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Virtual flux vector reconstruction of a PWM rectifier
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ABSTRACT The virtual flux space vector of a pulse width modulation ( PWM) rectifier usually can be calculated by integrating the
grid voltage vector. In practice the pure integral part is replaced with a first-order low—pass filter ( FOLP) to counteract the DC offset
error and high frequency harmonic interference. However the FOLP will result in the amplitude variation and phase shift of the grid
voltage vector which can lead to inaccurate observations of the virtual flux. In order to eliminate the effect of the FOLP on the grid
voltage this paper proposes an improved virtual flux orientation strategy based on the vector reconstruction principle. According to the
amplitude—frequency characteristics and phase—frequency characteristics of the FLOP the amplitude and phase of the voltage vector
were separately reconstructed to improve the accuracy of the amplitude and phase values in virtual flux estimation. Furthermore the
proposed method was applied to a virtual flux oriented PWM rectifier direct power control system. Simulations and experimental results
show that compared with the traditional first-order low—pass filter this method improves the accuracy of virtual flux estimation effec—
tively reduces the DC bus voltage fluctuation in dynamic response and is more conducive to filter out grid current harmonics control.
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Fig.1 Diagram of the main circuits of the pulse width modulation
rectifier
1 c U, ~Uy u,
Lot L, U Uy, Uy,
Uy Lge
ui u, N
di
u=1"L PR (1)
t
oB
02 _L O
u‘a D3 ud( Sﬂ 2 ( S}) + S() D
u, = (u ) =0 o (2)
o0 (S, -S) O
o B 0
Uy Ug U, a3 (
a B
o a B ) 5.8, S
(S, =1 7S, =0
).
1'%
u,
gumdt + Liag v 41,
qf:fudtz =( ) 3)
| O et Lig



PWM . 285 ¢
2 2
" Uo=u, = ( u.vaa) ( uriﬁ) . (10)
v u, 6 = arctan ( u,,
G(s) v o) U8 ¢
1
W(s) =6(s)u(s) = u(s) (4) 4
St+w, u
s 2 '
s L'
" D Lete) a
w,
Y
y=0-26( ngml)- (11)
ul
u(t) =A4sin( w,,t) +B (5)
. A W yiq "
@, =y -/ (12)
V(1) = ————cos( w,t —8) +— +De (10) (12) U,
Y, wi + wiml @e
(6) b .cosp,
13 6 = arctan( w /w,,) D ‘pr:(d/ )=(¢Sin¢ ) (13)
B v v
2 (3) (13)
v, Y.cosp, +Li,
v= = . A (14)
v, Ysing, + Lig
@ = arctan( V¥,
Wa)
2
T (6) ’
VFO-DPC . 3 u,,
Prer Grer p q
u[
u, 3
Uy
u;= ( ) =6(] grid) u, (7) 3.1
Uygg
! Matlab /Simulink
U, W yiq
u,
' 4 5 . 4 5
100V 50 Hz
Uy 1 Uy
B A p i LU o,
wy)  1C(j@) 1w, 4
u, grid
i b,
i 5
uria 1 urru
u, = = . (9)
uriﬁ @ gig urTB



- 286 -

38
gt
s ¥
]
i, | itid Wi (VT T A Yia L otan (P
T kL WG ) i
(’é = F{ T
i 1 o,
Wy |G g {L 1w
gk G )l " Uy
2
Fig.2 Scheme of virtual flux vector reconstruction
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Fig.4 Comparison of virtual line flux linkage observed by two different observers: ( a) first-order low-pass filter observer; ( b) vector reconstruction
observer
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Fig.5 Comparison of flux orientation angle error observed by two different observers: ( a) first-order low-pass filter observer; ('b) vector reconstruc—

tion observer
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Fig.6 Simulation waveforms of VFO-DPC based on FOLP: ( a) voltage u, and current i,; ('b) total harmonic distortion of current i,; ( ¢) dynamic

waveforms of DC bus voltage
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Fig.7 Simulation waveforms of VFO — DPC system based on virtual flux vector reconstruction: ( a) voltage u,; (b) total harmonic distortion of cur—

rent i,; (¢) dynamic waveforms of DC bus voltage
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Fig.8 Experimental waveforms when the parameters of the improved VFO-DPC system are changed: (a) DC bus voltage when the resistance is

changed; (b) DC bus voltage when the inductance is changed
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Fig.10 Experimental waveforms of phase A current based on two different observers: ( a) fist-order low—pass filter observer; ( b) vector reconstruc—

ting observer
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