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ELECTROMAGNETIC CHARACTERISTICS ANALY SIS
AND LOSS SUPPRESSION OF FLUX-INTENSIFYING
PERMANENT MAGNET FLAT WIRE MACHINE

ABSTRACT

The permanent magnet (PM) flat wire machine has become the main
research direction of new energy electric vehicle drive machine due to its
high slot filling rate and simple process advantages. However, the low air-
gap flux density of traditional PM machines makes it difficult for their
power and torque density to meet the harsh requirements of special vehicle
operating environments. In addition, due to the skin and proximity effects,
the alternating current (AC) loss of the flat wire winding under high power
density is large, which reduces the operation efficiency of the PM machine.
Based on this, a new type of flux-intensifying PM flat wire machine is
proposed in this paper. Its flux-concentrating mechanism and high
frequency AC loss distribution rule of flat wire winding is studied deeply.
The main research contents include:

Firstly, the research background and significance of this topic are
summarized, and the research status of PM machine at home and abroad is
summarized and analyzed. On this basis, the analysis methods and

suppression techniques of AC loss in flat wire windings of PM machine is
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summarized.

Secondly, the topology of the traditional PM machine is analyzed, and
the rotor topology of the new "V+Halbach" flux-intensifying PM machine
is proposed to improve the air gap flux density. According to the theory of
winding design, the ratio of slot/pole and the winding form of flat wire
winding are determined. Based on freezing permeability (FP) method and
magnetic equivalent circuit method, the flux-intensifying mechanism of
the machine is revealed.

In addition, JMAG finite element (FE) analysis software and
modeFRONTIER multi-objective optimization software are used to obtain
the optimal topology of the proposed machine with torque and torque
ripple as optimization objectives. Based on Maxwell stress tensor method
and FP method, the torque generation mechanism of the machine is
revealed, and the influence of different PMs on the output torque of the
machine is proved. The FE models of PM machines with different rotor
structures are established, and their no-load performance, torque and flux-
weakening properties, inductance characteristics, efficiency and loss
characteristics are analyzed, and the advantages of the proposed topology
are verified.

Then, the semi-analytical model of AC loss in flat wire winding of
PM machine is constructed, and the distribution law of AC loss in winding

under different conditions is obtained, and the suppression method of high

1\
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frequency AC loss in flat wire winding is proposed from the machine and
controller.

Finally, the 60kW principle prototype is manufactured. The prototype
test platform was built to test the no-load characteristics and load
characteristics of the prototype. The test results are compared with the FE
simulation results to verify the correctness of the theoretical analysis and
the feasibility of the machine design scheme.

LiuJie (Control Science and Engineering)

Supervised by Wang Chen

KEY WORDS: Special vehicles, PM machine, flux-intensifying, flat-wire

winding, electromagnetic properties, AC loss.
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B (3-4) SEAGFTIEREIA G 5 A K W £ FBULIVI 6 4th. 12th. 20th. 28th.
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E (5 E(%) 98.0217 102.0996 105.5674
H9H 5y 5 (N-m) 2.2657 -7.2094 -12.0760
12th
HAE 5 H (%) 3.4369 -6.2791 -7.6660
5E 4y 8 (N-m) -0.7441 6.4632 5.5098
20th
AR 5 B (%) -1.7822 5.6291 3.4977
47 5 (N-m) -0.0355 -2.3845 -2.7423
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36th
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R 3-5 ANFAET A LA S

S Model-A Model-B Model-C
3 60/8 60/8 60/8
5E FHME(mm) 180 180 180
1 4% (mm) 117.5 117.5 117.5
SR (mm) 1.8 1.8 1.8
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