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A bs tract

A p roton linac that w ill accelerate a 20mA beam f rom 50 K e V to 3 M e V has been

d es ig n ed and is be ing fabr icated f or the K OM A C (K orea M ult ip urp os e A ccelerator Comp lex)

P roj ect a t K orea A tom ic E n ergy R es earch I ns titute (K A E R I ) . T his 3.2m rad io-f requency

quadrup ole (R F Q) s tructure cons is ts of tw o res onan tly coup led s eg m en ts and is be ing

fabricated us ing vacuum f urnace braz ing as a j oin ing technology . T he p hy s ical and

eng in eer ing d es ig n of the H +/ H - R F Q linac are d es cr ibed. T he fabr ication s ta tus the f irs t

s ect ion of the R F Q linac are p res en ted.

I. Introduction

T h e lin ear acceler at or for the KOMA C Project [1,2] w ill in clu de a 3 M eV RF Q lin ac. T he

fir st pha se of the project , KOMA C T est F acility (KT F ), is t o dem on str at e perform ance of the

RF Q [3] plu s a coupled - cavity drift - tube lin ac (CCDT L ) [4] to 20 M eV . T he KOMA C/ KT F

RF Q con cept is sh ow n in F ig . 1 w ith the technical specification s giv en in t able 1. RF Q is a

4- v an e type an d con sist s of 60 tuner s , 16 v acuum port s , 1 coupling plat e, 4 rf driv e loops , 192

cooling passages , and 8 stabilizer rods .

T h e phy sics and engin eerin g design study is presented in section 2. S ection 3 describes

the fabricat ion st atu s and brazing t est of the fir st sect ion of the KOMA C/ KT F RF Q w ith

OF H C.



T able 1. KOMA C/ KT F RF Q Specification s .

F igure 1. 3M eV , cw KOMA C/ KT F RF Q lin ac draw in g .

P A RA M E T E R V A LU E

F requ en cy 350.0 MH z

P art icles H + (90% )/ H - (10% )

Input / Output Current 21 / 20 m A

Input / Output En ergy 0.05 / 3.0 M eV

Input / Output Em it t ance,

T ran sv er se (n orm .)
0.02 / 0.023 π- cm - m rad (rm s )

Output Em it t ance,

Longitudin al (norm .)
0.246 M eV - deg

T ran sm ission 95 %

Duty F act or 100 %

P eak Surface F ield 1.8 Kilpatrick

Av erage Structure P ow er 350.0 kW

Av erage Beam P ow er 67.9 kW

Av erage T ot al P ow er 417.9 kW

RF F eeds
2 W av eguide Ir ises

/ Loop Coupler s

Av erage H eat F lux 11 W/ cm 2

Resonant S egm ent s 2 @ 0.8 m each

Slug T un er s 60 T ot al

Len gth 8.0 m

Structure T ype 4- V an es



II. Phy s ic s and Eng ineering D es ig n

T h e m ain focu ses of phy sics and en gineering design in the RF Q are as follow s :

·T o un der stand th e tr an sm is sion of the m ixing H +/ H - beam int o the RF Q.

·T o obt ain the tunin g fr equen cy by un dercut ting th e end region s of the v an e.

·T o determ ine the locat ion s and sh apes of the coolant passages .

·T o determ ine the sh ape of the brazing surface.

T h e m otion of the mix in g H +/ H - beam int o th e RF Q ha s b een studied by u sing a t im e

m archin g b eam dynam ics code QLA S SI [5]. F ig . 2 show s the dependence of the beam

tran sm is sion rat e and th e H - m ix ing rat io. T he lon gitu din al beam loss increa ses w ith the

con centr at ion of n egat iv e ion s by the bun ching proces s w hich is dist r ibut ed by at t r act iv e

forces . Becau se of the space charg e com pen sation in the low energy sect ion s , the tr an sv er se

b eam loss decreases w ith the m ix in g ratio of H - . In the RF Q, the m ix in g ratio of H - is les s

than 10% .

T h e cavity cross sect ion is the conv ention al t rian gular shape w ith a significant longitudin al

v ariat ion in the w idth of the v an e skir t . T he skirt profile is show n in F ig . 3. T his profile

m inim izes the pow er deposit ed on th e cavity w alls .

F igure 2. Dependen ce of beam tran sm ission rate and H - m ixing ratio.



In g en eral, m ost of th e RF Q structure can b e un der stood in a t w o- dim en sion m odel.

H ow ev er , the en d region s an d th e join t s need full thr ee- dim en sional m odelling . T hese region s

h av e been inv estigat ed w ith the three- dim en sion al electrom agnet ic code, MAF IA [6]. F ig . 4

show s a three - dim en sion al simulation m odel of the end region of the RF Q. T he en d - g ap

dist ance and undercutt in g depth w ere v aried unt il th e quadrupole m ode fr equ ency of the m odel

w a s tun ed t o 350.3MH z. In this case, th e en d- g ap distan ce an d un dercut ting depth are 7.5cm

and 2.7cm , respectiv ely . F ig . 5 show s MA F IA m odel of a tw o- sect ion coupled RF Q. T he

sim ulat ion result ha s show n that a 0.205cm couplin g gap - dist ance , a 2.5cm undercutt ing depth

and a 5.2cm couplin g plat es inner r adiu s result s in a n ear opt im um separat ion bet w een th e

qu adrupole m odes . Reson ant couplin g by the coupling plat e provides a lon gitudin al field

stabilizat ion an d a stop ban d in the dipole m ode disper sion curv e aroun d the fr equ ency of th e

RF Q. T his stop ban d im prov es the tr an sv er se st ability of the RF Q by elim in at in g dipole

m odes close t o the fr equen cy of the quadrupole m ode T E210.

In the design of the coolant passages , w e con sidered the therm al b ehaviour of the v an e

during CW operat ion and m anufacturing cost s . T h e therm al and stru cture analy sis is studied

w ith SUPERF ISH [7] an d ANSYS codes . T he av erag e stru cture pow er by rf therm al loads is

0.35 MW an d the peak surface h eat flux on th e cavity w all is 0.13 MW/ m 2 at the high

energy end. In order to rem ov e this h eat , w e con sider 48 longitu dinal coolant pas sag es in each

of th e sect ion s , as show n in F ig s . 6 and 7. F ig . 6 show s a therm al dist ribution of the cav ity

at the high en ergy en d. T he m aterial is oxy g en - fr ee high - con duct iv ity copper (OF H C). T he

therm al loads w as giv en by SUPERF ISH analy sis . T he heat tr an sfer coefficient s ar e bet w een

11kW/ m 2 - C t o 15 kW/ m 2 - C. Becau se of the flow erosion of th e coolant passages , w e con sider

F igure 3. V ane skir t w idth v ariat ion .



the m ax im um allow able bulk v elocity of th e coolant as 4.5m/ sec . F rom the therm al- stru ctural

analy sis of A NSYS , the peak t em perature on the cavity w all is 51.4 o C, the m ax im um

displacem ent is 42μm as sh ow n in F ig . 7 an d th e int en sity st r es s is 13MP a. W e u se the

cooling t ow er on th e cavity w alls an d th e refr ig erat ion sy st em on the v an e area . F or rf

tuning , the coolant passages on the v an e area are operated w ith 10 o C coolant . T he RF Q

cavity w all an d all of the sy stem s int erfacin g throu gh the cavity w all ar e cooled w ith

t em perature controlled w at er . By m anipulating the cavity w all w at er t em perature, th e v ane t ip

g ap w ill eith er increase or decrease b ased on w hether the cavity w all diam eter grow s or

shrink s , thu s m anipulat in g the rf reson ant fr equen cy . T h e coolant passages in the cavity w all

and v an e area are the deep - hole drilled . T h e entr an ces of deep holes at th e v an e end are

brazed.

F igure 4. 3- dim . sim ulat ion m odel of the

en d region .

F igure 5. 3- dim . sim ulat ion m odel of a

tw o- sect ion coupled RF Q.

F igure 6. T em perature distr ibut ion of a

cavity at the high en ergy en d

of the RF Q.

F igure 7. Displacem ent of a cavi쇼

at th e high en ergy en d

of th e RF Q.



III. F abrication S t atus

A full - scale (324cm long ), low - pow er , KOMA C/ KT F RF Q cold m odel w as fabricat ed w ith

A l6063 an d u sed t o v erify st ructure tunability and to conform th e det ails of the v ane

undercut s . as sh ow n in F ig . 8.

T h e four quadrant s of the RF Q are fabricat ed w ith ox y gen - free- high conductiv ity - copper

(OF H C) separat ely and brazed. T his m ethod produ ces a m onolith ic cav ity w hich has high

stru ctural efficiency and serv es as an in tegral v acuum v es sel an d h as an adv ant age w hich is

able t o redu ce both cost and sch edule . Becau se of th e leak of the brazing surface and the

str ain of the RF Q stru cture by th e furnace heat , it is im port ant t o det ermine the ex act sh ape

F igure 8. T he KOMA C/ KT F RF Q cold m odel

w ith Al6063.

F igure 10. A cutt ing surface of an

en gineering m odel.

F igure 9. A 25cm - long engin eering m odel.



of brazing area [8]. Aft er brazin g , it is determ ined th at the m echanical alignm ent has not

chan ged m ore th an 0.025 m m and the reson ant fr equ ency ha s chan ged les s th an 90 kHz. T h e

brazed joining concept w as test ed on a 350MH z, 25cm - lon g engin eerin g m odel, as show n in

F ig . 9. T he alloy u sed to form the longitu dinal join t s , LUCA S BVag - 8, flow s fr eely ov er

copper surfaces an d th ese joint s could be a ssem bled copper t o copper . T he alloy w as supplied

from w ire placed in to groov es . T hu s it w a s not necessary t o com pen sat e for the thickness of

the alloy in th e m echanical alignm ent an d RF m easurem ent s . F ig . 10 show s a cut t in g surface

of a brazin g surface of the engin eerin g m odel. A penetr at ion depth of alloy is in the ran ges of

30- and 50-μm . A t the present t im e , one of th e four sect ion s hav e been com plet ed and

m achinin g of compon ent s of the rem ainin g three sect ion s is underw ay . S ect ion 1 com plet ed is

show n in F ig . 11.

F igure 11. KOMA C/ KT F RF Q sect ion 1 after a v acuum furn ace brazing .

F igure 12. RF Q m odes in th e sect ion 1.



F ig . 12 sh ow s RF Q m odes in a sect ion 1. An operat ion m ode of the KT F/ RF Q is

qu adrupole m ode, T E210. T he quadrupole m ode fr equ ency is v ery n early equ al t o the design

m ode , w hich m ean s that the v an e un dercut s on th e low energy end are corr ect .

IV . S umm ary

T h e design and fabricat ion t ask s w ere partly carr ied out at KA ERI, an d th e original

schedule w as adh ered t o. T he brazed - RF Q con cept w as com plet ed.
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