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Average Phase Current Estimation Method using a DC Link Shunt Resistor
in the Three—-Phase Inverter

Hyun-Keun Ku1, Han-Beom Yeom2, and Jang-Mok Kim™

Abstract

Generally, the average phase current is sampled at the midpoint of a PWM signal for the vector control of
an AC motor. The three—phase current can also be reconstructed from a DC - link shunt resistor by sampling
the shunt voltage during the active vectors of the SVPWM. However, the reconstructed current is different
from the average current because of the deviation of the sampling point from the midpoint of the PWM signal.
This paper proposes an algorithm to estimate the average current from the reconstructed current in a
single-shunt inverter. The proposed method is derived from the phase current slopes based on switching states
and corresponding switching time. In addition, the proposed method is generalized for all the six sectors of the
space vector hexagon. The validity of the proposed algorithm is verified with simulations and experiments.
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Fig. 1. Configuration of single-shunt inverter.
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TABLE 1
DC LINK CURRENT ACCORDING TO SWITCHING STATE
Switching state ipe
,(100) i,
V,(110) —i,
1,(010) i
V,(011) —i,
V,(001) i,
Vs(101) —i
V,(000), V-(111) 0

S

& sAF s

S e i AC Motor
5 sALE s :

shunt
AAA

o AR}
lﬂ

Fig. 2. Current path of the DC link when V;(100) is
applied.
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Fig. 3. Unmeasurable area in single-shunt inverter.
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Three Phase Inverter
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TABLE I
CURRENT SLOPE ACCORDING TO SWITCHING STATE
Switching A phase B phase C phase
state current slope | current slope | current slope
—E, -5 —E,
000 L L L
ol | TPE Ve | 3BV | —3E+2V,
3L 3L 3L
010 3B, Vo | 3B T2V, | “3E-V,
3L 3L 3L
3L 3L 3L
—3E,+2V, | 35— —3E,— V),
100 3L 3L 3L
101 - 3Ea + V;ic - 3E}7 -2 V:ir, - 3E‘r + V;iz'
3L 3L 3L
o | TREAVe | S3EAV. | 3R,
3L 3L 3L
111 ) —5 — &
L L L
L 5L T
Vig 2 2 k 4
2
V(Iﬂ
VCH
Vbn
Ve
2 T,

Fig. 6. Carrier wave and pole voltage reference.
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Fig. 7. PWM and a-phase current in sector 6.
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TABLE I
PARAMETERS OF MOTOR
Parameters Value
DC voltage 310 [V]
Poles 8

Rated Speed / Current 2000 [rpm] / 13 [A]

Stator resistance 0.2 [@]
Stator inductance 1.55 [mH]
Back EMF constant 0.08 [V-s]
Switching frequency 10 [kHz]
. j_; 1 E K 3 V T .
7/151.(1,1*57 = N3 [E( Van - Vérd)i 411 i (1 + ?jl)]—‘rllst‘s (14)
Zl?rd.m,'g == 342 [1 - 7{1( Vvlst - V:?rd)] +7“3rd‘s (15)
A (14), (15)= 22t & PWM F71eld A HA,

F AR QUMHE frE AY WHA ] AEdd AR
2ZRE B AFE FAE Aelth 4 (14), (15)9A
A 1y, 24, 3t 3 PWM F7]014 ON 17 714

FARR R S A i e = e e

3. AlE8o|M

Aeret Wt AF F4 W BHdEdE T 4
3 MATLAB/Simulink& 5 A

At} 1-shunt JAHE A =
v A7 F4 7S o] &3t
Yol B Ao AREE AEve W
A F7) s 7ol A5 Table 3o YeR ST
Fig. 8(a)= A&7]& 1500rpm]o.2 &% Ao g uj
AR & A AR 2 AE ARy AR F4
2 } Aol Fig. 8b)E A
E A3s Tl 53 A AR g g3oln At
El eFok7] wiiel A

AR AN o))

=
Fig. 9% 1500[rpmlol| A #lqtet At AF F4 Wi
S A4S o] AF gdFolth Fig. 9a)et 29 9(b)
£ B Alotst WS AL59S u, dF AAME A
S Hy AFY FAY HE A7 dXES Fed
T 9l



The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 4, August 2016

(a) Sensed and estimated current.
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(b) The enlargement currents of Fig. 8(a).

Fig. 8 Current waveform before using the proposed
algorithm.
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algorithm.
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Fig. 11. Waveforms of the estimating currents.
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Fig. 14. Load change under the 2000[rpm] operation.
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