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Switched reluctance (SR) motors have a simple and robust structure, and low cost. However, torque and efficiency of

conventional SR motors are lower than those of rare-earth permanent magnet motors. To improve the disadvantages, several

kinds of special-structured SR motors, including axial-gap-type and permanent-magnet-assisted-type, have been proposed. This

paper investigates a transverse-flux-type SR motor (TFSRM). The TFSRM is designed by using a finite element method (FEM),

and the prototype tests are carried out. In addition, further improvement of the performance of TFSRM is discussed

based on the prototype tests results.

Key words: Switched reluctance (SR) motor, Transverse-flux-type

1. [FEHIC

4R, HERBRBEREOBS DA 2B TEH = RLX
—ERED SN TN D, FHCEAEICBW T, RIBEEE
J10K 6 FIBE—FZ THE SN TV DLERNE, T—4 0
EEAL R RO BN TER Y Y, Eikde 2y LEERcn % H
W KA AT — 2 O DEHIZHEA TS, L L7
B, TR AICRARBRIA T LRV AT r T A
&&@v77 A%, —HOESHIBICHEEL TV D720

WAk G & G AR E L SR TWD 229, AT, #H
EHGI%M®@@L LT T —ADFEEIAS %8
Y ENTREND. ZOLIREENLS, LT T—X
BARETHY 2N, B - & MLy ' — 2 ORHZEN
EENTND

AA v F WY Ty & AE—4 (Switched Reluctance
Motor: SRM) 1, BEXAIE ORRAZEMMEICHRT DY F
IPHA RN ERIA L2 TS, [EET, 5T
T & bl A L, BRIIEE RO ERE S
N5, R IEEL OB TR S, BRRCK AR IR
FECTHDH. LA ->7T, SRM ITHEEAEH TR, 2/
CORREEZATH. —J7, SRM O b 0phRix, A
WAE—2 I3 RIT N ENWHIBERDH L. 207, Z
NETTHF YT v v 7 OKABARBE 578 &,
B It TR 22 &7z SRM AMER SN TV D

T ZTEE DL, i A (Transverse-Flux-
type) 125 H L7z, S MBCREE— % LiX, FEHEST-OM
RSt UC, BRI IS iiAL 5 & — X ORFRT
5. WENRBEE, BEF, FiEToEb 50—,
HDLNIW IR A MEETHLEAENZ V. Fiz,
IAFBRAR Y MIESNDDOTiEe<, baAgxn
RoaAf vk, EHEFEIXREEE I3 LT, SIS

XD BGAENZ. LizR-o T, lEoE—4L
AT, BHRAEEEES TN TED. iz, HE
W&o T, BRUpBHZ Mt 4 Bl 2B TE 57
O, BIEMIEEELZETLHZENTE, MR
M EREfFSND. 20X A MBEREE—21E, 2
N E TITKABIA T —Z ~Ou RIS H 5 23 9.9,
SRM ~O#HFNLH £ 0 72\, Fiz, WL 20D D AT
Ze% HCH 100, YRR 2B < Te oI, [EIE RN A
BN A 2T 272 L, A ARE L5 SRM AR Dk
ENREDONTWHDHINZ.

UK U CARRE T, BAARE ORI SRM

(Transverse-Flux-type SRM: TFSRM) (22T .7, 3
WOLAHRE SR (3D-FEM) % W\ T, fEMT - 83 %4T 9
b, FEREEORIE - MBRAET O THET L.
LT, EFHED VI PULDJRFRIZONWTEET L L L b
12, ZOBERIZOWVWTRHEITSToOTHRET 5.

2. TFSRM OEFER & AFRBRIER

2.1 TFSRM D E AR

Fig. 1 |2, —#% M7 SRM (Radial-Flux-type SRM:
RFSRM) &5 Emé SRM (TFSRM) % Q#ili 7 112 i
BAL7-M%&79. FAX@IY, —fiFH7% RFSRM 054,
[FIEF- DRI ST R & ERROFEAN S T, [ U ofhm T
bLORLNS. —Ji, FROG)O TFSRM 04, [alis1
OIS ST (QHHT1E) Wkt L TR 18 (2 7))
NS ZENTHIND.

Fig. 212, AR ToOLEIZHAV = RFSRM & TFSRM ©
HAMR A7, & TFSRM O&MHOEEF, [HiEFi e
HICREDOD » ba T THERIN, BETTy a7 on
AN FaA XKD AP D LTS, T Z i
Frs 3 BefEAEA D Z & T, 3k L 725, A TFSRM @

58 Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019



Direction of
rotation
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Fig. 1 Comparison of rotational direction and flux
direction of RFSRM and TFSRM.

(b) TFSRM
Fig. 2 Basic configuration of RFSRM and TFSRM.
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Table 1 Specifications of TFSRM designed by 3D-FEM.

Diameter 96 mm
Axial length 90 mm
Air gap 0.3 mm
Core material 35G115
Winding space factor 50.1 %
Winding turns / phase 75
Stator and rotor pole numbers 5
Source voltage 60V

Table 2 Specifications of the prototype RFSRM.

Diameter 96 mm
Axial length 90 mm
Air gap 0.2 mm
Core material 35A300
Winding space factor 29.0 %
Winding turns / phase 144
Stator pole numbers 6
Rotor pole numbers 4
Source voltage 60V
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Fig. 3 3D-FEM model of TFSRM for one-pole.
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Fig. 4 Calculated torque vs. rotational speed
characteristics of RFSRM and TFSRM.
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Fig. 5 Calculated current density vs. torque
characteristics of RFSRM and TFSRM.
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(a) External view (b) Stator (1-stack)

(¢) Rotor (3-stacks)
Fig. 6 The prototype TFSRM.

Table 3 Specifications of the prototype TFSRM.

Diameter 96 mm
Axial length 90 mm
Air gap 0.3 mm
Core material 23G110
Winding space factor 50.1 %
Winding turns / phase 75
Stator and rotor pole numbers 5
Source voltage 60V
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Fig. 7 Magnetization characteristics of 35G115 and
23G110.
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Fig. 8 Torque vs. rotational speed characteristics of the
prototype TFSRM.
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Fig. 9 Current density vs. torque characteristics of the

prototype TFSRM.
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Fig. 10 Through holes for fixing the cut-core.
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Fig. 11  Current density vs. torque characteristics
considering the through holes.
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Fig. 12 Comparison of contour diagrams of flux density
with and without through holes.
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Fig. 13 3D-FEM model of TFSRM considering magnetic
interference between adjacent phases.

1.5

© Measured

-o-Neglect through holes

1 and interference

-o-Consider through holes
and interference

Torque (N-m)

A

o

0 2 4 6 8 10
Current density (A/mm?)

Fig. 14 Torque characteristics considering the through
holes and the magnetic interference.

Fig. 15 Contour diagram of flux density when the
winding current of the second phase becomes maximum.
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Fig. 16 TFSRM with fan-shape stator core.
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Fig. 17 Torque characteristics of the TFSRM with
fan-shape stator core.
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Fig. 18 Contour diagram of flux density of TFSRM with
fan-shape stator core.
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Fig. 19 TFSRMs with various distances between the
adjacent phases.
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Fig. 20 Torque characteristics of the TFSRMs with

various distance between the adjacent phases.
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Fig. 21 Contour diagram of flux density in various
distance between the adjacent phases.

62 Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019



T LT, BEEEMICIAVGATEE N> TN AT E N TS
N5, ZozZ &b, TFSRM BERHZIE, E2CTHARMIC
Xx v THRITLEDADTHDLLESAD.

5. ¥&d

Pk, AFETiX 3D-FEM % W -Cilkat L7z, SUFIRREH
7 SRM (TFSRM) Ot fERERfE RIC oW b7z, F 7z,
FRRED S BIEDOFKICOWTERTH L L I, £
DEERIZOW TR ETT- 7.

ZOfEE, RIEL- TFSRM 1k L #i%alm v ofLiE
EHETAHN, MARMMT R L7 DK TRRED L.
3D-FEM ZHW\TC, ZORKEZFHE L&A, Iy b=
7 EERICH Tz U RICER T S /TR AR &, M
MIDOWR TN EIZ LR TH D Z B ENITR o7z,

WNT, FURIC L DBREBMEFEmMT 5720, FEET
a7 EEIRICETE LA OFEIC oW T, 3D-FEM %
FAWTRE LRE, mAmm<T vy NdET R85
Bohiz., £, HETHIZOWTIE, BT 24 1
~5mm OFX ¥ v T EFITTHRFLIZEZA, Imm BED
DX v v 7 THRENRECELFEIND Z LB L
\Z7p o7z,

AL, S ORHFHESGEICET D ET AT O L & I,
W BHEOFE L EFEFBREITO TETHD.

References

1) The Japan Electrical Manufacturers’ association, “Top
Runner Motor” (2015) (in Japanese).

2) Natural Resources and Energy Agency, “Rare Metal/ Rare
Earth (Recycle Yusen 5 Koshu) no Genjo” (2014) (in
Japanese).

3) T. Okabe and K. Nose, “Rare Metal no Kyokyu ya Juyo ni
Kansuru Kongo no Tenbo”, Metal, Materials Science &
Technology (2013) (in Japanese).

4) K. Takase, H. Goto, and O. Ichinokura, JCEMS 2016, L.S6B2
(2016).

5) K. Nakamura, K. Murota, and O. Ichinokura, /. Magn. Soc.
Jpn., 81, 123 (2007) (in Japanese).

6) Y. Ito, H Goto, and O. Ichinokura, The Papers of Technical
Meeting on Magnetics, IEE Japan, MAG-16-145 (2016) (in
Japanese).

7) Y. Ito and K. Nakamura, The Papers of Technical Meeting on
Magnetics, IEE Japan, MAG-17-135 (2017) (in Japanese).

8) Y. Ueda, Toshiba Review, 68, 56 (2013) (in Japanese).

9) J. Jung, S. Ulbrich, and W. Hofmann, Proceedings of ICEM
2014, pp. 1096-1102 (2014).

10) Hongquan Yang, Chenglin Gu, Proceedings of ICEMS 2008,
pp. 3414-3416 (2008).

11) Sui-chun Qu, Hua-bo Li, Xiao-guang Ma, Proceedings of
ICEMS 2008, pp. 3367-3369 (2008).

12) W. Nakamura, S. Suyama, T. Watanabe, H.J. Guo, and O.
Ichinokura, . Magn. Soc. Jpn., 25, 1207 (2001) (n
Japanese).

20184F10 08238, 20194E01 A19AERER

Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.1, 2019 63





