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模块化的三相多电平功率因数校正技术

Modularized Three-phase Multilevel Power Factor Correction 

Technology

汇报人：吴新科 赵问鼎
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➢The power of server rack has been rapidly increasing
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State-of-the-art of High Power 3-phase PFC Converter
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➢ The Influence of Multilevel Converter
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Comparison the Different Multilevel Topologies

➢ FC ➢ CHB ➢ MISN (Modular Inductive Switching Network)

A N

✓ Single DC Bus

 Bad Modularity

Short fault protect

Redundancy

✓ Good Modularity

 Multiple DC Bus

Complicated structure

Bulky Capacitor

A

N

✓ Single DC Bus

✓ Good Modularity

 Line-frequency Bridge

• Zhao, W., T. Huang and X. Wu, Three Phase PFC Converter With Multilevel Inductive Switching Network. TPEL, 2023.

• Zhao, W., T. Huang and X. Wu, Control Strategies and Design Guideline for Single Phase MISN PFC Converter. TIE, 2025.

A
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三相MISN-PFC变换器的极轻载控制研究3

1 三相MISN-PFC变换器的控制策略研究

三相MISN-PFC变换器的优化设计研究2

Catalogue
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The Principle for MISN Voltage Control 
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Improved Current Quality with Transient Compensation
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The Steady State Operation at 10kW
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The Experimental Results of Prototype
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Efficiency Test and Loss Breakdown
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三相MISN-PFC变换器的极轻载控制研究3

1 三相MISN-PFC变换器的控制策略研究

三相MISN-PFC变换器的优化设计研究2

Catalogue
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Wide Operating Range for Wide DC Bus Voltage
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➢ The Loss Distribution at 10kW 𝟖𝟎𝟎𝑽𝒅𝒄

𝟓𝟓𝟎~𝟖𝟐𝟓𝑽

Projected 𝜼 = 𝟗𝟗%

• J. Wu, X. Wu , et al., “A Unified Switch Loss Model and Design Consideration for Multilevel Boost PFC -”, TPEA 2021.
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The Limitation for 𝒇𝒔 based on the Projected Loss
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𝒗𝒂𝒍𝒍𝒆𝒚
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三相MISN-PFC变换器的极轻载控制研究3

1 三相MISN-PFC变换器的控制策略研究

三相MISN-PFC变换器的优化设计研究2

Catalogue
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Oscillation Phenomenon When 𝜶 Close to 𝟗𝟎°
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The Light Load Control Strategy of MISN-PFC Converter 

Based on the Harmonic Power Compensation

• 𝐸𝑞. 1: 𝛼0 = 𝐾𝛼 = 𝑎𝑟𝑐𝑐𝑜𝑠
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➢ No Load Operating
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The Dynamic Verification for Control Strategy Switching

𝒊𝑳 (𝟏𝟎𝑨/𝒅𝒊𝒗)
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𝒊𝒍𝒐𝒂𝒅 (𝟏𝑨/𝒅𝒊𝒗)
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(200ms/div)

➢ From 10% load to No load ➢ From No load to 10% load 
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Summary

 针对现有模块化的多电平PFC拓扑多母线导致系统架构复杂且母线电容体积大的问题，
提出一种新型的模块化感性开关网络PFC变换器和相应的控制策略，大幅减小电感伏
秒，提升变换器功率密度，并实现高度模块化多电平单元以及单直流母线结构。

创新点一
暂态补偿控制策略

创新点三
极轻载控制策略

创新点二
多变量优化设计方法

 针对MISN-PFC在极轻载工况下工频整流桥斩波角趋于饱和导致电压环路震荡的问题，
本文建模分析工频频率下变换器的功率传输路径，揭示极轻载下MISN模块损耗导致
斩波角增大的原理，在此基础上提出一种基于谐波功率补偿的极轻载控制策略，通过
谐波频段维持MISN模块功率平衡，实现电压环路稳定。

 针对多电平PFC变换器电路缺乏系统性设计方法的问题，本文提出一种创新的优化设
计策略，全面考虑MISN-PFC变换器的损耗以及体积，高效地根据效率目标确定变换
器最优功率密度所需电路参数，设计方法的指标预测误差小于10%。
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1. 当输入电压三相不平衡时，如何处理？当输入电压掉电再恢复时，如何能够快

速锁相并保证驱动时序的正确性？如果母线电容中点不接功率管，可以吗？

2. 请问可否使用磁集成磁心？

3. 怎么实现均流控制？

4. 请问功率因数可提高多少？
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➢ Bode diagram for DC bus voltage loop ➢ Bode diagram for MISN voltage loop
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Comparison for Basic Multilevel Topology
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！ Multiple DC Bus

Complicated structure

Bulky Capacitor

A

N

A N A
N

SM.N

SM.N-1

SM.2

SM.1

SM.1

SM.2

SM.N-1

SM.N

NA
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✓ Single DC Bus
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Redundancy
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！ More switches
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