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A nalysis of Dischar ging Noise of L ine-Type Pulse M odulator

T A O X i ao - P ing

( Dµ a m --,E d Aa £" £" -md Appthed Fhyme- - u mvm aty d sdenee m d

ä ' - et U eze m hieb eh cØ m½ " " C EBoim mdiam n m Efefei u eht Som e ( HIS ) klysue-Z F Ilezy ,

wh ieh is hom pulse di-ehazg ne d thyrat on modulator . U i. paper ezpounds dBe eornPosents d dischaz1E-

ing ciEm i t of HIS modulator . On the basis d i t , the pape and ysm th generatine d dischu g na noise of

klysbWE mod »la or and n ô º " ' zd tbe md bod about redueine dischar-HEZg noUe d kiF Uon modulator -

K ey words klygtr£" , modulator - thym uon - el eeÛ£Ä ä metic m im

I n t r o d u c t i o n1

HIS i s compo-ed d ?m MeV LINAC and 800 MeV el ectmn storage- m g . 2Þ MeV Lm A C is d -

feEÐ micm m ve energy by Ôve b 4Á m w pe 20 MW Klya m-zs M É Eve cavi ties , ë ieh wOEt a pulse
modd at ing mode[1] - U e hi6 1 power modulati ng pul se d k lé tmn Á ther electrode is fed- in throud E

high voltage pul se modul ator . m d l vol tage pul se modulator is the pul se power souÓ e d hi d 1 power
kl ystron . Ú Ee HI S li ne- type pulse modulator is eompoeed d three tanks . t h e Emt is power supply

tank . Ò 2e seeond is chazge tank , i n which there are tmm fommr and accessoÇ system . Ú 1e th ird i s

discharge tank , in whi ch PFN ( pulse formi ng netWOEt ) and hydrogen thymtmn m instal led . 1E e

interference noise mainly c£mes h£m the di scharge tank .

2 Discharging Circuit Analysis of Modulator

DischartHng ci m dt is the Ø tput cim zit d modula OE-- 1E e basic compoaenu am PFN , ç , i tch

tube and load , pulse tmm fomBer and pulse tmasmi ssion cable[21. Fig - l shows the dischargi ng ci r -

cuit of modulator -
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2.E PFN

Storing energy and fom m g pulse waveform am the twofold eEects of PFN . PFN acü " load i n

chare ng process and power supply in dischare ng PEWeess . PF¡ , which is al so cal l ed mtiEcial l ine
m d compom d d divem L C net--nodes , takes the place of factual transmi ssion li ne in l ine-type mod-

ulator . × Ee number of L C net- nodes of HIS modulator PFN is ten , and eveÇ node inductance and

capacity i s Lo = 1 .671AH , Ho = 0 .0221AF .

However , the pezf eet homo- capaci ty and homø induetance cm not meet the mqui mEBent d

smal l top- down and a ab top quiver of output pul se wavefom1¤ In OEd er to i mpmve the pulse top-

down , the practical capaci ty ranges fmm the smal l to the bi g , and inductance from the big to the

smal l .

2 . 2 The swt tch d ement

× Ee swi tch element is used for eoM EWl l ing pulsed di8chart#ng Ý£quency , and is coë oeed of
the main td gger and hydrogen-thymtmn . Ä e eEect d M gger COM E¶ l li ng ducti ng and cut -OE is ex -

porti z1g timi ng pul se signal . U e endurable vol tage of HIS modulator swi tch tub e is 7OKV , using

4056 model hydrogen thymtm n .

2 .3 k l ysð £n Io¤d

HIS mi cmwave power source is K MR 10 17 tw e S-band high power kIystmn m É fl ve cavi t im .

It works ó the state of spikepulse , usi ng water eool ing method , eoaxi al input , wave-guide output

an d el eetmmap mtic focusing . Its m j or techni cal parametem am :

Operat ing Frequency 2856 . 04 MHz ; Fi lament Curmnt 10 . 5 ¢ 0 . 3A ; Pulse Worki ng Voltage
- 250kV ; Output Pul se Power µ 15MW ; Pulse Width 2 . 5 la ; Em cimmy µ 30 % .

2 .4 R EI se × a msfor mer and pul se t an a mk d om cable

H iO power pulse transformer is used ó offert ng chaEg ng and di schare ng pathway , rai sing

pul se Vol taee , bui ldi ng matching ml ationshi p between kl ystmn mzd azt iScial l ine . 111e parametem of

E¤ S pul se transfon× er am :

Pul se Power 60 MW ; Pul se Voltage 20 . 8kV/ 250kV z Pulse CUETent 2 . 88kA/ 240 A ; Tum Rati o

1 : 12 .

Ç Ee characted sti c impedance of HIS azt inei d l i ne is

Z - i ÷©Ú - i lÍ Z}Â
£ - 1 CFm l - 10 .22 1

d HI S Klysum M 1 2 5KO , the -

1250 1È £
= » º ¸ = - ¿T = 8 . 6 8 0 .

n 4 1 2 1

111e characted stic i mpedance can match wi² load inê edm ce

Because the i mped± Eee

transformer , whi ch cm attai n maxi mum output power -

pulseTEe output
111e uniformi ty of the cable i 8 m i mportant pammeter - u e dest ruction of uniformity

zÊ 1ecti ng , bri ng about much tangly wavi ness , and lead to sip al distortion .

Ú 26íß Ü ï í ë Ë ï í (HEP & NP)

= 8.710 .

zd ected to primary is

impedance change d thethmudE

i s transpon ed Ø the trand ommr pd maEÃ throud 1 pul se transmi ssion cable .

wi lI cause wave
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3 Gener ating of DischarØng Noise of M odulator

Ò Ee um tab i l i t y d p lasma , Wh i ch i s fon m d when hyd rogen É y m u on d i sc harges , gem rat±

noi se . M ean wh il e th e pu l se cu m nt d d i sc hare ng l oop and th e e£m EBon g m nd ÷ m d mod ul ator ra -

d ates H F elec t m maP Iet i c no i se .

3 . 1 E BU U Ë m Ö m u e mota m m i Ö h -Om th e u m u b a t t y o f PEasm a o f h y d m gem th yr a b Ê ô

Bec ause t he h yd rogen thy rat ro n i s gas-d i sc h aree t u be , gaseou s d i sc harg e fom 18 p l asma , i n

wh i ch space c harge n uc tuat ion genem tes el ec t ronEae m ti e noi se ÷ × th e rand om mot ion of e lec tm n
an d i on . TTEem -aÓ th ree m asons abou t th e h yd m gen th yra m n d i schart¿ng noi se .

( 1 ) H eat d i stu rb ance i n p lasma mg on

u e EZEId om mot ion d el ectm n m d ion i n th yr at ron su m l y gea erat¹ el ectm magn et i c noi se . Bu t

tb e noi se i s weak , i t i s not t he mai n noise soum e of m od ul ator .

( 2 ) E Ed arg ng d elast i c noi se co mi ng fm m poei t i on fh ac tu at i on of ion layer

112e emi t ted El ectm n f l uct uat i on of t he hot c ath od e d th yrat ron genera tØ el ast i c noi se . Ò 2e

f I tactuat ion and di a u É ance d ion layer lea d s to the en l ar - - ng d th e ca th ode emi tt i ng elec tm n fhzctu -

at zon .

( 3 ) Spac e charge a uctua ti on en l azges i on cuETen t

A ccord i ng to th e cent ral l i mi t tim om m : th e Eh Ö Ö I©

sum d unindependent ií ite random variØlm ®' é ' -z s - - EEEEEEEEö vt t t :iiU bt Úit sI UWð ðl /
u e power spectn zm d thyr Í Í E noise i s ± at i ng a | - | + ÷ ´ PM m mg m í ´

to h º llowing hæø ¤ £ L h W Ù Y / / / 4¥·
½iJZ ;¤ tTiTt ;;;JJTÖto L |+ö ç ð ç

m e fm uency spe¤ m is ± É zg to t be lû L ú 1 a lû

t ransi t ti me of el ect ron and ion .

R g . 2 sh ows the charge di st uzM a ce reg on . Fie -2 . I be d a - e Ä Ä Ebm oe ree £n -

U e i on txa zzsi t ti m e h m ion layer to ei eÍ Í

l ayer i s

L L j m i
r = - - = - - a l - - - ,

' i ee y m e

whem L i s th e i ntew al between ion layer an d el ect m n clou d near cath ode , m i , m e am m spect i vel y

mu e d ion an d el eet r£" ' È , ´ m Ee sp ed vel y Emot ion epeed d ion and elect ron .

Bec ause the masa d elec t m n i s less , th e t rm si t t i me d elec tm n can h ignom d . A ccod i ng to

ù £· , ´ lm h m m s m , , ÷ eÙÐ tdÉ²Ó}hḧ̈1æ̈ÚëØ imó E

. peeu 1u' m .

3 . 2 E Becð £ m ag -eu c mo tae Ø m i n g h m p uI m cu r n n t d m o d M a tm -

u e el ec tm EM Á et i c i ntmf em nce i s generated a d i sc harF ng PEEl -e fm nt - porc h d hyd rogen

th yr Ø EÊ , when th e hi d E CUETen t passes th roue z d isc hare ng c i m ai t i n sh oEt t i me and rad i ate Ø t -

wazd s el ectm rnaÁ et i c noi se . F ig . 3 shows the d i sc hazg ng cum nt of k l ysu m l£" , wh i ch can m ac h

û ç ¥ ' Ä ÖöÕ ¡ ½ :© Í Ü
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x m A , duri ng 3 .6Ì s pulse duration . Fig .4 shows the space noise vol tage wavef orm i n Hm -domai n -

We em see É ± dze noise durat ion is ve® , hmt and it a tenu± « " rapi d speed .

Re.3. ö ,e dud -zgng wavefom d modulator .

3 .3 E lecUºom agn eu c nd se comi Eª h m the c£m mo n gm und w tn d M odul ator

As the referenee elect r ic potential d modulator common point is ageeted by pulse di schazg ng ,

i t i s undul atory . u emfore the common F ound wi m of modul ator M i- tes high freq uency eleetm mag-

netic noise . h pan ictalar - when the ground wiÓ lensth is odd numbem fold of wave- lenst h , the high

i mpedance g W EEd ì m corrØ ponds a antenna and radi ates electromap d e nojee .

4 M et h od s ab ou t R ed u ci n g D i sc h a r gHn g N o tse of M od u l at o r

Ò 2e electmznaÁ et ie intmf erence d kl ystmn modulator comes fmm the pulse di schaEF d hy÷ £-

gen thyratmn . h order to reduce the rather high intmf erenee- level - we M about M ucing space m -
diati on and ciEæuit eoupl ing s, -

4 1 SM eEdamg

Shielding radiation noi se soume is veÇ val id measum to reduce spaee radi ati on interfemnce .

111aI the di sch®' ng ci rcui t i s shielded m d F unded i n pd neiple d Faraday-eup , cm Iüduce egec-

tively radiation electronzaF etic interfem ee .
The modulator d ischazg ng cim ait is enveloped in shield tank . The seconda17 di ,chart¿ng ci r -

CUM- which is compo-ed d pul se k and ormer and kl y, tmn loed , is envel oped in wozt i ng cy li nder .

Ò 1e eO× ial transmi ssion cable , connecti ng PFN ÷ × pul se transformer , is MEt et ly disposed ÷ × fer -

mmagneti c matertal . Ä Bough HIS adopts shield- tm k , the i mped ed on d shi eld ( such Ø apen ure -

venthole - and m on ) leads to electEWEn- e Eet ic mdi ation outwç ² .

4 .2 G m u±  mg

Because the modulator di 8charg ng pm ess is pulsed opemti ng mode . and the rate of change

d i M t is vew big , the m ni mal mte d change wtl l eau-e big Vol ta-F dmp . Avoidi ng the dischare ng

cum nt passing thEÍ Í the p wund· d m and avoidi ng F und¶ , i m loop m necessaw about the mod -
ula or p m ndine - u t ¤. account tor the Á £" nd methods d modd atoe in examW e of di schazg ng ci r -

CUBt .

( 1) Two- points g mmdi ng
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R g . 5 shows that the poi nt A and B am W N

p o u n d i n g p d n ¥ , w h i c h t h e m a i n d i s c h a Ò n g E / « » - 
I » » - - 1 " k t y ú £ "

c i r c u i t p a m - t h Eâ , é - M h m i s m m i m p e d ¤ | f | ¤ l m m ¤ Ô ' }

m ce and sudden-change CLIm nt in F und-wim | / lr - 4

bW d©¤ çwÞé é e¢¶ En 2 A a n d B . t² hh e gõ mÙ¾ '"mEnÔE

antenna , which mdiates electronmaneti c noise . TWm a v É cim ait l a m t
At the same time , the hid v Vol taee between A l - » ' l

azzd B m y cauÊ ÔÉ zg between the F und and A l l B
other devi ces . Obviota-Å , the F und-m m pM i c- T C 3 J

ipate- in the dischare ms ciä ± , for the d e d R

devi ce asfe or ant i - inted eÓ nce , the g £undi ne
F i g . 5 . È , , p a n t e W u n d t - ç -

m e t b o d Ê i n a d v i s a b l e .

( 2 ) Pamllel two-points F oundi ng

R g .6 shows tbe pomt A and B am sepg ately two g oundi ne pd nts - U em is m electd e h e
between the potnt A and B , which is paral lel wi th F ound . i n the có e , the electd c potential distd -

buUon is not uni º m along the p mmd and the l ine . Ò 2e m n-un¤om i ty m y cause ÔÉ ª between

the l ine and g wund . At the same ti me , the p mInd-win paztid pases in the di -ehmg ng ei reuit , and

has antenna eb ct . As the l ine cm cause suwag eleeu omª metic mdi at i¶ , the g ounf li ng method is

inadvi sable too .
( 3 ) One-poi nt p mmd ing

Fig .7 shows the main di ed mzg ng ei m dt M i nd - ted m th the e ound . h oEder Ø Ex mm po-

tentiai d the di schazg ng ci rc ui t , them is a good gzm Endi ng pomt between A azd B . " æ pul se di e-
chazg ng current doe- - t peEæ tlzroue E the F und wi m , Ô,d tbe F und inta h rence is less - But them

is sti ll pul se cuÐm t a the F und-m m , and i t has antenna egect owi ng to the F und- M m imped-

anee . So in OMer mduee radim on noise - it is neeØ ¤¤zy " ' m nd mason- bly and shi eld the e ound-

m m .

Fª -6 . Par¤lld w zppd nt e oundine -

5 Conclusion

h OM er t o red uce elec tm maÁ et ie noi se . the an t i --in ted eren ee measure of shi el d i ng m d
p wu nd i ng shou l d b e adop ted . 'IE oud z th e H IS mod u lator has a p wund i ne system m k l ystm n ø l ie® ,

the sh i el d - tan k i s not i sola ted el ectd cal l y ÷ × th e d i sc hazg ng c i rc ui t . s £ the modu l ator c i rc u i t must

be i mpm ved f or t h e god of shi eld i ng an d g u tEndi ng - R efen t ng K E K ant i - i n ted em n£e exp er ien ce ,

~

FIg .7 . ¤ e-pd nt , £" 'ding -
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we i ntend to d esi p 1 a l ow i nd u ctance ( or i m ed anee ) cu rre n t m turnc i rc ui t con nec t i ng PF N , hyd m -
gen ttEyra t IUEh pu l se t ransf ormer an d lt l ystm n H J ] .
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