displacement
between the eccentric 32 and the eccentric bearing 42 as well
as the first balancing mass 44.

[0080] Since the second balancing mass 46 is arranged at
a large axial distance from the eccentric 32, the eccentric
bearing 42 and the first balancing mass 44, only a relatively
small mass is sufficient for compensating the couple unbal-
ance.

[0081] Preferably, the second balancing mass 46 is made
of an electrically insulating material configured as a plastic
material.

[0082] This has the advantage that the electric safety is by
no means impaired thereby. In the present case the electric
motor 18 is configured as an EC-motor so that it does not
have a commutator.

[0083] However, in case of a common universal motor
comprising a commutator the second balancing mass is
placed in direct vicinity of the commutator. Also in this case
the configuration of the second balancing mass made of
plastic is particularly advantageous, since in this way the
electric safety also in the case of commutator sparking is by
no means impaired.

[0084] To ensure a balanced running of the armature shaft
36 the fully completed armature shaft is clamped according
to FIGS. 3 and 4, respectively, on a balancing machine and
is dynamically balanced.

[0085] Such a balancing machine 56 is shown schemati-
cally in FIG. 8. The balancing machine 56 comprises a
receptacle 58 for clamping the armature shaft 36, as well as
a protecting sheet 60 which due to safety reasons during the
balancing operation can be shifted above the armature shaft
36. By means of an electronic control 64 the balancing
machine 56 is controlled. The specific position and magni-
tude of a determined unbalance is shown on a display 62 so
that it can be directly seen at which place of the armature
stack of sheets 48 a milling or balancing recess must be
generated and at what size.

[0086] Such a milling out 49 which can be obtained by
means of an assigned milling unit (not shown here) is shown
exemplarily in FIG. 3.

[0087] In this way a statically and dynamically balanced
running of the armature shaft 36 is ensured.
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What is claimed is:

1. A method for balancing an electric motor for an electric
power tool having an armature shaft, an armature, a fan
wheel, and an eccentric being arranged on the armature
shaft, the method comprising:

providing an armature shaft with an eccentric;

mounting an armature stack of sheets including armature

windings on said armature shaft, thereby defining a first
side of said armature shaft and a second side of said
armature shaft;

mounting a fan wheel on said armature shaft on said first

side of said armature shaft;
mounting a first balancing mass in proximity to said
eccentric on said first side of said armature shaft;

mounting a second balancing mass on said second side of
said armature shaft; adjusting said second balancing
mass on said armature shaft for compensating a couple
unbalance caused by an axial distance between said
eccentric and said first balancing mass;
clamping said armature shaft on a balancing machine;
driving said armature shaft on said balancing machine;

generating signals for specifying size and position of
notch(es) to be made on said armature shaft for bal-
ancing said armature shaft statically and dynamically;
and

providing notch(es) on said armature according to said

signals.

2. The method of claim 1, further comprising the step of
mounting an eccentric bearing on said eccentric, before said
balancing step on said balancing machine is performed.

3. The method of claim 1, further comprising the step of
mounting an armature bearing on said first side and mount-
ing an armature bearing on said second side of said armature
shaft before said balancing step on said balancing machine
is performed.

4. The method of claim 1, wherein a balancing disk is
utilized as said first balancing mass.

5. The method of claim 1, wherein said first balancing
mass is mounted on said armature shaft adjacent to said
eccentric.
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6. The method claim 1, wherein said second balancing
mass is configured as a balancing disk made of an electri-
cally non-conducting material.

7. The method claim 1, wherein said second balancing
mass is configured as a balancing disk made of an electri-
cally non-conducting plastic material.

8. A method for balancing an EC-motor for an electric
power tool having an armature shaft, an armature, a fan
wheel, and an eccentric being arranged on said armature
shaft, the method comprising:

providing an armature shaft with an eccentric;

mounting an armature stack of sheets including armature

windings on said armature shaft, thereby defining a first
side of said armature shaft and a second side of said
armature shaft;

mounting a balancing ring on said armature shaft on said

first side adjacent to said armature stack of sheets;
mounting a balancing ring on said armature shaft on said
second side adjacent to said armature stack of sheets;
mounting a fan wheel on said armature shaft on said first
side of said armature shaft;
mounting a first balancing mass in proximity to said
eccentric on said first side of said armature shaft;
mounting a second balancing mass on said second side of
said armature shatft;

adjusting said second balancing mass on said armature

shaft for compensating a couple unbalance caused by
an axial distance between said eccentric and said first
balancing mass;

clamping said armature shaft on a balancing machine;

driving said armature shaft on said balancing machine for

balancing;
generating signals for specifying size and position of
notches to be made on said balancing rings for balanc-
ing said armature shaft statically and dynamically; and

providing notches on said armature rings according to
said signals.

9. The method claim 8, wherein said second balancing
mass is configured as a balancing disk made of an electri-
cally non-conducting plastic material.

#* #* #* #* #*



