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METHOD AND APPARATUS FOR ASSEMBLING ROTOR
OF PERMANENT MAGNET MOTOR

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] This invention relates to assembly of the rotor of a permanent magnet motor. The
rotor has a plurality of recesses and overhung slots. Permanent magnet carriers and C-shaped
lamination stacks are assembled in ring-shaped units interfitting with the recesses and
overhung slots.
Description of Related Art
[0002] This invention relates to the assembly of the rotor of a permanent magnet motor

generally as described in U.S. Patent No. 6,933,645.

SUMMARY OF THE INVENTION

[0003] Briefly, according to this invention, there is provided an apparatus for assembling a
permanent magnet rotor. The rotor is comprised of a non-magnetic cylindricél shaft having a
Jarger diameter central axial section and two smaller diameter bearing sections. The central
section has an even number of recesses defining an even number of ribs and overhung slots.
The apparatus comprises a temporary rotor fixture configured to slide over a smaller diameter
bearing section of the rofor and to abut one end of the center section. The axial end of the
fixture adjacent the center section has a configuration matching the center section including
ribs and overhung slots whereby magnets in magnet carriers and C-shaped lamination stacks
can be assembled over the ribs of the rotor fixture. The apparatus further comprises a split
compression ring having an inner diameter that is sized to ride over the outer diameter of the
C-shaped lamination stacks. Fasteners are provided for joining the split compression ring to
compress the C-shaped lamination stacks sufficiently to provide a riding clearance between
the C-shaped lamination stacks and the overbung slots.

[0004] Briefly, according to this invention, there is provided a method for assembling a
permanent magnet rotor. The rotor is comprised of a non-magnetic cylindrical shaft having a
larger diameter central axial section and two smaller diameter bearing sections, the central
section having an even number of recesses defining an even number of ribs with overhung
slots. The method comprises placing a fixture over a smaller diameter bearing section of the
rotor abutting one end of the center section. The axial end of the fixture adjacent the center
section has a configuration maitching the center section including ribs and overhung slots.

Next, the magnets in magnet carriers and the C-shaped lamination stacks are slid over the ribs
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of the fixture. Next, a split compression ring having an inner diameter that is sized to ride
over the outer diameter of the C-shaped lamination stacks assembled on the ribs is placed
over the row of assembled magnets and lamination stacks and joined so that the split
compression ring compresses the C-shaped lamination stacks sufficiently to provide a riding
_clearance between the C-shaped lamination stacks and the overhung slots. Next, the
assembled row of magnets in magnet carriers and C-shaped lamination stacks are slid onto
the rotor. Finally, the compression ring is removed leaving an assembled row of magnets in

magnet carriers and C-shaped lamination stacks in place on the rotor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] Further features and other objects and advantages will become clear from the
following detailed description made with reference to the drawings in which:
[0006] Fig. 1 shows a single row of magnet carriers and C-shaped laminations assembled
on the temporary rotor fixture abutting one end of the rotor shaft;
[0007] Fig 2 shows the split compression ring placed over the single row of magnet
carriers and C-shaped laminations;
[0008] Fig. 3 shows the single row of magnet carriers and C-shaped laminations after
being slid onto the rotor shaft and the split compression ring removed,
[0009] Fig. 4 is a perspective view of the temporary rotor fixture for assembling a row of
magnet carriers and C-shaped laminations off the rotor shaft;
[0010] Fig. 5 is a perspective view of the split compression ring with the adjustment
screws indicated;
[0011] Fig. 6 is an end view of a row of magnet carriers and C-shaped laminations
assembled on the temporary rotor fixture and with the split cdmpression ring in place to
remove pressure on the overhung portions of the ribs; and

[0012] Fig. 7 is a perspective view in section of the assembled permanent magnet rotor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] Referring to Fig. 7, there is shown an assembled permanent magnet rotor shaft
according to U.S. Patent No. 6,933,645, The details of the magnet carriers and the C-shaped
lamination stacks are set forth in that patent which is incorporated herein by reference. One
of the challenges in assembling a permanent magnet rotor is to safely and securely assemble
the rotor components on the shaft. The rotor is designed with tight tolerances and clearances.

One of the major risks is gouging the shaft when sliding parts into position.
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[0014] Referring to Fig. 7, the shaft 10 comprises the foundation of the permanent magnet
rotor. The shaft 10 is made of non-magnetic, high-strength material, such as nickel cobalt
alloy. The shaft 10 has an interrupted cylindrical surface defined relative to the rotational
axis of the rotor. At each end of the shaft, provisions are made for bearings 12. The bearings
12 establish the rotational axis of the rotor. The shaft 10 has an even number of substantially
identical recessed slots 13. The slots 13 define substantially identical generally T-shaped ribs
11 with overhung dovetail surfaces 15 adjacent the slots. The magnets 19 are positioned
within the slots held by a cradle or carrier 18.

[0015] A plurality of generally C-shaped lamination stacks 17 comprised of magnetic,
high-permeability material, such as electrical steel, surrounds the T-shaped ribs 11 as is
clearly seen in Fig. 7. The stacks are made up of individual sheets positioned perpendicular
to the axis of rotation of the shaft. The sheets have edges that abut the overhung dovetail
surfaces of the ribs. In this way, the C-shaped lamination stacks are mechanically secured to
resist centrifugal forces when the shafi rotates.

[0016] A plurality of non-magnetic cradles 18 hold the permanent magnets in position in
each slot. Each cradle 18 carries laminated permanent magnets 19. Each cradle has a top
wall and a bottom wall. These walls generally lie in the axial and circumferential directions
when the cradle is installed in a slot on the rotor. The top wall abuts the magnets and resists
the centrifugal force tending to throw out the magnets when the rotor rotates. The cradles are
formed of lightweight, non-magnetic structural material, such as titanium. The cradles have
axial end walls joined to the top and bottom walls, The bottom wall secures the axial end
walls so that they do not collapse on the magnets when the top wall is urged radially outward
at high rotation speeds. The axial end walls have edges that are configured to abut the
overhung dovetail surface 15 of the ribs. The space between the axial end walls of the
cradles is large enough to span the axial length of the magnets and also the axial length of the
laminated stacks. Preferably, the axial length of the magnets and the laminated stacks is
identical. The cradles are secured against centrifugal force by the engagement of the dovetail
surfaces on the cradles and the overhung ribs. It is important to note that centrifugal force
exerted by the cradle is applied directly to the ribs.

[0017] The assembly rotor, as shown in Fig. 7, has multiple stages (circumferential rows of
magnets and C-shaped lamination stacks forming ring-shaped units) which are slid axially
into position. As stated, the rotor assembly comprises a non-magnetic, cylindrical shaft 10
having an axis of rotation and a generally cylindrical surface. An even number of recessed

slots define an even number of ribs. The ribs have an overhung configuration. The overhung
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surfaces after assembly of the magnet carriers and C-shaped lamination stacks restrain the
magnet carriers and C-shaped lamination stacks from moving radially outward from the axis
of the rotor during rotation of the rotor.

[0018] Once assembled, the permanent magnets attempt to draw the C-shaped lamination
stacks radially inward. This causes the components of a row to push radially outward as a
reaction to the‘forces generated by the permanent magnets. This, in turn, results in a force
across the overhung surfaces 15. Forcing the stage axially along the shaft under these
conditions can result in scoring or gouging of the ribs.

[0019] To overcome this problem, the stages are first assembled on a temporary rotor
fixture 30 that at one axial end has a configuration substantially identical to the rotor. The
temporary rotor fixture slides over the bearing 12 at one axial end of the rotor 10 and abuts
the end of the ribs. The rotor fixture is rotated so that ribs 31 on the rotor fixture align with
the ribs 11 on the rotor.

[0020] The magnet carriers 18 are slid onto the rotor fixture and axially positioned with
one edge of each magnet carrier engaging the overhung portion of ribs on the rotor fixture.
The C-shaped lamination stacks 17 are then placed in contact with the C-shaped lamination
stacks held by the magnet carriers. Fig. 1 shows the assembled row on the rotor fixture.
{0021]  The split compression ring 40 is then secured over the assembled row as shown in
Figs. 2 and 6. The screws 41 are then turned in to compress the stage and remove pressure
from the overhung surfaces of the ribs on the rotor fixture. The entire stage is then moved
axially over the rotor into position as shown at Fig. 3.

[0022] The split compression ring 40 forms a clamp. The clamp is made so that it can
apply pressure to push the components of the stage off the overhung surface of the ribs. The
clearances of the components are set in a way that when components are pushed inward
toward the center of the shaft, the components have acceptable clearances for sliding along
the shaft.

[0023] After the stage is in position, the split compression ring or clamp 40 is removed
allowing the components of the row to expand into the final assembly position. The process
is then repeated to place an additional row in place on the rotor.

[0024] Referring to Fig. 4, the rotor fixture is shown in more detail. At one axial end, the
fixture has ribs corresponding to the ribs on the rotor. The rotor fixture is formed of a non-
magnetic material.

[0028] Referring to Fig. 5, the split compression ring 40 is formed of a non-magnetic

material, such as 300 Series stainless steel. Adjustment screws 41 have swivel heads at the
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end near the inner diameter of the compression ring so as to conform to the inner diameter
when tightened in place. Thus, pressure can be applied to each component of the stage
individually. This is accomplished by the adjustment screws aligned radially with each
component. Preferably, a sleeve of soft material, such as Teflon®, is provided between the
clamp and the rotor components so that the spit compression ring or clamp does not damage
the components of the stage.

[0026] Having thus described my invention with the detail and particularity required by the

Patent Laws, what is desired protected by Letters Patent is set forth in the following claims.
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THE INVENTION CLAIMED IS

1. Apparatus for assembling a permanent magnet rotor, the rotor being
comprised of a non-magnetic cylindrical shaft having a larger diameter central axial section
and two smaller diameter bearing sections, the central section having an even number of
recesses defining an even number of ribs with overhung slots, said apparatus comprising a
fixture configured to slide over a smaller diameter bearing section of the rotor and abutting
one end of the center section, the axial end of the fixture adjacent the center section having a
configuration matching the center section including ribs and overhung slots whereby magnets
in magnet carriers and C-shaped lamination stacks can be assembled over the ribs of the
fixture, said apparatus further comprising a split compression ring having an inner diameter
that is sized to ride over the outer diameter of the C-shaped lamination stacks and means for
joining the split compression ring to compress the C-shaped lamination stacks sufficiently to

provide a riding clearance between the C-shaped lamination stacks and the overhung slots.

2. A method for assembling a permanent magnet rotor, the rotor being
comprised of a non-magnetic cylindrical shaft having a larger diameter central axial section
and two smaller diameter bearing sections, the central section having an even number of
recesses defining an even number of ribs with overhung slots, said method comprising the
steps of:

a) placing a fixture over a smaller diameter bearing section of the rotor and
abutting one end of the center section, the axial end of the fixture adjacent the center section
having a configuration matching the center section including ribs and overhung slots;

b) sliding the magnets in magnet carriers and the C-shaped lamination stacks
over the ribs of the fixture to assembie a row;

¢) placing a split compression ring over the outer diameter of the C-shaped
lamination stacks assembled on the ribs and joining the split compression ring to compress
the C-shaped lamination stacks sufficiently to provide a riding clearance between the C-
shaped lamination stacks and the overhung slots;

d) sliding the compression ring and the assembled row of magnets in magnet
carriers and C-shaped lamination stacks onto the rotor; and

¢) removing the compression ring leaving an assembled row of magnets in

magnet carriers and C-shaped lamination stacks in place on the rotor.
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