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Pulse Voltage Source for Electrostatic Precipitators (Part 1)
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Recently we have found out that it is very effective to avoid the back discharge to apply
pulse voltage to electrostatic precipitators. But it is very difficult to apply sharp pulse voltage
to a large-scale electrostatic precipitator which is not only a resistive load but also a large
capacitive load in parallel each other. So a new ‘type of pulse voltage source suitable for pulse
charging of electrostatic precipitators must be developed. In order to provide a sharp pulse
voltage to a capacitive load like precipitators with a high efficiency, use is made of a LC-
oscillation- circuit combined with switching elements such as thyristers. As a result a peak-
voltage twice as high as the D.C. source voltage can be obtained, and the energy stored by
the load capacity at its peak voltage can be recovered to the source. Owing to this energy
recovery concept, not only a high efficiency can be obtained, but also a quick fall in the tail
voltage of pulse is enabled so that a very sharp wave form can be achieved in the high voltage
pulse. A description of the typical circuit and their functions are given, and some of the

operation data are presented.
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Fig. 1 Circuit I (sinusoidal pulse circuit).




g
|
?
s
.
z
i
,
]
|

218 (32) MESFRE H3% 4 1979

&ﬁ—y%vbfl@ikmclDﬁﬁﬁﬁéﬁﬁ.&
%ﬁtf%%?é.uté%oTNWXIE%@iﬁ%
OEFERDSD. Ll >TEDEBIE L, & C, 1o
DAL v FF VEEOEBEBE V, © 1 JEAWIA v ABE
ELTHAT A DTH 5.
@%m%ﬁ%%ﬁ%@@%&%%?%&&o;ﬁmt
5.

Cot AR v Y2 va. A% v x v anip
STELL M2 v F v R WHIIBAL
Th I,

Co: BE=vF v, C kv ¢ B A3 A
ThOMM S IS~ EBEL B2 5 15C>
C tT5%.

ﬂn:ﬁ%m#4uxa.cl&%ﬁfékéﬁﬁb,
%%ﬂ%békﬁﬁ%ﬁﬂ~7%7Té.%o
F=r I H—nzig DSV AR U
BEHmETs.

D : TA-FRYy IEL A~ ¥, BE V), 2k
@K%Lt@&,%ﬁﬁﬁkﬂﬁbclwﬁﬁ
%I)%ELTCOK74—FAyﬁTa

L : SRR = A . S RiER 2.

Thy: 48244 ) 2 2. RBHET 50 C, DR
BREEN R 2B UCHEL, V=010 4
v b5,

Ry : %E%ﬁ@:nf%ﬁmﬂﬁé%m&%.

R, : A SAYEH. Thy MBS OB AL 5. =
AAEERALTH .

L, : Th, R=VFIHa LN, 74~ NSy 2 EB¥
ﬂﬁﬂ?ék%,ﬂnmmﬁEQWMLme
BRI K — vt o33,

Ltﬁof,i@%ﬁﬁmlhd,cl®%?ﬁﬁﬂ/

Tl TAALABE) DT LD, YT L ko G
@%ﬁ%%ﬁﬁlof%ié@f,Ll%Eiéckk
LD SN ABOEE SN EBICCE B, ¥y 1y
xa’mloy—v#7m74~pxy9%mﬁ%49
2501¥K@KW6ﬁ%EK$DﬁEbh6©?ﬁ%
VCE@%HB‘J?‘;5~7#7@%%HSZDMH‘%JZ~§7b§fgL\. L
mL&ﬁ%%ﬁOJ5K%%E%K$H5Emﬁ%©k
%3mmufclﬂﬁ%%ﬁﬁ%kb,c@%ﬁu%é
kﬁ%&bf%%m%f&hé.LtﬁoT@ﬁ@%*
DEFRRE N Z T2 0B 2.

WICHKERIC S0 5 AHBE (<A ABE) V, %

CEMBIE (P ABH) i, 2RodTHz. 9 W
K,v{uxaTméévuﬁfw—Fm)@9&<k
LR LT, L, & G DEBI LTV 5
@%ﬁﬁ@ﬁ%%@ﬁur&é.%otbmuﬂzmﬁ

11
E

[

]—01 Ry |V
B 2 RERIED O SHE L

Fig. 2 Equivalent circuit for main oscillation,

T L5 i OWTE L EFSTH S, R R, 1%
AN Ly RUOBERETOFT 5 NIESCH H, =
AV Ly BFTEOHE E—HI0CEI8 L, & cHYE
DRI filii 5.

ORI TR =0 It TA S v 5 S (4
VAZ) BEBLIETBE, WX kD iy sk
O Vi Offix R, % —5Fk LTk D X 5 1cics.

= E— (=L +2CR*—C,R\R;) &=t sin Bt
U (Ry+Ry) VAC LR — (Li— CiR,Ry) ?

+ (I—e~at cos B1) (1)

Ri+R,

_ —(L+CRR)E
YT 2LC (R +Ry) B

R.E

&-at sin Bt

+ i m (et cos By (2)
ceT ,
_ Li+CRiRs (3)
2CRIL, ‘
g V= L= CR R TICRIL (1)
2CR.L,

T DR, EEBOERSI AT b A
LTEWDTH BN, EEOBAI & EELE O &5
ELTD Ry DEREHLDTAEL, HONEENR R,
EAFPICDT, & OMHREHI ARSI,

KRERDRBEHKE < 35 1 5 £ (1) ~ (@RI A
Lo 2Bl NS WIRETXCHIET 3 & (1) ~ (4) Rt
KER LD X DR B - LT E 5.

C, E
ile\/fl%s‘a’ sin ‘Bt+E (I—¢~=tcos Bt

_ (1)
. L +CRR)E .
Vi~ 2L,C\R.f g-at sin B¢
+E(l—e =t cos 1) (2)’
1 ’
P=vie )

uV~@Yﬁ&mmhw%E%mtA£ﬁﬁhfm,m
BEMHCBERDD C LACES. LivL, EHEE




EREEEEH AL ABRCOWT (20 1) (HE

HEBOCHUET 5 o BEBPERRE o1, B
D BT R B U B 2R B 5 88 1R
KARDTE L. R0, Ri—ee L 1LT(), @RiTK
DEdRRD.

. C 1

lle\/zi'Slnmt (5)
. .

V1:E<1—~ cosmt) (6)

ERw L, 4, Vi OREROERN L E ~ FIZH
TOEEREE wo, IE@ L, Vo #3123 D X 57kIE

HRIREITH B L bn b,
1
“TVLG (7
Io=E\/% (8)
Vo=E (9)

Z DEAFEE) wo L YISV ABEDANVANE « O

2n/11Cy

B 3 Ry=0, Ri=c0 &HV}% V) WL i, W
Fig. 3 Wave form of V, and 7, in circuit I (R3=0,

C N - SRS 219 (33)

SELMERRD X 5Win5.
r:Zn\/l:-CT (10)
FhoDe XL, SAABEV OWEME Vinax 13
BREE E O2fL e b COREEE Ve 12 0 &ic
5. LA L, R0, Rixoo QL EDERED Vi, 4 @
WL ERcE< M4 0 X b b, Vi<ZE,
V>0 bl CEREEM GVe 08lbh, Zhi BT
% Eowie VimE & DBESMSIET .
wic, EEBCSTHBREHASIRT Lick&D=a v
Fuy C, OIRYBE Vi kD 5. BEBERLEOR
R ER P OESIRL TH B, (1)'RE L0 Q)R
TR TREEED %, IREET ORETX =0 &ix
BOTHEDE XD iy OfF%E (1) HRDT2) 'Rk
ATHIE ViR E D W EFEBOEBERBICETLEE
o ME L TQ)RA L TR D ERHD exp(—af) X
sin Bt DRI exp (—af) cos Bt DRFLE Y b 2 HDE
CREWTENHEALL., Likd> T OB/, b=
2r/B Lich 2RI VBHELE Ve MKROLOERE
5. ‘
Vf:E{l—exp<——I7;—1\/~Lé-> exp <_‘77,'R3 \/%f)}
(11
TORIIRENS L O Ry OEINIVEE, Fi
Ry OEAKEIG EBRIETE Vel K& 5. Ti,
(E—=V)/E 3 R XBHRE Ry WX BHHROED
THEbHIN%.
wie, EERELDO 1 AR B CHESh
BrAAFL C N7 4 —FA Ay 7 &R 5=F O
DEDNTHRE L TR LS. WELEKESHOYED
PVt C BERICHH IR D =2 FE Wy &7
5. FrEERESO 1 Ao Co 2 bERKA
HEIh A= mAFE W, 235 Wik L Ffio s\ 72
CHEHBNTHEI =3 AFCHEKL, (W—W)

Ry=00), BCKT 4 —F Ay 7 E3hB=FAFEHBTEH. 35
A it alt e
first pul
TR e /second pulse third pulse forth pulse
V1 ¥ P
Ef-f-- N TS o T N e
¥/
0 £ “ 5 Y e B N
M
if
t

M 4 BEBERHERE & E0 v ARFOK I

Fig. 4 Cease in pulse oscillation action in absense of reseting circuit.




220 (34)

CEEKRIERO 1 B Ry B\ THEHEIRS =X L
¥h W, &35, thil=erBie LTEYEDL
NBBEINCAYT 5.

Wi, Wa, Wa iIXFRENRKRD IS5 LTRD OIS,

wq:%”Emu 3/ 2) 12)

2/p
w,={ " Bidt 3/ 2) (13)
(2B V.2 <
Wa—SO = 3/ n =) (14)

ERE ()~ @'RERATRE W, W, Wy 23R
¥5. FHEEAR VEMTHHH, I)Ke kbl b &
LR CELEAV3 &

W= E*C, (1+¢&~a’B)m) 4 En (15)
R,B
2E%¢ )
~ E2C, (1 —g~(a/®2r) f 22— 16
2 1( ) + R.P (16)
E? (2% 1
~ =5 T (1 —g
Ws Rl{ﬂ +4a (1—e )} an

Lo T7 4 — Ay 2RE n=1-Wy/Wy), ¥
B XA XY =Wy/W, LEHTH L ThThK
DE5RIS.

RiCB(L—e-twd™) 427

n=1— R.CB(1+e@pm) +rg

(18)

. B—e@Pin) +8ra
" 4aBR,C, (1 —~«P) | gra

ZEC [ A AGE LR E T 5 & Wi~ Ws 1%
WOFRAE .

P=fW,=FHBI=WHEI+HHET (W)
(20)

P=fW,=5B CHEIhLLEHEL (W)
(21)

Py=fWy== v AR CHE SN 2BFHEI (W)
(22)

Pl 9 BAROEWRC ST 2BBEOMERLED
L, it B IRLEL LTS 2 Ehbhs. Lk
Do CEBRORTELUCRES 7, BAkERB LS
CENE BETNETH S, W ERER TS LY
D&M E UTRBEEED BFIEI B 8 X OV AIR
NELZ BRTWAHZERNS. FDOL5REXE 0
—ETHBOTUANRSLD 7. FEWTHHEL LTK
DT EHELZDRD.

(1) =24 AEH R BPMBEREHINSe, BRYBE

7z (19

MBSERE 3% $45 (1979)

Vi #RELTHLGOIFERER LD TR
TPELFRETHB. ;

(2) Li D9 52 2HEIB)RNTREND a
LCHbhs. $ficihicl v o dVh3FE
PNEEE 7 BEINT B Z LRSS hD. XD
B L (X TEBRTREVIEI BRI

(@) C D ELBEEL L LATL a2l
THbhs#a s, 19)RNosECEERLI S
DENRHD. FBRRNTL G EAREWIZS X
$, BB RNTUL C X ES I FHR
BREEOEEERCHY T HER (Ci~0.014F)
ERWTIIEZDOROIBINKEL LD, C X
INZWE IR I EAN B ke, C ik (15),
(16)RicHbh s X 5 CBRENTEIERT 2 EDE
N k&EBERLTED, ZoFkRrbh C b
JWMEI DI\ DD, G b AEL DK
X H I bATCIETNC 2 VT vy EiF
AT B EDOTEXANIRNE 5 A X,

¢, Ly & Gk X BIER O EA Kb - 1ok Thy

F 7 ORBCEBCEREL £ LBRABE Vi 251
5O CTHIIGEERETAET, chat Th, OfFHR
PR TSNS S, SO CEERER LD DN
L, OFlEx v tvgvA Cy & Thy © A-K o+
¥ Rv VYA Cen ThbH. ThHOHERILEE LTI
iz, 2o C IV C, LEFICHFET B
»ic, FEBEEROEECHE-TUL C IV C
DERTE, ¥/ R, Ry bWETE TR S DEEEEE
2HETSTHB.

Z ORI\ TERBBIRBOK T REEY (=0 L LT

Th, OIEHFMEFEE Vin ZRDBHERD X DT 5.

Y ST
VT“"‘/ Cont Gy 2 S0 (G Con) L

t
+(E—Ve) (1— cos T ) ©23)
V
Yy
O/ s —— L
O
Thy
L I{
i 1}
- E-vg CThl Cr1

B 5 EVEIRE) O SThE
Fig. 5 Equivalent circuit for high frequency transient
oscillation at the tail of main oscillation,




TRMEEE N v ABRCOWT (20 1) GHE - M- FH)

KD L' 2844~ F D OWEEROEEERD
BHEE S YBHEOC - 7ETH 5.
Z DA B Thy OBIE BRI
dVrn I t
dt CrntCrg 0 ~{(ContCop) Ly
Ve !
V' (Crn+Cry) Ly V' {Cen+Cry) L,
(24)
ZD=oORA B Thy OEBEEETHENTE
B. 0% D (23)E2 BIEFARKAEBE Vihmex, (245K
HOREAEELRE (dVrn/d)mex HRDDH T ENTE
%.

L
Vin max:\/”—l_‘

I'*+ (E=Vo) 2+ (E—Vi)

Crn+Cry
(25)
dVrh _ I, 2 (E—Vr1)?
(“a >mx"‘/<cTh+cL1> temTo,
(26)

FRERDENRY A V) A ZOREDHECEIESH LD
CEFEBEBELIRNE, V4 ) AZBNERBLUECE %
SR ARAEBBESEIRT 5. 20)R» S Cm, Cu D
Wit Ly 5 5BELN LA E T (dVimn/df) max @
EEEL LY BT Evbhhd

T, WE R CORF YA LTy A4 Y A& Thy,
Thy, #4144~ D, a4 L, OEHERERDTAH
5. ThENOEFHBEROMIMROERRED > 2T
EERERY .

#4 9 A% Thy L #4+~F D OEHEHTQ) 'K
THEbHIND ATEM 4 O 0=t=<n/p & =/p=t=2r/P
O BT BEHETEhThRD BT EHTES.
T L, ERCEMEE b ORHT B i (1) ROF
BB T B LR THELRERKRD L OIS

n/ C
ith 1eff=\/fgo ﬂﬁ(i)e—zﬂ’ sin? Bt dt

oI TR oy
@7

ip el’fz’\/f Sit;ﬁ Ez(%> e~2at gin? Bidit (28)
:«/—}f E? (%) fe—Can/p(1 — g Car/p)

Ftr, a4 AORMBRTARBRO 0=/=2/f D
AR > LAHE L BIEIRTNC X 5 PIBEIETE i 0 EahED

221 (35)

_7 PAFICELEIRD. NHAEERII2 A L1y, 2
vF vy C (C=Crn+Cr) BIU 2 A ALEENR Ry ©
Eﬂ%ﬁ@%@@f&bf%m%kﬁbbh,&0;5

Zies.
3/2L1>t gin --—w___-t__-_—_
V' L,(Con+Cry)
(30)
ZDOBFER AN ABEOKRIBMICIRNE T 5 & RET
BEAAL ADEHNBRIIKRNC L VRDSH & &N TE
5.

Ly off = «/-1— -E% (%) F(l—g-Cantp>) (%_ a )

a’+p2

CrntCry
nf4E—me~@fJ£ym
1

(CTh"l' CL1)

o (E-vir (31)

%49xa’mzo%ﬁﬁmmlﬁmﬂwxaamCl
IOV BHIh2BEENCX VRDBHZENTE, KD
Xaowis.

2
ith zeff—'\/ ClVf z (32)

B E#comaciiad v L, OfFERER L. £
uk, L, #EE T Lk v RBFEHCEMC RS
ik, FOBOPLET L IS T LHIRAT S BNER
Nz Lo lclcdTH B,

3.2 MEE-10REOEE

TEAEEDOEBKE VTR 1 ORBEBESEic L &

YD X5 IsHIREBIEAE b b ok 52 BT i
~, FIEOMEHE L i Ule. ERiC AW EEO&E
BIRDERHVTHS. '

Cy=4pF, L=1.9mH (FR#EH 10Q),
C,=0.1¢F, L,=3.6mH (PII#ER 37Q)
R,=10MQ,

BEEEIL 200V L Lic, Z2DLEDASALAB T, 2
NAMNBEWEE Vimex, BREBE Vi, 74— FA2
v 7% p OHFER X OERELE 1 CRT.

¥ho, 0L XOWNBEREY, ¥4 A2 HEAE
FEET, BREREEG6 ~ 81RT. 1 Y AxBEKC

%=1 FERMR-ALARERB-T wisi) 5 HiRE L KBREDH

g
Table 1 Comparison between calculated and measured
values of pulse width z, peak voltage Vimax,
residual voltage V; and power recovery effi-
ciency 7 in circuit I,

Pulse width r(gs) Vimax(V) 71 Ve(V)

Calculated 120 356 0.895 70

Measured 125 333 0.91 121
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Table 2 Measured values of pulse width r, peak volt-
age Vimax, residual voltage Vi, power recov-
ery efficiency 7:; and calculated value of
pulse width 7 in circuit II.

Pulse width (us) Vimx(V) 71 Vi(V)
Calculated 160 — —_ —
Measured 180 353 0.51 82

® 10 Eg-II oMHEEEE (20ps/div, 100V/div)
Fig. 10 Output pulse voltage in circuit IT (20ps/div,
100V/div).
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