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Optimal Design of Capacitance Volume for a Neutral-Point-Clamped Three-Level Inverter

Takaaki Tanaka*, Jun-ichi Itoh, (Nagaoka University of Technology)

A problem of Neutral-point-clamped-inverters is voltage fluctuation of the neutral point capacitor. At this

measure, various suppression methods for the voltage fluctuation have been proposed. However, the suppression

methods are constrained by voltage limitation of the inverter and load power factor. Hence, capacitance value to

keep the neutral point voltage is larger than the that of ideal value.

In this paper, we discuss the minimum value of the neutral point capacitor when the voltage fluctuation

suppression method is applied with voltage command saturation. The relationship among the input and output

voltage conditions and capacitance value in static state are shown clearly. In addition, the optimal design of

capacitance value basis on this analysis is proposed. The validity of the design method is confirmed by

experimental results.
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Fig. 1. Circuit configuration of 3-level
inverter.
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(a) Without suppression control.
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(b) With suppression control.
Fig. 2. The effect of voltage fluctuation

suppression control
(Upper: Each phase voltage command,
Lower: Neutral point voltage)
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Fig.3. Charge coefficient k(a, cosé) : Relation among charge
coefficient and power factor of load and modulation index.

Table.1. Definition of normalized value.

Normalized value Standard value
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' pu Line voltage rating: V,, , [Vrms]
Ly pu Line current rating: Z,, , [Arms]
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(a) Equivalent circuit for single phase (b) Phaser vector
Fig.4. The state of PM motor when i; = 0 control
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Table.2. PM motor parameters for design example.

Rating output 7 800 W
Rating speed N: 2000 rpm
Armature resistance & 0.425 Q

0.00378H
0.233 V-s/rad

Armature Self-inductance L
Armature Flux linkage @

Armature pairs of poles p 2
Rating Torque 7} 3.82N-m
Rating armature current of q axis 8.20A
A
A C
—1[® .
= i
2
N
v
=
=
=
5
= B
0.1 @
»-
0.1
Speed N [p.u.]

Fig.5. Speed torque curve for capacitor design.

Table.3. Simulation condition.

Input voltage V;, 200[V]
Output power P 1.0[kW]
Output frequency f;, 50[Hz]

Switching frequency f;,, 10[kHz]
DC link capacitance C 100[uF]
Load R-L
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Fig.6. Result of suppression control.(a :1.0, cosé: 0.847).
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(b) Experimental waveforms
Fig.7. The waveforms of neutral point voltage and output
voltage when the modulation index a is 1.0 and Power factor
cos@ is 0.855.
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voltage fluctuation of neutral point with simulation results.
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