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THE HIGH-FREQUENCY ELECTRON ACCELERATOR FOR THE USE 

IN INDUSTRIAL TECHNOLOGICAL LINES 

V.L. Auslender, V.E. Nekhaev. A.D. Panfilov. V.A. Poliakov. A.A-F Tuvih, 
V.G. Cheskidov 

Institute of Nuclear Physics.630090 Novosibirsk, LISSR 

The r~l~~,‘tr~,r~ awelerator ILLJ-6 is a basic model in the iamil) 

iii 11.1! tblw a;<t 4~~rator’;. It IS desrgned at the Novosibirsk Irrcti. 
t,ltt> (ii N~r~~le;rr Phy;r<,i hr,lli ior thr dr~velr~prncnt oi new technolo 
grt.k ilrr,l fo- tlrc I.‘;? rr1 rnti~rstrral tcchrrologrca processes. Main 
,3i~~4~*rirt,ir- p:~r.,amr,tc~ri ir?I’ the fcillowrng electrnr erwrgy I e2.5 
,QlcL’, lK~‘1l11 jli,WL’I 1, I,0 Iris tllill: ?(I kbV \vrti:irr the whol? energ! 
r.irlg!ta 1’11~ 11.1 6 ac.celcra~csr IS simple in its design. has a hrgh 
rt~liahllt~ ;rri~l rrr,rirrtnrrl;r~riltt~,, It I\ easily serviced and \rmIrly con- 
trrjllcd t-omfwrtc-r i,~lrltrr~l ,‘I ,~/so :~n\rsag:“i 

The Operation Principle and the Accelerator Peculiarities 

Thcx II.1 !-ti il(.ic/i’r-~rtrlr 15 a srrrgie-rt,sorlatnr Iirlear accelerator 

opcsralillq !rr the prrlwd rtymia. The copper toroidal cavity 2 (see 
I:rg I), \lrrCh 1’; rrrade of turr separate halves-the upper half 
p;:r.tly~ errtt~rrrl~ (ht% 104.er ow i\ rriountt4 in.rrlr the stainless 
sw6.i IB~~~~IIII t;i,~I, I Ott l/it- C! I niit~r-5tl:ipt~d pirrtc 0i rcsnnato- 
(iprf)tru~!~Irg lri~i t!lt. r-t \,,rl.itllr <a\ itb 1 ttlrl t4t~~:irod<,\ arr’ rrlstailrti 

;0, ‘hdpll~ II’? il<Ylt’l ,rtlllg pii,’ -(about Ill c1/1: 'Ill'? eli~ctrc1il 
rn]t~~~tor :i coil\iitc 01 a gr Id, rlliiilt~ in !hi‘ ,,,,p”” eli‘ctr0de, and B 
c~athode rrode irrstallt,rl at arr rrr\rrlat~)r on thic ele;trrlde The loxc’r 
clrctrode In ~wrrrl)rr:atinn with the .rlleciur i0:-mi .1 irrr,di* a<x.Plfra- 
trrrg i)sterrr The :rcwlrr-;ttt~ti hcanr currerrt iz controlled by than- 
girli: [lit’ valw tii trw i)r)\~iivc 11135 \dtage OII thr c.tthotir x rt!l IP\ 

pc,ct lo the gris.1 
‘rhc lol\.pr hi! (?I thih rc~~f~r13tor 1’. i:lrtallctl ,111 ltlc Ir-isulalit~‘~~ 

and jrrIrl\lied wrth ,I hiac voltage of ;i f-- -8 kl’ thrciugh trw coil -, 
.7 tc hupp:ess tilt liiqll lrrqt!t~n~~y drwtiargt, 

Tttr )?I: k.tirrtittt ,,i thi rrwratrlr ri ~~i~i-ird ou( b! d ~?)illiiil 

1111<‘, uhrch is fo-meti by the yidr surfare< of the resonator halves 
irrrd l,~,r,,i~~ii 0.1 the if~ltr!rr~~ Iwta,~4.~ii th(. 1i)u.r.r hali 01 tht> r(~wlldlor 

anti thz lxr~t~m 1~1 thr v~:cu~~rl tanh Vnrlirlg tlw <hapc of tilis 
\olr3rrr,~ i)i,t li :!hlr~ to rnrrrinr;e th(l Input rt5iii3nN oi thlq wa\ial 
lhr,f~ :r7d (orrxcyrr~*rrtli, III rwrrnrr/( itit* Kf’ jx’&L’r IO’Wi at IlliS 

\lIlulrl~~ 

(lrrri6’r thy luw1.1 :‘lw trorlt, 1ht,rt’ IS a iocuzrng Ii-ns lorrnirrg tllc 
;ii.ielerati,ti ht.;urr irr It:<% a~~~x~lt~rator <,hann:4l arrd rra the estrat.trori 

rle\ I(‘? 6 
.ftli\ t>pLs ;~~.~(~It.r~rtw ,~pr.r:it~c~~~:~l c\perrr:rr~ h;>s sho\vrr. !ha! :Irt’ 

,i,cc~ler;rtrirg g~‘fl 0i Ihi, rl’krmittof rcliahlv op<i..atc*s at Ill: voltage 

01 ,I:) ‘C, 3 !&IL [~ll.!\1111I1,,’ tt’Irii<,tl\ o,, the \li~-iair~\ IL]! 11’ 

(iO0 tiiVii~,ll) Ill till5 l‘aw. y)arklug (11 tiv? gap clw\ no1 dri.rcase 

1111' Ldtag:t* IC.?t.l 
I%? hrqh-freq ri’rr<v gr~rrcrator ri ~)l,iwd i!irrctl\ 0,’ th? \ iiiirrrn: 

tank oi the Fcponator and rt is connected to the rcsorrator hy 
iwitni c,i tlitt illd~r~:trvc, loof: Tlii, self-c~x~~ired C(~~rreralor uarlji i: 
prorrrrdcd Crrd crrl,rrrt operates al a ioi~plrny frrquel”y close to the 
t~r~~,rr fre,l,rerrk\, 11f tlr~~ re5orrator (II5 :- I20 hZtlr). The ft,edhaih 
,~~rrrr,~ 1, ad~rr~t4 by rrr~‘irn~ ni a rniwr~g l~lale 0i tw capacih>r II. 

\I Iii<-Ii <wnr (‘c‘t’i the arrodr and fhr <cathode. .11t3 tri the cathrrdc sttrlr 
II h,r;rric ir rrroi rirc shorting-<,llt cirlltw~t Thf~ :~r1wl1~ clrcl,lt ni tt,? 

gerri’r;it:,r ii: prelirniri~iir-ily atljustt*ti 1~1 ~ar)ing tht> capacitanw of 
[I,:. L~ap;~h~tih /i) ,~rjcl I)\ \;rr->rrr:! t’l(, lro.it.rlrr #ai the h;rs:~ ‘2 0’ tt’C 

<Xirplir;~ lOOi 
TN, ~~,it-,rlrit .hi lil;rtl-irr,l”‘,“c! prrlw Ieddlrig etig5’. willIt’ power. 

trig tllv 111.x dr~udc. the griwratc~l- I”i I)rti t~ucrled by Sil:Ilply~rlg Ihe 
;rrro,i<’ wth the 11 !1 + 1.5 kV corrstarrt \oltaf+‘ 

Ii, 1‘1,mp3r11or~ with 1t.r u i~l<~l> riw<i higti-v0 taKr:” aict~lcrator\ 
tl,<s ;ic.c.i~lt’rdlor l] I ‘.f b;r< ;f riirnlhi~i rlf fw~r,li;rrrtic~~ 111 iti ct)n\trrrc- 

,,1,,, ;illil Ll,l,-, <11111,1 
‘I‘lri~ rrrl,;Or lw~rrlr;rrrt> ri tli;i’ none’ 4)f the ;i(~wlrrattr~ urrit\ tlrlv? 

;i ~li,‘cl’tl‘l’ r,.l‘,l,\<. ,,I .lli’ /lr~,l\ll1~, u h11~11 i’s ~~i!fIl;xl~ol,lc WIllI lhe 

.l,i~~~l~~r<ltlrl~ \I,ltafi“, I’ tt.rw trr1i.i tir! r iIt rcqwr? higiu\roltagt~ 
,,icrr~.rt,<,,r l’ht’ hrCtw\i \olt;iK~~ i\ (ht. 1>‘11it. \oirdgc of rrp to 30 kl’ 
u hlCh illppl,f, l/l<’ tL.ilt~ ;,nt~.lt~ 

Owing to ihis. there IS no necessrty (0 apply complex units, 
whrch fail at breakdowns (accelerating tube. rrrtrfying sectrorrs 
and so on). The insulating gas rn the vessels under pressure IS not 
required either C~onseqwrrtly, rt is very dirircrrIi to destroy the 
basic assemblies Even if consrderable vacuum delt~rroratron occurs 
t bb personnel’s er i-or-) Ihr acielt*ratr>r ~‘11 lw rt~ad~ tcr oprr-attA 
aiter a proper cleamng and training. The ur‘its of lirnrted lifetime 
are, as a rule. commercial products or thusc hairrrg simple design 
and cheap in manufacturing. Thus enables one to repair the accrle- 
rator units under the conditions of any industrial plant 

Using the principle oi RF acceleration, we have the relatively 
simple design of (he accelerator, small overall dimensrons and 
werght. Therefore. the irradiation hall may be smaller in dimen- 
sions as compared to the hall necessary for a high-voltage acce- 
lerator 

The posihllities and Ihe protlrrciroi~ rate of arr industrial rrradra- 
ticlri twtrnologic;tI liw are detrrrnrrred by thcs eler!-8,rl energ). hCarn 
ro\vcr ;rrrd th!, ~fficrprlcy <)f tf(sanr utilira!ion 

The a\iara~r pun<xr c,i tllr' heam grrrerat<:ti 1,) ;I lrrrc,~r acwlera- 
tor is deterrnrrwd by the power produced by a RF generator The 
s\cr.agp Iit: power iupplred hy the Il.l!-fi generator tube ai mat- 
ched Iodd rs 50 kW (wi!h rhe pulse power of 2 MW] The shunt 

brg I ‘flrc g~:r~rral vrfw of the ircct4Priitrlr. 

I---vacuum tank, 2 -- r?sonatnr. ,7- rnductlw coil of the bras at fht- I,)wcr 
nail 01 the i-rsonstor. I-magn~totii?rhargr pumpi, 5 el~clron wjector. 
h- - extractron deviw; 7.-mpa~urinp loop. 8-~generalor tube, g--base of 
tile wuplrng loof~. Ii/ \‘wuum capacltnr of the <oirplmg loop. II --mo- 

vahk plate of the feedback caparrtor, 19--cattx,de siu’) 

rrs~star~cc of the 11 1 -6 rewrrator IS abocl 4 MS2 At 2 ML’ or1 the 
resonalor gap and iluty factor 40 rhe losses in the ILU-6 resonator 
ark 12 kW lirnce, the beam po~xrr car, reach 3X kW at an elect- 
ron energy of 2 MeV. Ii the accelerator operates in a wade rail@’ 
oi energies and beam currents. the tube load varres consrderabely 
(?~nwlrrrrrtly. ttrc Rf- power released by the tub(1 lo lhe load 1s 
lower thau a maxirnrrrn one within the operating range and arhie- 
v e ? rt< marimrrm value 1111ly ill a cornparatiwly narrow. rrrlJdlP 
part of the range Therefore, i~r the I f 2 5 MeV range at the end 
pornis the beam ltower i:, 20 k%‘. w!ulr rrr Ibe middle ;srrt 
(1 7 + 1.9 McV) rt car, reach 40 kW. 

F+)r Irchnologrcal processes callrrrg for a .iarrc,w rarrgc c~f ener- 
gies tne henm power can arhrrvc 35 : 30 kU’, depcrrding on the 

aberage energy of this range, through a proper ;adjustmerrt of the 

accelerator 
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Frg 2. <Quasiring scanning, type extraction detice: 
I-distrd~ut~ng magnet, ?--mIddIe rharlnel, ,3 s!dt’ rhanncl>. 

4- benduig inagncts: 5 scar~~uiig ruagnrt, 6 rxtractioi! windoWs 

The required electrou energy 1s detrrmned by th? thickness 
and shape of the product to he irradiated frradiatlon oi the pru- 
ducts of complex or round shape can be successful at lower energy 
if the shape of the Irradiatlurl zomz correspond:. I,.) the bhape of the 
product to be irradiated In case of three-sided lrradiatlon of round 
product5 the req:urcd energy is mor6’ than IWICC lower than that 
required for slngleqidrd irracd:ation of the siu~e produt~t For the 
case of plane rnultilnyrr products, similar reiult\ can bv obt;unril 
using double-sldrd Irradiatlou 

The pulse nature of the fl.l.l-6 beam enahlcs one to direct it 
in:0 diffewnt channt~ls of thr extraction dwic~ ahithtrlii loi5cli 1i1 
the average heam power Therefore, the extractlot dcviccs are 
capable of inrmirlg tk Irradiation zone iI/ ;~vi.ordilr.ce uith thtz 
shape of the putfuc::, bet:lg irradiated The efficiency of bvarn utl- 
lizatlon Increases also dur !o a shortening of the clrctron parh ill 
the air. 

These pectlliarlties of 1Ll.X allow IU some c:~w~ the, :am~ pro 
ductlon rates to 1w achw\rd whtbn prrforrnlng Ihis ttvhrlc:logl~al 
processes calling for as high electron energy ~15 5 1-6 Me\ a! a 
beam power from 50 to 60 kW in case of ihe cr,rlvrrltu)lu \III~IC 
sided lrradlation 

The following types of beam extractIon devices arc drs~pne~l for 
the most w~dcly uwd tndustrlal irradiation p:octsz.cs 

I A devlcc u,itF Ilnear scanning of the beam alolig tllc, tdxti-a< 

r-E 

l-- 

--+ -_ 
t- CE 

F!g 3 ~FII a-like extraction device fm do~l~lr’ c~ilcsd ir / ,111 l~t~~~u 
1 -vacuuw charnbrr. g-upper ccann~ng magnet. .‘I /~~wI~I W~<~‘IIIII~ 

magnet, 4-estracllon wnttow 

t~orl windr)w for singlt~-sided irradiatmn of ’ at or bali&lih:~ :IIO 
ducts (allnear scanning> shown in Fig. I) Thr hr’am IS scar~r~rtl 
along the entim usefIll. length of :hr rxtractlcll, w~ndou di~*-irl~ 
each pulse. An addltinnal coil of the ~II/.SV traItsformer- \upply~rlg 
fhe generator tube anode is used to feed the scanning s~strm Thrs 
ewbkci L.:nt’ trj awid the dvterior~twil of ~~Yti-si~tloii u~ill~io*~ itNil III 
rdse of falurc of scanrlcng system power supply The prellmtll:lr\ 
beam herldirlg is performwi by meant of wparafe I)(: wilrl’t’ 

2 A device for three-stded lrr;ldia!ioll of r~iurl~i p~~>(i~~i,t\ at ;ir 
nnglc of IX)” (aquaslrrng s.il~lwnga, FIN 21 The’ (‘/,I i<‘ilt ji~ilwc 
are furred 111 sequence to thrw rutr;lctu)il cliailrie 5 11~ intar:\ iri 
the tJlstrib!itlr:g magnet The magwts on the ~idt’ ~hanrwls ‘WIIII 
th: brawn to tb(x s~tk < xtrartlon w irid~>u 5 Thaw \~‘RIIIIIII;~ .r~;~~r~tst fri 
the central channel tils:rihute5 the heam rurrrIlt aI;,rl~ thts c~~~tra/ 
eutrat‘ttorl wirdc,u Th? heam tii;trlhuttr)rl alo:lg the \~,lts ,ulr1d~)\\\ 
i\: perfcirrni~l h) vh;mci:lg i‘urri.rlt ~ii !!w 8il~tribiitlrrg r11,1~vt~’ 
tiurirl~: the puls<, 

.3 A I~VLKY for tlouMt~-sidrd ~r~-ad~at~).~ oi I~>II,~ prcJlll~ct\ at f\vo 
IWPIY (aiir-like scar~n;ng~. f-~g 3) 

Sonit, other tvpt~i tri t~ulr,t(~tlorl iii7 / “t .1 (“II, tw ~i~.-lprwl t1\ \‘)1. 
t.liil request of a custclrn~~r 

Thv iraturei of t’lc a<~crlrr;ilc:r rntqlt~~irvri ii Ii< irl t<~c~t 111.1 $4 III/ 
Its rclatl\c*iy imall size. Its sirnpllrt! 111 o,ritf~~I dnd rc~l;ltivvl\ IOU 
m~~intrnancr expenditurt IS quote a srlhstantlal ~vmpvtt~ation ior it-. 
ccimpdrat~:.eIy IOU. rtflcien~:> ltdl~i hi,‘, ht.<llIl poct’r , ;120 ii .W’,, 
ni thr total p3v.r~’ cons~~rn~ii iriiiv tliv rii;~~~is~ 

1 
Ua 

Fig. 4 Simplified block-diagram of the pulse voltage source 
GI-rect~f~r, LI - lnductlve storage; GZ- recharge circuit. CI and 
CZ-recharge capacitors; NI - X7-thyristor swtches. C/3- CZX, 1.2, 
U-forming hne, TZ-pulse Iransformrr; G9 -. prrexcttalior~ vollagt’ 

source 
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The Pulse Voltage Source 

l‘!l~~ rillii- illlt.lgt’ \I)ll*‘i‘c silI,plyi:lg ttw tIitw ;irlcrdc~ of IhP lit’ 

p’rl<‘r<‘l~lr 1,~l(mt~ > dlrtYll) on ttw ‘380/220 \’ ltirt+pll.iw til:u~i\ 
(f-lg 41 

rht~ tti! II.~OV rci,:liit,r (;I 15 CO~IMW~ k ~IIC I~,~W~IW ~~II~LIQC~ 
/.I I:~~IIIIIE: ~/K tilrlc~ 0i shorti:ly 01 tw !~~c~ii’~i~~~ iior;lp 1)) ‘llw 
irilt<lli~s \/ 8, ,I .fli lilt, illlr;i@ clcrrrrlt l,,i,1’BWi tZit<lr IhL, ‘,u it 
(,h,. N.3 :311d v4 drt’ 01, itll iwlth, 1’1 ;III~ I;.2 h~i.i):li~~ di. ttk 
\~\lrrc~rIt / \.;I<<‘\ tc> ‘i;i~ll,lllllilli Dllil Ihc 11!11 t~ncrg:\ 5tor?‘tl I,, tiw 
rrrti I~.‘IL-.~ ili~r:i~( ! I I< tr;jrliicar wrl IO Illi. i~.~tr,ii~!~i~ oi Ilit’ to-rriir~~ 
IIlk ( (.~I,1 I:P,Y, I9 aria 1..i) charKili;r thc~in lit) IO 8 \otld~:r~. dtltcl-- 
~:IIII~~I~ I)! ttita 4.or(,d erliv~> After :IIc c+;l,-pc Litotli Ilw suilctlrs N.5 
a,,c: !Yb ripL~,I iill<l Ill<*! (‘Otllwi“ t’lc t)dw tr:jr!.iir,rlr:tv 1‘2 lo Itw irjr- 
rmnq IIIIC 011 tlw to;jti oi the transiormt,r src~rrd;rry wlntling (c)n 
ttrv tLltlt* ,i7O,i(~ (iI ttw 1~1: gc’ric’rl~“‘I 1t1v pllt>( ,\ liIrrrlt~il wtro>c, 
p;i’;lmi’t~r~ i,‘.r’ \Y,ltagr - tip Ifi ;KJ I\\‘, dlI~atlc>,l ~- 0 4 n7 Ill, al 
ii ‘oad currc-llt oi up tb I.50 4 

‘i‘lw Iririlrrri’ cdgr id lhv :)1115c I: /iiir~li.il hb rr:vlrrr, (iI :tw ~wr:r.ir 
hi w~trlctr chorlh ttk pr-rrt;nr3 :i rrldiri~ 01 Ike pi~lsc tr:insiorrwr 

Thr p:1iw rt~p!tl:ll):l Iri”.]ilt’rl~‘~ c;iri tw drangwl \tq-hp\t<~t’ 
frc~rii L’ 1,) SO Ii (to 100 1f1 i\h~ri thrs prrlw arrrplrtridrs arta trru,) 

I‘llC cY>ii.t~:llt ’ itagr. rlcQ’l~5>ar) f,,r l/I<. RF c’(‘rwr.Itol- I”“-“?“‘- 

lalr~~rr. 5 apptit*il 181 ttrc ti~lbc a~~cic!c From ttrt bruic(~ G:7 Iltrl,ugli ttri 
w~i~r~d~:r~ u r1ir1111~ 0i .lit pril~r~ tr,rrr~i~r-rrrf:r It ii irlsri rrsc>d ici 
ifcrrragrrr,tlic tit*’ tr;irriiorrn~~i- :circ nilei ir Hugh voI!.~~+~ puit 

Ttlts IIS(- 0’ the ,rrdllctibe stc1rap.y r~rlahlt~d II, iii ;r%oid the use ,I( 
a hl~ll \ollap~ II‘illfrc’r ;rrld. 23 Iso tc: ~It’l~~~l’B~:’ tti4L ii/r. ~81 ilrt, prrlw 
wuri’e 

I p 10 dntc ahIlt 20 accPlri-ators oi Il.l3 i!‘pe al-i’ l7ioillltt’d 31 
thr dificrcnt orgarliratrcrnw both r~~srdt~ ol corrntrv ;rnci ;It~rcrad (ir- 
I)ola~ld. tlungary, India, Chilia) Mariy III thcnr 8rc bfiri~ rrsctt irl 
ritdrlstri;+l Itv~hnologic;rt lirrcs ;trld are succrssi:lll> oprr:ttrd irwrr 
20 to 24 liorrrz n day rirl 8 ti t:i 7 clay\ ir \vwt~ ha5ic. rrrrrrltwr~ 0’ 
years 

The Irmg trrnl r*prricnc~~ pi i~smg ascplt~r;iti)r~ r-d tbrs lyp~ t9 i 
d~r1~12tl oi thcrr triEh r~r:lir~lr~rliirri~~~ t~lfrcietrc) :rnd rr4r~rtrriri\ 
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