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Effect of Processing Method on the Performance of Axial Gap Motor with
Soft Magnetic Powder Composites
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Abstract

In the stage of mass producing axial gap motors, their soft magnetic powder composites (SMCs) are produced
by die compaction. In the prototype stage, on the other hand, a simple-shaped powder compact is often cut to
be evaluated. Having such a difference in processing methods causes concern that the magnetic characteristics
of the cut SMCs (prototype method) and the mold-compacted SMCs (mass production method) differ and that
may affect the motor characteristics. Therefore, axial gap motors using these cores have been prototyped,
and the effects that the methods of processing SMCs have on motor performance have been quantified. As a
result, it has become clear that, as the torque of each motor increases, the efficiency of a motor produced by the
prototype method decreases in comparison with that of a motor produced by the mass production method. The

difference factor has been identified, thereby clarifying the points to be considered in SMC processing.
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Fig.2 Axial-gap-motor configuration (SMCs is an abbreviation for soft magnetic powder composites)
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Fig.3 Exterior of prototype axial-gap motor (a) and stator core &
rotor core (b)
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Fig.6 Motor efficiency (%) map of SMCs made by compacting process
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Fig.7 Motor efficiency (%) map of SMCs made by cutting process
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Fig.8 Difference in motor efficiency (%) between compacting and
cutting cores (compacting - cutting [%])
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Fig.9 Difference in copper loss ratio (coil copper-loss / motor input)
between compacting and cutting cores (compacting - cutting [%])
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Fig.10 Difference in iron loss ratio (iron loss / motor input) between
compacting and cutting cores (compacting - cutting [%])
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Fig.11 Difference in hysteresis loss between compacting and cutting
cores (compacting - cutting [W])
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Fig.12 Difference in eddy current loss between compacting and
cutting cores (compacting - cutting [W])

TEBBIE 3 7 OFHEEIH X Y bK< 2 285 K05 5
N, THDRFRICEAPEL D EERICE>TWASA, U
HiMTLa 78L& 7 OgkiiEE (838 €—
YA OEREZRE10IIRT, $SRIBIZE— Y RFEORT
WHAERB LA VEE» SHB Lz, &REE a7
FIESUHIM T a7 XD b5 V7 SRR NS
&, SR 7 ORI T2 7 % Enl % ZER
o Twh, &R 7 LWEM LI 7o A7)
YA (W) oZR, WERE (W) oxRzehth
RK11B L UOR12IT5RT. AT ¥ AHEB L CWER

ReD = 881154 /Vol. 71 No. 2 (Jul. 2022) 15



HOBHGEIIA A v 2y ORI D HI Lz, %
B, KMV 27 SIS B 28O AERS Tk 2
T Y AHIGERNT LI E2REBLTWA,

Vo lE), K8IIRT LI, K My 7 i CIid 4R
BIEITICLHE—5 OMESIYHIMT. 2 7% Fhl %,
MI0WZRTEHI, bV 7 EBICBY &R
T OFHAEIM T a7 XY k2 2 & yBE&REIE a7
OB ERIC > T Vb, KB I PRI2ISRT
X, exF) v ABHREREIEa 7 LM LIa T
EBME PV HEITIZFEISE L RXVIZ R B, WolE),
BT YIENIN T 2 7 23R 2 7 % )L §i P o 5% ©
T %,

4. T-IMBHBRERICHT H2EE - BR

SETHARZEHC, &REFE a7 LN La 7T
BT7FTXNFYy TE—FOREITHK3I~4 %D
A - K MV I TE L B 2 L AYERIZH S )
X7z KMV HBORFEEFIIFICHMIEE e A7
)Y ZHRICERTS (MIBIUKID, wolE), K
V7 ST, MERBEICI VSRR TIC L 5 E
= ORFEIYFIM T a7 % TS (X12),

COE—YRROAERERE LT LHEDO#E NI X
BER 3 7 OWAIEOERPIHRICER LTV LE
Z, BT B 2 ER IR O &R % 574 L
7oo TEM TR O REASF T OBS,  $kkr % S IR
20 ¢p45mm—¢33mm X 6 mmdY ¥ ZFIBIRB LV
¢ 55 mm X 15 mm O FIRETERICIEMERIE L 720 RIE#
DFEEIZT60 g/cm’ TH bHo WTFNDH600C DEFEN X
TSP CEAR L Y BESEZ 305 HATV, 7T 75
(p55mmO 27 ) 5 ¢p45mm — ¢33 mm X
6 mm®Y ¥ 7 RAERF ICYEDN L L 720 SIHnL L7
B, BEWICE s TNTEREERELZZ, 20XH
W2, 2EERTFINCE Y 75 72250 EIImL & 4
RO 2B O F P TH45 mm — ¢33 mm X 6 mm
DY VTR A ERL, SnTETERLa 7o
TS % BRI L 72

SREIEE L OCHIN T X DR L) > 7 aRBE
DS Z B3R T YR LB R O &I
ERFIRFH L 0 v, £REIERBRA B X O]
INTEE R TN L - RILERRIE, 271466,
319THh - 7o EHBILRER R O K BRI WHEDN
TR LD D146 REV 72, KRERF OIS
DEML, SRR B X OWHN TR R O P
HiE, FNFNI39A/m, 145 A/mTH o720 &ML
BXOWEHIMITTERL Y ¥ 7 RABR 0k 2R
14127783, Uy ZIRABHICBWTY, T— 7R
B SN E RIS, R 7 oiERE
FYEIMLa 7% kR, A7) Y AHIZBWTIZY)
HINT 27 2 Th2#REPEON/2 1 ETHRRZ X
I, BEIIREIIAVNE W (B D WITERREIRKE V)
MEHZE, BHV—7HNOHRICHYLYT L2 AT Y ¥ A
HIZRDT 2% F72, HBERERIBKRT 2 & H—#
WEEZRL 2004 VERID 7% THR, SIED

1.6 ___—0
Compacting __——""----="""

1.2
0.8 ,,""Cutting

0.4

Magnetic flux density (T)

0.0 ’ 1 1 1 1 Il
0 2,000 4,000 6,000 8,000 10,000

Magnetic field (A/m)
13 &MKIEB X OWEIIN T X W ER L7z v 7R B F O
S
Fig.13 Magnetic properties of ring test pieces made by compacting
and cutting processes
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Fig.14 Iron loss properties of ring test pieces made by compacting
and cutting processes (at magnetic-flux density 1.0 T)
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Fig.15 Difference in motor efficiency between compacting and
cutting cores by electromagnetic field simulation (compacting
- cutting [%])
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