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Investigation of Iron-Loss Effects in a PMSM Magnet Temperature Detection System

Using Wireless Power Transfer Characteristics to a Thermistor

Ryo Hamba®, Keisuke Kusaka (Nagaoka University of Technology)
Yoshihisa Hojo (TOYO DENKI SEIZO)

This paper investigates iron-loss effects in a PMSM magnet temperature detection system that energizes a

thermistor via wireless power transfer. It is shown that the input-power sensitivity to temperature depends on

iron loss. Experiments confirm that adjusting iron loss with additional components yields characteristics suitable

for sensing, whereas a conventional resonance-based design fails to achieve resonant operation. A resonance-

based design method that accounts for iron loss is then presented and validated by simulation.
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Fig. 1. Configuration of temperature detection system.
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Fig. 2. Temperature detection circuit considering iron loss.
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Table 1. Circuit parameters of simulation.

Parameter Symbol Value
Primary side voltage Vi 225V
Resonant frequency fo 100 kHz

Coil inductance L L, 6.8 uH
Coil winding resistance r 300 mQ
Coupling coefficient k 0.19

Mutual inductance M 1.3 uH
Resonant capacitor Ci, G 372 nF
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Fig. 3. Input power of temperature detection circuit when

iron loss resistance varies.



b R U 7o pe SR 1S45C) oMM ORI = A L% B
DT CEREIT- 72, BHMOBERIZ42 mm THY, |BE
VAT LADFEEEZBEL TS PMSM O Y ¥ 7 hOEE L
RS L WV, ZAUC LY, RERBER O a4 L3 FT 58
KB v 7 MR T HBICE L8 2B ICHE L
oo RERLTIHEINESM A EWFRT 5, $72, BETD
FAROKE S EFE S THREMR A O Poc— T Rk % 2
L& 570, BREAN [10INEX900] D2 — % RFEH
DOEMOEFIEE DRI CTHLEREIT o 72, Aia
TIEZNESFAME B LMEFRT 5,

G ABLOGEMEBIZBITDEE AT A—F 2 ENEN
£2ERIITFT, WTHOFRFIZBWTS, —RMEZ
TANZ Rk D Y L ) A4 Raq ) (B 75 mm, £ 3.2
mm, BX¥6¥—) AV, T b LT A
BB ALBBIRPIN R D01, EROEEBICLD
HLDOTHD, A VEBEHEHEESEET 10 mm & Lz, $HRE
aLT oY GBI COEIE6)RIC L PE L.

EBRCIE, VIR X OB EEIRFICANREZZ(S
Wiz, h—I A X OREH Y T BB EIY, —3
AR DFREEBIN LTz, ERIROWZ @R LT 5729,
AR BRI A Y 9~ D R MR O B85 1 S I B &
1To7,

X 4 ICHREICB T 2 IRERHEIROANE 7T,
Ty 7 NCRAETLEBEFI LIEE A TIE, —3I A
ZRE T OEAICH L TANIES Poc BIEIFELL TR
W, ORI, B OREM 2RI U 7 IR A3 R 8
TH D, ZIUTH LIBMEREIC L 0 8RB (b S 725 B
T, V=3I RAXIRE T OEFIZHENATIES Poc BHEHR
WD T DR DAL, T OEIZK T 2 Poc DEALEITZS:
A XY REW, LER-ST, BIEHIZE Y SEoRAE
A S S THRERBER D Poc-THMEOMHEE 2 K& L
U, EERHICHE L-RIBEENASOND 2 2R LE,

X 5 ICAFBICR T 2 BRI TCOBEREE RS, 7
BARFER T, SRR 2 H 55 2 L&D S-S Al
EHROIBEEEZANTND, WTROSEMGICBN TS,
KW ONLF D BAFR AR D S-S #ifE )72 WPT Bl & B
25, LizidoC, SRIENEHECX 5 S-S i N RS
RIZ XV EERIMEIRE 235 LT, WG LSRR %
WTERVKI AT MIBWTITHEEEL 22V 2 L3 3FE
BRICEX VG hE ot

4. RERHEEOHEREN

(4-1) EFZEEL-RIRARE  AfClL, 848
ZEE LR ERHEIR ORGSR 2R, 22T, —K
IEF L OEEHNEr LD LY ICHERFZED D, (3)
ALY, ZRAOEREFIZORATH D,

SPC-26-038

MD-26-038
£2 EHADIRSTA—4
Table 2. Parameters of case A.
Parameter Symbol Value
DC input voltage Voe 5V
Resonant frequency fo 100 kHz
Coil inductance L L, 6.8 uH
Coil winding resistance rr 300 mQ
Coupling coefficient k 0.191
Mutual inductance M 1.3 uH
Primary resonant capacitor C, 359 nF
Secondary resonant capacitor C, 358 nF
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Table 3. Parameters of case B.
Parameter Symbol Value
DC input voltage Voe 5V
Resonant frequency fo 100 kHz
Coil inductance L L, 8.0 uH
Coil winding resistance rir 420 mQ
Coupling coefficient k 0.31
Mutual inductance M 2.48 uH
Primary resonant capacitor C 317 nF
Secondary resonant capacitor C, 275 nF
6 L
—5 : 0000 00000 000000000000000000
2l
ot ®Case A
53 F
§_ e Case B
g_ 2 %oq oo coeq
=1 F 000 @0 ® 000000 @000
0 A S SR
0 50 100 150 200

Thermistor temperature T [°C]

4 REICHTSZANENRFIEOLE
Fig. 4. Comparison of input power characteristics with

temperature.
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Fig. 5. Waveforms of temperature detection circuit.
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Table 4. Circuit parameters of simulation.

Parameter Symbol Value
Primary side voltage 41 225V
Resonant frequency fo 100 kHz

Coil inductance L L, 8.0 uH

Coil winding resistance 7 420 mQ
Coupling coefficient k 0.3

Mutual inductance M 2.4 pH

B constant of thermistor B 2750 K
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