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Evaluation of Operating Characteristics of Adjustable Field Magnetization
PM Motors with 3D Magnetic Path and Asymmetric Magnet Arrangement
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Abstract

This paper describes a three-dimensional structure of an adjustable field magnetization permanent magnet (PM) motor
and a high-power density rotor structure with asymmetric permanent magnet arrangement for both high torque and
high efficiency operation in the high speed and low torque range. 3D-FEA demonstrated that adjustable field

magnetization operation is possible without sacrificing high torque density. Furthermore, load tests have confirmed

that high efficiency characteristics can be achieved at high-speed operation.
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Evaluation of Operating Characteristics of Adjustable Field Magnetization PM Motors
with 3D Magnetic Path and Asymmetric Magnet Arrangement

Zero-sequence winding

Stator frame (Copper)
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Stator core 1 (30HX1600)
Stator core 2 (30HX1600)

Rotor core 1 (30HX1600)
Rotor core 2 (30HX1600)

Rotor shaft (SCM415)

ermanent Magnet
(NEOREC44DUX)
Armature windings (Copper)

1 Proposed motor model

Zero-sequence flux

Zero-sequence

flux

(b) Magnetic
flux path with F,
(X-Y plane).

(a) 3D magnetic flux
path with F,

X2 Principle of adjustable field

&1 Specifications of proposed motor

8 poles and
Number of pol d slot
umber of poles and slots 48 slots
Armature winding and 8T-2P, star connection,
resistance 0.0209Q

Zero- o
ero-sequence winding and 500T-2P, 8.830)

resistance
Stator frame outer diameter #152mm
Stator outer diameter #140mm
Rotor outer diameter #93mm
Rotor shaft diameter #46mm
Axial length 89mm
Maximum armature current 240Apcak,
and density 24.2A/mm?
Maximum DC link voltage 300V
Maximum zero-sequence 4Aq,
current and density 20.4A/mm?
Maximum speeds 15000r/min

Cooling system

Water cooling
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3 Air gap magnetic flux density vs. FO
under no-load condition
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Power DC supply 22

K4 Experimental setup
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2 Parameters in the test for measuring induced voltage

From 60 to 240, in

3-phase current
Apeak

increments of 20.

3-phase current
phase angle deg.

From O to 90,
in increments of 10.

Zero—phase current
Adc

0,123, 4

Rotational speed rpm
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(b) B: Optimum current phase angle [deg.]

Motor Inductance pH

Evaluation of Operating Characteristics of Adjustable Field Magnetization PM Motors
with 3D Magnetic Path and Asymmetric Magnet Arrangement

31 36 41

4

Iso

-40

33 38 42

3

IRP VRN 28 33 38 42 I

1

32 36 40 =

Iy: zero-phase current A,
2

0

29 34 38 42
coococ o oo oo o
S % S A F 8 ®» S QT

IR

— o = = = O

I,,,: 3-phase current A .,

(a) Torque [Nm]

3 50
< < 40 34 38 40 42

g I45
E o POEIN35 38 40

5 -40
2 35 38 40 41 42

= -35
L~ 35 37 39 40 41

5 30
Zo 34 36 38 39 40 41 42 42

= -, . 25

S O o O O o O o o O
@OOON#‘\DOOON&I‘

—_ o = = = N N

I,,,: 3-phase current A,

W
N
iy

“pN 1 38 36 34 33

4
N

45
I40

-35

I30
25

N
(V)

38

3

N
[\

37 34
-37 35 34 32

1

-34 33 33 32

i
oS O O O o o O
AN < O 0 O A <
—_ = = NN A

I,,,: 3-phase current A,

Iy: zero-phase current A,
0 2

60 -
80
100 -

(c) ¥: Chained flux [mWh]

s B ===s Ly [g=0A ==Ly I =0A

B mmee Ly [g=1A =Ly Iy =1A

T Ny Lg Ip=2A Ly Io =2A

600 1 ‘?:“‘:\ e L A — L o —3A
=303, qlo™ alo=

ey, === Ly [g=4A ——L 4 Iy =4A

500 4

400

300

T T T T T T T
75 100 125 150 175 200 225

Im: 3-phase current Apeqr

(d) Motor inductance vs. 3-phase current.

(6 Results of load tests
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