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Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming
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To achieve a sustainable society, reducing energy consumption is becoming an
important issue. Consequently, there is a need to improve the efficiency of motors,
which account for about 60% of Japan's power consumption. Our iron-based
amorphous alloy strip (Metglas® 2605HB1M) is characterized by low iron loss, and
is expected to contribute to improved motor efficiency. However, it is difficult
to manufacture due to its thinness and high hardness. As a first research step,
we report the results of manufacturing iron-based amorphous cores and silicon
steel cores for fan and drone motors, and comparing their performance in actual
motors. It was found that the adoption of amorphous cores resulted in a higher

efficiency of 10% or more, especially under light load conditions.
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Fe-based amorphous alloy strips (nominal thickness:
25 ym, standard widths: 142 mm, 170 mm, 213 mm)
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Units: mm
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Teeth

A . Permanent'magnet

Rotor outer diameter 25.4

Stator inner diameter 26.0

Stator slot innerdiameter 28.0

Stator slotouterdiameter 38.0

Stator outer diameter 50.0

E—4— 1/2 WiEHE

m Cross-section of half motor

-5 —{tiE

gELI Rl Motor specifications

Iltem Value

Stator Outer Diameter 50 mm
Rotor Outer Diameter 25.4 mm
Gap 0.3 mm

Length 50 mm

Rated Power

30 W (at 1,000 min™)
300 W (at 10,000 min™)

Voltage Max. 200 V
Current Max. 3 A
Application Drone, Fan, Pump

BXRATIESR

RELICW N Simulation results (loss)

Speed Material Copper |Stator Iron| Rotor Iron | Total Loss
(min™) Loss (W) | Loss (W) | Loss (W) (W)
1.000 Amorphous 3.06 0.14 0.01 3.22
’ Si steel 3.06 0.50 0.02 3.58
Amorphous 3.06 1.75 0.29 511
10,000 -
Si steel 3.06 12.22 0.32 15.60
| =3 NIZEiEE
BEJCXH Simulation results (torque)
Current
Material
0.8A 1.6 A 3.2A
Amorphous 0.214 Nm 0.439 Nm 0.868 Nm
Si steel 0.219 Nm 0.448 Nm 0.914 Nm

Flux density
I1.6 T

-1.27
08T
04T

0T

BRI R (RREE)
Simulation results (flux density)
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(b) Si steel

(a) Amorphous

BUEE—5 —5MR (a) PEIL T 7 AH (b) EERIIRI

Photographs of (a) prototype amorphous motor, (b) Si
steel motor
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supply ./ meter m Dependence of no-load loss on rotational speed
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(b) Load test Torque (N°m)
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B2 <o-omE-—y it
LI CY-8 General specifications of drone motor

Iltem Value
Rated Power 1,300 W
Voltage 12.6-33.6 V
Current Max 44 A

B co-ome-v R

B X0 Detailed specification of drone motor

Iltem Si steel Amorphous
Core material 35H300 HB1M
Poles 28 28
Slots 24 24
Rotor outer diameter 60.7 mm 60.7 mm
Rotor inner diameter 56.2 mm 56.2 mm
Stator outer diameter 55.6 mm 55.6 mm
Stator inner diameter 20 mm 20 mm
Gap 0.3 mm 0.3 mm
Teeth width @ 3.1 mm 3.1 mm
Teeth width @ 2.2mm 2.2mm
Magnet size 5.8 X 1.25 X 12.0 5.8 X 1.25 x 12.0
Arc type R28.1 mm | Arc type R28.1 mm
Turns 5 Turns/Teeth 5 Turns/Teeth
Core length 12 mm 12 mm
Feia Permanent magnet

Stator

Stator inner diameter

Stator outer diameter

Rotor inner diameter

| Rotor outer diameter

RO—YRAE—5— 1/2 ¥iEH

m Cross-section of half drone motor
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m Photograph of drone motor (motor outer diameter: 60.7
mm)
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m Dependence of no-load loss on rotational speed

®131Z, 6,000 min'®, 7EIL T 7 AKE & LK
D PV 71T 2R 2 R L 72, I TT BV
7 7 AEDORBEPEZMRELE LE>Tn52 80D
D BR, 0.1 NmMTIZBWT7EILT 7 AEDF
B, 2084~ bBLE, e R37.8 84 MR E O B
BfiEERERTIISEO2BRICED ZE AN E
AT DEPRESENTEEZ D,



WK RBEBS D BETERIRWERTENT7RE—F—

Highly Efficient Amorphous Alloy Based Motor to Mitigate Global Warming

2BE7 7V E—Y—DRERLEDETHEAKTIET
BN P AMEERAT AL CEMRLARNE L%
MUl E 7, L VMBI REVCEERTIITEL
7 P AR L EER MR O R AT 570, TEIL
7 7 AR R IG5 I8 Y) @ iR iEE R B IR T 00
DL, Fu—VHE—YDISRAERE—FICE
WTIE—EDAMTHEHEL TS HIFTldZ L, F Y
Y7 DX BBARBEBROBEN L NENT TR, 7
TN 7 ABICE D b =2V OEEEREE A X TR R
NRAENS,

—— Si steel

—®— Amorphous

4
& o ® O
o o o o

Efficiency (%)

n
o

o

0.00 0.10 0.20 0.30 0.40

Torque (N+m)

BEEEN 02 - st (6,000 min B)
m Torque-efficiency characteristics at 6,000 min-'

4. #%

TELTFPRAE—Y —RAOE—BRELLT, fTHkE
MILOR=ZALZEE50 mmD7 7V E—F—LF
n—VHE—Y =%, TEL7 7R a7 LEEM
WD a7 zFRDT A VREMLICTREEL, 27 0E
WIZKBE—S —MERER R L 72 AR REIC L D,
TELT AL RSO MATTHEZ RS L,
TENT ARG ERMRE DO 1/4~1/6L72>TW
LB LI AMMBICBWT, 7ELT7 7 ABEDOR)
RPFEREMRIEZE LR >T02ZEZ2R LT RCRE
fIEIRICB VT, TEL7 7AKLE 528 T, %D
10% L B, BETEHORE, a 7B EDPR
EILHELTWBEILEZRLEZ U LEED, 7ELT 7R
A7 T LI L TRMBRMPARER IR, E
MEMFIC Lo TP ENT 2L 2R L. 551,
HEMToBmNZ2EDZ LT, fTbkEarick
2E—4—%ilfELFHliTA5Z LT, 7EILT 7AE—
¥ —DI o EMEHET,

5. &

ZOMBEIERRERMAR ZoHAl Y & —
(NEXTA) L b B2 T3,

51AE

1) WEE BB RE R T 2EBAFE & [ B AR O 1
BENRICET 2BREERK OB MFHE (2009)

2) WHEEAZALF —RE TR P2 1S T 4
VX — R AE G (3L X — B R
A ) WMEE (2010)

3) HBIEW, MAEIK, AR, EARE ., KHE: THHHO
BEILIC BT 2 RBT BN E A |, 4D, Vol. 139, No.
6, p.535-542(2019)

4) TR, LS, YOG, MR, RERM,
REEWE, W — 8, A%, ke [ BB AR
RE—F AV N—5 KB AT 4 |, BHHD, Vol
139, No. 6, p.543-549(2019)

5) AR, IRITETE, S EHE, $5ARF] S, MR, #H55 &
— [EBEERREBIEIESL NV EER L 27 ELT 7 A
E—% ~IE3&IEAEHEE— OFEICHT T, HA
AEM?:4:5%, Vol. 24, No. 3, p.258-263(2016)

6) BEAMR[ZVTNVFX vy TRT7ENT 7 AEBIHROLE —
& OIERERET |, BAEHD, Vol. 139, No. 6, p.606-611
(2019)

7) Z. Wang, Y. Enomoto, M. Ito, R. Masaki, S.
Morinaga, H. Itabashi, S. Tanigawa : Development
of a permanent magnet motor utilizing amorphous
wound cores, IEEE Trans. on Magn., Vol. 46, No.2,
p.570-573, (2010)

8) A g, MO R, )11 G [EEBs T/ fhEae%
W U7 Zeima=R e — & OpiF], 2D, Vol. 139,
No. 5, p.488-494(2019)

9) M HE BERLER - RHERERVEES S
INANOMET ] D &#itF ¥ EE M, £ TH H, Vol.55,
No.3, p.89-96 (2016)

10) ¥peh [, WX BT, B8 AT, K FEE [/ K ki
WMBAT—% a7 %263 5E—%OW%], BE#HD,
Vol. 139, No. 10, p.873-879(2019)

11) #eREHHILEERE S 27 1k — L — PV thttps://www.
hitachi-ies.co.jp/products/cmp/scroll_oilfree/
amorphous/index.html

12) BERRER MR ZOHAl ey Y —F—LR=V!
https://tatara.shimane-u.ac.jp/project/

ARif 5F

Mamoru Kimura
W&t 7e 7Y 7L
HERE T B SERT

N —TL s ba= AREER/
B
KA 72 Sl v & —
it (I2)

ZOFYU7ILEER Vol.38(2023)

43






