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High-Speed Current Control Minimizing Current-Error at Every Sampling Point and Its Application to Inverter
Hirokazu Kodachi, and Toshihiko Noguchi  (Nagaoka University of Technology)

Abstract
This paper proposes a novel digital current control technique of a PWM inverter. The key feature of this method is

minimization of a current error vector norm at every sampling point with no predetermined current error tolerance,
such as a gpatial circular area or hysteresis bands. In order to make the current vector trajectory until the next
sampling point as close as possible to a predicted current command vector, one of the six non-zero-voltage vectors is
appropriately selected in the inverter. A zero-voltage vector isinserted once a sampling period to adjust the current
vector velocity and to move the current vector to the closest position to the predicted current command vector.
Although manipulating variables in the current loop during the sampling period are limited by the discrete voltage
vectors as described above, the proposed method achieves a dead-beat response in a two-dimensional space without the
predetermined current error tolerance. Also, on-line identification of a load inductance is introduced to the system to
overcome degradation of the response caused by the parameter mismatch. In this paper, the theoretical aspect of the
proposed method is described and several computer simulation and experimental results are presented, which
demonsgtratesthe excellent performance of the method compared with the conventional technique.

(digital control, current-vector control, inductance identification)

PWM Vi
PWM
PWM
Ve T—..—
B}
[2-3] 1 PWM
Fig. 1. Current-controlled PWM inverter and load with back em.f.
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Fig. 2. Inverter output-voltage vectors and current vector trajectory.
(a) Voltage vectors of inverter.  (b) Current vector trajectory.
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Fig. 3. Possible reachable destinations of current vector in one sampling
period.
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Fig. 4. Spatial sectorsto determine current-error vector direction.
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Fig. 5. Scheduled trajectory and optimum destination of current vector.
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Fig. 6. Principle of inductance identification.
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Fig. 7. Characteristics of inductance identification (Smulation results).
(a) Waveforms of currents and estimated inductance.  (b) Current-error
vector locus at initial condition. (c) Current-error vector locus after
convergence of estimated inductance.
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Fig. 8. Simulation result of proposed current controller.

(a) Waveforms of currents, inverter line-to-line voltage and load back
emf. (b) Current-error vector locus. (c) Frequency spectra of
current.

idesta (k+1)
= {vg(k)i;(k+1)+va(k)vﬂ(k)[i;(k+1) —iveﬂ(k+1)]*
* 4V (Kigeq (K + DY M2 () + V2 ()]
gest 5 (K +1)
= {v/z,(k)i;(k+1) +va(k)vﬂ(k)[i;(k+l) —i\,ea(k+l)]*
V2 (K)iye 5 (K +1)}/[v§(k) +v§(k)]

®) T To7

i (k) i gegt (K+1) v(k)
Ve(K) Tig Toz v(k)
Ve(K)

) vw<k)[imﬁ(k+1)—iﬁ(k)]—veﬁ(k)[im(k+1)—ia(k>]E
e Vo (K)Ve 5 (K) + V5 (K)Ve,, (K)
To, 7= Ts _T1—6

™
3/6



o\

KRR
L’& L

Qlatls Ve u’ Vew
\i (Lock out) vy
A/D A/D AD |
converter converters converters
16hit 3bit 14bit
4_
L] -
™ 832006711 -
12bit L, DIA »| Andog
" |converters o monitor
9
Fig. 9. Experimental system set-up of proposed method.
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Fig. 10. Characteristics of inductance identification (experimental
results).
(a) Waveforms of currents and estimated inductance.  (b) Current-error
vector locus at initial condition. (c) Current-error vector locus after
convergence of estimated inductance. Frequency 5 (kHz/div)
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(8) Waveforms of currents, inverter line-to-line voltage and load back
emf. (b) Current-error vector locus. (c) Frequency spectra of
current.
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Fig. 12. Experimental result of carrier modulation method.

(a) Waveforms of currents, inverter line-to-line voltage and load back
emf. (b) Current-error vector locus. (c) Frequency spectra of
current.
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Fig. 13. Experimental result of hysteresis comparator method.

(a) Waveforms of currents, inverter line-to-line voltage and load back
emf. (b) Current-error vector locus. (c) Frequency spectra of
current.
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