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(54) Method and arrangement to adjust an air-gap

(57)  The invention relates to a method and arrange-
ment to adjust an air-gap (AG) of an electrical machine.

The electrical machine shows a movable part (IR)
and a static part (OS), while the movable part (IR) rotates
inrelation to the static part (OS) around a dedicated rotary
axis (RA). The air-gap (AG) is located between the ro-

FIG 1 0

tating (IR) and the static part (OS) of the machine. A
device (S) is positioned and used to measure the spacing
of the air-gap (AG). The static part (OS) and/or the mov-
able part (IR) is coupled with an actuating-unit (AU),
which changes the relative position of the static part (OS)
in relation to the movable part (IR) to adjust the spacing
of the air-gap (AG).
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Description
Method and arrangement to adjust an air-gap

[0001] Theinvention relates to a method and arrange-
ment to adjust an air-gap between a movable part and a
static part of an electrical machine.

[0002] The air-gap of an electrical machine is the dis-
tance between a movable, often rotatable, part of the
machine and a static part of the machine. To prevent
damages the air-gap has to be designed properly to avoid
a mechanical contact between the two parts.

[0003] The air-gap has to be designed in a way, that
even tolerances of used components within the two parts
do not influence the function of the machine.

[0004] Even a rotational force or a gravity force or a
thermal expansion is acting on the components of the
machine, which needs to be considered by designing in
the air-gap.

[0005] Additionallyitis preferred, to achieve a uniform,
constant air-gap to avoid a synchronic load cycling of the
equipment. A uniform, constant air-gap also leads to a
constant shape of the rotating part of the machine, so an
unbalanced rotating mass is avoided.

[0006] Right now the air-gap is a result of the manu-
factured components e.g. rotor / stator and will make its
appearance, while the machine is assembled. The air-
gap design accounts for the problems stated above, so
the air-gap-design results in a maximum possible air-gap
with its negative effect on power and efficiency.

[0007] Iltistherefore the aim of the invention, to provide
an improved method and arrangement to adjust the air-
gap of an electrical machine.

[0008] These aims are solved by the features of claim
1 and by the features of claim 13.

[0009] Improved embodiments of the invention are ob-
ject of the dependant claims.

[0010] Theinvention relates to a method and arrange-
ment to adjust an air-gap of an electrical machine.
[0011] The electrical machine shows a movable part
and a static part, while the movable part rotates in relation
to the static part around a dedicated rotary axis. The air-
gap is located between the rotating and the static part of
the machine. A device is positioned and used to measure
the spacing of the air-gap. The static part and/or the mov-
able part is coupled with an actuating-unit, which chang-
es the relative position of the static part in relation to the
movable part to adjust the spacing of the air-gap.
[0012] Forexample the static part shows alongitudinal
axis, which is aligned to the rotary axis of the movable
part. The static or the movable part is coupled with an
actuating-unit.

[0013] By help of the actuating unit it is possible, to
change an inclination of the longitudinal axis in reference
to the rotary axis, so an adjustment of the air-gap is
achieved. The inclination is adjusted in dependency of
the measured spacing of the air-gap.

[0014] It is also possible to use the actuating unit to
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shift the longitudinal axis in reference to the rotary axis
to adjust the air-gap. This is done if the two axes are
parallel and the air-gap needs to be adjusted.

[0015] It is also possible, to adjust the inclination and
the shift in common, to adjust the air-gap.

[0016] The static part shows a longitudinal axis, which
is aligned to the rotary axis of the movable part. The static
or movable part is coupled with a single actuating-unit or
with a number of actuating units in a way that the air-gap
can be adjusted as stated above.

[0017] The air-gap is adjusted in dependency of the
measured spacing of the air-gap.

[0018] Combinations of both where staticand movable
part have dedicated actuating-unit(s) are also covered
by this invention.

[0019] In another preferred embodiment the movable
(rotating) part and/or the static part show segments, so
they are built up in a segmented manner. In this case it
is possible to adjust the air-gap by a radial movement of
the segments. This embodiment can also be combined
with the inventive embodiments described above.
[0020] Ina preferred embodiment the static part and/or
the rotating part show a unit for a distance-measurement,
which allows to measure the air-gap of the machine even
if it is in an operational mode.

[0021] The invention is used to adjust the air-gap be-
tween parts of a generator in a preferred embodiment -
especially of huge generators, which are used for wind-
turbines and hydro power turbines for example.

[0022] The invention provides an active control and
adjustment of the air-gap. The adjustment of the air-gap
is allowed even during the operation of the machine.
[0023] The invention allows the reduction of cyclic
loads of the machine, so its life time is improved.
[0024] The invention allows the optimization of the air
gap, which improves the efficiency of the machine.
[0025] The invention allows the control of a dynamic
behavior of the mechanical system of the machine, while
an active damping is provided.

[0026] Theinventionis describedin more detail by help
of a drawing.

FIG1 shows the invention used at an electrical ma-
chine with an outer statorand aninnerrotor, and
shows the invention used at an electrical ma-
chine with an inner stator and an outer rotor,
shows the invention used at an electrical ma-
chine with an outer stator and an inner rotor,
which are of conical shape,

shows the invention used at an electrical ma-
chine with an outer stator and an inner rotor,
where parts of the stator and/or the rotor can
be adjusted in radial direction.

FIG 2

Fig 3

Fig 4

[0027] FIG 1 shows the invention used at an electrical
machine with an outer stator OS as static part and an
inner rotor IR as movable part.

[0028] The inner rotor IR rotates around a dedicated
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rotary axis RA, so a rotation in relation to the outer stator
OS is achieved.

[0029] Therotationisallowed by help of so called main-
bearings MB, where one is shown here.

[0030] Anair-gap AGislocated between theinnerrotor
IR and the outer stator OS, while the spacing AG1, AG2,
AG3, AG4 of the air-gap AG between the inner rotor IR
and the outer stator OS is measured at e.g. four positions
by help of sensors S1 to S4.

[0031] Itis also possible to use a rotating line sensor,
which is measuring the entire air-gap.

[0032] Itis also possible to use only one single sensor
or even a number of sensors, which might be positioned
in a line to measure the entire air-gap.

[0033] The outer stator OS shows a longitudinal axis
LA, which is aligned to the rotary axis RA. In this drawing
both axes show the same position.

[0034] The outer stator OS is coupled with an actuat-
ing-unit AU in a way that an inclination of the longitudinal
axis LA in reference to the rotary axis RA is achieved if
needed. Soitis possible to adjust the air-gap AG if need-
ed.

[0035] The sensors S1 up to S4, which are used for
the air-gap measurement, are connected with a data-
processing-unit DPU, where the measured air-gap-dis-
tances or spacing AG1 to AG4 are evaluated. Based on
this evaluation the data-processing-unit DPU controls the
actuating-unit AU.

[0036] Sotheactuating-unit AU is controlled to position
the outer stator OS and the inner rotor IR relatively to
each other.

[0037] The sensors S1 to S4 are an integrated part of
the outer Stator OS in a preferred embodiment.

[0038] In an improved embodiment a hall-sensor is
used as sensor, but any suitable kind of sensor for this
purpose may be used.

[0039] The actuating-unit AU is designed to allow a
fast alignment of the axis to adjust the air-gap AG. For
this purpose a hydraulic system with a pressure-accu-
mulator could be used.

[0040] In a preferred embodiment fast acting valves,
which are similar to those used in anti locking systems,
are used as a low cost solution for the actuating-unit AU.
This allows a secured control of the air-gap.

[0041] The adjustment of the air-gap can be done by
any suitable arrangement, which is coupled with the static
and/or the moving part to change their relative position
in reference to each other.

[0042] Soitis also possible to use a hydraulic-system
for this purpose.
[0043] By help of a feedback loop, comprising the air-

gap sensors S1 to S4, the data-processing-unit DPU and
the actuating-unit AU a closed loop control of the air-gap
AG is realized.

[0044] The closed loop control allows the implemen-
tation of a feed-forward algorithm, which improves the
response time and the accuracy of the loop. This is es-
pecially advantageous for large machines like genera-
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tors, used within wind-turbines or in hydro-power appli-
cations.

[0045] FIG 2 shows the invention used at an electrical
machine with an inner stator IS and an outer rotor OR.
[0046] The outer rotor OR rotates around a dedicated
rotary axis RA, so a rotation in relation to the inner stator
IS is achieved.

[0047] Therotationisallowed by help of so called main-
bearings MB, where one is shown here.

[0048] Anair-gap AGislocated between the outer rotor
OR and the inner stator IS, while the spacing AG1, AG2,
AG3, AG4 of the air-gap AG between the outer rotor OR
and the inner stator IS is measured at e.g. four positions
by help of sensors S1 to S4.

[0049] Itis also possible to use a rotating line sensor,
which is measuring the entire air-gap.

[0050] Itis also possible to use only one single sensor
or even a number of sensors, which might be positioned
in a line to measure the entire air-gap.

[0051] The inner stator IS shows a longitudinal axis
LA, which is aligned to the rotary axis RA. In this drawing
both axes are identical as they show the same position.
[0052] The inner stator IS is coupled with an actuating-
unit AU in a way that an inclination of the longitudinal axis
LA in reference to the rotary axis RA is achieved if need-
ed. So it is possible to adjust the air-gap AG.

[0053] The sensors S1 up to S4, which are used for
the air-gap measurement, are connected with a data-
processing-unit DPU (referring to FIG 1), where the
measured air-gap-distances or spacing AG1 to AG4 are
evaluated. Based on this evaluation the data-processing-
unit DPU controls the actuating-unit AU.

[0054] Sotheactuating-unit AU is controlledto position
the outer stator OS and the inner rotor IR relatively to
each other.

[0055] The sensors S1to S4 are an integrated part of
the inner Stator IS in a preferred embodiment.

[0056] In an improved embodiment a hall-sensor is
used as sensor, but any suitable kind of sensor for this
purpose may be used.

[0057] The actuating-unit AU is designed to allow a
fast alignment of the axis to adjust the air-gap AG. For
this purpose a hydraulic system with a pressure-accu-
mulator could be used.

[0058] In a preferred embodiment fast acting valves,
which are similar to those used in anti locking systems,
are used as a low cost solution for the actuating-unit AU.
This allows a secured control of the air-gap.

[0059] The adjustment of the air-gap can be done by
any suitable arrangement, whichis coupled with the static
and/or the moving part to change their relative position
in reference to each other.

[0060] Soitis also possible to use a hydraulic-system
for this purpose.
[0061] By help of a feedback loop, comprising the air-

gap sensors S1 to S4, the data-processing-unit DPU, the
actuating-unit AU and the air-gap sensors S1 to S4, a
closed loop control of the air-gap AG is realized.
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[0062] The closed loop control allows the implemen-
tation of a feed-forward algorithm, which improves the
response time and the accuracy of the loop. This is es-
pecially advantageous for large machines like genera-
tors, used within wind-turbines or in hydro-power appli-
cations.

[0063] Fig 3 shows the invention used at an electrical
machine with an outer stator OS and an inner rotor IR,
which the inner rotor IR and the outer stator OS show a
conical shape.

[0064] FIG 3A shows the adjustment ofthe air-gap AG,
while FIG 3B shows the adjusted air-gap AG.

[0065] In this case and only exemplary the outer stator
OS is coupled with an actuating-unit (not shown here in
detail) in a way, that the relative position of the outer
stator OS is changed along a line DIR in regard to the
position of the inner rotor IR. This change of the position
is done along the rotational axis RA, which is identical to
the longitudinal axis LA. So the air-gap AG is adjusted
by the movement of the components.

[0066] Itis also possible to adjust the air-gap addition-
ally by changing the relative position by help of a radial
movement, for example of the outer stator OS.

[0067] Fig 4 shows the invention used at an electrical
machine with an outer stator OS and an inner rotor IR,
which are segmented.

[0068] FIG 4A shows an adjustment of the air-gap AG
by help of a segmentedinnerrotor IR, while FIG 4B shows
an adjustment of the air-gap AG by help of a segmented
outer stator OS.

[0069] FIG 4A shows a segmented inner rotor IR com-
prising of four segments IRS1, IRS2, IRS3 and IRS4.
[0070] If the segment IRS4 is moved in direction DIR
the air-gap AG is adjusted.

[0071] FIG 4B shows a segmented outer stator OS
comprising of four segments OSS1, 0SS2, OSS3 and
0SSs4.

[0072] If the segment OSS4 is moved in direction DIR
the air-gap AG is adjusted.

[0073] Itis also possible to combine the ideas of the
figures described above in part or even together to adjust
the air-gap.

Claims

1. Arrangement to adjust an air-gap of an electrical ma-
chine,

- where the electrical machine show a movable
part and a static part, while the movable part
rotates in relation to the static part around a ded-
icated rotary axis,

- where the air-gap is located between the ro-
tating and the static part of the machine,
-where adevice is positioned and used to meas-
ure the spacing of the air-gap,

- where the static part and/or the movable part
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is coupled with an actuating-unit, which changes
their relative position in relation to each other to
adjust the spacing of the air-gap.

2. Arrangement according to claim 1,

- where the static part shows a longitudinal axis,
which is aligned to the rotary axis of the movable
part,

- where the static part is coupled with an actu-
ating-unit in a way, that an inclination and/or a
shift of the longitudinal axis in reference to the
rotary axis is achieved to adjust the air-gap,
while the adjustment is done in dependency of
the measured spacing of the air-gap.

3. Arrangement according to claim 1,

- where the static part and/or the movable part
show a conical shape,

- where the change of the relative position is
done in relation to the conical shape to adjust
the air-gap.

4. Arrangement according to claim 1,

- where the static part and/or the movable part
is built up by a number of components,

- where the air-gap is adjusted by a change of
the position of one or more components.

5. Arrangement according to one of the claims 1 to 4,
where at least one sensor is positioned inside the
machine in a way that a measurement of the spacing
of the air-gap is allowed even during the machine is
in operation.

6. Arrangementaccording to claim 5, where the sensor
is an integrated part of the movable part and/or of
the static part of the machine.

7. Arrangement according to claim 5 or 6, where the
sensor is a hall-sensor.

8. Arrangement according to claim 1 or according to
one of the claims 5 to 7, where a number of sensors,
used for the measurement of the spacing, are con-
nected with a data-processing-unit, which is used to
evaluate the measured spacing and which is con-
nected with the actuating-unit, to control the adjust-
ment.

9. Arrangement according to claim 1,

- where the actuating-unit comprises a hydraulic
system, which is acting on the static part to allow
the air-gap adjustment, or

- where the actuating-unit comprises fast acting
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valves, which are acting on the static part to al-
low the air-gap adjustment.

10. Arrangement according to claim 9, where the actu-
ating-unit comprises a hydraulic system with apres- 6
sure-accumulator.

11. Arrangement according to claim 1, where the elec-
trical machine is a generator or a motor.
10

12. Arrangement according to claim 11,

- where the movable part is an inner-rotor and

the static part is an outer-stator of the generator

or motor, or 15
- where the movable part is an outer-rotor and

the static part is an inner-stator of the generator

or motor.

13. Method to adjust an air-gap of an electrical machine, 20

- where a movable part of the machine rotates

in relation to a static part of the machine around

a dedicated rotary axis,

- where a spacing of the air-gap, which is be- 25
tween the rotating and the static part of the ma-
chine, is measured,

- where the relative position between the mov-
able part and the static part is changed to adjust

the spacing of the air-gap, and 30
- where the adjustment is done in dependency

of the measured spacing of the air-gap.

14. Method according claim 13,

35
- where a longitudinal axis of the static part is
aligned to the rotary axis of the movable part,
and
- where an inclination and/or a shift of the longi-
tudinal axis in reference to the rotary axis is per- 40
formed to adjust the air-gap.

15. Method according to claim 13, where the static part
and/or the movable part show a conical shape and
where the change of the relative position is done in 45
relation to the conical shape to adjust the air-gap.

16. Method according to claim 13, where the static part
and/or the movable part is built up by a number of
components and where the air-gap is adjusted by a 50
change of the position of one or more components.

17. Method according to claim 13, where the spacing of
the air-gap is measured even when the machine is
in operation. 55
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