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Design of External Type Motor to Reduce Weight and Improve
Torque Characteristics
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Abstract This study examined the characteristics of an external type permanent magnet synchronous
motor according to the combination of permanent magnets and Halbach array. As motors with the
required characteristics are in demand in various industrial fields, research on designing highly efficient
and lightweight motors is necessary. At this time, the weight of the motor is affected by the amount and
weight of the permanent magnet, iron core, and winding coil, and the efficiency is affected by the
torque and losses, including copper loss and iron loss. Therefore, the performance of the permanent
magnet must be increased, and the weight of the iron core must be decreased to improve the specific
power of the motor. Increasing the number of poles or applying a Halbach array can satisfy this. As a
result, the direction of the magnetic flux is concentrated to one side, so the amount of yoke used as
a path for the magnetic flux can also be reduced. Hence, the weight of the motor can be reduced and
its output characteristics improved. Therefore, this study analyzed the motor according to the Halbach
array and permanent magnet arrangement. The finite element method confirmed that the power density

was improved by approximately 15% by applying the Halbach array.
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Fig. 1. Motor type according to rotor location
(a) External type motor (b) Internal type motor
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Table 1. Design specifications for commercial Drone

Motor

Specification Value Unit
Torque 30 mNm
Speed 5600 rpm
Power 16 W
Back-EMF 580 mV
Rotor diameter 24 mm
Stator diameter 20.6 mm
Length 8 mm

Weight 17.8 g
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Table 2. Motor pole slot combination and design

specification
Spec. 14pl12s | 28p24s | 42p36s | 56p48s | Unit
winding 0.966 _
factor
nu{nber of 60 ~
serial turns
Resistance 0.36 0.21 0.33 0.34 Q0

Fig. 2. Motor design
() 14p12s (b) 28p24s (c) 42p36s (d) 56p48s
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Fig. 3. Torque depending on yoke thickness
(a) 14p12s (b) 28p24s (c) 42p36s (d) 56p48s
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Fig. 4. Leakage flux between poles of 42p36s

Fig. 4= o= F200A d8sh= S7H-E4S U
At F, Fig. 3914 HEhu= o5 &R 720149
B3 3 A9 YRlog J3HeHo] Jgke wiiths
AL &AL 4 Qlrh webA, 8 B0t 1ES7F E
FE O oER F2A EAcks A9 S
AT F2E oot A& Y WEAL 4 9L
Al Hok a2y 83 5 7l e FFol SR
£ o] AR ] 2o olE sHET B8
7t ot

2.3 Btk Xt 0f2{0]

ok 44 ofdol2 Mg W Fig. 59 2ol 3
FAH A4 WIFOR AFAL Uk WA o
Aol BAAY a710) A8THS A2 & 9o
H, Eq. (D7 Qo webd A58 A4 6,0 o) £
P 9T 5 Uk

Fig. 5. Flux flow in Halbach array
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Where, e denotes Back-EMF, N denotes coil
turns, ¢, denotes air-gap flux, T denotes toruqe
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Fig. 6. Motor design with halbach array
(a) 14p12s (b) 28p24s
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Fig. 7. Design variables of Halbach array structure
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Fig. 8. Bakc-EMF according to design variables

(a) halbach array 14p12s (b) non-halbach 14p12s
(c) halbach array 28p24s (d) non-halbach 28p24s
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Fig. 9. Torque according to design variables
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(a) halbach array 14p12s (b) non-halbach 14p12s
(c) halbach array 28p24s (d) non-halbach 28p24s
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10. Power density per weight according to
design variables
(a) halbach array 14p12s (b) non-halbach 14p12s
(c) halbach array 28p24s (d) non-halbach 28p24s
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compare motor design
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Table 3. Final model power characteristics

Specification 14p12s 28p24s Unit
Torque 33.02 31.09 mNm
Power 18.21 16.6 W

Back-EMF 611.41 573.88 mV
Efficiency 81.4 80.7 %
Core loss 0.80 0.97 4
Copper loss 3.81 2.24 w
Weight 16.04 15.90 g
Power density without -
halbach array 0.96 1.05 Wig
Power density with
halbach array 113 1.04 W/e
3. 88

£ =golE 9dg 45719 3 2% 23 €
A4 ofdlo] M 8ol W2 S BAstdT WA o

&R F20| 39 2509] %o} Yoo e F
A AMgFF A7dolghs o]Fe 7H 4= Qltk 1y v

FEOIA LAY F3t FAHR Qlet] QFEITL IE
3 U425 BEAY]Y] olgrk BAHo] 9t
ol2 Besy] 9Ig Wetow A3e| gt ofglol A
84171 2ol ohef A4 AAS FRstsct. 2t ol
ol2 Ag3l ndy ALslA] ¢ el tisie] &
4% RS 143 1268 729 A571ME
3} ojelolg HEYS v FRo} A4Y|AY, Bt F
g 0. ojff 839] B AR ERE A3 HA F
T gaglon, ol vEYdE: Y He AR
UERRTE o] 285 2465 72 FTA Alel=
UAZE QIR &9 A3t 2} ofFolE HEo= 4
e &Y ARG 7] wiZel et ofolE #Es

A o2 Aeeld &8 540l o P mtA,
&719 % A= gt ool §le 285 24€%
mdo] o 7PN BlEYUEE HwsHAHY S2o]
O 55t 14 12&539] gh} ojg|o]& &85t HHlo|

o 953 B4 AL Ae ¢ 4 Utk

References

[1] Mucahit Soyaslan, “External Rotor BLDC Motor Design
for a Light Electric Vehicle: 24 Slot/22 Pole
Combination”, 2023 18th Conference on Electrical

403

Machines, Drives and Power Systems (ELMA), Varna,
Bulgaria, Art no. 23548123, pp.1-4, Iun. 2023.
DOI: https://doi.org/10.1109/ELMA58392.2023.10202463

Wenzhe Deng, Shuguang Zuo, Wei Chen, Zhe Qian,
Cheng Qian, Wenping Cao, “‘Comparison of Eccentricity
Impact on Electromagnetic Forces in Internal- and
External-Rotor Permanent Magnet Synchronous
Motors” RIEEE Transactions on Transportation
Electrification, Vol.8, No.1, pp.1242-1254, Mar. 2022.
DOI: https://doi.org/10.1109/TTE.2021.3112521

Mengmeng Tian, Xiuhe Wang, Wenliang Zhao,
Hailiang Cai, Pu Zhao, “Study on the Pole-slot
Combination of Low Power Series Pole Changing Line
Start Permanent Magnet Synchronous Motor” 2023
IEEE 18th Conference on Industrial Electronics and
Applications (ICIEA), Ningbo, China, Art no.
23706229, pp.1-5, Aug. 2023.

DOI: https://doi.org/10.1109/ICIEA58696.2023.10241775

B.V. Ravi Kumar, K. Siva Kumar, “Design of A New
Dual Rotor Radial Flux BLDC Motor with Halbach
Array Magnets for an Electric Vehicle® 2016 IEEE
International Conference on Power Electronics, Drives
and Energy Systems (PEDES), Trivandrum, India, Art
no. 16852360, pp.1-5, Dec. 2016.

DOI: https://doi.org/10.1109/PEDES.2016.7914552

Junlong Li, Yongxiang Xu, Jibin Zou, Qian Wang,
Weiyan Liang, “Analysis and Reduction of Magnet Loss
by Deepening Magnets in Interior Permanent-Magnet
Machines With a Pole/Slot Ratio of 2/3° IEEE
Transactions on Magnetics, Vol.51, No.11, pp.1-4,
Nov. 2015.

DOI: https://doi.org/10.1109/TMAG.2015.2445787

Lorenzo Piscini, Daniel Matt, Anthony Gimeno,
“Comparison of different Surface Mounted Permanent
Magnet patterns’, 2018 IEEE Student Conference on
Electric Machines and Systems, Huzhou, China, Art
no. 18437938, pp.1-7, Dec. 2018.

DOI: https://doi.org/10.1109/SCEMS.2018.8624677

Licong Duan, Hailing Lu, Chaohui Zhao, Hebiao
Shen, “Influence of Different Halbach Arrays on
Performance of Permanent Magnet Synchronous
Motors” 2020 IEEE International Conference on
Artificial Intelligence and Computer Applications
(ICAICA), Dalian, China, Art no. 19913637, pp.1-5,
Tun. 2020.

DOI: https://doi.org/10.1109/ICAICA50127.2020.9182625

Tobias Tymosch, Manuel Fischer, Vasken Ketchedjian,
Yutaka Terao, Hiroyuki Ohsaki, “Analysis of
Superconducting Synchronous Motors With Halbach
Array Field Excitation” IEEE Transactions on Applied
Superconductivity, Vol.31, No.2, pp.1-5, Mar. 2021.
DOLI: https://doi.org/10.1109/TASC.2020.3041314




AR &85 =R A A253 A28, 2024

gt of X|(Ye-Ji Park) [Hslg]

+ 20179 24¢ : R digtw AVA

AA| 0} Z- £

+ 2017 39 ~ 2023 8¢ : &%
ojeta FIichst 718 (B8
B

£ 20239 9% ~ @A YTy
A7) gkt SpAEATe

TAEoP

77171, A7 A

Xl & M(Chang-Sung Jin) (X312

aud

+ 20019 39 ~ 20034 2¢ : 3@

st Fatdist d7)gstat (33t

AP

20034 2¢¥ ~ 20073 6¢¥ : O

YAEFYA AYATY

2007¢ 3¥ ~ 20114 2¢ : 3K

st Fatdist A7)gstat (F3)

HEAD)

< 201149 2€ ~ 20189 3¢¥ : SSXARHAE AR EE
AT

20189 49 ~ @A - 3PSt 7S 2ug

0.

o

@

(TP
77171, 2Y AA 2 Al

404



