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Abstract

The KEK digital accelerator (KEK-DA), which is a small scale induction synchrotron and the renovation of the former
KEK 500MeV booster synchrotron, is under beam commissioning since July 22nd, 2011. For the control of all
equipment’s in the KEK-DA, the PLC (Programmable Logic Controller) made in a single company has been employed.
This enables us to easily develop the operation software and quickly deal with changes in the operation mode. There have
been no troubles caused by the control system since its start. We can say the present control system is highly reliable.

PLCIZ & AKEKT ¥ Z VHNEE SR o X 5 A

1. BE

Yoz w ba ARG 2FFEINE (7Y 2V IE)
iR A& FHIET 5 AICKEK-PS- 7 — A X —+32
T b (500MeV) Z BickE L T20114E7 A 22 A 26
A NEERZIT S TV D, 2 DONEEED AT ORERD
HIEIS 27 D52 DSOS TREI N TV A
PLC(Programmable Logic Controller)(Z [RiE 4% T &
Y7 by =T BRENEEIC D IR O ER
F— FEE RGBS Kot/ T-, #
HRBAGGLLKE, WIS A7 DTN T 5 B L
by, FEFITEVEHELSE TS,

2. TURIILMESS

e

R !
M7 DA Ring "
_"‘[KtKN:W 4
T 83 4
. . ) oy A Basosum
““FUHUQI?\ \ Ma ‘I .
e o N .,_QIGD N ES Kicker mEn)spr |
— S
LEBT Line aw ¥

F X VINHEERIZECR A 4 2 T200KeV DB+

! E-mail: eiichi. kadokura@kek.jp

b 2y \
57 | ), 54 Imadiation
— W Faoility
Om Induction Cell £ \ 4

A A E—LEBFAEL, LEBT7 4 %@ LDAY
TIWCAHT 5, A ENZE—aiF3FE g i
ED1I2MeVETHEE L, BV L T4 VICHFT 5,
BIFEIZDAY 7/ TODCE:YS T OB E NN Iz X
HE—LBHUIAYD, DCH+ ACHLHE T Nk £ 5k %
T T35,

T VX VIR ORI = R L — ' — A &R
eI LICE T R X —E— LA FE TIMHETE S
ZLETHhHB,

3. il R T LB

EWmEL

LEBT & DA

Safety PLC

FFFFFF

Control Networl

[X2: HIES 2T L N— R 7 = THER

BA2IZHIE > AT b N— R = TR E T, &
b B—L AA v F(Safety), ¥4 I 7 (Timing),
ECRA A »Ji, LEBT., # &N (DA) & A H 4
(Inj/Ext Pulse)lZi%, PLCHU(CPU)ZE X, HIHT 5,
PLC D&% IZPLCHAE(CPU) & 45k S & Bai 45
PLCTHE(I0) & Bk %, BB & 7# T Optical FA
Bus2(10Mbps) THEfit L Tz 2 X 5, 4 PLCHIAKIH
IEFA-Link(250Kbps) CHifit L <7 — X 25 55,
FT_RTOPLCIE ¥ v F /3% )(TP 15inch) & 15 51815
21T 9,

- 667 -



DEEEMEL Y T MU = T B ERE

K3 ZE R EE VY 7 P U = THRERELZ T,
ﬁ%&ﬁi%ﬁm_Wﬁgfmfﬁoon#%@
PLC @ #aE 5t it RER 13 B K T 100msec L F iz 9 5,
/ — FPCICIXTPD Viewer VY 7 + ZEE S, TPH
mAaH L, TPEFERM CH CEIEEZIT>, /— b

EEGATICEE L CH Y, BMERLANERi T 52 &
THENZHHIIBETX 5, Y7 My = TBRBITE
FIZTPE / — FPCEE X, B¥E Y 7 N OEMEMER
%1T-> CCCRMDTP,

4. BeLE—L - AL YF
Digital Accelerator

E -l 9
- Eol-[ElE=]~

[X]4: Beam SW & Main TP

X5: Beam SWD > —4 L A

hnE &l DOBeam ON/OFFIXTP CHEd %, A
Fid oy be— L ERNOIEFEIERZ 2 L CGE

HGOPLCIZ A U v — K4 5,

fna {51345, [Xl4|2Beam SW & Main TPZ 7”7,
53 D (VL A P ERAR & 2 D System Key (Permlssmn
Button : 4472 T A J)) ZONIZT 5, WIZ EER & v
DA A > P(lon Source), Dump, Extraction®&— KdD1
D& L, Beam SWAR X > %#ONT 5, TP FHEER
X TE R DEETPICE 5

B5IZBeam SWD > —/4F v A% T, A A VJE
E£— RKDBeam ONIIA[OKEKFT-HEZR D3 TIE
WA L SW & SRR = & BT/ D, Dump,
Extraction®&— K Tl A 4 JRE— FITZ TIE=S
WCHLDHT_XTORT &, RN=YF ) =05
272 %, FFEEEILESWE F7 OALE KO, IRIEIXX4
[} 1 H 8 O Door,  Emergency s & & 42 & CTHE
WTED, M6IZ KT, /=Y T )b F— FERIT#
RTPZ AT, KTIZIEHFIESW KRTPEZ R,
Beam ON/OFF [XIon Source Trigger, F-Cup. Gate
ValvelZ k> T ha—33%, 4ﬂ‘/{ﬁmr EER/
EAFrDarT 4 va B ROTEDIZY—T A
mmzﬁmo:n%ﬂﬁﬁf&&wmﬁﬁﬁio

X6: K7,

IN—= F ) — ARk IRTP

ration Display

[%]8: Beam ON/OFF & 224 R B IEF R TP
B8(ZBeam ON/OFF & 722 4R JBFEF /RTP & WebZ
JR%ZR7, Beam ON/OFF & AR EREITHEE L 20

- 668 -



FRARMEERERNBERE L TRESND, £7-.
K #E LT — N DBeam ONDFFREIFEHE & fodk 35,

5. RAZIY VAT L

Timing Delay

9: DARIng #45 & Timing Delay fE7% & TP

B AU AT AT DARIng i3 10Hz % FEA
&%, 1A 100msec Ml B R IC 2 4 X U 71E
T %%, DARINg BGEIEOSLH FAYY iz, AC
33 0 g o Tega 2 A IV T DAZ— T 5,
FEhX A I TEFE. T VX VNI (Inj Master)
IZ lon source Trigger . Chopper . Inj Kicker, 7 2%
JUNIEE T (Ext Master), Ext Septum, Ext Bump. Ext
Kicker 3% %, [X] 9 DA RIng % & Timing Delay
BRE TP R T,

DA Rin 1Hz Gate
Cook. CGL Counter 32 Bit
ADI VFC
| |68t - 1K
Latch
o -~ 10KHz
™ 100KHz
Deta 1MHz
10MHz
FPGA
ASIC [T Decoder [T

K10: XA 7 - J oy 7 3RER
1ol A4 X7 rnay 7 5Ew%a T, DA
Ringfi37> & ? 10Hz Clock % 1/1012 L T 1Hz Gate%
D, ZDGateD 10 countstZ72 5 X 9 VFC%H =2 >
fe—32%, ZHCED, FIZDA Ringf¥s (2 [F]
#] L 72 10MHz clock % 1E %,

L]
L]
"
L]
L]
L]
L]
"
L]
L]
L]
L]
L]
L]
L]
L
L]
L
L]
L]
']
EJiEEEET

-
-
-
-
-
-
-
-
-

X11: =— K 7o/ Z<—TP

H1lice— K v s ~—TP&/~d, T—K 7
1 /5 < —TPT100msec GatefFiZ& %A I 1B 5
DON/OFF%2 3%, &4 A IV ITEFIEFHAI T
D A % — k7 5PLC Delay Module(20MHz 24bits
Counter) THEIE X THESH, DelayH ClockiZIDA Ring
D10Hz% Eff L725910 MHz Clock & 3%,

PG100MHz
o 0
8bits Counter Ext Kicker 1
S D thits

Ext Kicker 2
S D 8bits

Ext Kicker 3
S D dbits

e

S D Bbits

PLC Output 40bits

Revolution Clock

Ext Bump Trigger

Ext Kicker 4

- Ext Bump

- Ext Kicker Charge

Ext Kicker Charge Trigger

Imsec

Ext Kicker Charge

Ext Bump

10usec

Ext Kicker

12: ZYHNMERY HLZ A 7

TV VISR D B OELY 1 L Ext Bump, Ext
Kicker{5 753 & A1 )& 3 45 (B i LIF © 2MHz) & [F]3#]
% & %, Ext Kicker{s 5 1XExt Bump/g 52> 5 & [BlJE
W & 10usecilE HE T, £DdH L4t dH HExt
Kicker ® 1 55 43 {ZNIM Delay Module(100MHz 24bits
Counter) CIEIE X ¥ T AN D, HExt KickerDFREI
dmsceHi N HAT O, XI12IZT VX AVINEERY H L ¥
AT %Y, E—F s I<v—ldRkK
19.8sec(9 * 22)[H] D /% — N ARETH D, T
~CTiming PLCAMT 9,

- 669 -



6. BRFIHISRAT L

lon Source

lon Source
ECR HV Marx HYV

) Ion Bource Trend

X13: A A L PRERE & TrendZR R TP

cE = LEBT o

'
ok
ok

Iiil!'I

-

-3
-
-3
-
-
- S
- - S

-
-
>4

14: LEBT #/E. Recipe &
WMLA T+ A= a TP

T VX VIR ERDOECRA 4 YR, LEBT, DA
& Inj/Ext Pulse BIROHIH 21T > T\ D, £/3— ME
BUZTPHE L 2 /E Y . EIROELE, FEHE D Trend(1sec
step) FZ R HAT 9, Trend7 — Z (XTPHNDOUSB A E U
\ZCSVT7 7 A VW THRAFT 5, BIROKEMILSD
Recipe 7 7 A NEME L, Save/Load T&E %5, BIRMN
EHERFIITP FIZI LA 7+ A—va & HT,
¥ 72, Interlock, ON/OFF StatusDJEEF R H{T-> T
W5,

15: DANEEJRERETP

M Fan Alarm ——— |

MTems  ——— Trigger

12

M Fan Alam
oK
M Temp

RESET (abuays)

RESET

B 16: DANHEIR A o Z — v v 7 fE#AERL

DA & P ILDC FE B 2571 . Modulator 9 .
Triggert¥#33 5 (15 :4 Trigger) . MiEHE/L9H THE
KENnb, TNHOEEOA ¥ —u vy LERY
PLC 1OIZffBIHE#wE L CHlME3 5, HERSIRIC L Vi
WOMABEDEEEZD, TN ESTA v ¥ —
0y 7 AERR A TP C®IRT 5, X152 DANNH B
YETP, X16IZDANMGEEI A > &7 — 1 v 7 fEf R
RT,

XY

7. T—RR—X

f |
DataBase ! DataTrend |
1 Alarm Log 1
{ |

]

CSV File

PLC

Server

-
Dot rdns sg =g

[X|18: OPC Server & Data Logger” 7 h

- 670 -



T —H ~_— Z|LOPC Server|Z & Y PLC?> & Ethernet
%8 L CEXEfH. Trend Data, Alarm Log# Data Base
ServerlZARfET 5, K172 T —Z RX— 2Rk 2R,
F 72, XI18/ZOPC Server & Data Logger” 7 k%7~
9, Data LoggerY 7 MZ XV A AT — X DCSV
T ANnETend” 7 7 #FR LTV D,

8. HhYIC

TEELBH AL . HIE R OEE E 72 < ZERIZENE
LTCWb, REIAT v 7 & L CExtraction A > D&
TR, B AT DLRNMLETH D, -,
Beam Monitor{g 5 23 IR ICE N > TE LT, BA
IZATW 20, ZRICEW T 2 2 VIR #15 # Web
Page DEUELMETH S,

& Xk

[1] E.Kadokura, S.Noguchi, “Beam Operation and Safety
System for the Proton LINAC of the JAERI/KEK Joint
Project”

Submitted to the Second Asian Particle Accelerator
Conference, APAC’01, Media Center, Beijing, China Sept.
17-21,2001

[2] E.Kadokura, J.Kishiro and T.Ishida “The Timing Control
System for KEK Proton Synchrotron using PLC”

The 3nd International Workshop on Personal Computers
and Particle Accelerator Controls, PCaPAC2000, DESY,
Hamburg, Germany Oct. 9-12, 2000

[3] E.Kadokura, T.kawakubo and M.Saotome “KEK-PS
Operation Record and its Statistical Calculation by
Computer” The 2nd International Workshop on Personal
Computers and Particle Accelerator Controls, PCaPAC’99,
KEK, Tsukuba, Japan Jan. 12-15, 1999.

[4] E.Kadokura, et al., “The improvement of the KEK PS
control system” International Workshop on Controls for
Small-and Medium-Scale Accelerators IWCSMSA96)
KEK, Tsukuba, Japan Nov. 11-15, 1996

- 671 -





