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ABSTRACT In the medical and chemical fields, in order to avoid the corrosion of cores and windings, it is
necessary to introduce two thin cylindrical corrosion-resistant cans and end support structures into high-
speed motors. The result is that there are many kinds of losses and the internal electromagnetic distribution
is complex. The loss formation mechanisms and each sort of current path are challenging to master. In order
to solve this problem, a 1.5MW high-speed canned induction motor is calculated using the 3D finite element
method. The superposition method is used to separate the circulating current losses and eddy current losses
at the end of the motor. The mechanism and circulating current path of the circulating current losses between
the structural components are analyzed. The influence of material properties of end structures on circulating
current losses and path is discussed. A new circulating current losses suppression method is proposed, and
the beneficial effect of the optimized structure is verified using the temperature field. This study provides a
solution for the safe and reliable operation of high-speed canned induction motors.

INDEX TERMS High-speed canned induction motor, end magnetic field, circulating current losses,
influencing factors.

I. INTRODUCTION
Cannedmotors aremainly used in nuclear, chemical, medical,
and mining industries that transport toxic, corrosive, medical,
or high-pressure liquids [1]. To avoid corrosion of cores and
windings, a stator can and rotor can are added on both sides
of the air gap [2], [3]. The can is made of corrosion resis-
tant alloy steel, and there is a closely connected supporting
structures at the ends. Under the action of the air gap and
end magnetic field, the eddy current losses and circulating
current losses between the can and end support structures of
the high-speed canned induction motor are formed [4]. The
superposition of the two types of losses not only reduces the
motor’s efficiency, but also tends to cause local overheating at
the region of the motor. Therefore, the reliability of the motor
is reduced.Therefore, it is very important to study the calcu-
lation method of eddy current losses, and their influencing
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factors for the preliminary structural design of high-speed
canned induction motor and the safe and stable operation of
the whole system.

At present, the methods of eddy current losses mainly
include analytical method and finite element method. The
eddy current losses of switched reluctancemotor is calculated
by analytical method [5]. Based on the analytical method,
a new analytical method for permanent magnet eddy current
loss of non-concentric pole permanent magnet synchronous
motor is proposed, which considers the influence of eddy cur-
rent reaction and stator slotting [6].The proposed model takes
account of the influence of the output voltage harmonics from
the inverter on the iron loss of the motor based on the piece-
wise variable coefficients method [7]. Three-dimensional
boundary conditions and current vector are introduced into
the subdomain model to represent the three-dimensional
eddy current circulating in the magnet [8].In the analytical
method, when the actual end ring resistance of the stator
can is introduced, the induced current will follow a certain
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elliptical path from pole to pole, rather than flowing axi-
ally along the stator core. When the end-ring resistance is
considered, the loss of the stator can needs to be multiplied
by ks on the basis of the loss of the stator can without
considering the end-ring resistance. ks is the reduction factor
and depends on the ratio of core length to pole pitch. In the
calculation process, ks is usually an empirical coefficient,
which will cause a large error in the calculation results. The
eddy current loss of permanent magnet synchronous motor
is calculated by two-dimensional finite element method and
three-dimensional finite element method respectively [9].
The results show that the three-dimensional finite element
method is more accurate. The three-dimensional finite ele-
ment method is used to analyze the influence of the leakage
flux on the conductive components at the end of themotor and
calculate the eddy current loss [10]. A method based on the
combination of analytical method and finite element method
to calculate the eddy current losses of wire windings is pro-
posed [11]. The finite element method is used to optimize
the rotor structure of the motor to reduce the rotor eddy cur-
rent losses of the high-speed permanent magnet synchronous
motor [12]. The three-dimensional finite element method is
used to simulate the magnet segmentation, thereby reducing
the eddy current losses of the permanent magnet synchronous
motor [13]. A new method is proposed to reduce the rotor
permanent magnet eddy current loss, the auxiliary slots with
optimized size and position are proposed, which is verified
by the finite element method [14].The eddy current losses
and electromagnetic force characteristics of the can under
the combination of two-dimensional and three-dimensional
finite elements are introduced [15]. The effects of can mate-
rial changes on motor losses, magnetization currents, and
performance are discussed in [16], a reliable basis for the
selection of can materials and performance optimization of
megawatt high-speed canned induction motors is provided.
The eddy current losses calculation of other structural parts at
the motor end is also the focus of the research. The iron losses
caused by the differences of air gap flux distribution in the
coaxial cylindrical rotor layer structure is analyzed in [17].
The three-dimensional finite element method is utilized to
calculate the eddy current losses in the end structural com-
ponents but the paths and influencing factors of the losses is
not analyzed [18], [19].The two-dimensional finite element
method cannot consider the complex situation of the end
structure. The current research mainly includes the calcula-
tion method of eddy current loss and the reduction of eddy
current loss by changing the structure of the motor, and the
eddy current path is rarely studied. Therefore, this paper uses
the three-dimensional finite element method to calculate the
end loss of 1.5MW high-speed canned induction motor. This
method can not only calculate the eddy current loss of the
motor end structure, but also calculate the circulating current
losses between the metal structure parts with the superposi-
tion method. On the basis of finite element simulation, the
eddy current path and circulating current path are analyzed,

FIGURE 1. 3-D solved region.

TABLE 1. Motor parameters.

and a new method to reduce the end loss of the motor by
blocking the circulating current path is proposed, which is
verified by temperature rise.

II. HIGH-SPEED CANNED INDUCTION MOTOR END
MODEL AND LOSSES CALCULATION METHOD
The solution model of the end structural components of the
high-speed canned induction motor is shown in Fig. 1.

The parameters of the motor are shown in Table1.
The stator core is composed of silicon steel sheets with

a thickness of 0.5 mm. The stator can is supported on the
inner circle of the stator can by the stator core. The stator
and rotor can separate from the rotor end region to the stator
end region.The stator core is made of silicon steel sheet,
which has magnetic anisotropy, but the stator core does not
belong to the motor end, so the motor end is not affected
by material anisotropy. The principle of contact resistance
is that the surface of the structural plane at the two contact
points is rough and not smooth, resulting in partial contact on
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FIGURE 2. Amplitude comparison of air gap fundamental wave with and
without rotor section.

TABLE 2. Comparison of calculation time.

the contact surface of the two contact conductive structural
parts and no contact on the part, which leads to the contact
resistance.To ensure the tightness, the metal structures in
contact should be closely combined in this kind of motors,
so the influence of contact resistance can be ignored.

The models with and without rotor section are calculated
respectively. The fundamental amplitude of the air gap mag-
netic field of the two models is not much different, as shown
in Fig. 2. However, the calculation time of the two models
varies greatly, as shown in Table 2. In this paper, the end seal-
ing rings, frames, end rings, and rotor segments are neglected
in the established geometric model due to the complex and
variable end structure. The effects of the tapered ring and
support cylinder, and clamping plate on the circulating cur-
rent losses and the path of the circulating current losses are
mainly studied.

The three-dimensional solution domain � at the end of the
canned induction motor established in this paper is divided
into eddy current area V1 and non-eddy current area V2. The
eddy-current region includes a stator end can, clamping plate,
tapered ring, and support cylinder. The non-eddy current
part consists of the stator end core and stator end winding.

Taking the vector potential
·

A and the scalar magnetic poten-
tial ϕas unknown functions, the mathematical model of the
three-dimensional eddy field at the region of the high-speed
canned induction motor is established.

In the eddy-current region V1:{
rot(v rot Ȧ) − grad(v div Ȧ) + jωσ Ȧ+ σ grad ϕ̇ = 0
div(−jωσ Ȧ− σ grad ϕ̇) = 0

(1)

In the non-eddy current region V2:

rot(v rot Ȧ) − grad(v div Ȧ) = J̇ (2)

where υ is themagnetic resistivity,ω is the angular frequency,

σ is the electrical conductivity, and
·

J
s
is the source current

density.
The boundary conditions satisfied by the three-

dimensional eddy current field mathematical model are as
follows.

On S1: {
Ȧ = Ȧ0

ϕ̇ = ϕ̇0
(3)

OnS2,S3: {
n · Ȧ = 0
(v rot Ȧ) × n = 0

(4)

whereA·

0 and ϕ0 are the initial values of complex vector mag-
netic potential and complex scalar potential on S1, respec-
tively, nis the normal direction of the boundary surface.

During the high-speed rotation of the motor, the magnetic
field cuts the structure at the end of the motor to generate
the induced electric potential, thus forming the eddy current
losses of the structural components themselves. According
to classical electromagnetic theory, the eddy current losses
density Pe in the solid conductor region is as follow.

Pe =
1
2
ρ

(
J̇ · J∗

)
+

1
2
ρ Re

(
J̇ · J̇

j2ωt
)

(5)

The average time value of the eddy current losses density
Peav in volume V is as follow.

Peav =

∫
v

1
2
ρ|J̇ |

2 dv

=

E∑
i

∫
vl

1
2
ρi

(
|jxm|

2
+

∣∣jym∣∣2 +
∣∣J̇zm∣∣2) dv

=
1
2

E∑
i

ρi

(
J exmR

2
+ J exmI

2
+ J eymR

2

+ J eymI
2
+ J ezmR

2
+ J ezmI

2
)
1Vi (6)

where J is the eddy current density; ρ is the resistivity; 1Viis
the volume V of the unit; E represents the total number of
units in the volume.

This content can provide the basis for the subsequent cal-
culation of eddy current and circulating current losses.

III. ANALYSIS OF CALCULATION RESULTS
A. EDDY CURRENT LOSS ANALYSIS
The fundamental amplitude of the axial, tangential and radial
magnetic fields at each position in the air gap is given along
the Z-axis direction. The selection of each position is shown
in Fig. 3, and the amplitude is shown in Fig. 4.

It can be seen that the amplitude of the axial magnetic
field in the air gap is the largest, followed by the tangential
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FIGURE 3. Select the position of each point in the air gap.

FIGURE 4. Magnetic field distribution at each position of the air gap.

magnetic field, and the amplitude of the radial magnetic field
is the smallest.The difference of magnetic field intensity in
different directions in different parts of the air gap leads to
the difference in the magnetic field distribution at different
positions of the structural elements at the end of the motor,
which in turn has an impact on the loss path of the struc-
tural components. Fig. 5 gives the eddy current paths on the
clamping plate, tapered ring, and support cylinder of the end
structure.

It can be seen that the distribution of the loss paths on
the clamping finger is more influenced by the tangential
magnetic field and the clamping ring is more influenced by
the axial magnetic field. It can be seen that the eddy currents
on the clamping plate flow mainly through the clamping ring
and the clamping finger, with the center of the eddy currents,
concentrated on the clamping finger. It can be seen from
the eddy current paths of the tapered ring and the support
cylinder in Fig. 5(c) that the distribution of the loss paths of
the tapered ring and the support cylinder is affected by the
radial magnetic field, and the eddy current center is slightly
farther from the front of the air gapmagnetic field. This shows
that the magnetic field distribution in the motor end structure
is very complex.

B. CIRCULATING CURRENT LOSSES ANALYSIS
The change of the magnetic field at different positions of the
air gap with circulating current is shown in the histogram of
Fig. 6(a).

FIGURE 5. Eddy current path of the end structure: (a) Clamping finger
eddy current path; (b) Clamping ring eddy current path; (c) Support
cylinder and tapered ring eddy current path.

It can be seen that the change trend of the magnetic field
in all directions is the same as that when there is only eddy
currents. Fig. 6(b) shows the comparison of air gap magnetic
field with and without circulating current. From Fig. 6(b),
it can be seen that after considering the circulating current,
as the air gap position gradually moves away from the stator
end winding, the axial magnetic field and radial magnetic
field first increase and then decrease, and the tangential
magnetic field decreases. Therefore, the circulating current
can change the end magnetic field distribution, which in
turn affects the loss distribution of the end structure. Fig. 7.
gives the circulating current path between the end structural
components.

It can be seen that the circulating current path between the
tapered ring and support cylinder and the clamping plate is
evident in the diagram. The circulating current flows through
the clamping finger to the tapered ring and support cylinder
and the clamping finger to the clamping plate. This is because
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FIGURE 6. Air gap magnetic field distribution in circulating flow
conditions: (a) Amplitude of the magnetic field with the circulating
current; (b) difference between it only with the eddy current.

in the discussion of magnetic fields above, the inclusion of the
circulating current has an inhibitory effect on the tangential
magnetic field. Therefore there are no obvious eddy current
paths on the clamping finger compared to the tapered ring and
support cylinder.

The simulation software Magnet is adopted in this paper,
which has no insulation boundary conditions. Therefore, the
eddy current losses and the circulating current losses in the
motor end are calculated by finite element method combined
with the superposition method [19]. The corresponding solu-
tion conditions are shown in Table 3.

The calculation of model a can obtain the eddy current
losses of the tapered ring and the support cylinder itself; the
calculation of model b can obtain the eddy current losses of
the clamping plate itself; the calculation ofmodel c can obtain
not only the circulating current losses between the clamping
plate, the tapered ring and the support cylinder,but also the
eddy current losses of the clamping plate, the tapered ring
and the support cylinder itself. The corresponding calculation
results are shown in Table 4.

Through the data analysis in the table, we can see that there
are not only the eddy current losses of the structure itself, but
also the circulating current losses of the structure at the end of
the motor. In this paper, the circulating current losses between

FIGURE 7. Circulating current path between structural components in the
end region of the motor.

TABLE 3. End loss-solving conditions for each model.

TABLE 4. End structure losses.

the end structures of the motor accounts for 57.99 % of the
total loss, which are much larger than the eddy current losses
of the end structure.

In this section, it can be verified that the circulating current
between the structural components can change the distri-
bution of the magnetic field at the end, which affects the
distribution of the circulating current and the eddy current
losses. Therefore, it is necessary to analyze the influencing
factors of the circulating current of the structural components
to suppress the circulating current losses.

C. INFLUENCE OF CLAMPING PLATE RELATIVE
PERMEABILITY CHANGE ON CIRCULATING
CURRENT PATH
Based on the analysis of previous research, the increase of
relative permeability promotes the eddy current losses of end
structural components, and the eddy current losses of struc-
tural components are not a monotonic function of relative
permeability. When the relative permeability of the clamping
plate is different, through the calculation of other models, the
eddy current losses of the clamping plate,tapered ring, and
support cylinder and the circulating current losses between
structural components are shown in Table 5.
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TABLE 5. End structure losses with different relative permeability.

The data in Table 5 shows that as the relative permeability
of the clamping plate increases, the eddy current losses in
the clamping plate itself increases. In contrast, the circulat-
ing current losses between the clamping clamping plate, the
tapered ring, and the support cylinder first increases and then
gradually decreases. This indicates that an inevitable increase
in the relative permeability of the end structural components
contributes to their own eddy current losses, and that the
circulating current losses between the end structural compo-
nents are more sensitive to changes in relative permeability
than the eddy current losses of the structural components
themselves.

From the above section, we can see the potential internal
distribution of the end structure and the flow direction of
the circulating current. The penetration depth represents the
attenuation of the electromagnetic field in the structure:

d =

√
1

πµσ f
(7)

where d is the depth of harmonic penetration; µis material
relative permeability; σ is material conductivity; fis harmonic
frequency.

As can be seen from Fig. 8. the depth of harmonic penetra-
tion decreases as the relative permeability increases, while at
the same time, the path of the circulating current between the
clamping plate and the tapered ring changes accordingly. At a
relative permeability of 1, the eddy current in the clamping
plate flows on its own, while the circulating current flows
through the clamping finger to the tapered ring. As the relative
permeability increases, not only does the direction of the
eddy current flow in the clamping plate itself change, but the
circulating current flow to the tapered ring also changes, with
most of the circulating current still flowing from the clamping
plate to the tapered ring and a small part of the circulating
current changing direction and flowing from the tapered ring
to the inside of the clamping plate. The high relative perme-
ability material allows the loss path in the end structure to
be changed, resulting in reduced end losses in the high-speed
canned induction motor. The magnetic field at different posi-
tions of the air gap is extracted, and the extraction position

TABLE 6. End structure losses with different conductivity.

is shown in Fig. 9. The difference in tangential and radial
magnetic field densities with and without circulating current
is shown in Fig. 10.
The magnetic flux flowing through the structure is propor-

tional to the relative permeability. As the relative permeability
increases, the leakage flux at the end of the motor is more
likely to enter the end structure. Because of the existence of
the circulating current, the increase of the magnetic flux in
the air gap is suppressed to a certain extent.

D. INFLUENCE OF CLAMPING PLATE CONDUCTIVITY TO
CHANGE THE CICULATING CURRENT LOSSES
The change of material conductivity can directly affect the
eddy current losses of the structure itself. The eddy current
losses on the clamping plate are constantly growing with
the increase of the conductivity of the clamping plate. When
the conductivity is different, we show the circulating current
losses between the corresponding structural components in
Table 6.
As seen from the data in the table, as the conductivity of

the clamping plate increases, the corresponding resistivity
decreases, and the induced current flowing through the struc-
tural component increases. There will be more circulating
current losses between the end structures. But the circulating
current losses between the end structural components do not
increase indefinitely. The increase of circulating current will
also cause changes in the potential of terminal structures.
Therefore, we extracted and analyzed the potential inside the
end structural components with different conductivities, and
the corresponding data is shown in Fig.11.

From Fig.11, We can see that as the conductivity increases,
the potential in the support cylinder and clamping plate
changes in the same trend, first decreasing and then slowly
increasing. This is because as the conductivity increases,
the internal resistance of the clamping plate decreases, and
the induced voltage gradually decreases. As the conductiv-
ity increases, the potential difference between the structural
elements increases. This increases the circulating current
between the structural elements and the circulating current
losses between the structural components. At the same time,
the counter-electromotive force generated by the circulating
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FIGURE 8. Differential circulating current paths of the end structural components when the clamping plate magnetic relative
permeability is different: (a) µ =1H/m; (b) µ =2H/m; (c) µ =5H/m; (d) µ =10H/m; (e) µ =15H/m; (f) µ =20H/m.

FIGURE 9. Data extraction points.

current increases slowly. The inhibition of circulating current
by the magnetic flux gradually becomes apparent. Therefore,
the circulating current losses between the clamping plate,
the tapered ring, and the support cylinder do not increase
indefinitely. The potential distribution at different locations
on the structural components is shown in Fig. 12.
It can be seen that the effect of the change in conduc-

tivity of the clamping plate on the circulating current path
is significantly greater than the effect of the change in rel-
ative permeability. The increase in conductivity causes the
structural components themselves to change in resistivity.
The circulating current is due to the different positions of
the clamping plate with the tapered ring and the support
cylinder at the end, resulting in different leakage fluxes in
the cross-chain. Thematerial properties of the structural com-
ponents themselves lead to different induced voltages shared
by different structural components and a potential difference
between the structural components. As the conductivity of
the clamping plate increases, the resistance of the clamping

plate decreases, resulting in a decrease in the voltage shared
by it. The current always flows from the position of high
voltage to the position of low voltage, which directly leads
to a change in the direction of the circulating current between
the structural components.

Fig. 8. and Fig. 12. are mainly used to explain the influence
on the circulating current path of the end of the high-speed
canned induction motor when the material properties of the
end structure change. In the process, the eddy current path
of the end structure itself will also change accordingly. After
the relative permeability of the clamping plate is increased by
10 times after Fig. 8, the eddy current losses of the clamping
plate itself is increased by 1.33 times, while the circulating
current losses between structural members is increased by
15.62%. From Fig. 12, it can be seen that with the increasing
conductivity of the clamping plate, the eddy current distribu-
tion of the clamping plate itself changes, and the circulating
current path between the clamping plate and the tapered ring
changes.

IV. OPTIMIZED STRUCTURE OF MOTOR END AND ITS
BENEFICIAL EFFECT
A. MOTOR END OPTIMIZATION STRUCTURE
From the above study, it can be found that there are eddy not
only current losses at the end of the motor but also circulating
current losses between the structural components. There are
many methods to suppress the eddy current losses, in the
end, structural components. Still, the main purpose of this
paper is to suppress the circulating current losses between
the end structural components. Therefore, effective measures
can be taken to block the circulating current path between
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FIGURE 10. Comparison of tangential and radial magnetic density with or
without circulating current with different relative permeability of the
clamping plate: (a) z = 66 mm; (b) z = 274 mm.

the clamping plate, the tapered ring, and the support cylinder,
so as to reduce the motor end loss. The selection of the
installation position of the circulating current blocker can
only play the role of the magnetic force line blocking device
effectively when it is installed at the place where the magnetic
force lines are concentrated. Therefore, according to the flow
path of the magnetic force lines in the end structure of the
high-speed canned induction motor during normal operation,
the circulating current blocker is placed in the position shown
in Fig.13.

It can be seen from Fig.13. that the improved card structure
can effectively block the circulating current path of the end
structure components. Table 7 gives the compares of the
eddy current losses of the end structural components and the
circulating current losses between the structural components
before and after the clamping plate improvement.

The comparison of the data in Table 7 shows that this
scheme has a relatively obvious inhibition effect on the circu-
lating current losses between the end structures, and can com-
pletely cut off the original circulating current path between
the end structures, directly reducing the circulating current

FIGURE 11. Internal potential distribution of the end structure when the
conductivity is different: (a) Clamping plate distributions of different
conductivity. (b) Tapered ring and support cylinder potential distributions
of different conductivity.

TABLE 7. Comparison of end structure component loss.

losses of the end structures. After adding four circulating
current blockers, the eddy current losses of the clamping
plate itself is reduced by 19%, and the circulating current
losses between the clamping plate and the tapered ring and
the support cylinder is reduced by 47%. This scheme can
not only significantly reduce the circulating current losses
between structural components, but also reduce the eddy
current losses of structural components to a certain extent.
When eight circulating current blockers are added, the eddy
current losses are reduced very little, and considering the
structure and mechanical strength of the clamping plate itself,
four circulating current blockers are the most appropriate.
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FIGURE 12. Circulating current path of the end structure when the clamping plate conductivity is different: (a) σ =1.4×106S/m;
(b) σ =1.5×106S/m; (c) σ =2×106S/m; (d) σ =3×106S/m; (e) σ =5×106S/m; (f) σ =1×107S/m.

B. THE BENEFICIAL EFFECT OF LOSS SUPPRESSION
METHOD
The loss is the heat source, and most of the loss will make the
internal temperature of the motor rise in the form of heat. Due
to the special working environment and mechanical structure
of high-speed canned induction motors, the temperature rise
effect is more common than that of ordinary motors. To verify
that the circulating current is the direct cause of the high
magnetic density and abnormal temperature rise at the end
of the motor, an end temperature field model is established to
analyze the temperature rise.

The steady-state temperature field in the motor is studied
numerically, and the basic principle of heat transfer shows
that the time term is removed from the heat conduction
equation to simplify the difficulty of solving the equation.
The three-dimensional steady-state heat-conducting control
equation with heat source and anisotropic medium is chosen.
In the Cartesian coordinate system, the three-dimensional
heat-conducting equation can be expressed as follows:

∂

∂x
(kx

∂T
∂x

) +
∂

∂y
(ky

∂T
∂y

) +
∂

∂z
(kz

∂T
∂z

) = −q, (x, y, z) ∈ �

∂T
∂n

= 0, (x, y, z)

−K
∂T
∂n

= α(T − Tf ), (x, y, z)

(8)

where T is the temperature of the end structure to be solved,
K , kx , ky, kz is the thermal conductivity of the various mate-
rials in the solution domain along the k, y, z direction; q is
the sum of the densities of the heat sources in the solution

FIGURE 13. Circulating flow path between the end structural components
after the clamping plate structure is improved: (a). End-optimized
structure; (b). Optimization of loss paths between structural components
at the end.

domain; α is the heat dissipation coefficient of the heat
dissipation surface; Tf is the temperature of the fluid around
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FIGURE 14. Temperature distribution of tapered ring and support
cylinder: (a). Temperature distribution before optimization;
(b). Temperature distribution after optimization.

FIGURE 15. Temperature comparison before and after optimization.

the heat dissipation surface. The temperature distribution on
the tapered ring and support cylinder after the clamping plate
optimization or not is given in Fig.14. and Fig.15. Temper-
ature has little effect on the conductivity of stainless steel
materials, so the effect of temperature on the conductivity of
materials is ignored [20].

Compared with the structure before optimization, cir-
culating current losses between the structural components
after optimization is reduced, and the temperature of each
structural component is smaller than that of each structural
component before optimization.

V. CONCLUSION
High speed canned inductionmotor as the research object, the
magnetic field of the end region is calculated by the 3-D finite
element method. The circulating current losses between end
structures are analyzed. The factors of the circulating current
path between end structures are discussed.

(1) The loss distribution of the end structural components
is mainly influenced by the magnetic field of the air gap.
The circulating current flows between the tapered ring, the
support cylinder, and the clamping plate, and presents an
obvious inhibiting effect on the tangential magnetic field. The
circulating current losses between the end structures of the
motor accounts for 67.6 % of the total loss, which are much
larger than the eddy current losses of the end structure.

(2) The change in material properties of the end structural
components can effectively alter the circulating current path

between the clamping plate and the tapered ring and support
cylinder. Thematerials with high relative permeability or con-
ductivity can reverse the circulating current between the end
structural components, thereby suppressing the circulating
current losses between the end structural components and
thus reducing the end losses in high-speed canned induction
motors.

(3) The circulating current flows between the metal struc-
tures at the end of the motor,the addition of the circulat-
ing current blocker effectively reduces the end loss of the
high-speed canned motor, which shows that the motor loss
can be suppressed by blocking the magnetic field or loss path
between the structural parts at the end of themotor. Therefore,
the circulating current blocker can be added to each metal
structure at the end of the motor, such as the tapered ring,
support cylinder, stator end can, not only the local overheating
problem in the normal operation of the motor can be avoided,
but also the safe and reliable operation of the motor can be
effectively guaranteed.
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