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ABSTRACT

In this paper, a robust controller for PWM converter is proposed. The proposde converter controller consists
of a PI controller for DC output voltage and a current controller using error-space approach for maintaining the
sinusoidal current waveform and unity power factor. Conventionally, the try and error method has been used to
design the current controller considering the switching frequency of the devices and sampling frequency of the
digital controller. But this proposed method is based on characteristic ratio assignment(CRA) method which has
the advantage to design the optimal gain to meet the referenced response and overshoot within the limit range.
First, the CRA based current controller algorithm is explained. Then the validity of proposed controller is
verified through the PSIM simulation and experience results.

Key Words : PWM converter, CRA, error-space approach, robust control

.M 2 A2 e wo| AREHTE PWM AR E 9 Aoj7]:

AFALGE Aojsls ARAYA ) THFAFE A

A%ks PWM AWEE 22498 2487 44 st WEAFA Y o|FFaE FAHM, 27}

A ARYEE U9 989 A AFAY) & o Ao7)E dutd oz PlAely] F2E Mvﬂ“ =l

Ay olE AolrlEe MR HFA ATHo v

TIARA e, aEd B HAARH e Te o) Aoj7)el HA 2 AL W dejsin A

E-mall : choi@chungbukacks A Aoz FEE|E BoldkA k. wEbA

mae ot SIS A PL Alo}7]19] o5 AAe 29H Faig, Axgl we)

"*;g§|_<.=.l_4: Zoltf MAIM7|ZEE Ho4 e e Wy MEH A 55 AEskY dA YA
HeeUxt 2006, 12. 8 1XF AAF: 2007, 1. 8 Aol Q74ek Ao HhES Abgste] gk

RAN A0 22 MRS A0 39 A%y Al oF Al AAel B AT



184 FTNETES wmGE F12E F25k 2007F 45

< BA ¥2d UPS IHEY E8A9E 93 o]F
Aol7]e] B B dFEol dF AFHA
UPS ¢IHE ] Ao)7]E& Eg3 AAAAE PSS
a3l AWE Z£EdHY AA 9} Aoir]e] o5&
Z2ARsH7] gk a9 Wlo] AXHAEH, AT
H(Coefficient Diagram Method: CDM)& ©]&3to] A
oqF FAZ A7E I AAALE FIMAAS
(net LCA9EE e AMNE(C,)FTS FaaAE
olgHor YRt oldeln CDME °l§% o
&7 A7) AANAY ARA Ao AT Ass
o] gl & A HE TS B3] S8ty
EAd X] g (characteristic ratio assignment: CRA)
O*bﬂl 40|k duksl AJgge F oY
At AFEAG SFALE 2
Avkgae A4S F Yug o

S IHS F=AHE o
o tAY HF A& A<t
. fEle 9A ARFGAA AV|E AAFT
ts Tz AEY FaGE 1T oA Y Y
A A71E AR & Aolrle AU AC AF
1& 837 93l ﬂ SolA B=E Ao A

g .

o
2 T
o
ﬂ

2 o

i,

1o i
(e
o
2,
g
o

2

o @ fm = = B e
A VRS A R S T
)
Lo
e
i)
oy

[o 5o
S
%
")
u‘E,
¢
b .

I'UZ‘, E Ju
-
rok

o

2. Mol7] A

2.1 CRA Hlof7]|
a3 19 A= A]2"(All-pole Systems: APS)<
iz Rsasy

R(s) ay r

38 1 T AAY

Fig. 1 All pole systems

o1 7]4] 6(5)5 A (D 24

8(s)=a,s"+a, ;s" ' +-+a;s+ay (e >0) (1)

Nasiin APSS S4u3 A%/l vl 2988
o] ewrES WAHE AV ASS BAFEHAI, o
s} #E® 54U E v 2o %40}9‘;4[3].

o, = i o, = % Lo = Gt (2)
! gy’ : aay nl Gy — o0y
A7NA @y =ak FEAC|L Awe AR
e} o] el
a
=t 3
G

4 @sh 4 @omyH SAURY ()9 BE
A%E A @k A ()9 2o] FEA(a;)sh Az}
AA%(NZ BEE & Ak

a, =a,T @

a ™"
a/‘ =

i=
i 2 3 n=2 n—1"
O 10y 90y 3 °7* Oy QY

2 W A GE AMgse] EATE] 6(s)E
Qi Ty QpE E@ig]‘?ﬂ }—\} 6)7 v}

5(s,a,) = o " ®)
nwT an-lai—zai 3y 20‘? e
ar
+ 78" tagTs +a
Qo)

Butterworth FEJoll ATt} 3 H¥tde] RE
&g Zta Fug A7)$go] HFAE JHAA o
T3 133 ggolA 7y VEVE 2AY + Ue
EANAAE(CRA)Y BF 712AT7E ANFHYGP,
g 10] Fojz1 APSel didte] BEATEA 6(s)E
4 0% 4 @ Foid F 21 AEe 54
02 TAT & AEH, o B K-gaoleta
pag

a, >2 (7)

sm(kn )+sm(2)

[ 3 k:273""»n' (8)

ZSin(k%)



upebx], 2 (NI 2@ Folzl K-thalel Az
S TEA = APSY E/K-hjrzsc}/\]%
i Chestnut[ﬁ] ﬁs}i‘ﬂ E1

A3 AFS4) %%%g e APSS A
0]e o
AR =

oful e}
22 HHE Ho{7] M

221 AWE o MEH O

ZHENE D BauEdw Aold ARANZ A
A gard e4FelA magagion] 218 A
B3 CRA 71 Agale] ok ABERY SH&E
£ 2Es TASAY,

4 @elA BUNFE i
&g 4 ©F duiddes nded
4 (D 2.

R§
r=— Lsx—z(v(—vs)—F:ﬁ—Gu (10)
y=—z=Hzx (1)
@ ox=1i, and u={v,—v,)
F=—R /L, G=—1/L,, H=—1
9 e Aol AR i 9] 7)FEAF i = A
dutolnR 2 (12)8 93

Ls Rs
is l
Vs@[/w Ve Cdc %I Vie %
\ P

e ||

8 2 chat PiM 7iB{H
Fig. 2 Single phase PWM converter

& PWM Zi81H 9] ZiAlel7] dA 185

ik, =0 12)
Z2F03%E 4 (1948 49T 4 Yok
e=i,—1i, (13)

4 (2% 4 (19o=RE FAFE 4 (s g
2AFAL BF & ek

é+wﬁe=@+wgy (14)
:Hi+ngx
ZHES Aoj71E eAbgt e Aoy
Z gAsHE 4 (159 4 (1622 FojA =],
{=atwyr (15)
pi=ut wou (16)
N

1499 2 (15)8 ezl Ae %3 A W
goz vehiwd 4 173 2o

2= Az+Bu amn
o z=le ¢ £, u:—[k1k2k3]zT
01 0 0
*ng -1 0
= Rs ’B:: ﬁi
0 O’L L,

5

4 (nzPE oA gaggae SANEgNe T
s 4 (193 2

A(s) =|sI- (A~ BK)| (18)
R k. k.
=3 s 8 y2 2 2y,
=s +(Ls Ls)b +(w0+ Ls)é
k, wﬁ
Hpr g (R k)

CRA 7142 ol4d Aojy] AAE 93 24 o7
Ae A (19)sh o] ReFL,
A'(s) =5+, +6,5+3, (19)

°l W Als) =47 (s)8 BESE A o5
= ko ko ks ] & ARFatelor @tk o] AAelA CRA



4% 4 (B5)E o] &3}
E4u)9 RS2 e

_124,
Olv
ok,
X
i
ol
)
a2
m{ru dx

[a 270 a2a (67787
8= 71_32,51= ;22,62— 17_2 (20)
& & 5

AN Ko 4 (D% 4 @)% o8 dst
Xilié**ﬂr $HEHS ME b6, 78 W8T
wAGEA ) ASES Foha 4 (19)
A%

° Eot‘ré}*ﬁu TEY Waste] ks ky, k3 S T3

Al

A7IE #Z7] FR2 A 939 A (160
21 (7N dslshd A 2D=E Foi7,

(utkyz)” +up(utka) =—ke—kpe @1)

2DA u rE n= AotH A (22)9 A

(23)4 ol 7%—71 /“% M g er &
A = gl

h1 o —w?][m —k

I

n=1[0 1][2] )

a9 32 #37)72E JAE AuE AFA ]
EAEE Hol=d B2 Ax 4 29 4 W)ow

a8 3 ey MF Moy
Fig. 3 Current controller of PWM converter

222 zivjg &2 FetH 07|

AgA 7= PIZHOME TAEH, AgA7E
AAs] A3 destee 2R A4EH. CRA
71L& AAFAIAE Eﬂﬁi Aol FE3tH 23 A=
o} Byole HEgd SF A H SHd W
4ol ol @A gk A HYAeI71= CRA
7o) o} 71Ee] Axge S AFEH SH
o d4e Tt A

AgAel7] AAS s QARG 2F RG] 2

A vt YAF DOAYL A YRR
NEARE S 2FADR A4HA AFYA A
Figs A % o] Folztt,

iy = VI (1—cos2wt) (24)
A el A A (24)9] cos 2wtdFe] HFL (o

B2 o8 olgdte] HAlsY 2=
29 49 2k

« * l.: i
Va0 G,(s) Gfs) [+ =%

[ sin(ar)

a8 4 ZWE MO EEL
Fig. 4 Control block diagram of converter

W59 AfAe] #3271 odHor FAITH A
FA BHAN B W 279 FEAL FAE F

Atk Ak PI Aloj719] Adds GD(S)-‘E A (25)%
ZE].-E]' 047]}\‘1 vag’]' Kvt —' 77 ] 7]

o5 AR oISl azin ne WA A
20|},

[j”:Km(HTl

v

G (s) = ) )

Y 42 RY NRE AGdEE 2 (26)F o] Y
R 4= it

V. 1
Vd*c Cys

G,(s)=aG,(s) (26)

4 (2608 AFLE FSA 4 @)% o] FHY
F Qo



As+ B

G s)=——"—
S +2A0 s+ 0?2 27)
I A A
’ Cdc I/;( ai(: V;c T ’

w n = . * ) C = s
Cdc I/dc Ty 2 a1<: Vdc ® n

2 @2DelA Y F(bandwidth) ©, 3 @R AS

7HFAAR K b 7,8 A (R)3t 2ol 7 5
20,V 9

pv d[(/ - Cwn’ Ty = (JJ—C (28)

3. Al=aold & AeAL

AEHOIEE A (22)9 2] (234 Bzl A
AN A Ao]7]E Tustin TASFE AFg-8}o]
2 (29), 4 (303 o] mEFENY AEWAA FHE
2 yetfio] olaae w7kl st 7AiM e ot
Aol71e] EE2MEE 18 5ol Kol

nl(n—l-l)\_ 771(”)
, (n+ 1) — A7]2 (TL) +Be ('VL) (29)
_ 771(”)
n(n) = C%(ﬂ) +De(n) (30)
P e T e

a8 5 Ol HMojrlel EEX
Fig. 5 Block diagram of the digital controller

AEle] AebrlE e ol ezl A (0)9)
4 (09 AR At e Zeage] od
WHe olgstel vgw o] Fasi

CRA 7% & ol &e PWM 2w 9] ZlAelr] A 187

_ [9-40877e — 001 —1.27705¢ + 002
8.98554e — 004  9.40877e — 001

B ‘ 1.85756¢ + 005
— 8.40438e + 002

C=14.15997e — 007  8.98554e — 004
D = |- 3.89092e — 001]

A

E 1 #uH mkefolg
Table 1 Converter parameters

System parameter Values
Input Voltage AC 212V
Output Voltage DC 300V

Inductance (Z,) 1 mH
Resistance (R,) 0.01 &
Capacitance (Cy.) 6000 uF
Load(R;,,4) 60%/308
Switching Frequency 540 Hz

Sampling Frequency 1080 Hz
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T=10ms, (¢c) T=20ms

Fig. 6 Current control responses under the change of =
(a) r=Tms, (b) T=10ms, (¢) T7=20ms

2% 62 17 9 AsEe] OAEAl] 4
S WIhE 919 PSIM AlBeleld +3 Aotk

oY 6 AWSARES © ate] Wl wE AR
o719 SHEAEL A Astel AFAFIYS



188 ENETEE WwiGe F12E H25R 2007F 47

AAAFIEE 29 NABSFE Tms, 10ms, 20ms=
| 71EAFE;ES 42 1/47F7),
1 Y o
SHEHY Ao 7hEstH
AATF7E AETE mE $HEEE /e AE 29
O 72 FIAEAY ded AGAFIEE 24
2 < 7)1t

Xd_%b/} ol =
Itk o]2HA ASgHA o]

O =10 ra) = A=
o] §-Fghg Felg 4

80R—309) :

]

a8 7 Fad( (a) HRH
ol

Fig. 7  Output response under the change of load {60Q—
' 30R): (a) Reference voltage and output voltage,
(b) input voltage, reference current, input current

08 8 QHETE REMEY|ReA ARHY U leiH
Rty

Fig. 8 DC voltage and input current waveform with inverter
driven induction motor load

a9 8¢ AuHTE B FRAFIRHAY A
FAFAG L mAT ol2H B A7 AFyal
2k ol AE7) A= ANEEEAe] 47
S Aelgn QAREe] A FHoE 4
gz Aoge #A% 5+ Yok

29 9 L, WEe @ ARAeIY A5y

< Btk EUES FEnEYL A% HEd B%
dxE AFA 7] Ago] FRAJSS HUE
T Atk

AR AFL E3 Aoy AS5HE 8 1¥
109] kW3 A8ZAZ AR AAA 26 ;ﬂ
olREE TMS320C33% AMgdtglod 7 &xbe ¥
o AEdolA FHeuelE% FUsHA AFEAh

29 11914 132 AWE Aolr]e] AlEHA 3
A S A4 A8E S8 A5 vl

(c)

a8 9 I, WSl ofgt glixiern) eeimRel SHury:
@ L,=1mH, O L, = 15mH, @ L, =2mH.

Fig. 9 Output responses of input voltage and current
under the change of L,

@L,=1mH, O L,=15mH, (© L, =2mH.



T8 10 PMM ZHE] AJABIS| AME 32 (a) FB{E AR
{b) DSP(TMS320C33) Mo E=

Fig. 10 Experience circuit of the PWM converter system

(a) stack of converter, (b) Control DSP(TMS320C33) Board
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Qutput responses of DC voltage, input voltage,
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motor load(CH1: input vol tage[ 200v/div],
CH2: input current[50A/div], CH3:output

voltage[100V/div], CH4:motor current[50A/div])
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