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A Novel Control Scheme of Three-Phase PWM Rectifiers
Eliminating AC-Side Sensors
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ABSTRACT

In this paper, a novel control scheme of three-phase PWM rectifiers using only dc-side sensors is proposed.
The phase currents are reconstructed from switching states of the rectifier and the dc output current. For
effective current control, the currents are estimated by a predictive state observer. Also, both the phase angle
and the magnitude of the source voltage are estimated by controlling the deviation between the model current
and the system current to be zero. The validity of the proposed ac phase voltage and current sensorless
technique has been verified by experimental results.

Key Words : PWM rectifier, source voltage estimation, current reconstruction, sensorless control

.M = zol oa AA AxEle] AFwrp WolxE EA}
gk welA ALgEE AA $E 7bed & Fole
AFALeRRE AFEHE A7) 98 Zdl do| Ao| nigtaziet,
o= AR Atolg2g Aol HFIE F2 A} AWEN T o AAF ANE AL il
23] gor}; HoE PWM AHE712 Ax} 2o] A} 3}"}9] AFHA AFAALE AHEsE 7o) 2R
g3ta Q= ZAolth PWM Ri7]E AeZadg) 9 b gu?? o)z wegrow sto] PWM AF7I4A
S Ao 5 Ya wEAYZ AEZ Ao T g8 AHARANE AR @0 AFHA A
AoAT = glow AAZe] AgAo7} Msdlh E A AbgaE A7dstyh wraga®l gy
3 AFzo o] WEZoz dEs F gounm o] WlolA 48 AAFANE AAFYoY At
Frare] AEAolw spsstl e} Aoje] Be M= AgEA 9, ARAFANE AHES A A
& AsH AF AES 99 AN 7} Bol A~ AN LS AAT = 71 E Ak v Qo
o] F7)g} HlLo| ZrkEhaL, AP W BL ol B oAFNE IHFZ AR 2 A AXE B



WFE AME AAT 3 PWM Ao Mz Ao 593

AAB I WX ARE AGAA 9 AFAMDTE A
Sk PWM AF719) A2e A7 e AlAletarat
- WA AFYadFe 290 s olgst
AFE AFAdste dadsr1E S8 g AZEE A
Ao ARE dSsh 1ela ZR719 AA-DFAT
e AR Aoy ellA A= RedldFe A}
& 002 Aojgo=s AYAge] A3zt [ES
Agrh Eme X9 AErt Faste s ofr)d gl
B AL A2 B AR ARt

DSP TMS320C31= Aol IGBT PWM A5H7] A]
2HE oGt AYg Bt AAIS 7Y gails
HEgh.

o oto all

,u

o —1)1‘

=k 005(0_%7{) 1
cos(6’+%7t)
(ﬂ7]}‘1 0= wt+ 600114'.

457 mde) F48 Ade 9azty AT
ir
Al

2 7—]1—7‘]1— 6M7 @y ]E} 6]":5, 3}?)‘—% d*q ‘%712

rE oo
r i
Ol
Sk
N
4
-0l
O:?{:,"
e
~
{
>
8
to,
N
N
v

T:23, cos Oy cos(@MV%) cos (Oy+57)) (9

sin@, sin(fy,— 3) sin (G + 23”)
@9, BAFEAL BANG AH7) Az Agh
A A @) g,
el _[ R+pL —wyul [ 7. Ve
P e ol | A

2 3L WEZ gdaby g} gk
e=Ritwyl]i+ v (4)
o] 7] A,

Ak Ak 4o
T

O 1 3N P FRV
Fig. 1 Three-phase PWM rectifier

T €el 7T el 7] vee] 770 —1
e‘[el]’l [z]” [vl]’] 110 ]
2 ()5 o]&sle] A (1) AYAGS F7)HaA

= Wekspi

e —%Zsiﬁe] ©

g,

7} Ak oqmi A46=0— 0,°|
%71 TE M AR
Z

(k1) :Rz(kfln%mk)!i(kﬂ)] ©
+ v(k— 1)+ wul Ji(k—1)

—. v [ Ecosd6(k—1)
o D"[—Esinde(k—l)l @

3. atdet £
A Eonty BF7e AARFY LIAFE o
&3} 2ol ii/\]{E}m,
- - T.— _
(k)= k- 1)+—I:[e(k—1)f w(k—1) @®

—Ri(k—1)—wyl] ik—1)]

D= iDL ey (k=D = k= 1) ()
ok Q719 Aa seielsh sdo] sejue st

whe)
x| stha ZhgstH A (8)3 A (9= FEAIE HAA
Fob e Axbe QAL F4 oAl vl
é}éL I}



594 THETES smYEE HHE M6 20007 124

di =ik — Ty(k)
= %[_e(k—l)— eu(k—1)] (10)
%A_e(k—l)

olgl A (10)ell 4 (N& st LAY oF
Aewt S #uAE dAE 4 102 A

Dz xdE 4 Yt

i (B _ Ts[ Ecos46(k—1)— Eu(k—1) an
Az'de(k)] L — Esindf(k—1) ]

ek goxpolzil 2 (1De 4 (19 2AbE +
A

Al.qe(k) ~ Ts AE(k_l)
[A%Jk)_'L[<—EA“k_1J (12)
o] 7] A,

AER= D)= E= Bk 1) (13

A (1225FE oF AF8as 498999 AF

Aok wEbA 4,9 4,7 02® Aojdn
E=Ey3 0= 0,7} 9. AES 465 A1)
As) 3 2L Pl Ao|7& Aggt)

EM(k):KEpAiqe+ KEIAiqe+EM[(k_ 1) (14)

Ou(R) = Kop(— dig (k) + Ko — Aig (k) (15)
+ 0y (k—D+wT

>4

oLi(k-1)

Ri(k-1)

a8 2 AFERe BUHFe HElT
Fig. 2 Vector diagram of measured current and
estimated current

a9 2% AR Aad 2o 49 AR #
g viehd e Eolt. Az wHe) sajuiE )

At A A9, AAHFY RdARe A
AQAgte AL 947k AR Yehds Bl

®
L« gt | Current + & “
i Controle
Seurce Vol T — — — R
Estimatiory, Srmmeen |
l‘ 1 lOY[qe,M:, ] [l
: des odel : Vae
141= - I Ej
+, T 7 M
; - i E‘I&GM . |
* . Reguiator
I . | 16

Source Currdnt

iy

Estimation, fe

lac

a3 3 M Mof 23

Fig. 3 Overall control block diagram

E 1 2908 dele NRYINR

Table 1 Switching states and dc-link current

State | S. | S, Se | la
1 1 0 0 iy
2 1 1 0 -,
3 0 1 0 iy
4 0 1 1 - i,
5 0 0 1 i,
6 1 0 1| -4,
7 1 1 1 0
8 04‘ 0 0 0
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Fig. 5 Closed-loop observer
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