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3MeV 15 kW Electron Beam Generator
at Takasaki Research Establishment

Abstract

In 1966 a Cockcroft-Walton type electron accelerator has been installed in Takasaki
Radiation Chemistry Research Establishment as a second electron accelerator. This
accelerator has the maximum output of 3 MV in accelerating voltage and of 5 mA in
electron beam current, and continuous rating of 2.5 MV and of 4 mA. After 3 months
of adjusting operation, the accelerator was accomplished to the desired capacity.

The cascade generator circuit of the accelerator is of the symmetrical inverse type
using selenium rectifiers operating at a frequency of 10 kHz. The voltage drop and
the capacitive input impedance of the generator due to stray capacitance are compen-
sated by the compensation coils inserted into the circuit at intervals of 5-stages. The
120-stages accelerating tube is made of overlapped x-metal electrodes for shielding the
external field. The accelerated electron beam is scanned in the width of 60 cm, and
emitted into the atmosphere from a scanning window which is made of 200 xm thick
aluminum foil. '

Nov. 1969
Yunosuke OSHIMA, Keiichi YOTSUMOTO,
Ryuichi TANAKA, Satoshi TAJIMA,
and Hiromi SUNAGA
Takasaki Radiation Chemistry Research Establishment,
Japan Atomic Energy Research Institute.
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AREhs R 2T L Fig. 1 Cascade generater circuits.
I_:“C?l), BEELHR AOV/V XA f‘ﬁ:” Lf}f 5 (a) Symmetrical type; (b) Symmetrical
WEFITHD. Yy AR OV/V A v A—RBICT inverse type.

BEELHD, BESI0~20FTLind & 3 AL

ENe e, ThbgfED C—W BEEKO s B ETHREAR C 28 - TR 7B &R B

LizD%s TaBle | TH 55, N, COKDREERETEZAETS. COBERETIX, B
—fgiz C—W EEREI CIL, avyFr¥—=a A HAKRE R EFEEB]E C/Cy HVNIIZERE .

TABLE 1 Comparison of cascade generator circuits.

‘ C—Wtype Symmetrical type i Symmetrical inverse type

Output voltage r

Vo 2nv, 21w, (2n-1)v,
Voltage drop .

4V {(fC)} (2n3+hme3m) | {T](fC)} (n*+4n*+3n) {7 (fC) {(dn* —jn*+-3n)
Ripple voltage

eV {1(fC)in(n+1) {Z/(fC)}in {II(fC)}in

VIV UG Gt {/(fCo0)}} | {1 FCv) Him] (20~

aviv | IO aeintY) | U0} (et ) | USCon)} (2003wt +4m) (12(2n—1)
Voltage efficiency ] ‘ l .

F (Mbjn)tanh {n](Mb)} ‘ (Mby/2/n)tanh {n/(Mby/2)} | Eé,f_(?i")”b’/z)tanh{("“1)/(Mb’/2m/

Lu | (U(@Co)eoth (w/(MB)}  {/2/(wCs))coth n] (Mby/2)} | (/2] (wBC,)}coth{(n=1)/(Mby/2))

v, : Input voltage (peak value) ; 7 : Number of stages {number of smootfling column capacitors) ; C : Capacitance of
column capacitor ; f : Frequency ; I: Load current; C,: Stray capacitance per rectifier ; ¥*=C/C, ; M : Number of
compensation coils ; Ly : Inductance of compensation coil at high voltage end, Li=:-=Ly-1=%Ly.
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g. 2 Photograph of 3Mev C-W type accelerator.
Pressure tank is removed.

Fig. 3 Sclenium rectifier unit
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Fig. 4 Cross-scctional drawing of the accclerator
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Fig. 6 Photograph of electron gun.
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Fig. 9 Photograph of the control console
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SV ; Standard voltage

APPS ; Automatic pulse phase shifter
SCR ; Silicon controlled rectifier

HFG ; High frequency generator

CDG ; Cascade generator

GV ; Generating voltmeter

HPT ; High potential terminal

Fig. 10 Block diagram of the high voltage
regulating system
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Fig. 11 The plane figure of the accelerator building
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Fig. 14 Typical bremsstrahlung spectrum
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* See Fig. 15
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Fig. 15 X-ray intensity in the irradiation room meas-
urcd by Radocon probe 603. The out put of the
accelerator was maintained at 2.5 MeV. 1 mA
and Au target was attached under the beam
window during measurement. And also meas-
ured value of the leakage flux at outer side
of the irradiation room by Aloka TGS-101C
Type G-M Survey meter was plotted.
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Beam cnergy:2.5 MeVy

Relative beam current
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Fig. 18 Chart trace of relative beam current ob-
tained by probe type Faraday cup which
was moved through the beam arca at a
constant rate

. . (c
Distance from the beam central axis m)

Fig. 19 The wave form of the scanning current
and Synchronized kick pulses.
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Fig. 20 Rclative beam current distribution along
the long axis with using the kick pulse
system

[y
w T —
f%
. Beam energy : 3.0MeV
e o - ey - o
«a ——
Beam current : 5.0mA
gt -
(2]
~—2min—
~a
o — — SO |

Fig. 21 The stability of the beam energy and the
beam cunent at maximum rating opera-
tion.
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Fig. 29 The circuit of the pulse generator

TABLE 3 Performance of pulsed beam

. Pulse width
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£x50 ‘ 2kHz‘200Hz{ 20Hzf 2Hzfo.2Hz

Fig. 30 The wave form of pulsed beam (pulse
width : 1004 sec, duty ratio : !/,)
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Fig. 31 Geometry of dose distribution measurement

of electron beam
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WL E) WCHHITS. TV LDBEIE dx LTAL,
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~3MeV BEDTANX—TlX, =AXVX—DOKEX
CEIBFR N W—ETHAH. LENsTT 4 VLD
AR B O SFRMIL 7 7 5 57 —H v 71 X DB
LA LEZLRD., ZDFHEILT 4 Vv ADORN
FEDMOPE LT TETFROBEDIHRDHLN LD
T, 773 Ty TRHELDLEETHS ST, &
#m GERESMEERDHR) © X5 IRGEEOS
HORELBBTATIL DL WHFIENDH L. ZDFEE
DIFEBERKG BTN 7 1 0 MK LART 5 HEE
W+ sk, BTO7 ¢4 AP0 BiBHERE (path len-
gth) 2MEINT 57012, TOHLT BEX R LK
ELIBETHDH, OPRIBHBOETOAMED
HIhBIRE, FRESEI B TIEIKRELIRD
2, /O tail WALV T bThH ThHMb—K
AR LI,

Relative intensity

Curve II

Curve 1

80 10 20 0 20 10 80
Distance from beam central axis (em)

Fig. 32 Relative intensity distribution along the long
axis (Full line (curve I} was measured by
probe type Faraday cup. Broken line (curve
1) was measured by P.E.-T.P films)

Fig. 32 XL i~ FETHE LR 2 MeV 0F
THRT XV X — 123 5 Rl 17 O R AGRE Sy A T
5. Curve I3 7y 57— o LW RIE L
LoCchh, Curve I X PET.P. 7t v aER
DRENI LB L O THS. FHEILE— 7 DETHEE
IhTwb, 2200FKC L 5 HERBRISHOELRE
LT icwI{—&%LTw5. PET.P.740
LDOWERERML OO tail oy %8 0~ ET 5%
Z LI L O ROLETROSEL 9lem, FREELL L
OFERRIT 6lcm, ©— 7D 90% Y EomEEERIL 51
cm THo7to. Fig. 32 RL7A: 2 MeV LAOEFHR
THAAMF—T%, 1~3MeV @ TiL, BEismo
HEREFIIRENFOWICR TR EALERI U TH -
fo. ¥RAMES 2 MeV 040 EREssEs, (61
cm) E—¥T5 X5 EEBEY AT A2 L xy,

6. & &

=N

o W E 19

Hx FNF =20\ TRIERI— DR 53 03 Bl J5 17 T
BHhr.

Il L

Distance from beam central axis (cm)

Fig. 33 Relative intensity distribution along the short
axis (at 25cm under the beam window)

Fig. 33 (ZEF#R Lol 1 5 S5 [ O SR EE oy A &
P.ET.P. 74 2% fuTHlE LEERETHD. T
=Y AEOBFB TOLEMELO DI, HBIN T
v 2B SHHES Eoht, BFO o 2 HxAX—
DUNSVE EHELOEIB XK X {leB b, 1MeV T
BLEEVCAHRALRS. BFOTRLEY— LETH
DEND OBRIL TABLE 41ITR L. = 2 CRIELIT8

Taete 4 Relation between electron intensity and beam
width along direction of short axis

e [ty v [ 2, s o
(MeV) (cm) intensity (cm)
1.0 E 71.5 28.8 | 5.8
1.5 63.3 23.0 4.8
2.0 | 54.1 18.2 2.8
2.5 ; 54.3 17.0 3.2

o tail WALXRE AR LILEEOAHIETH D,
EELE, HDVTNBLELELTHEOI, Th
Fhetgcst U T ESREL EOFERIER L O — 2 &
DI0% L EOFIIRE AR LT\ 5, L E% 8 5 il s
R OSIAEHL BRI S Wi ko 33cm Dff
BTHE SN HE BB LD, ST RAXF—iDo0
TR—-BOSFHERAESRI., ZOZEnbREED
R 7 b, 5 R OWiTE ORE S FE—O
Foa LT3 I Lo,

UEDP.ET.P. 7 ¢ L A% F\TEL K- BHER
N TR ITREBE 53 A % IR BFC B 1 5 2 T TR
fbTaz&cky, FHEBTFRIMG Tibbisdiis
FERESHRNEOND
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TaBLE § Relation between electron energy and mean
current density

cnetay(hev)| BWATT) | B(uAfem) | h(uAjem)
1.0- 0.148 - % 0.376 ~0.605- —
1.5 0168 i 0.482 0.693
2.0 0.198 |  0.614 0.951
2.5 0.197 | 0. 621 1.09
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WIEFREBEE, LXE#E, 8ol mcounToF
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Fig. 34 Relation between mean current density and
electron energy
a. short axis...for the intensity range long axis...51cm
larger than meanintensity width

b. v ] 7 ...61lcm width
c. n ,..for the full width » ..5lcm width
d. v " #.,..6lcm width
e. rooLL " #...91cm width

EBREEOE LR LILLDOTHSB. (@), (b) itrth
FhEMH MO, Slem, 6lcm T, ik Ao EY
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Fig. 35 Rcpresentative depth dose distribution curve
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MeV S ToIERE O BT .OBlS 0 RE R E D
REmRORRKRZ 2o/ L. (@) % Tromp BIP
PRy o T e F 5T RMEBRTACTT LI =g AR
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Fig. 36 Depth dose distributions measured by differ-
ent accelerators
a: TrUMP ]J.G. et al. (1950), Van de Graaff
type Acc.
b: GUND K. et al. (1948), Betatron
c: OsHIMA Y. TANAKA R. (1967) Resonance
transformer type Acc.
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Fig. 37 Depth dose distribution measured by P.E T. P.
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Fig. 38 Relation between effective range and electron

energy

a : JAERI, 3MeV Cockcroft-Walton type Acc.
(P.E.T.P.)

b : TRUMP J.G. et al. Van de Graaff type Acc.
(Al)

c : AIGINGER H. et al. "
(cellulose diacetate)

d: NAKAI Y. et al. "

(A1)
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PLEDRRAFETHREHBNAOHEL R AL ¥ — 1200
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T X b BVEEEZTFH0, 2 TR EEE
WREE & R & RE L, MR R 25 53
AL Tk, Fig. 39 (LIEBREMRL I LTHED
AR LEIOBREARLCLOTH A, HHR
BICHY T2 E I CoOFABREIFTT A A F -2 DT
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I FRFROE 2102\ T O IR IR O i 2
FRL LD THS. Fig 41 XHHEXITRINBREDTE
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Fig. 39 Relation between the electron beam utilliza-
tion efficiency and thickness for the total
beam intensity.
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Fig. 40 Relation between mean absorbed dose and
thickness (Dp,,=100)
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Fig. 41 Relation between integral inhomogeneity and
thickness (inhomogeneity=S,+S,/S)
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Fig. 42 Relation between mean absorbed dose rate and
electron energy for the irradiation on conveyer
(conveyer speed=1. 2m/min, total current=

1 mA).
a : Sample width 5lcm
b: " 6lcm
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Fig. 43 Relation between mean absorbed dose rate and
electron energy for the irradiation without
conveyer running
(sample size=61 cmx 18 cm x effective range)
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Fig. 44 Relative intensity distribution of electron
beam
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Fig. 45 Depth dose curve for 2.5MeV electron beam
measured by P.E.T.P. films
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0.82~0. 85D HiH & 7 h FEHE DR I FFETDOLTD
RIRED T Vxik £20% < LW TH5D.

ZEZE fo X, BETIWROMRK, BHTIHE
L S TELT 20 BER D2 v Ry — 2R L&D
FHEOV— MROL DY BFT2HE, vy PSS
Vy b EDRIIBE SRS fi HZOHRELT
Erxt Lz 0.8 Lich.

DLER~RTE L 5 2iE60cm OFSFHED v — k
TEIX% R WL LICHEAORKEME F iz, Hh
HREY 1 & LTELRBE,

F=f,X faX fax fe=0.62~0.63

Lits.

— MR CAIEBD L S 2 F v F—% WD
OETHRINER CTRELZ1TL 5 BT, ko= <
T—ZDMD Y 2T AL DEFHROEESICH LT
BEADHH»OLRHAT 50N ERTH 50, BEEOR
R, HHVGIRBOREBLLEC L > CEEFALRS
MCFIAT 258050 55 (b, K, Hikx
EXRB LI LRETOHERECELLRD). 2D X
R BHFECEV T, BFROTALE - 5T
BRBESHORID, b HBEH—IRY TRY
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BIT7eH L5 L REHEEERCE b, BREBEL
bbb LELZEBTFROZIALX -2 2.0MeV £ L
rege, RS T £10% RO S5y TR TE
51 3.2cm T, ZOEGOLED GRS AR
12 0.25 THH. Lo CIORAOBHBRF 11,
0.22 L7s%. 1.0MeV OBESIIBETE 58X 5.75
cm € F i 0.26 TH5D. Lo oEsLiihps
1L.0L L, MEYORIFEPDREBCE L LKA
TH5.

1.2 o 2 B

RICHBEEOMBETH 52, THhHILERE, BHY
DREE, B, ar7—FEELEXRHUIKRD
o, CERCBEMOREEY 60cm, EX% R,/pcm
ZED, TZTULORBLYENCRSIFHRE T CDFR
BETEE, BEDATOFHRIRE Dy 1,

Dy=f, —g— ix10° (rad/sec)

DRI VFDOHNSE, 22T E BBFHROT LY
—. P XEFREEFMOPIFE60cm & L 5 7HAD
AR =DV y VAL TOEHBEREETH L. =
DHELEFROTIAX - L ORI, =227 —&
E% 10 m/min & L, IEFOFERY 4mA & Lo
L X, Fig. 46 [IRT L5/, BEMED BEX 1
L UMERINEESY 1Mrad & Ui b &0 QR L,
BIROTFNE— L OEKREY Fig. 47 1RTH, &0
EBOBEEMKMAE 2.5MeV, 4.0mA TH 55,

ad)

+ 1.5X10°

1X10% \

5X10°

- —

Mean absorbed dose (r

! ! i
0 1.0 2.0 3.0

Beam energy (MeV)

Fig. 46 Relation between the beam energy and
the mean absorbed dose (The out put
of the beam current maintained 4 mA
for each energy and conveyer speed 10 m
/min const.)
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Fig. 47 Relation between the beam energy and
the production capacity at 1 M rad dose

ZOWHTEROBEAER LICHAICIIa vy 7 —&
EEE8.8m/min 7ch, Thicay 7 —DZEEHR
0.8 2t 7.04m/min, #ig 0.6m, EX0.86cm
THBHME, 1Y by 2179kg OB TE 5
e, ZoBESOREHRIL 0.64 s,

1.3 BABICHRI-THhE

K BHEN AR, Ticbhb AL b AR
PELTAD. KINEBFLEERT 50013, BEAKR
ENTEAHEESHKE M-G Set), RR=1 1, EF
, RZEHKRER, FoMHEEHRRCEI KIS Lt
it blendd, ChbofKENEBAHHEERLT
RELTADE, M-G Set #BHEX®DHHITNERL
EST 19.35 kW (3300 V, 3#H), HEHIEEFD
o BB R, BTHERER 7~ - BB T 54t
WEHIT B 4MKW (220 V, 3H) TH-7. Zhix
HAx F -7 &6TC, I-EBEREEBELHEL
BRVRBTOFREBHTH L. BEEREEEBEYAFEL
B E, BIVMEE»OETREMYRY M LICHEA
ORERD L REEREEB~DEIAS L O Bf %
Fig. 48 |27 T, ChBLORRBIEM—WMBEHE %
VT T » e, AMEBOFERELIANIANC B
fo X 51z Fig. 48 R LIcEBERLEBE~DERAS
S HICmEE OHZHREE, HHRE~DIKEAT

7. TEFA ST BHSHE 27
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Input electric power (kW)
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Fig. 48 Relation between the beam energy and
the input electric power for several elec-
tron beam current (/)

]. OMGV\/’/::’<
e ’//’ 5MeV
Ve
20f ,cpdi
/s

p’/ 2.0MeV

Vs
— ,/ Y3
S\i ///

/3
5 ‘7
2 /
[ /
~ 10 /
5
2,
&
=
S .
| ; ! |
0 1 8 12 16

Out put (kW)

Fig. 49 Relation between the out put of the ac-
celerator and the electric power efficiency

8.4 kW BRETHS. LihioT, FIEHBOHS
%% 2.5MV, 4mA ¢ LEBSCXEENFHEES
43.20kW THHME, total L LT 51.64kW oD
AVRLETHY, ZOHEOBIMCARIHER Fp (X,



28 HWEEF 3MeV 15kW st BT RIS

Hihas 10kW ©H 2505 0.194 Lic s, IEBoHA
L Fp L OB%E%S Fig. 49 (TR, AEBRTR LM S
X, ERNCEAIMESRCE W TIBHBOBERD B LI
IEE OB E OB THIET S LI AHE TH 5
2, ETRYEROE LS 2B TOBEIREORER, BT
EES LI T ETRER O M IMEEEC OV
THBEAEBBENE ORI T, ZOEMBHEELT
RKDILDTH S, ZZIWRT X 5w Fp i 10
kW RBE» bk s afnT 2 @RS 0, FMEEE
xt L CET il b 5 2 IEBEEI YR 3 5 23%h#
BN ERETRLTOS.

DL SICERBEAS T R X - TH AT X
VX — OFBHRIMNE L, FBECHC-25
BT OFR Fp WBHEER F "FELILbITT
H50b, 722 25MV, 4.0mA, 10kW cRE
Y EETHHECTIIERATCHTLRMAZR P L,
Fp ix Fig. 48 5 0.194 Th b, i F IZZEMBPR,
BIOCHAELY 1 L LTELLER, BFROZRV
¥— 2.5MeV wxt LTk F=f,xf,=0.88 x 0.90=
0.792 TH%. LidoT P,

P=Fpx F=0.194x0.792=0.154

Lih, BEAADS L 15.4% HBHIEHBIhS
LI A, AIMEROEE, TDX5ERTORRS
WETHIHIL, BEERARE 1 ko~ yFr s
DE|Y F, BEHF ECETORMIS SN, R P
2% BHIAHILXELLR,
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TasLte 6 Economics of accelerator opcration

Cost per one
hour
Machine Cost : 77,000,000 yen Five
1 | year amortization 's used for a to- 1925 yen/hr
tal life of 40,000 hrs
Building and Shielding : 30,000, 000
2 yen Ten year amortization 's used 342 yen/hr
Conveyer and Auxiliary equipment
3 | :5,000,000yen Using 40,000 hrs 125 yen/hr
amortization :
Tube cost : 3,000,000 yen Assume
4 | average tube life of 4,000 hrs 750 yen/hr
Insulating gas and other mainte-
5 | nance 1,500,000 yen/year 171 yen/hr
6 | Labour cost : 2,000,000 yen/year 250 yen/hr
7 | Power cost and other running cast 3,000 yen/hr

total ’ 6,563 yen/hr

ZOfhER A TEMCHIRA T 2 B8, BFHk
FIRE & U ChmdssAkofits, BB GEf 4V X
#E, 27— EEREL), AEHE, FERLIN
B E e b2y, YUFO X5 RFEFMCRBIh B4
RS AWE, BMLE—-TZi BB Zhic
B L7 o Tidie\ O T—HHCIZ WL 2 7o\ AY, I o
i BRI 2 4000 R & L, MBIEFOMREL F0 %
LS, 1RERY) Oz 2 ME 3600 MHRE &
0, THhCIBERFEOHEAELOMEMZ EhES
L 6600 H&7cn (TABLE 6). FiCIR~<7- 2.5MV, . 4
mA, 10kW o5, iE60cm, B X 0.86cm DOES
FHEOL— MR L D% 1 Mrad BT84,
W= 2 M3 3H/kg-hr L7ck.
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H &R F A RFERTIC LR EHTIE R 4 Cic 3 & 0 g
BAHELA, ChBETRTT 2 HUTHE. T0H
et 1 BiER L 7 2 ) v fTcHhy, A2 5hE
By AR T AT Gl UH CoOEEMESR TH 5
LS ETERECLONSS. C—W Eingss LT
EBEEDOLDIIAL ADA—EAKFLSHD4MV O
IR T, YMEFTOXERBE2HMOLDOTHS. La
LA—ENKEOHEER LA A v MR TH HIodIT
iz 4 kW Th 5 D L CYERT O L B
FABmESE ©H 5 f-bic 1I5kW oHAx L » T 5.

ChECHACSH B EENERIAYT ST~ 7RO
IS B E S B0, BHAIERIELEICHSH
HEMMO NSTINER S 5T THB. LrLD
kst 1.3MV 3mA, 2MV 3mA, 1.5MV 20
mA O 3%T, KKEETHH, HHD KT BFEL
O ETLARIGTIRA A ER L LTORRET &b 0L
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