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Design and Upgrading of HLS Linac Modulators

SHANG Ia i 1) LUO Xue-FMEg WANG Wei HONG Jun LU YF Mi ng ZHANG Yi n tAO Fens
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A b¡ , ct m e upe ading proj ect d ² HIS ( Hefei IAght Sour£e ) klysM z modtala-om wÄ h dy inuwduced . com tant-cum nL

switch-mode , PFN ehz g ng power suppl ies wem adopted m the m w desiÁ Chg e ne parm etm were calculated . Simulation model d

m in dischare ne cm ui t wm establ iú " - An eap hasis d m alysis wó put m the reven aI voltage pmblem . A pmted on ciEm it wÜ

ö , iF ed based on the simulation results and Óvemal voltage study . Maj or wavefonm measumd b m daiIy operation wem presented .

Final l y new conkd system d dze modulators wæ demdbed .

Key wOEÀs modulator , PFN , consta zb CEErent swi tch- mode power suppl y , siEm lation , protection ck uit , conm l

1 Introduction

Befom the Phase E R oj m t of Nati onal synchEU ron

Radi ation LaboratOE7 ( NSRL ) , the k lystm n modul atom of

the HIS 2Þ MeV Lim e employed m h Md z vol tÞ

power suppl ies and Eesonant chare ng scheme ÷ × De-
Qi ng ci rcui t -2]

- m e 5OHz high vol tage chare ng power

consists of four basic componenu which include a 5OKVA

motodmd 3¤phase

step up transformer ,

var iable transformer , a hid E vol tage

a mcti tler assembly and a chart¿ng

Fig. 1. Schematic diae am of dze old mo² latom.

m d fol low the standazd of the HI S EPICS system , m up¤ control and monitor system m m totd ly aban doned . Be-

F adi ng pmj ect was init i ated in 2Þ 2 . u e pmj ect i n- cause Iê 1202 works at a fmm eney of 40 kHz and uses

el udes WO maj or pan s - One h the mpl acement of the old water cooling method , i t i s veÇ compä t in si m - Much

EW powem with nve LC1202/ 40 lEV constant-current space in modul ator cab inet is fme Ø t . The volume and

chmTHEEg powem . Ä e other is the addi t i on of a Pu i n - weid u of a new cizazg ng power reduces about m ti mes

each modul ator as the l ocaI machi ne COME£ Her . 11ze ol d compamd m th the old one .
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i nd uc tance as shown i n Fi g . 1 . A f ter m ore than t en yeam '

£pem u on , m Em componen u were no longer i n good Þ n -

d i t i on an d c i Eæu i t f ai l um oc cu n ü d of ten . Ò 2e sta bi l i ty of

t he m tpu t hi d E vol tage was not sat id acto® , espec i al l y

when t he A C l i ne vol tage h ct1l ated . Ú 1e contm l an d

mon i t or of th e mod ul atom was b ased on I· l ay c i rcu i t an d

m n ual op em u on . ö Eem was no computer im d COM E£ l l er

i n the modu l atom and t heEd om can not meet th e req tain -

men t of t he new E PI CS COM E¶ l system of the H I S I3] -

h OM er t o in cm ase t he stab i l i ty , opem u on m l i ab i l i t y
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Fi g . 2 shows the stm ctum of the new modul ator after

modi Ecation . Ç ze maj or parametem of the modul atom am

l i sted i n tabl e 1 .
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FØ.2 . New iEly-t on rnod dato-- sM cu re .
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Rdse topuhe repeatabi1ity ´ 0.5%

2 New high voltage constant --cur r ent d ar g-ng

power supplyL43]

Five LC1202/40 KV constant-cun mzt charg ng power

supplies am employed . 111e specç ca iom of the power

suppl ies am l isted in Table 2 . Th e power supplies use a

PE al I el m on m t topol ogy and the wor k i ng swi tc hi ng fm -

qu ency i s h id Eer t han the re sonan t f requ ency t o ac hi eve

th e consta nt CER Em t chare ng .

T - M e 2 . specm cæ æ d EZ 1ª @Je- -EV P" ' . , É ¤

12U hA¼rÛ e ehare ms ¨ ¯

13 .5U / -Ped Et he g ne mØ

Ã 1 % d × l1 ¤ed e
IAnem ty , ½ ,É

Aeem cy u ¨ ç Ð " É

µ 0 .9P" " T a c--z

EE d ene7 µ ¶ %

SÐ ñit7 ¤EO-2 % A a z l hm wan- p

h lse repeatú 4lity Î 0.1%

When the Ii : 12 n is connected to PFN ,

i n g t i m e i n ea c h eh a g n g c yc l e c m b e c a l c u l a t ed Ø

Ţ c = Â ( ¨

wµ ih1ûe EÓü C = 2ü 2 FnEF i¤s t h e tØo tØd e aµ p a×c i tua En1cße d P F N , V =

4 0 k V i s th e c h azg n g v o l t a g e an d P c = 13 . 5 k J / s i s th e

p ea k c h a r- p n g r a te . 'I Tm n T c c m b e o b t ai n ed Ø 12 . 4 En s .

A f t e r t h e c h a q é g v o l t ag e i s m ac h ed } th e r e i s a w a i t i n g

t i m e b e f o re d i sc h a re n g . u e re p e t i t i o n r at e of t h e m o d u -

l a t o r i 8 5 0 H Z an d th e Ee f o Iü th e w a i t i n g t i m e i s 2 0 - 12 . 4

= 7 . 6 m s . u e av e ra ge c h aze n g m t e ca n b e g0 4 "

P = Â ( d ) / T , Ø

wµ th1½ikeh EÓÆüØ5óaäc thhEme s 8 . 8 U /és . ÷ 1e m a x i m u m m p et i t i o n r at e t h a t

e m k ac h i ev ed b y t h e n e w p o w e r su p p l y i s 1 / 12 . 4 m =

8 0 . 6 H z .

P1FN

10 4F. 1017A

dischar gi ng ci r cuit3 Simulation of the
240A

15BFW A pspice model of the main d isciEarg ng ci rcuit i s es-

tabli stmd Ø shown i n Fig .3 . Ä e model i ncludes a PF¡ , a

pulse transfomzer , a ttEyratmn mØi tch and a load . 11ze
model l ing of pulse t rï 18fbmmr is based on Iê meter ' s

measuEmment . 'n m parametem include leakage i ndEEC-

tanü , coupl ing coeé d ent , etc - U e thyratmn model is

obtai ned by InodiÐ i ng fon vaM m d mvemal chamcteristi c

of a di ode model . 'IEe modell i ng of these two elements i s
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veÉ i EEEPOEt ant because the accuracy d simulation depends

laEÅely on their parametem .

Fig4 . shows that the pul se d se slope changes m É

L 1 sensi ti vely . Fi g . 5 and Fig .6 shows when the load i m-

pedan£e changes , for example , in a fault mode dud ng

disci1ï ø Ö , the pulse wavefomm and mvemal vol tage

ä m s the PFW change accordingi y . These E@suits can be

a E¬femnce when desi p Ung the pmteCHon circu i t .
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Fig.5 . h 1, e wavefom change- with R¤load .
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Fig.6. RevenaI mltÔ¿ chaF Mth R-load-

4 New Protection circuit desig E

When the HV powem am eom eeted to the PFN M th

a coaxi al cable , the cable capaci tance Ce m y di scharge

thmugh thyratron and the mvem eneEÅy pmpaÁ tes back

to the HV power output stase . A transient cunmzt nows

thmugh the rectif ier d iode Ds whi ch can cause the damage

of Ds . A msi stor R , , whi ch is e× zd or p eater than the

ehameteristic i mpedance of the cabl e , can k used Ø l i m-

i t the cum ± , " refermd in Fi g . 8 .

A nother mvemaI voltage eomes fmm the mi smatch of

the PFN m d the load . Norm1aJIy the ci rcuit i s under-

damped , and there is m inherent reversal voltage . × 1e

mvemd i s veÇ lazF when a comna happens i n the HV

load . 111e current cm damage the Ds im ide the HV pow-

er Ô il l ustrated i n Fig 7 .

Ð × È :EES ± ß Ó Ù Ç ÷ Æ" ¬ ü è Æë Ä ì 1135

PFN vd tage l / 1

Ø É j É I

s r ¢ - GEÄ" , ¢2 r l a rë D. l i

Fig.7 . cmTent ² zouº D. Cç , ed by PFN mven al voltage

H I , Ê p - ater than the supply mted output curE@Í ,

whi ch is I , = VJ Rt b I ehaê , then a pmtÅ Uon D

should h used . 'IEe key pammetem whi ch 8houl d be Þ n-

ei dered when seleCHEzg the diode D × ü revemal voltage

rati ng , RM S CUE¸ent rati ng and h nvard vol tage dmp . 1TIe

mvemal vol tage rat ing must be p ªEater than the opemti ng

vol tage , and the RMS curm t rat ing must be gmater than

the cunü nt due to load vol tage Eüvemal s . h can be deter -

mi ned m :

Imµ¤LJZ, (3)- d 2 R t

6 s 10

- » OI ka
- ¤¤ 0." a

e 1.l ka
4 » 1.a EQ

2.1ka wheEü v r is the reversal vol tage , d i s the duty cycle of

the reversal event . E the fonvard vol tage dmp of D is not

m mn enoud 1, then another resistor R µ m k used m
shown in Fig . 8 . 'ITEen the mvemal vol tage i s clamped to

v f ( D ' s fonvaEd dmp ) .

~

Fig .8. h Ê ection chÄ it model

For the seleCHon d R eand Rt' , physical size shoul d

be SEISECient to ensure the voltage holdoE capaci® ¤

Ò 1e power dissipaHon in R cm k cal culated Ø :

P = ¹ M¢ µ́ (RE + RJ) + Â (Ce+ É ) À ,

(4)
which is about 160 W . Fi nall y , model 2 DI5 OKV / 1A diode

i s selected as D and tin- e 5OQJ250 W msi stom i n sed es

am used m both R t azzd R ;

5 PeEf onnance

Ä e modulators have R Eformed well since opemtim



fm m Sep . 20 Ø . F i g . 9 shows th e PFN i s chaE¬ ed t o

abou t 33 iEV . A f ter d isc hmg ng , the HV power i s gi ven m

i nh ib i t si Á al d 4 ms wi d th t o avoi d th ym tm n con ti n ual

cond uct i ng . F ig . 10 ( a ) i s t he l oad vol tage wav efom z Sam -

p led fm m a h iO vol t age cap ac i tor d i vi der , wh ich i s i n -

stal l ed in th e oi l tan k . 111e attenuat ion rati o of vol tage d i -

vi d er i8 ab ou t 4 20 0 : 1 . F i g . 10 ( b ) i nd icates th e Eü versal

vol t age i s no mom th an 10 % d posi t i ve vol tage . A su -

bi l ity measu m ment sh ows th at the p u l se to pu l se m p eat -

ab i l i t y of th e mod u latom i s l ess th an ó 0 . 1 % .
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Fig. 10 . RElse genemÊd by PFW dmcharging-

6 IWodd ator control

11Ee new control system d the NSRL is buil t upon

EPICS , foll owi ng the stm dazd model . × 1e kl ysù £n modu-

lator system control wi l l be a sEBb- ystem Ø shown in

Fig . 11 . h each modul ator . m OMRON PM C2Þ HE is

empl oyed as the local device eontrol l er - Command con -

ud , status-moni tor , safety i nteri oek and mal - t ime com-

muni cation wi th the IOC aÓ achieved by the PLC . 'IEe

protocol between the IOC and PLC is HOSU NK which is

a vendor PEUtocol . 131e Ē levant dd vem in the IOC am de-

veloped . Seveml modules aÓ adopted in each PLC i n-

cl udi ng a 16¤point Digi td I nput ( DI ) modul e , a 16¤poi nt

m e tal Output ( DO ) , m 8¤channel A D/ DA module and a

communi cation modul e . M l the digi× inh ut siÁ al s aÓ

optical ly i nsul ated . ¡ ,e stmng electmmap mtic inteEf er -

ence , which i s caused by the l arge pulse cum nt i n the
modul ator , is Óstrai ned . 'IEe pmgram is wri tten in the

form of Rel ay Ia gi c Ladder . Ú 1e PIê mak es the operation

of the modulator mom stab le and m liable .

l l OOFA
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Fig . 11 . IGy« « E modulatom COZEã£l sm zcô re .

7?" autho r woul d t i l-e Ø tha nk the suppo n qf P rqF .

Z . P . IJ zs and P F4 . W . M . U i n the upg ru d iFBg work .
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