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(57) Abstract: The invention relates to a method and an apparatus for use in the assembly of an axial-flux permanent-magnet
synchronous machine. The machine comprises a stator (2) provided with windings (1) and a rotor (4) provided with permanent
magnets. An air gap (5) being provided between the stator and rotor. A known interdependence of the magnetic attraction between
the stator (2) and the rotor (4) and the magnitude of the air gap is determined beforehand. Based on this interdependence, a target
value of magnetic attraction corresponding to the target value of the air gap is determined. When the machine is being assembled,
the rotor (4) and stator (2) are moved axially with respect to each other by means of a hoisting device (7) to adjust the air gap (5)
towards the aforesaid predetermined target value. During this movement, the magnetic attraction between the stator (2) and rotor (4)
is measured and compared to the above- mentioned target value of magnetic attraction. After the magnetic attraction has reached its
target value, which corresponds to the target value of the air gap, the mutual position of the rotor and stator is locked.
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METHOD AND APPARATUS FOR THE ASSEMBLY OF AN AXTAL-FLUX
PERMANENT -MAGNET SYNCHRONOUS MACHINE

FIELD OF THE INVENTION

The present invention relates to a method as defined
in the preamble of claim 1. Moreover, the invention
relates to an apparatus as defined in the preamble of

claim 8.

BACKGROUND OF THE INVENTION

Axial-flux permanent-magnet synchronous machines are
used e.g. as elevator drive motors. Regarding their
operation, the air gap between the stator and the ro-
tor has a substantial influence on the performance of
the machine. The length of the air gap in relation to
the other dimensions of the machine is very small. In
an embodiment, the mechanical air gap is about 1.2 mm.
In addition, large magnetic forces between rotor and
stator act in the air gap. In the above-mentioned em-
bodiment, the magnetic force is about 9 KkN. Magneti-
cally the air gap is in reality different from the air

gap that can be mechanically measured.

In the manufacture of axial-flux permanent-magnet syn-
chronous machines, the adjustment of the air gap is
accomplished by using gauges to measure the adjoining
parts, and the need for shims used in the adjustment
ig determined on the basis of the results. Whether the
adjustment was successful or not can only be estab-
lished in the type testing performed on the machine
when fully assembled. This testing includes measure-
ment of the electromotive force of the machine, i.e.
the voltage induced by the rotor into the stator wind-
ing when the rotor is rotated. If the air gap is not
correct, the measurement produces a wrong electromo-

tive force. To correct the air gap, the machine has to
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be disassembled. The accuracy of the adjustment de-
pends on the carefulness of the person carrying out
the adjustment, which is why in type testing fairly
large tolerances regarding the electromotive force are
allowed. The assembly of the rotor and stator by cur-
rent techniques is a relatively uncontrolled process
due to the magnetic force between the rotor and sta-
tor. The rotor may be thrust against its supporting
surface, impairing the safety of the assembly work and
the reliability of the machine. One of the commonest
reasons for rejection of a machine in type testing at
present is an incorrect electromotive force of the mo-

tor, which is due to an incorrect air gap size.

With current technology, the assembly of the machine
is implemented by utilizing auxiliary screws, and the
air gap is adjusted manually by measuring the air gap.
In an example case, by using mechanical feeler gauges
or slide gauges, a measuring accuracy of about 0.1 mm
is achieved, which corresponds in magnetic force to
about 300 N. The operation requires a great deal of
manual work and involves many uncertainty factors. In
addition, the measurement of the air gap is actually
an indirect measurement, because the thickness of the
magnets, glue layers and protective aluminum has to be
added to the magnetically interesting measured air gap

value.

OBJECT OF THE INVENTION

The object of the present invention is to overcome the

above-mentioned drawbacks.

A specific object of the invention is to disclose a
new type of method that will enable more accurate ad-
justment of the air gap and thereby more accurate ad-
justment of the operating characteristics of the ma-

chine than before.
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A further object of the invention is to disclose a
method that will accelerate the assembly of the ma-
chine, reduce the number of machines rejected in type
testing due to an incorrect air gap and that will thus
improve the quality of the machines and reduce the

time required for quality control.

A further object of the invention is to disclose a

method that will improve work safety in assembly work.

BRIEF DESCRIPTION OF THE INVENTION

The method of the invention is characterized by what
is disclosed in the characterization part of claim 1.
The apparatus of the invention is characterized by
what is disclosed in the characterization part of
claim 8. Other embodiments of the invention are char-
acterized by what is disclosed in the other claims.
Inventive embodiments are also presented in the de-
scription part and drawings of the present application.
The inventive content disclosed in the application can
also be defined in other ways than is done in the
claime below. The inventive content may also consist of
several separate inventions, especially if the inven-
tion is considered in the light of explicit or implicit
sub-tasks or in respect of advantages or sets of advan-
tages achieved. In this case, some of the attributes
contained in the claims below may be superfluous from
the point of view of separate inventive concepts.
Within the framework of the basic concept of the in-
vention, features of different embodiments of the in-
vention can be applied in conjunction with other em-

bodiments.

According to the invention, a known interdependence of
the magnetic attraction between stator and rotor and

the magnitude of the air gap is determined beforehand.
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Based on this known interdependence, a target value of
magnetic attraction corresponding to the target value
of the desired air gap is determined. When the rotor
and stator are being mounted during assembly, the ro-
tor and stator are moved axially with respect to each
other to adjust towards the predetermined target
value. During this movement, the magnetic attraction
between the stator and rotor is measured. The measured
magnetic attraction is compared to the target value of
magnetic attraction corregponding to the target value
of the desired air gap. After the magnetic attraction
has reached the target value corresponding to the tar-
get value of the desired air gap, the mutual position

of the rotor and stator is locked.

Further according to the invention, the apparatus com-
prises means for moving the rotor and stator axially
with respect to each other, and means for measuring

the magnetic attraction between the rotor and stator.

The invention has the advantage that, during assembly
of the machine, before the machine has been completely
assembled, the adjustment of the air gap accomplished
indirectly by utilizing the magnetic attraction allows
more accurate adjustment of the air gap and conse-
quently of the operating characteristics of the ma-
chine than before. The magnetic force can be easily
measured with an accuracy of about 30 N, and thus when
the air gap is adjusted in this manner, an adjusting
accuracy about ten times higher is obtained than by

prior-art methods.

A further advantage of the invention is that assembly
of the machine is accelerated as it is no longer nec-
essary to disassemble the machine for re-adjustment of
the air gap after type testing. The quality of the ma-

chines is good, and the time required for quality con-
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trol is short. Work safety in assembly work is im-
proved because the rotor can not be thrust against the
stator in an uncontrolled manner by magnetic attrac-

tion.

In an embodiment of the method, the air gap is ad-
justed by reducing the air gap from a value larger
than the predetermined target value of the air gap to-
wards the predetermined target wvalue, and/or by in-
creasing the air gap from a value smaller than the
predetermined target value of the air gap towards the

predetermined target value.

In an embodiment of the method, to adjust the air gap,
the stator is immovably secured in place and the rotor

is moved axially with respect to the stator.

Tn an embodiment of the method, after the air gap ad-
justment performed by utilizing the magnetic attrac-
tion, before the mutual position of the stator and ro-
tor is locked, the rotor is rotated in relation to the
stator at a predetermined low rotational speed. While
the rotor is being rotated, the electromotive force
induced in the stator winding is measured. This elec-
tromotive force is compared to a target electromotive
force value corresponding to the target value of the
air gap. The air gap is fine-adjusted if the measured
electromotive force differs from the target electromo-
tive force value. Via fine adjustment performed by di-
rectly measuring the electromotive force while the ro-
tor is being rotated, it is possible to compensate de-
viations between the rotational and central axes of

the rotor and stator and their angular positions.

In an embodiment of the method, assembly of the ma-

chine is only continued after adjustment of the air

gap.
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In an embodiment of the method, the stator is secured
to a fixed base so that the axial direction of the
stator is vertical. The rotor is connected to a hoist-
ing device. By means of the hoisting device, the rotor
is lowered axially towards the stator in such manner
that the central axis of the rotor simultaneously co-
incides with the central axis of the stator. The mag-
netic attraction between the rotor and stator is meas-

ured by means of a force measuring device.

In an embodiment of the method, the hoisting device is
arranged below the stator. As a force measuring de-
vice, a pressure scales placed on the hoisting device
is used. A supporting element is placed upon the pres-
sure scales, so that the pressure scales remains be-
tween the hoisting device and the rotor. The support-
ing element is pushed through the central hole of the
stator so that the upper supporting surface of the
supporting element extends above the stator to a dis-
tance from the stator exceeding the target value of
the air gap. The rotor is placed on the upper support-
ing surface and left resting on it. Using the hoisting
device, the rotor is lowered downwards and the mag-
netic attraction is measured by means of the pressure

scales.

In an embodiment of the apparatus, the apparatus com-
prises a fastening element for securing the stator to
a fixed base so that the axial direction of the stator

ig vertical.

In an embodiment of the apparatus, the apparatus com-
prises a supporting element having an upper supporting

surface for supporting the rotor.
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In an embodiment of the apparatus, the means for mov-
ing the rotor and stator axially with respect to each

other comprise a hoisting device.

In an embodiment of the apparatus, the hoisting device
comprises a plunger movable in the vertical direction,

such as a piston or the like.

In an embodiment of the apparatus, the means for meas-
uring the magnetic attraction between the rotor and
stator comprise a pressure scales arranged between the

plunger and the supporting element.

LIST OF FIGURES

In the following, the invention will be described in
detail with reference to embodiment examples and the

attached drawing, wherein

Fig. 1 presents a longitudinal sectional view of an
embodiment of the apparatus of the invention, and

Fig. 2 illustrates the interdependence between the air
gap and the magnetic attraction in an axial-flux per-

manent-magnet synchronous machine.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows an apparatus for the assembly of a axial-
flux permanent-magnet synchronous machine and adjust-

ment of the air gap.

The axial-flux permanent-magnet synchronous machine
has a stator 2 provided with windings 1 and a rotor 4
provided with permanent magnets 3. Between the stator
2 and the rotor 4 is an air gap 5. The stator 2 and
the rotor 4 are disposed one after the other in the
direction of the rotational axis of the rotor. The air

gap 5 is preferably in a plane at right angles to the
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rotational axis of the rotor 4. Fig. 1 does not show

the bearings between the rotor and stator.

The apparatus comprises a work table provided with a
hole and forming a fixed base 6, to which the stator 2
can be secured with fastening elements 14, preferably
snap-on fasteners, so that the central axis of the

gtator 2 is vertical.

The apparatus comprises a hoisting device 7, by means
of which the rotor 2 can be moved axially in the ver-
tical direction relative to the stator 3. The hoisting
device 7 comprises a vertically movable plunger 15.
The hoisting device 7 may be e.g. a hydraulic jack, in
which case the plunger 15 is the piston of the jack.
Further, the apparatus comprises a pressure scales 8,
which is arranged on the plunger 15 to measure the
magnetic attraction between the rotor 4 and the stator
2. Placed upon the pressure scales 8 is supporting
element 9, which has an upper supporting surface 11
for supporting the rotor 4. Thus, the magnetic force
can act via the supporting element 9 on the pressure
scales 8, by means of which the magnetic attraction
can be measured. In addition, the apparatus comprises
a rotator device 12 for rotating the rotor 4, and
measuring means 13 for measuring the electromotive

force induced in the winding 1 of the stator 2.

Fig. 2 4illustrates the relationship of the magnetic
force between the stator 2 and the rotor 4 to the mag-
nitude of the air gap as calculated in an example
case. The magnetic force is the greater the smaller is
the air gap. The interdependence is nearly linear. It
is not exactly linear, but it can be linearized, in
which case the linearization applies to a limited air
gap length. The interdependence can be determined be-

forehand via calculation or it can be measured.
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The known interdependence of the magnetic attraction
between the stator 2 and rotor 4 and the magnitude of
the air gap 5 is determined beforehand via calcula-
tion. Based on this known interdependence, a target
value of the magnetic attraction corresponding to a

target value of the desired air gap is determined.

To mount the rotor 4 and stator 2 with respect to each
other during assembly, the following procedure is ob-

served.

First, the stator 2 is immovably secured in place on
the work table by means of fastening elements 14 in
the position shown in Fig. 1, where the axial direc-
tion of the stator is vertical. The hoisting device 7
is arranged below the stator 2. The pressure scales 8
is placed on the hoisting device 7. The supporting
element 9 is placed on the pressure scales 8. The sup-
porting element 9 is pushed through the central open-
ing 10 of the stator 2 so that the upper supporting
surface 11 of the supporting element extends to a dis-
tance from and above the stator larger than the target
value of the air gap 5. The rotor 4 is placed upon the
upper supporting surface 11 of the supporting element

9 and left resting on it.

The target value of the air gap can be adjusted by de-
creasing and/or increasing the air gap. If the start-
ing value of the air gap in the initial situation is
larger than the target value, then the rotor 4 is low-
ered slowly by means of the hoisting device 7, start-
ing from the aforesaid target wvalue of the air gap,
which is larger than the desired target value, towards
the target value corresponding to the operating char-
acteristics specified for the machine. In a corre-

sponding manner, the air gap can be adjusted by in-
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creasing the air gap. During the movement, the mag-
netic attraction between the stator 2 and rotor 4 is
measured by means of the pressure scales 8. The meas-
ured magnetic attraction is compared to the target
value of the magnetic attraction corresponding to the
target value of the desired air gap. When the magnetic
attraction reaches the target value, which corresponds
to the target value of the desired air gap, the mutual

position of the rotor 2 and stator 4 is locked.

After the air gap adjustment performed by utilizing
the magnetic attraction and before the mutual position
of the rotor 2 and stator 4 is locked, the air gap can

be further fine-adjusted as follows.

The rotor 4 is rotated by means of the rotator device
12 in relation to the stator 2 at a predetermined low
rotational speed. At the same time, the electromotive
force induced in winding 1 of the stator 2 is measured
from the stator terminals. The measured electromotive
force is compared to a target value of the electromo-
tive force corresponding to the target value of the
air gap. If the measured electromotive force differs
from the target value of the electromotive force, then

the air gap is adjusted further.

Once the air gap 5 has been adjusted in the manner de-
scribed above, the assembly of the machine can be con-
tinued.

The invention is not limited to the embodiment exam-
ples described above; instead, many variations are
possible within the scope of the inventive concept de-

fined in the claims.
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LIST OF REFERENCE NUMBERS:

windings

statoxr

permanent magnets
rotor

air gap

fixed base

hoisting device

force measuring device
supporting element
center hole

upper supporting surface
rotator means
measuring means
fastening element

plunger
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CLAIMS

1. A method for the assembly of an axial-flux perma-
nent-magnet synchronous machine, said machine compris-
ing a stator (2) provided with windings (1) and a ro-
tor (4) provided with permanent magnets, an air gap
(5) being provided between said stator and rotor, in
which machine the stator (2) and the rotor (4) are ar-
ranged in succession in the direction of the rota-
tional axis of the rotor, and in which method the air

gap is adjusted, characterized in that

- a known interdependence of the magnetic attraction
between the stator (2) and the rotor (4) and the mag-

nitude of the air gap is determined beforehand, and

- based on said known interdependence, a target value
of magnetic attraction corresponding to the target

value of the desired air gap is determined,

and when the rotor (4) and stator (2) are being

mounted in relation to each other:

- the rotor (4) and stator (2) are moved axially with
respect to each other to adjust the air gap (5) to-

wards the aforesaid predetermined target wvalue,

- during this movement, the magnetic attraction be-

tween the stator (2) and rotor (4) is measured,

- the measured magnetic attraction is compared to the
target value of magnetic attraction corresponding to

the target value of the desired air gap,

- after the magnetic attraction has reached the target

value corresponding to the target value of the desired
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air gap, the mutual position of the rotor and stator

is locked.

2. A method according to claim 1, character-
ized in that the air gap (5) is adjusted by reducing
the air gap from a value larger than the predetermined
target value of the air gap towards the predetermined
target value, and/or by increasing the air gap from a
value smaller than the predetermined target value of

the air gap towards the predetermined target value.

3. A method according to claim 1 or 2, charac-
terized in that, to adjust the air gap (5), the
stator (2) is immovably secured in place and the rotor

(4) is moved axially with respect to the stator.

4., A method according to claim 3, character-
ized in that, after the air gap adjustment performed
by utilizing magnetic attraction, before the mutual

position of the stator (2) and rotor (4) is locked:

- the rotor (4) is rotated in relation to the stator

(2) at a predetermined low rotational speed,

- while the rotor (4) is being rotated, the electromo-
tive force induced in the winding (1) of the stator

(2) is measured,

- the measured electromotive force is compared to a
target electromotive force value corresponding to the

target value of the air gap, and

- the air gap (5) is fine-adjusted 1f the measured
electromotive force differs from the target electromo-

tive force wvalue.
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5. A method according to any one of claims 1 - 4,
characterized in that the assembly of the ma-
chine is only continued after the adjustment of the

air gap (5).

6. A method according to any one of claims 1 - 4,

characterized in that

- the stator (2) is secured to a fixed base (6) so

that the axial direction of the stator is vertical.
- the rotor (4) is connected to a hoisting device (7),

- the rotor (4) is lowered axially towards the stator
(2) by means of the hoisting device (7) in such manner
that the central axis of the rotor simultaneously co-

incides with the central axis of the stator, and

- magnetic attraction between the rotor and stator is

measured by means of a force measuring device (8) .

7. A method according to claim 6, characterx-

ized in that

- the hoisting device (7) is arranged below the stator

(2),

- as a force measuring device (8) is selected a pres-
sure scales (8), which is placed on the hoisting de-
vice (7),

- a supporting element (9) is placed upon the pressure
scales (8), so that the pressure scales remains be-

tween the hoisting device (7) and the rotor (4),

- the supporting element (9) is pushed through the
center hole (10) of the stator (2) so that the upper
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supporting surface (11) of the supporting element ex-
tends above the stator to a distance from the stator

exceeding the target value of the air gap (5),

- the rotor (4) is placed on the upper supporting sur-

face (11) and left resting on it, and

- using the hoisting device (7), the rotor (4) is low-
ered downwards and the magnetic attraction is measured

by means of the pressure scales (8).

8. An apparatus for the assembly of an axial-flux per-
manent-magnet synchronous machine, said machine com-
prising a stator (2) provided with windings (1) and a
rotor (4) provided with permanent magnets, an air gap
(5) being provided between said stator and rotor, in
which machine the stator (2) and the rotor (4) are ar-
ranged in succession in the direction of the rota-
tional axis of the rotor, said apparatus being in-
tended for adjustment of the air gap, character-
ized in that the apparatus comprises means (7) for
moving the rotor (4) and stator (2) axially with re-
spect to each other, and means (8) for measuring the

magnetic attraction between the rotor and stator.

9. An apparatus according to claim 8, character -
ized in that the apparatus comprises rotator means
(12) for rotating the rotor (4) and measuring means
(13) for measuring the electromotive force induced in
the winding (1) of the stator (2).

10. An apparatus according to claim 8 or 9, char -
acterized in that the apparatus comprises a fas-
tening element (14) for securing the stator (2) to a
fixed base (6) so that the axial .direction of the sta-
tor is vertical. /
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11. An apparatus according to any one of claims 8 -
10, characterized in that the apparatus com-
prises a supporting element (9) having an upper sup-

porting surface (11) for supporting the rotor (4).

12. An apparatus according to any one of claims 8 -
11, characterized in that the means for moving
the rotor (2) and stator (3) axially with respect to

each other comprise a hoisting device (7).

13. An apparatus according to claim 12, ¢ harac-
terized in that the hoisting device (7) comprises
a plunger (15) movable in the vertical direction, such

as a piston or the like.

14. An apparatus according to claim 13, charac-
terized in that the means for measuring the mag-
netic attraction between the rotor (4) and stator (2)
comprise a pressure scales (8), which is arranged be-

tween the plunger (15) and the supporting element (9).

PCT/F12005/000323
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