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Cascade connection of APF to improve inverter control performance under
non-linear loads
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EON Co.,Ltd
ABSTRACT 1z23 JEE AT 5 UARH Hdg et H$- APF
o8k &3k Phase Shift7} o|F XA &) wehA], 62 1%
When a non-linear load is applied to a three-phase 3} g Eel gisiA gle] dette AV Aok
inverter system, 6 harmonic ripples occur in the current B =idAe vAg st A APFE AMSSHH 57|23
component of the synchronous coordinate system. The ol 62} 1mZuol|l 9|3 ZHHAMt dj=to] WAL} 63 1LE
output voltage THD can be improved through control to 3E HAAS7] HEl], ¢ ®le] 90%9] Phase ShiftshA] e,
remove this 6th harmonic ripple. When applying each phase APFE o AEAIA 62 1x3E AT F v Wy
control in a single-phase or three-phase system, APF (All tiste] Al EH IS o]&sle] BEAS ASdT
Pass Filter) is used to obtain a waveform whose phase is
shifted by 90 degrees during coordinate conversion. APF can 2. ctet M8 All Pass Filter
obtain a waveform with a 90-degree phase shift if the
waveform is a sine wave, but if the waveform contains 1.1 All Pass Filter
many harmonics other than a sine wave, a waveform with oI E] Al~"lo A APF(All Pass Filter) = #ZH$S o]&
only a 90-degree phase shift cannot be obtained. In this sto] Ao]E o ] ARE-3tT) 34Ol A T AXHEAZ HEE
paper, we propose a multi-stage APF application method to S sla, W AAHFEANA G SU)HFAR ASS 519
obtain a waveform with a 90-degree phase shift when the A 3t} F/NHAFEAR d-q WIS FAEE, 0= 94
waveform is not a sinusoidal waveform. 27} kAl Sl APF,] Exo Fulgel Aaglo]l A Fuk
oA AA AFQA d o 271 23 glol 0% S A
1. M B o] WAyttt APF«] ;q‘j——(?:r < A 7L°] e, BE
AEE a9 13 2ol YEhd 4 Ut
Ak AHME|(VSDE 4 dE PCS, 1R dAE7] T,
FAA ALAAAUPS), Fadg B AR, d9E2A7] 59 s*—V2w,s +w?
Chbe B0z ALGE L ok &) = I et W
3-Level QIME Q] A9 F 7l 2947} 3hte] Harm)2
2 7AH0 sled, T A 29Ae dRHo2 294 F Harel Aol APFE AFESH, 0] Phase
2HS gl 29A 5258 st AAddA ol A% A%
< A9 YEpUARE AAY AE A= vy ) S Toloi Iy
o Q8 F2 A9 Fueel w Fuel 53, 7A, 114 3 N 11T T1
132k 1x3 Aol 2FE o k. o] FolA AE Fete & |
nzx3e 4 ARA d-qF AFA 52 L 74 nxIe ¥ = o
7l #%7 d-q% A7 63 nxA=E Yehtd, o2 9lg A ™ o
ore] ofarg WAl . ETT—— |
DxIZ QA% A dFs A f6l, AHEY Ao m\ rat0  — M
& % 1x3 &AA VYol teFsiA AFEHAT 57 #x 57 = i 7
AL ol&ste], 62 x| AoE Fe Ax 12T AA = 190
7ol 1% shuott. 52k 9 7Ake] A} 1T} Aol F7] T oo
A AdlA 64} 12T YRR et 54E o83} 0 : — ‘ ,
o] 63} 12T} A2 E& Az} nEA2Z A7 dt) o= o o S e 10
Aol A Aoz} zhdsiths Flel Yok a7 1 cho] APFE M85t HEME
APF(All Pass Filter)S 2438 #$ %7 7 AN 63 Fig. 1 Bode diagram with single APF applied
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Fig. 2 Bode diagram with cascade of APF applied
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Fig. 3 Simulation waveform with single APF applied
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Fig. 4 Simulation waveform with cascade APF applied
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Fig. 5 Output voltage and current waveforms after
applying multi-stage APF
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