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Abstract

Due to several advantages of Pulse Width
Modulated(PWM) Converter, such as unity power factor
with low-harmonics and energy regeneration, PWM
converter has been widely used in industrial application,
In every application of energy conversion equipment,
the design and implementation must be carried out
considering performance and cost. High quality with
low cost is the best choice for energy conversion
equipment.

High dc link voltage can reduce inverter and motor
side losses and system dimension compare to low dc link
voltage. Analog controller can make PWM converter
cheaper without considerable degradation of the
performance than digital controller. This paper shows
the simplified analog controller for 600V dc link voltage
using stationary reference frame control and the

simulation results.

rir
A
i)

fi
s
o,
J8
by
2
2

PWM Converter
A= Y 7%,
B 4gel see AeAAAT 25 29

o dojA HAd R FHL AR dee 1H
8o o] Hojof gty Hr7ke] AT A4
FRL A" WG el lojx FHe Heo
gt 799 DC Link A¢-2 ¢4 DC Link A
ool B3] QAW E S Motor & &4 2 dAES
AZANED F 2= Aol %k Analog AH o7
OAg Aor)el wlstd 5o & Astgle] A
7te] Zulg 74" + AE A"l Utk

B =RoAEe 7+Estd Analog A|971E A
Asta o A gdeld ARE AAFLA Frt

I 2=
R vy

1. AA FEAHE o]&9 374 PWM Converter
Ao} Block =

NEo =z
o] Hof
39 dq MBS A o
Azl o] A
£ E=FdAE Analog 3
R R

e #)o)F= Reference Frame 484
57 5ART A #AB5ARLE FE
Ak F71 FEAEY B
Ab 42efo] HQ Bl Analog
o] Erbgetrh whEhA
22 Fgo] fold A FFIAES
Fig=y

_14_



g 12 AR FEAEE F8¢ 34 PWM
Converter 2] #}o] Block =& Rolx Ich3]. A
o7l 4¥ AAYH FIE ASE TP E
FED AL Ael7], Ak AMojr] EE€y) g
A F7 A&7 FEARAA e AF A
AR5 TAANE =2, AF Aoy, AF A9
71 &35 AztatE vlaste] A Aige] 29
A 2Ad PWM AEE QVtEE J2e FA

el

i act. =i_
AelE =elo]n —
/\J Stage %act .

QB’*E Carrier

Iy
@#gl el —_T . - 1

I ; Current ¥ave -
Phase rel- Pl-Cantroller
B 3
Unit ~ jrd
" DCref.
Voltage
PI-Cantroller

a8 1. AA BAEAHL ol 34 PWM

Converter 2] #1©] Block =
2.  PWM Converter %3 2]
) 98 AAY, A7 2 Converter 48 A
a8 194 Belx v 98 g 4
. Converter ¢4& #Ag

8
= 580 A%sT olde AY WAL ok

2% 29 Phase =2 F@o] 715301

r\l
Jo
rN
10
o
ol

Vy =Va) +V +Vg =V, +@xLxi, +Rxiy —=~(1)
(7, = §H SAL 9E, 0 = A 7T,
Va1 = Converter ¥ & A o] 7] 3} 4 & 9|

T=92 445 ¥y, L= 9= 4 Inductance

Im[V]

5 -—
fe 7] RelV)
‘Vll

aF 2 98 AAESd 3AF, Converter 48 A
¢t Phase =

2) B9 94§ AMoje) 24 2 9% A7 24

PWM Converter &) AfFAo]7] £2L Conveter
R FALY 71EIH(v,) AE2F F71E AZ7}
At 948 AAFs JAdy T HEE 9E
o F7] HEgAE g8 AALT Converter ¢
g ARG 7185 Q8 94 ¢F AdR
PWM Modulating A&7} AF 472 Fg &
gxjojok gt waEtx AR A7 2ol A
% A7l 2HE@EF AHADA Y4 Aag 24
AAok Brh1]. 2E 2 9 Phase =04 ©@¢ I &
24& FEAN7Y] e s AR Al b
& 4T (p)el 07F FHojok Tt Converter U H
o A3 4% FAAG ol Reactor LT
H = 1: 5 o]4hdtn AL AFo 47}t
o 7H4std 2" 29 Phase =& 1% 33}
Zo] xHo] 7} otrt.

IV}

)

12k, Re[V]

_15_



olgi¥ BAJL ARsA HA 49 FASH
Converter 18 A 7B QB9 Az 22
2 Zgo 7rsdk. 948 AAY, Reactor 9
Inductance, 938 AT AFadsE HH 9

orn= g3Ae 94¥ Afe #F7 doh

. @xLxi
6 =tan~ (2= 12y )
a
duitdom 918wt Reactor 2]  Inductance

Converter ] ¥¥ AZF AF =F5A 48 AL
9] 4omjgte] A A JRE MAEF AAe
t}4].

3, A|¢t¥ Converter ¢ 7]¥ A}

olz] ¥ 12 Converter 9 718 A% A A8

g

) AL

43 A4 34 380VAC, 60Hz
Z¥ pC A} 600V
18 Reactor 0.7mH/Phase

=23 Capacitance 1500 F

3H &% 18kW

B34 AR 28Arms

PWM 44 Sinusoidal PWM
294 Fi 6.8kHz

I 1. Converter &} 718 Ap<k

4, ZF 724 Block'd 274

D 9 BAG F7) Az AR

Ay FALH 718 AxE A7 B
Hozl A9 WU7]|E o]&3 AL} Differential
Amplifier & ©]§8HE WHel vk HAFIE o)
g3he A WYY dagd et AeiAe
97 Foteke @del

Amplifier 2 A&84c}t 19 32 F7] A= ¢

glom g Differential

_16._

AR 3z IS Boln Ut
F7] A% B4R Gain 4 322 FHO|

7bssheh

asyne & % 52 = 120K ><£kg—2 =00167 --——-- (3)
’ Rl R3 T2ME 20K
R2 R3
Va R1 ’ R3
R1 B Vasyme
R2

v
a3 3. 7] AE SR 3= FA
2) Ak Ao}7]

7}. PWM Converter 2] 8] Gain 44

PI PWM
Controller ~ Convetter
V__M .@ - 1 v
oc
— k| /C; —
- ia,rel'. iDc

a3 4, AL A7) Block =

a% 4% A% Alo] Loop 9] Block AXE B
olx gty A Arle Ase] ol FHelEgn
ARsE Ag Aerl #HEAF AFAG A
g8 RAFE FTILE @) B¢ EF PWM
AzZHEQl AdE FASHH PWM
Converter = ¥% AAFo 28 DCAHF =
Gain 0.2 =787} 7158t PWM  Converter 9

Converter 2]



o £35l'H PWM Converter
2 5 A 4 4= ol

CERAOEREE AL

o
=1
8
)
b
i

] (ia,ref)'%

WAaay] 9 sl —Jl—z_—

o
Hu

A2 °|B2 ms gt

g F9.

ia
‘\/EXVLL x :}-;r :VDC X]DC

_43x380
V2 x 600

Ipc _ 3 xVpy

kC = =
ICM ‘\/EXVDC

=0.7757

. A AHo)7] 9] PIGain AR

% 4 9] Block M= #2= A Pk 4
52 ®3o] 7153ch pI Alojrle AYAQ 24
A FFE A==z Ag 59 54
Al 63 Zo] EdHo] H1
IF Foget @A oste] AL A7) PI

Gaine 44T + At

J

334

Damping Factor <+

fle

5

Kppke Kpk
savpke | Zuke

Sz+kCKW S+KWkC
C C

52 Kwpke o Kyrkc _ o2

2
C +2¢w,S+w,

L 0.707), I &

V2

DC Capacitance =

o} 7] 4 Damping Factor( £ )&

7 F39(p,) & 100rads,
1500 F02 A3 P Gainzke 22 oo}

2ol A%o] A % ek

Kp =25 ¢w, = 02734
ke

- (7
Ky = e

C

w, =1938

I8 5= AY

Aoj71e) P2 7S Bolu

_17_

Atk DC #HQ Feedback Scale= 60 29 12 4
Aol vk wakA =239 PI Ao)7]¢9 Gain
< 4 2 79 A9 60u)7} A} oy A A
B2 4=& 10v 7 €k

2% 5 B¢ Adrle = 74

AY Aoj71e] Az 2 Capacitance 2 A 8
S Bote AA"E £ ok

Koo =02734 = —7
P T RIx 60
]
Kp =1938=— Y . 3
< RIxC; x60 ®)

Rl= 40}{9,Rf =650kR, C = 20nF

3) Multiplier % Phase Shift Unit

G Ael7] 243 49 AAY
# 719 N5E FEI Pahse Shift Unit £ 2-2
2oX AFT HFTe RS fd FFo
dct 2 26 oste] 9472 d4E FAFY &

£UL &4 9oy} Analog 2 4 AAFe =
710l @&} ¢AH ez daste JFAE B
ARE FE] HsiMe B 2 74
| dostA ot wEtA B
D 937 A7t obd BAH AF =FAY AR
7ZF AATHE BAeE WHE HEoT AT 9
g ot W A9 Capacitor 2 ©| €39 A F 3
22 FHo] Jlelth A 9= AR AR ZFA
Bste Fojof ot HAAY AUVE A
ek

Multiplier &

fir

[+

=EdMs £#43

O]



LxI
& =tan~} (222 0ay
V,

: ; —~(9)
2xax60x0.7x107" x30

= tan”’ =206deg.
an 220 ) &
4) AF A7)
Fl PWM
| Controller ~ Converter
M 1
—+ [‘ Rils | |

I8 7. AF Ao F=9] Block 4%

278 7L AF A9)7]9 Block MEE Ro|x
I 4102 AF Aol FZo AF= A @
oltt. At A7l B4 wANA R BEAF
(3 11)9 Damping Factor(&)9} f €73 3
(@,)F °|%37 PlGain z+-g AT F Ut}
2 a7
0.707 3%} 6283rad/s(lkHz) = AAQsIATE =% 4
%9 A Y2 d¥ FHL Level o)B2 FAIG

= 93 93 Reactor = 43 0.7mH o]t}

)

+

Damping Factor 8 1 S8 F¥

JKe Ky
Ly Lg P
10)
g2 EptB) o Ky )
LS LS
K R K
g2 Kp R o Ky
Lg Ls (11)

=5% +280,5+w,*
ARE AF Ao7]9 Pl Gain 2 2 129 AAH
o] it

Kp=2fw,Ls-R=2m,Lg =612
Ky=w, Lg =2763

5) #7sh ¢y

Aw Aoj7]Y 82 AZ49 Carrier Wave
o} vlwr}t o] HF pWM NEE HAsA fAr
obg] 2 8L Camier Wave T4 329 FAE
Bolz St 3=2EdA Bolu gl Feedback
Loop = Ve & 2718 AR5t FE 32 H
A2 Loop & BAstA HI RS9 €29 A
o &t Fatgrt ARHA vk B =FAA4
A8 Carrier Wave o] T35 68kHz, A7)
£ 9.7V o|t}

¢

R1

o9 8 g7 24y ¥z 74

5. Simulation &3}

Simulation € Analogy A9} Saber Simulator S
o] &8t ATt 2B 9 AEH|A FY
AlZbo]] @2 PWM Converter 8] $F ZEE 1o
i o A7 8 R 271 3 2 DC
#9}F Boosting, 20 @ 2] A& H3} 217t 1009 A
g Yehlz glivh

g -3} 217}, Regeneration EX



t

1 i

1 )

| PR B250m

: ]
R EE(@E‘J% °.J7l eﬁV)bm-zsoms

H ol
In 2

' 4

-
1052 A -rt} §12t 1at)-2ncms

o ﬁlﬂ 28 °Ibr 11o-1am|s

)
)
'
1
! |
E \ | | :
] 1
| = Feliser (~.-T$nao-1mn15
| : : u :
— x| 5 0-bmsi :
I

i :
. . ; +w Time
S0ms  100ms  150ms 200ms 250ms 300ms

23 9. Simulation 4}9] HF& ¥ &

3
=

|

V1 UM

R V V yYywy

a¥ 10, &9 DC A, 98 A 2 AAF
Simulation ‘2 3}

2% 102 AtE AE AL PwM
converter & A F& F7te] L AA S @

3
£

i T ¥ T * + Y T T T T T
oM O DHe M7 DR Rl D6 M DHE # O% O O

a3 11.20 Q2 A 538 A7A &8 DC AL,
A8 dAd £ A4AF Simulation 23}

2@ 11 oA Rela gixe] Fa7t ArkHE
A AoAA £49) Voltage Dip ©] AL glo
_19_

B o 15ms o] Fo] AL HEGE00V)E FA
st A¥E AN ot

Cmpals

L

2% 12.10 04 34 91744 YDA,

¥ JAd 2 4HF Simulation 27

a4 125 B39 24 57t A7EHAS o
9 232 AXHT ok 2¥ 113 slATA =
-3} Q17}A] Voltage Dip o] 24347t < 15ms
o] Fo BAdeH ALE FAsA Frt

X
Vi
i

—— e —— s ettt
AT A M G 0 @2 NS LN SHE AT AIM ED ATS &M e OF AP QB
w

% 13. Regeneration ZE0jxl¢] £ DC A,
A8 AL 4HF Simulation 2 7

7 13 2 Regeneration 2=29] Al E@eld 2
& Eoln Utk 200ms A A 645V 9] A
A< Hd=2 AZA8 S Regeneration L2 FFL
Ak g8 FAE S d48 AFY §30]
Agdl2 Jeht s 9o D =Z Regeneration X =9
TFo] FAAHoR o]Fo AL Y& FJAF

+ g,



! ;
o
- i B . P et
" T et -
Lo

T T T T + T T ¥ T T T 1
ok ax [ L aws o ax oa “E wa e e
(0]

2% 14 202 A Tk A7MA 4™ FAFo
AAF A#AR L Converter ¥4 A

¢} Simulation 23

a8 14e BF R M AF ABA
A AAF, Converter FEG g #A9S
AAsta dok FFAA AFA 4 A AFe

%
g]4ko] whdlel AL A AF7} Feedback H T
A7) o]t

2 =3dAMe 2dst FA43 A719] Analog
Ael71g dAST AEHHE T3 4A At
A gl ARE B B o
]017]E o] 3591 PWM Converter 9 7] &
do] sttt 3 4¥E F& B
Bl A ALY A7l AeE& vuw AFY
o)A o]t}

El

3

)

¥

il

a

al

[1] JW.Dixon, B.T.Ooi, “Indirect Current Control of a
Unity Power Factor Sinusoidal Current Boost Type
Three-Phase Rectifier,” presented at JEEE Trans.
on Industry Electronics, Vol 35, No. 4, pp508-515
Nov. 1988.

[2] B. T. Ooi, J. W. Dixon, A. B. Kulkarni and
M.Nishimoto, “ An Interated AC Drive System

PWM Rectifier

Inverter Link ,” presented at /EEE Tran. On Power

Using a Controlled-Current

_20..

Electronics, Vol 3, No. 1, pp64-71, January 1988

[31 NR Zargari and G. Joos, “Performance
Investigation of a Curremt-Controlled Voltage-
Regulated PWM Rectifier in Rotating and
Stationary Frames,” presented at IEEE Trans. on
Industrial Electronics, Vol.42, No.4, pp396-401
August 1995

[4] DIN VDE 0160



