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High-Bandwidth Current Control Based on PWM Pulse Merge Method in Semi Nyquist Frequency Band
Shona Noguchi, Hiroshi Fujimoto (The University of Tokyo)

PI feedback control is commonly used as the current control of the permanent magnet synchronous motors (PMSMs). How-

ever, its tracking performance deteriorates for signals outside the control band. This is particularly problematic when the torque

ripple is needed to be suppressed. Therefore, the reference tracking performance needs to be guaranteed in high-bandwidth. To

archive this, the merging two PWM pulses method is proposed. In this paper, the theory of the proposed control method is de-

scribed first. Next, the design of the controller is described. Finally, simulations and experimental verifications were conducted

to demonstrate the effectiveness of the proposed method.

F—I—N:E—XF T4 7, BIRGIH, STEREHIE, PWM, AABAFYE— &, HaEanekm

(mortor drive, current control, perfect tracking control, PWM, PMSM, reference value tracking performance)

1. XL®IC

FVZ ) TNVIEE—ROESPREOFER L 725 Z &3
—fRIZHSNT VWA [1], 2D L2 ) PLVOREKFIZES
D 6 DFEBIXDOETRELTHBZ ehHonTED,
Z DEFB RIS 5 72D IEEE T BT O/ (1] AL
HEEZ CEMMKEZRET 2 AF a2 -1t LB A1 2] 2
EFond, ZhoDHEIEZIZ V2 U TUE 2T
ZABAN Y MDD BN, BEHEOEM Iz L a8Ea X
M OB MV DETEEZGIESHITTAY v MD 5,
ZIZT, AMIETEE—XD LI EZETIETIZILY
D VIR BT RISEEAT S,

— 2T — X OB 1L PI (Proportional Integral) il
HMHERNSN B, PLEIRNZIED K BT ML Y T IVITH]
AT o ISR IR 4 B B DS [3-6], HEAMEIAIRIZELT
51 PLHEIHTIIHETE RS R Z Mo nTWVWS,
PMSM (28T 3 hL 2 ) FLHIEIEIEICE, BEMAD 6D
WS SRR 2R L 2 TR s mnWied, E—X %5
BT TIE & IR T O EBAERFEDMARE X 1 B il
DPHETHD, FHETOERRFMOFIEL UTHEEIBHR
filf#l (Perfect Tracking Control: PTC) {Z3D0< 74+ — K7 #
7 — Rl T OBREIELHRE SN TWS [7,8], PTC 125
DL BRI EFIHT 5 Z 212 & o THAEEREED &
WISLBTRETH D & E X B, 51T, v L FL—b
T v RE— M7z 7 Y ZOVEHIETFEE UTIREX
npEl, TOFEEANZZ7 = R7x7—Niili#liz 3252
ETHRAHEMEE 2B E L2 2D E XN TV [10],
AL TIEEHAT NV F L — b 74— K7 57— NElfHOE
ZFEFAL 7 PTC ICED CERHEIMEIC X b, f5aEER
Rt E#H >, RigSXORBIZIROEY TH 5,
128 2 TR RIEERII OVWTHRR, HEI3IW/ TV Ia

L=y a3 ZonWTidR %, $H4ZTERERIZIOVWTHR
N1, BBIZELETHEREZRRS,

2. HIERERE

2:1) ZLEREHIH SEARIBHEHIMH (Perfect Tracking
Control: PTC) & 13¥ > 7)) v I 282474 < HifE
GERET BHIMER [11] & EEI N, YALFL—FT74—F
7 47— R [12] FORIBFIEC L D ERTETHE Z
ERERINT WS, TYXIVHIEZRTIHIESE r@) &l
TEE y) D200 > 7 LHIFAN u@) DHR—INLXH
Hb, TD=H, 1), y@©), u@®) TNTNOFEHIT L DT
A—R%T, T, T, TRT,

(2:2) PWMF—ILR  KHECTIREHEIDD Fig. 1
VRS HAEA Y N— X TEHT 5, HAHA >/ N— X Tl Fig.
QILRENDESIZOV R 2EVDHEDAZH TS, Z
DOEEDHIEZRN S T T v MZiga %% 5 & & Ot
FIZDOWVWTHR S, Fig. 3 127V ADHEEALHEIZDWT
R, —RINIZIEE RSV RBAVSNE D, BERHE
T IEHEIZHEZ TR 3 7201213V AlE %2 i 5 piE
N3, TDH, PWM SV AIE% R H U C#Ebs 2
FHETH B PWM R—IL R [13] WD, Z OEEELTE
12 & BHIEIATT ulk) 1ZAA Y F > DA VFE AT k] TH
5, ZOPWM x—)b NIz & BHEEGIZ & - TRl e e
RREHER (D), Q»ESND,

[k + 1] = A @[k] + DAT[K] v vvvevvvereeemnnnens (D)
Y[kl = Ck] <+ oovereee )

72720, Ay = AT, by = eAT2pE, ¢, =¢c, THY, AT <0
DEEOHIIEREIX-E TH5B,
(2:3) WBRICK BT 41— K7 +7— RHIEIZRRS 22

1/4



[T,

— —

1 HHHA Y N— 2 ORI
Fig. 1. Circuit Diagram of Single Phase Inverter
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Fig.2. Output of Single Phase Inverter
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Fig.6. Proposed Feedforward Controller
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Table 1. Parameters of the Motor for the Simulation

Parameter Value

Resistance R[Q] 0.1567
Inductance L [mH] 2.28

Carrier Frequency f, [kHz] 10
Sampling period of Reference T, [us] | 50(prop.)/100(conv.)
Sampling period of Output T}, [us] 100
Control Period T, [us] 100
DC Input Voltage of Inverter E [V] 250
Reference Current Input Jyref [A] 1
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Fig.8. Simulation Current Waveform
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Fig. 10. Experimental Current Waveform
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