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【开关电源的磁元件设计】 

 

     “开关电源设计干了4、5年了，不敢说大拿，也颇感小有成就！ 

只是提及变压器电感的设计时，显然功底不足，用了不同的计算方法，结果
却总能大相径庭，到底是哪个对的？!” 
 
   连不少资深的电源工程师，都常常如此苦恼！ 
 

其实，开关电源磁元件设计，也很简单！ 
---本培训继续演绎：开关电源磁的元件设计 
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     PFC  

PFC PFC  (CRM CCM) 

电感量与电感损耗特点 
 

 CRM vs CCM  

 Single phase vs Multi-phase 

 DC Boost vs Bridgeless 

 Integrated Reactor 
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     AC Filter  

逆变器电感的特点 
 

 2 level vs 3 level  

 Single vs Coupling reactor 

 Hysteresis loss 

 Harmonic current & noise 






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     AC Filter  

NPC 3-Level 
A-NPC 3-Level 
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   AC/DC  

Flyback FB-ZVS 

LLC LLC 

FB-ZVS 
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   CT  

 Improve Efficiency 

 Isolation Current Sensing 

 Easy to Control & Layout 

 Reducing EMI Noise 

 CT Output Never allowed to open 

 Full flux reset avoids magnetic saturation  
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   CT  

 Isolated driving 

 Need magnetic reset 

 Need low leakage inductance 
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 -     

 磁导率μi 

 饱和磁密Bs 

 损耗特性Pcv(f, ΔB) 

 电感量AL 

 外形尺寸（Ae, Ve, le, Acp, Acw, Rθ） 
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非晶优越 

130mT 

铁氧体优越 
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纳米非晶 

铁基非晶 

铁氧体 

纳米非晶 

纳米非晶 

铁氧体 

铁基非晶 
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1）低磁导率 

2）分布式均匀气隙 

3）饱和磁密Bs高 

4）磁粉颗粒小 
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L 
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μi, μa, μΔ , BS, Bm , Br , Hc  
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3KW AC/DC  

PFC电感、主变压器、谐振电感、输出DC电感    设计实例 

Vinac-min Vinac-nom Vinac-max fsw1 ηPFC PF

176 Vac 220 Vac 264 Vac 110KHz 98.0% 0.995

Vbus-min Vbus-nom Vbus-max fsw2 Dmax ηDCDC

350 Vdc 418 Vdc 423 Vdc 110KHz 0.85 99.0%

Vo-min Vo-nom Vo-max Vd Io-nom Io-max

42.0 V 54.5 V 58.0 V 0.2 V 50.0 A 60.0 A

Interleave PFC-  2 Boost L

DC/DC- Resonant L, T, Output L

DC BUS DC/DC
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3KW AC/DC  主变压器设计 

35 

32+32+1 

33-1=32 25-3=22 
NP+NP 

Np 

Np 

Ns 

Ns 

Ns 

Ns 

NS//NS 

54.5V/50A 
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3KW AC/DC  主变压器设计 

NP 

NP 

NS 

NS 

NS 

NS 

Ve Ae AL Width Height

17300 196 7320 10.4 22

Rt Tmax Ta-max ΔT → Pmax-PQ35

15K/W 110℃ 55℃ 55K 3.67W

→ Pcv → ΔB → Np

50% 1.83W 106 KW/m3 0.248T 13.91

real  Np  ← Np ← n↓

15 T 15.3 6 T ← 5.4 5.1

Ns　←

Winding WindowPC95-PQ3532 (35)

→　Pcore
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3KW AC/DC  主变压器设计 
Width 8 21 Height

19.29 Cu-thick single-Cu ｎ（ｐ）

10% NP 0.67 0.4 0.2 2

8.83 A NP 0.67 0.4

13.75 A NS 0.77 0.5 0.25 2

NP 0.67 0.4

Cu Area NS 0.77 0.5 2δ 2θ

3.2 mm^2 NP 0.67 0.4 0.025 0.22

4.0 mm^2 NS 0.77 0.5

NP 0.67 0.4

电密 NS 0.77 0.5

2.8 A/mm2 NP 0.67 0.4

3.4 A/mm2 NS 0.77 0.5

NP 0.67 0.4

NS 0.77 0.5 副边1 6T

NP 0.67 0.4 原边 15T

NS 0.77 0.5 副边2 6T

NP 0.67 0.4

NS 0.77 0.5

NP 0.67 0.4

NS 0.77 0.5

NP 0.67 0.4

NS 0.77 0.5

NP 0.67 0.4

NS 0.77 0.5

NP 0.67 0.4

NS 0.77 0.5

NP 0.67 0.4

NP 0.67 0.4

real.Height

Insulation film

8mm 

0.4mm 

ρ

Irms
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3KW AC/DC  主变压器设计 

8mm 

0.4mm 

ρ

Irms
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3KW AC/DC  主变压器设计 
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3KW AC/DC  输出滤波电感 

Io = 50A 

54.5VDC@418VBUS 

ΔIo = 50A×25％ 
目的： 有利斜波控制、降低成本 

ΔISP-P Dnom/max Tonnom-max Lo Io-rms Io-max

12.5 A 69.6% 3.16 uS 6.4 uH 50.1 A 66.3 A 6.5 uH 70 A

Ve Ae Acw φavg Rt N real -N AL

12000 161 149.6 20.5 18.7 8.8 T 9 T 80 nH

Bmax ΔB Pcv Pcore DCR_100 Pcoi l ΔT Lg

0.314 T 56 mT 11 KW/m3 0.13 W 1.0 mΩ 2.52 W 50 K 3.5 mm

Inductance Rating
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3KW AC/DC  输出滤波电感 

ΔISP-P Dnom/max Tonnom-max Lo Io-rms Io-max

12.5 A 69.6% 3.16 uS 6.4 uH 50.1 A 66.3 A 6.5 uH 70 A

Ve Ae Acw φavg Rt N real -N AL

12000 161 149.6 20.5 18.7 8.8 T 9 T 80 nH

Bmax ΔB Pcv Pcore DCR_100 Pcoi l ΔT Lg

0.314 T 56 mT 11 KW/m3 0.13 W 1.0 mΩ 2.52 W 50 K 3.5 mm

Inductance Rating
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3KW AC/DC  谐振电感 

Pos.Vds 

Lｍ 

NP 

NP 

NS 

NS 

NS 

NS 

Resonant. IP 
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3KW AC/DC  谐振电感 

Eoss@400V     4.95 µJ  
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3KW AC/DC  谐振电感 

Ae Ve Acw Rt Ires.P-P fsw IP-rms

62 2790 65.8 35 K/W 23.2A 110 KHz 7 A

Lresonant I_pp_max N real N AL gap ΔB/2

3 uH 35 A 9.6 T 10 T 30 nH/N2 5.5 mm 0.056 T

real Acw/T Cu-Ae Length/T DCR Pcoil Pcv Pcore

4.61 mm2 2.30 mm2 45.6 mm 4.5 mΩ 0.22 W 33 KW/m3 0.09 W

ΔT 11 K
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3KW AC/DC  CCM Interleave PFC电感 

iAC 

VAC 
iL2 

iL1 iL1+iL2 
 

D<0.5 
iL1 iL2 

iAC =iL1+iL2 
 

D<0.5 

D>0.5 

iL2 

iL1 

iL1+iL2 
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3KW AC/DC  CCM Interleave PFC电感 







 

Vinac-nom Vbus-nom fsw1

220 Vac 418 Vdc 110KHz

Vo-nom Io-nom η

54.5 V 50.0 A 97%

CCM Interleave PFC Tools

Discription Variable Nam es Vin min. Vin nom Vin max

Input rms Voltage V_in_rm s 176 V 200 V 220 V 240 V 264 V

Output Voltage VOU T 418 V 418 V 418 V 418 V 418 V

Output max Power Pout(m ax) 2725 W 2725 W 2725 W 2725 W 2725 W

PFC Efficiency η 95.4% 96.1% 97.0% 97.8% 98.8%

Reactor Induct L1,L2(assum e) 180 uH 180 uH 180 uH 180 uH 180 uH

Fixed Frequency Frequency 110 KHz 110 KHz 110 KHz 110 KHz 110 KHz

Input Sine PK Current I_in_ac_pk 23.0 A 20.0 A 18.1 A 16.4 A 14.8 A

Duty at Sine PK Duty_sin_pk 40.5% 32.3% 25.6% 18.8% 10.7%

Max Current at sine PK of L1 Im ax(L1,L2)_sin_pk 14.0 A 12.3 A 11.0 A 9.8 A 8.4 A

RMS current of each reactor Irm s(L1,L2) 8.2 A 7.2 A 6.5 A 5.9 A 5.3 A

Input current ripple (I_L1+I_L2) ΔI(in)_pk 1.63 2.41 2.64 2.48 1.77

Boost Inductor Ripple/AC Current(pk-pk) γ 7.1% 12.0% 14.6% 15.1% 12.0%
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3KW AC/DC  CCM Interleave PFC电感 

L1、L2 180uH @11A，6.5A.rms 

L (Typ.) 180 µH 11 A

DCR  (Typ.) 22mΩ 25℃

Appearance （mm
3
 Max.) 53 × 35.5 × 33
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3KW AC/DC  

CT 

TDRV 







TI 

















../20150425-杭州浙大/6小时精通反激电源和变压器设计(浙大20150425).pptx
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3KW AC/DC  
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     Maxwell 2D 3D PExprt 
     JMAG 
     FLUX 
     Saber 
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Bo 

(outer) 

Bc 

(center) 
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压缩辅材 

高效设计 

世界最先端パワー磁気技術 

Innovation & Creation 
材料技术 

应用技术 

 

自动化 
技术 

 

 材料改性 

 材料创新 

 工艺创新 

 高性能低损耗 

 高附加价值 

 简单化低成本 

 自动化设计 

 高品质生产 

 高效率生产 

 快速成本摊销 

突    破 
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Hybrid 
Technique 

Integrated 
Magnetics 

Edgewise 
Technique 

Acoustic 
Technique 

Big Powder  
Technique 

L-I Trimming 

Technique 

Ⓡ 

磁気複合技術 

磁集成技术 

ﾊｲﾌﾞﾘｯﾄﾞ磁気技術 

混合磁路技术 

L-Iトリミング技術 

L-I Trimming技术 

低騒音技術 

静音技术 

低EMCノイズ技術 

Spike Blocker技术 

大型リアクタ設計 

超大型磁粉芯技术 

ｴｯｼﾞﾜｲｽﾞ設計 

大功率立绕工艺 
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L-I trimming SpikeBlocker  
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L-I trimming SpikeBlocker  

CB-Reactor 

世界首创3KW IGBT CRM 交错式 PFC的实现 

L-I Trimming 
Technique 

Integrated 
Magnetics 

Ⓡ 

iL1 

iL2 

iL1+iL2 

iL2 iL1 

iL1+iL2 
 

Vin 

GRV1 

GRV2 
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L-I trimming SpikeBlocker  

厚 

9mm 

性能、可靠性、品质 

量产性、成本竞争力 

150s 一次性解决！ 
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L-I trimming SpikeBlocker  

Ⓡ 

Input 220Vac  f:40KHz 

Output 380Vdc/3.8KW 

Input 220Vac  f:40KHz 

Output 380Vdc/3.8KW 

Spike Blocker® 
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L-I trimming SpikeBlocker  

Edgewise 
Technique 

Ⓡ Toroidal Edgewise Reactor 
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Change the World 

Thank you ! 

(Q&A) 

Air Conditioner 

变频空调 

PV Inverter 

光伏逆变器 

UPS & Converter 

UPS,电源 

APF,SVC 

电力谐波整治  

Battery Power Station 

储能电站 

Energy Collector 

能量回馈 

New-Ene. Automobile 

新能源汽车 

Elevator 

电梯 


