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Abstract: [Objective] Although integer-slot flat-wire motors
offer high power density and efficiency, they suffer from
significant drawbacks, including high copper usage,
substantial copper loss, and severe heat generation in the
winding end regions. Therefore, this paper proposes a dual-
rotor motor structure designed to reduce copper loss and
enhance overall motor efficiency. [ Methods ] Radial
concentrated winding technology was adopted for both the
inner and outer stator windings, significantly reducing copper
usage and associated losses at the motor ends. Meanwhile, by
increasing the amount of permanent magnet material and
optimizing the overall motor performance with the finite
element method, the power factor and maximum output power
were effectively enhanced, while the increase in iron loss was
kept to a minimum. [Results] The research findings were as
follows: with the flat-wire radial concentrated winding
technology, the end impedance parameters ( resistance/
reactance ) , copper loss, and magnetic flux leakage were all
reduced by 50% synchronously. Furthermore, under the
constant-volume constraint, electromechanical co-optimization
was achieved, whereby the power factor was enhanced and the
maximum output power was increased. The cooling system

was designed to elevate the peak efficiency, enabling the

coincidence of the high-efficiency and high-power-factor
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regions across all operating conditions, including overload.
[Conclusion] The strong consistency between simulation and
theoretical calculations confirms the significant advantages of
the dual-rotor motor in terms of high efficiency and high power
factor, establishing a new paradigm for the design of high-
density motors.

Key words: copper loss; winding end region; dual-rotor
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Fig.1 Topology structure of dual-rotor motor
AN ALY d g iR S B A I AG J
RS HORTR] ML A B B8R o B, B H
e ik h

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HALSHEHIN A, 5535, 8l

Electric Machines & Control Application, Vol. 53, No. 8, 2026

797

3 . 1 2 .
Tnm =?|:p¢’flsSlnBl + ?p(Ldl - LqI>L§SIH(2Bl) +

1
pYpisinB, + ?P(Ldz - qu)ifsin(ZBZ) ] (1)

o p L HLRERR NS B o, K RERERE 5 1, N E
THIRE ; B, = 112° ML 5550 411 B, = 128°
NN TR Ly, L, 53 3R SMEAL d g Bl
&Ly, L, S35 L d (g AR

£1 WHEFRIWEIESH

Tab.1 Main parameters of dual-rotor motor
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Fig.2 Comparison of the non-terminal ends of the
dual-and single-rotor motors
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Fig.3 Comparison of the winding sides of the

dual-and single-rotor motors
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Fig.5 Winding connection diagram of the

dual-rotor motor
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Tab.2 Comparison of winding parameters
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Fig. 6 Comparison of magnetic density contour

maps at the rated operating point of the motor
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Tab.3 Phasor diagram parameters of dual-rotor and

single-rotor motors
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Fig. 10 Comparison of phasor diagrams for two motors

under different operating conditions
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XL LA LR B A A 11,12 Frs
T 1112 AT BUR - FLFLAE ¥ FIKGE T Y i
{HAR3 N 97.937% , 4 B 5 7 vl L 1 0 (1 50 %6
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BRFER , WORFRAIK,

B 11 WETFHEIHER

Fig. 11 Efficiency diagram of dual-rotor motor

B 12 BEFEINEE
Fig. 12 Efficiency diagram of single-rotor motor
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{HYKE TR AR L 1 mm B R % A BEL ) 386 K 2
PRI, X3RN AL
A2 H0H TR 1% B sh3e, L
RIEHEREAR

PR AL FH RS T AR BROTITH R A R0
XPHUNER 5 iR, 25 AR S T IFE, tb E
THAFER K, BHLAE 7 000 r/min AR T408 1T
IF AFELE R ALAAE 5 A0 A G 2
o, KL, R AR 4R i 2 AR D
BILAA st FEL B, %o 4 T F ML RO LA i 2 ROR
FLFF5 15000 t/min 150 N-m A9 T35 1
TRV R, WU+ DL FERE AR 779.57 W, 1%
) ZR GE ¥ Ty SR A AH Uk 2D, AT 80/ B A 3K 5
RGN, A SCRFHE T80 P EB BV H%
LA TR A AR TR EOAR Il T —3 o JEE

BERHUREATM A BT, T, BUR 7 A AL A ALK
PUFE AT U AL T LAY —2F
F4 WHETFEINME

Tab.4 Efficiency of dual-rotor motor

SEF R TS KO R BE/mm S RECRE /% I RFEH/ (N-m)

M19-29G o 97.972 180.21
M15-29G " 98.075 186.38
M19-29G 0.5 97.943 184.58
M15-29G 0.5 98.025 191.09
M19-29G 1.0 97.937 184.1
M15-29G 1.0 98.018 190.42
M19-29G 1.5 97.904 183.2
M15-29G 1.5 98.017 189.46
M19-29G 2.0 97.915 182.1
M15-29G 2.0 98.010 189.49

x5 AHBENERITESERTITENLEL

Tab.5 Comparison of efficiency between theoretical calculation and finite element calculation for two motors

e B/ (romin”')  BH/(N-m) /W B/ w HUbAR e/ W B /% R/ %

WU 437.37 172.35 97.48 97.46
3 000 80 40.5

i 584.82 133.84 97.07 97.06

X 1 695.8 213.14 96.27 96.24
3 000 160 40.5

LT 2 159.5 181.82 95.48 95.47

WU 499.84 366.78 97.81 97.79
5 000 80 73.1

M 753.81 249.75 97.49 97.49

WU 1 1 765.1 452.85 97.17 97.15
] 5 000 150 73.1

HRET 2 544.67 282.64 96.44 96.43

XU 944.21 579.65 97.29 97.33
7 000 80 111.8

T 1 589.05 396.23 96.55 96.55

XL BLH 7 L BIL T 2R R R ol an 1L 13 14
Fiw, WK 13,14 XF o] A, B8 7 B AE

B 13 WHEFEINDEEHE

Fig. 13 Power factor diagram of dual-rotor motor
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B 14 BETFEINIEEHE

Fig. 14 Power factor diagram of single-rotor motor
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JER A 15 FoR,

xR6 NEFRARHNSH

Tab.6 Cooling parameters of dual-rotor motor

SRR ZHH e CAI N (]
LR PR RE/(W-m™) 1500000 || sKiEE 4l 8
BRI/ (W-m™) 300 000 || 7KiEJEERE/mm 1
BA 13K A mm? 4.76 K/ C 70
HO R HHE/ (m-s™") 0.1 YL/ mm 0.6

B15 EFRESHZE
Fig. 15 Stator temperature distribution contour map
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