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Basic Investigation of an Operation Method Selection in
Permanent Magnet Synchronous Motor Drive System with a 3-level inverter
Daisuke Sato, Student Member, Takaaki Tanaka, Member, Jun-ichi Itoh, Member (Nagaoka University of Technology)

In this paper, an optimal operation method for Permanent Magnet Synchronous Motor (PMSM) drive system with a 3-level

inverter is discussed. The 3-level inverter can change an operation between two modulations namely, PWM and 1’pulse drive at a
decide point. In this paper, we consider the interchange point for the two modulations subject to the switching frequency and the
total loss of PMSM drive system in regards to motor speed. The results showed that an intersection point between PWM and

1’pulse drive is established; based on the results, the motor drive system achieves highest efficiency with PWM before the

intersection point. Likewise, implementation of 1’pulse drive achieves the highest efficiency.
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Fig. 1. Neutral point clamped 3-level inverter.
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Table 1. PMSM parameters.
Rating output P, 3.0 kW
Rationg speed N, 12000 rpm
d-axis inductance Ly 389 uH
g-axis inductance L, 556 pH
Winding resistance R, 0.0635Q
Bach-emf coefficient @ 0.189 Vs/rad
Armature pairs of poles  p 6
Rating Torque T, 4.0 Nm
Bt =€t Vanlgy «orvrmrieminmmccse s, (6)
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Fig. 4. Inverter loss analysis results for each operation condition.

Fig. 5. The motor model on FEM.

Table 2. Parameter of FEM.
35H300/Nippon Steel

Core (rotor, stator)

Magnet NMX-41SH/Hitachi Metals
Coil turns per phase Il Turns

Number of elements 12,437

Number of contact points 7,151

Time interval per Istep 6.3e-6

Calculation time 6 hours

Computer:Xeon X5450 3.0GHz PC
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Fig.6. Motor loss analysis results for each operation condition.

0.5

Total loss [p.u.]

0.5

[ eddy-current loss (stator)
[ ] hysteresis loss (stator)
[7] eddy-current loss (rotor)
[ | hysteresis loss (rotor)

[] eddy-current loss (magnet)

B copper loss

07

I'pulse

07 07
12kHz 16kHz

07

- 1 I ) I L) I L=

0.11 = /2
’

0.1 =
0.09 =
0.08 =

i A 12kH:
0.07 ,O"',-' -  16kHz —

T LT .

-~ - (o] I'pulse =
0.06Fn. | | ] ] L=

0.2 0.4 0.6

Motor speed [p.u.]

A
PWM (/. = TkHz) 1"pulse

A
v

Output voltage of inverter

\j

0.2 0.4

Motor speed [p.u.]

0.6

Fig. 7 The total loss of a PMSM drive system and
switching point of operation method
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