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A PWM Control Strategy for Low-speed Operation of Three-level
NPC Inverter based on Bootstrap Gate Drive Circuit

Jun-Hyung Jung‘, Hyun-Keun Kul, Won-Sang Im2, Wook Kiml, and Jang—Mok Kim T

Abstract - This paper proposes the pulse width modulation (PWM) control strategy for low-speed operation in
the three-level neutral-point-clamped (NPC) inverters based on the bootstrap gate drive circuit. As a purpose
of the cost reduction, several papers have paid attention to the bootstrap circuit applied to the three-level NPC
inverter. However, the bootstrap gate driver IC cannot generate the gate signal to the IGBT for low-speed
operation, because the bootstrap capacitor voltage decreases under the threshold level. For low—speed operation,
the dipolar and partial-dipolar modulations can be the effective solution. However, these modulations have
drawbacks in terms of the switching loss and THD. Therefore, this paper proposes the PWM control strategy
to operate the inverter at low-speed and to minimize the switching loss and harmonics. The experimental
results are presented to verify the validity on the proposed method.

Keywords: bootstrap circuit, gate drive circuit, three-level NPC inverter, carrier-based PWM
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Fig. 1 Operation of bootstrap circuit in two-level system
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Table 1 Inverter Part List and PMSM parameter

Boot(sjtllzagzc’agzator 10 [uF]
IGBT IRG4BC20KD
Gate driver IC TR2106, IRS21171
DC voltage supply 15 [V]
Rated output 100 [W]
Rated speed 1200 [RPM]
Pole pair 3
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