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Rotor Strength Analysis and Retaining Sleeve Design for
High-speed Permanent Magnet Machines
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(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, Zhejiang Province, China)

ABSTRACT: Based on a two-dimensional (2D) analytical
stress model, a design method for minimizing the rotor
retaining sleeve thickness of high-speed permanent magnet
machines (HSPMM) was proposed in this paper. The analytical
model for calculating the 2D rotor stress field was established,
which could take the combined influence of prestress,
centrifugal force and thermal stress on an orthotropic material
into account. The model was verified with finite element
analysis, since experimental validation was not applicable for a
high-speed rotor. The stress limit conditions of rotors with three
types of common sleeve materials were determined through the
analysis. The method of calculating the minimum rotor sleeve
thickness and its corresponding amount of interference fit was
proposed, which could suit the conditions of single extreme
operation point and multiple extreme operation points,
respectively. Applicable sleeve types were thus stated. For
some conditions under which the magnets had insufficient
tensile strength at hot state, the boundary equations were
replaced to constrain the magnet stress, so as to obtain a safe
sleeve scheme. The proposed method is sufficiently rapid,
accurate and flexible, and can be applied to the multi-physics
design of HSPMM.

KEY WORDS: high-speed permanent magnet machine; rotor
retaining sleeve; stress calculation; thermal stress; orthotropic
material; interference fit; multi-physics fields
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Fig. 1 Structure and dimensions of

surface-mounted PM rotor
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Table 4 Dimensions and extreme stress values of investigated rotors before and after restricting the magnet stress
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High-speed permanent magnet machines (HSPMM)
have extensive applications due to their merits such as
high power density and high efficiency. Since the rotor
will experience tremendous centrifugal force during the
high-speed operation, a retaining sleeve is required to
protect the magnets, as shown in Fig. 1.

Fig. 1 Structure and dimensions of surface-mounted PM rotor

The thickness of rotor retaining sleeve is limited by
multi-physics constraints. On one hand, the sleeve must
be thick enough to protect the vulnerable magnets inside.
On the other hand, the sleeve should be as thin as
possible since it is a part of the electromagnetic airgap,
and will thus influence the achievable output torque. For
a fixed electromagnetic airgap length, the sleeve
thickness should be minimized to achieve better motor
performance.

In this paper, based on an analytical stress model, a
design method for minimizing the rotor retaining sleeve
thickness of HSPMM is proposed. The analytical model
can take the combined influence of prestress, centrifugal
force and thermal stress on an orthotropic material into
account, and is verified with finite element analysis
(FEA).

The stress limit conditions of rotors with three
types of common sleeve materials are determined
through the analysis. The main stress constraints are: (1)
the tensile stress in the sleeve should be no larger than its
allowable stress, (2) the contact pressure between
magnets and the shaft should be large enough for torque
transmission, or (3) the tensile stress in the magnets
should be no larger than its allowable stress. All these
constraints must be satisfied at both cold and hot states.

S26

If all constraints are met in the same temperature
condition (either all in cold or in hot state), it is named as
single extreme operation point, and the sleeve
dimensions can be calculated as:

Usft (Rsft) = Ungg (Rsﬂ)

Uge (Rinag) = Urnag (Rinag) = He

O st (Ritt) = ~Fcontact
Ot mag (Rett) = —Ccontact
(R (R

Oysle (R

(1)

Gr.mag mag) = Ol mag)

mag) = 09 sle.max

O sle (Rsle) =0

with u the radial displacement, o the stress, and Hsi; the
amount of interference fit.

Otherwise, if some constraints are met in cold state
while others are met in hot state, then it is called multi
extreme operation points. For each sleeve thickness, the
amount of interference fit that meets each stress
constraint can be calculated, respectively. Then, binary
search can be implemented to find the minimum sleeve
thickness where the amount of interference fit coincides,
as shown in Fig. 2.
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Fig. 2 Feasible range of carbon fiber sleeve
As a study case, the retaining sleeve of a HSPMM
rated 250kW, 25kr/min is designed and verified with
FEA. The result shows that the proposed method is
sufficiently rapid, accurate and flexible, thus can be
applied to the multi-physics design of HSPMM.



