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This study proposesa reduction method foriron lossin stator ore using theoptimum pulse pattern foa
high-speednterior-permanenmagnetsynchronousnotor (PMSM). In this papera simpleevaluation functiorfor
iron lossof stator corén a pulsewidth-modulation PWM) drive is introducedIn particular the irm lossin stator
coreis approximatelyestimated from the flux levelbtainedfrom the integral otheline-to-line voltage othe PWM
drive. In addition, the pulse pattern is optimized t@ducethe iron lossin stator corebased orthe introduced
evaluaton function.To validatethe evaluation functiorthe correlation coefficient betwedme evaluation value and
themeasured iron loss is calculatedl2 random pulse pattes appliedo theinductor and IPMSM. As a result, the
correlation coefficiertare 0.991 and0.982 in the inductor and IPMSMrespectively. In addition, the iron loe§the
IPMSM with the optimum pulse patteris reducedby 8.5% and3.7% in comparisorwith a carry-asynchronous
PWM and carrysynchronous PWMrespectively
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Fig. 1 Phasevoltage waveforms and lirte-line voltage waveform of
synchronous PWM (1/4 cycle)
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flux densitywaveform.
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Table 1.Specifications of test inductor.

Core material 35JIN440
Cross sectional area 95cm?
Gap lenght 0.52mm
Number of turns 21
Core volume (weigh) 262cm? (1.9kg)
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Fig. 7. Correlatiorcoefficient between evaluation value and iron los
current THD of test inductor.
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Table2. Switching patternsf cr?\rrysyr]chronous PWM and 380 - Reduced by 7.6%
proposed PWM in test inductor 372. 6W (vs. Carry-asyn. PWM)
Switching pattern Carry-syn PWM Proposed PWM 370 - 3647W Reduced by 5.6%
by 0.163 rad 0.044 rad z (vs Carry-syn. PWM)
by 0.184 rad 0.114 rad o360 |
bs 0.448 rad 0.124 rad S0 |
b, 0.627 rad 0.171 rad 5 n344.2W
bs 0.863 rad 0.876 rad T340
bs 0.884 rad 0.924 rad
by 1.047 rad 0.934 rad 330 @ o C or T
a) Carry-asyn. arry-syn.  (c) Propose
5 SiG5rad Tosrrad P P
by ll el Fig. 9. Iron loss of test inductor.
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Fig. 11. Model of test motor: concentrated winding IPMSM.

Table3. Specifications of test motor.

Maximum power 3kw
Maximum torque 4 Nm
Base speed 7200 r/min
Maximum speed 12000 r/min
Armature pairs of poles 6
d-axis inductance 0.389 mH
g-axis inductance 0.556 mH
Winding resistance 0.0557 W
Back-EMF coefficient 0.0189 Vsirad
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Table4. Switching patterns of cargynchronas PWM and
proposed PWM in test motor

Switching pattern Carry-syn PWM Proposed PWM
b 0.163 rad 0.044 rad
b 0.184 rad 0.114 rad
bs 0.448 rad 0.124 rad
by 0.627 rad 0.171rad
bs 0.863 rad 0.876 rad
bs 0.884 rad 0.924 rad
by 1.047 rad 0.934 rad
bg 1.467 rad 1.004 rad
by 1.495 rad 1.047 rad
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Fig. 13. U-V line-to-line voltage and phase current waveforms.
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Fig. 14 Iron loss of test motor.
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App.Fig. 1.Comparison graph of the Eq.(6) and the integral term of Eq.(9).
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App.Fig. 2. Analyzed current waveforms withrry-synchronous PWM.
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App. Fig. 3.Analyzed BH curve with carrysynchronous PWM.
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