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us pu lse w id th and 50 Hz repet此ｉon   ra te．Ｔｈ‘

summarized  in  table１．エn  a   line-type  modulator

l a r geｒ ' and a v e r y h i gh du t y f a c t o r makes i t d i f f i c
to   pe重量ｏｚｍ工eliable   operation．Thus,    in   the   fi

decreased  to  200   Lis,   especiaユユy   to   save   the   init
investment.  Howevezダal l the other components such

to have capab i l北y o f f uユユra t i ng ope ra t i on .

A  long-pulse  modulatoｚfor  the   1-GeV proton

ｐｚototype    and   a    component量ｏｚtesting   developed
k lys t rons and other power dev ices･The modu la tor i s a
standardユｉne-type.  The output pu lse have a 15 MW

ob j e c t i v e )．Des i g n p a r ame t e r s a nd ope r a t i n g c h a r a c -

(Symboユ★indicates the final objective.）The 1 -GeV p r o t on l i n a c f oｚｔhe    J a p ane s e鯉愈Hadron P運｡jectll'21,   which  is n･w under deveﾕ｡pment at
ＫＥＫゲrequ土工es 36 I』-band klystron ampl if ier stat ions in

operated at   an  unsaturatedｒ造power  of   4.0 MW,   which

l e v eｌ．エn o r d e r t o a c h i e v e t h e i r r e l i a b l e o p e r a t i o n
the power capability as high as poss土ble   is  desired;

for operation of a  600 Jls pulse width^^ｌ･

for   successful   ope工ation   of   the正置system.      We   have

modulator, judging ma加ﾕy  from a  standpoint  of having
a g r e a t f u n d o f o p e r a t i n g e x p e r i e n c e ･Howe v e r, w h i c h
type  of modulators  wiｌ１be used for the 1-GeV  linac

Peak powe工
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A  siＩ叩ユified diagram of the designed modu:
t o r i s s h own i n F i g ･ユ．エt c o n s i s t s o f a h i g h v o l t i
dc power supply, charging c ircu此〃PFN  and discha】
ｃ土正cuit．A   c工◎wbaｚｉs   incorporated   in   the   outi
ｃｉ正cuit   to   protect   the   loadｉn   the   event   o置置ａｕ：
The output pulse width wiユユbe  increased up to  600

(phases  2  and 3)．Two thyratrons wiユユbe connected
paraユユel for operat ion of a 600 us pulse width.

timated  to  be   40%   and  2×IO'*  A/y3/2,    respectively.

/̂ Nas   sw此ching devices, we determined the modula上｡運

is 7:1．The average power output is 450 kW at the 600

an   induction   voユヒage   regulator   (IVR),   two   rectifi

average power of 500 kW at 22.5 kV･By connect ing t
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醐ｇ・ユSimpユ土且ed c ircu此of the prototype modulatｏｚ．Dashed boxes ind icate components added at the f ina l pha
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ｗｏｒｋ（ＰＦＮ）delta     configu工ation  and the  other  a  delta-wye

required voltage  drop  in  a  charging voltage工egulator
(de-Q'ing  circuit)    is工educed．A  shorted  cu工工ent   in

times the normal full load cuｒ工ent   by   the   IVR   and
transformeｒ工ｅａｃｔａｎｃｅｓｏＥ，１０８．The output voltage  is
continuously   variable定ｒom  40   %   to   100   %   by  the   IVR.

Ｔｈｅｃｈａ工ging vo l tage to the PFN is regulated
b y t h e d e - Q ' l n g c i r c u iｔ i n t h e s e c o n d a r y o f t h e c h a r g -

a l low use of SCR 's as a sw i tch ing dev ice．田ｈｉｓｔｅｃｈ-
n i q u e h a d b e e n d e v e l o p e d a t S LAC．Th e    d e - Q ' i n g

sipate   3   %   of   the   PE､N   voltage   in   the   load工esistor.
w h i c h i s i n s t a l l e d i n a n o i l t a n k ． T h e   d i s s i p a t e d
power of 25 kW maximum is cooled by wateｒ．

PFN   capacitance．Ｉn   the   case   of   a   200   us   PFN,    the
charg ing t ime i s 8 .7 ms (as shown i n F ig、2) ,    and
becomes   15  ms  for a   600  lis  PFN･The  time  constant  of
the    de-Q'ing    current    is工educed   by    connecting    a
capacitor    in   pa工allel   with   the   de-Q'ing   resistor.

sharply the charging current to the PE､N,    is   very   low

wavefo工TO of  the  de-Q'ing cu工ｒent   is   shown  in  Fig、３．

ａｖｅ工age power of 450 kW at 50 pps．Taking    ir

PFN components,   we  determined the  parameters  fo工ａｆ
us  pulse   width   (table   2)．The   ２ 6．7   ohm  PFN  consi;

a   0、22   UF   capacitance．One  ceユユcapacitor   is  divit
into four ones connected in paraユユel   in   order  to．

a i工．Th i s c a p a c i t o r h a s a p a p e r / p o l y p r o p y l e n m i x t i

０．５８．

１７

２６．7   Q
４０ｋＶ

７５０Ａ
＜０．５モ

０．22   UF

Ｎｕｍｂｅｒｏｒｃｅｌユｓ

Ｐｕｌｓｅｃｕｒ工ｅｎｔ

since   the   ind１ｎctance of each cell is re]

l am i n a t e d b y a t h i n i r o n s h e e t o f 0、１Ｉｍｎｔｈｉｃｋ
reduce the temperature r ise due to eddy cu工正ｅｎｔｌｏＥ
To  minimize   the篭ｌat  top工ipple   and  to  compensate  t

r a n g e  o f ± ２０３． T h i s i s r e a l i z e d b y v a r y i n g a i r c
s p a c i n g i n t h e c o工e , a n d i s a d j u s t a b l e e v e n u n d e r h i
voltage   ope工ation  conditions．A cross   section  of  t
i ron  core   is  madeｚelat ive ly large to prevent i t f i

that the shor ted cu工工ent through the load and PFN dc
ｎｏｔｅｘｃｅｅｄｔｗｏｔｉｍｅｓｔｈａｔｏＥｔｈｅｎｏｒｍａｌｌｏａｄ．ｍ

３ｏｖｅ工Ｃｕ工工ｅｎｔ･

o s c i l l a ｔ ｉ o n s s u p e r i m p o s e d o n t h e f l a t t o p o f t
pu l se．The  end  o fｌｉne c l i pper i s used to absorb t

shor ted l oad , and p reven ts ove r cha工g ing  o r  de -Q ' i
i n t h e n e x t c h a r g i n g c y c l e．
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F i g ． ２ Charging   voltage   and   cu工工ent   of   the   charging

lower trace 33、3   A/div   and  hoｒｉｚｏｎｔａｌｓｃａｌｅ５

ｇｗｌｔ⑥ｈｌｎ旬ｂＱｖｌｎＰＲＯ

the    p工ototype     modulato工．After     completion

GeV e lect ron l i nac ( ra ted a t 45 kV, 3000 A and 3．５ｌ

280   Us)    in   KEK,    we   fi工st used these tubes in parai:
a s t he ma i n sw i t ch a t 40 kV, 750 A , 200 Us and 7･Ｅ
average．However,    afte工initial   tests,    we   had
conclude  that  the  E,-175  thyratrons  could not withstc

h igh  duty   condi t ions．Thus these have been rep lac

peak and 25 A average) by ITT．Meanwhile,   the  crowt

ｃｕｒｒent,   so  that  the F-ユ75  is  stｉ１ｌｕＳｅｄ･
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shorting    the    output    cuｒ工ｅｎｔｆand   the    other    is    to
ensure extinguishing main thyｒatron   fiｚe   until   the
next  charging   start．When   the  modulatoＺｉ3   operated
for   a   k lysヒエＯn load at low rat ing power, a posit ive

t h a n t w i c e t h e o u t p u t p u l s e w i d t h . 】言 e s u l t i n g    i n
continuous  conduction  of  the  thyratron．To  avoid this
failure,    a   crowbar  thyratron,   oｒclip tube is used to
s h o 工 t t h i s p o s i t i v e v o l t a g e t a i l t o g r o u n d b y p r o p e r
timing of  its  firing   (Fig．4)

The most serious problem occurred shorヒユy   after
i n i t i a l t e s t a n d w a s a s s o c i a t e d w i t h t h e f a i l u 工ｅ
the   main   thyratron   F-ユ75's,   designed  for   short   pu

f o r h i g h d u t y a n d h i g h a v e r a g e c u r r e n t u s e．Ow i n c
th i s上ube t he modu l a to r have accomp l i shed t he des i c

a n d 5 0 p u l s e s p e r s e c o n d r a t e．エn t h e f i r s t t e s t ,

the   individual   cathode   cu工ｒｅｎｔｓ．However,    it   se

necessa r y f o r ope r a t i on o f a 200 u s pu l s e w i d t h・ｑ
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the     PFN     i･nductors  and crowbar  thyratron

5 kV/div, lower trace 2０ A/div and ho工ｉｚｏｎｔａｌ

parallel,   it  is  necessa工y to take balance of each tube
ｃｕｒ工ｅｎｔ．To   accomplish   this   requirement   a   variable
inductor having an inductance of 320 ¥M  maximum wｉユユ
be  i n co rpo工a t ed i n t h e a node c i r c u i t o f t h e i n d i v i d u a l
t hy r a tｒon fo r 600 Us pu l se w id th ope ra t i on ･The  F -259

operat ion in excess of 35 kV, and thus instaユユｅｄｉｎａｎ
oi l tank w i th na tura l a i r coo l ing工ad ia tors    (F ig．5) .
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Fig．5      E,-259 thyratron suspended玉ｒｏｍｔｈｅｏｉｌｔａｎｋ
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