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Development of control system for JUNA ion source
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Abstract: The control system for the ion source of the JUNA( Jinping Underground laboratory for Nuclear
Astro-physics) was designed and implemented. It is built by using a distributed system model. The hardware adopts
PLC, serial device server, servo motor, industrial computer, and other components to realize the remote monitoring
and controlling of ion source devices. The software integrates all controlled devices by establishing the EPICS 10C
run-time databases. The user interface layer is developed by using Control System Studio to achieve transparent access
to all controlled devices by operators. The machine protection system is designed based on safety rules to realize
protection in the case of abnormal operations. It is used in the first underground ECR ion source in China and is stable
and reliable, which fully meets the needs of the JUNA tuning and physical experiments.

Key words:  JUNA ion source, control system, safety interlock

A% Ay B = AT 5 b A2 I P A A L ) SR SRR R OF R i b o0 3R I R R R Ak, R T A A i
B2 e R, SRS KR Y BEIN G B ML A5 R 2 () AT T i S 6 2 00 A A e o e o T S A A AR RS, AT S
BRXH5 A SN, R A SE 56 5 o [ B 5 B R 9258 % (China Jinping Underground Laboratory, & #% CJPL) F| H # bt
JK HEL T AR 52 3 K T AR T S A TR TR M S B A, R S A R Sk AR U, B B R A K (AR ) S 5
(JUNA) 350 H ¥ A F CIPL 1 R4 55 1, 76 RO 30 55 5% R dk B 11 JF JR A R AR OC B B I *Mg(p.y) Al “F(p,a)*O.
BC(a,n)"°O FlC(a,y)"°O Y B3N, Ay 3 firp e AL il A0 AN oo 25 R IR AR AL B A Bl . JUNA G EAL 58 ) T =i 1R BE 400 kV
SR N R A O R A BT, R B AR R R W REIRRR G AR L SR A A . SRS
LMK ARG, WH H AR H A TR AEE 7R 10 mA A9 TR . 6 mA B9 He ST & 2.5 mA ) He*
Vo LG %IRRT RACE . BT ol DL Kz [0 A5 Ja, AR RE A% i 2 R SUIR R A5 R 30°/ NS — W 4k 25 40, RE A AR
IF 5325 HY, He LA ) He™ B 1. SR 25 U8 5 400 kV = i 2 #8486 42 26 F CIPL, {3 & s R 55 — A4l F (1

* WFR B 2022-12-28; 81T H#§:2023-07-13
BEEWH: 2 M E - EREERESGES H (YOHIRLL100)
BERE A EMOIS, 757190430@qq.com.

104001-1


https://doi.org/10.11884/HPLPB202335.220356
mailto:757190430@qq.com

oW ok 5 R R

SR ECR 2 U5 M hn s 5 1 [ R

P 1 ZR GEAE Sy B A 0 45 1) S SR 43, R R L4 5 e U SO g I AT R L DU A SO ) SR AR
KB BUR o B 28 BORT 3 R | &2 i DL K IR B iB AT R AR ) R G (R R M s . BE TR B, AR
SCE BN EE T 400 kV LA Y ECR B TR AVIE RE 2 5 42 45 il R G EAT T B B AR 5% .

1 REHEH

JUNA 35 5 % 2§ IR 0 R ZER 2% 1 iR o 181 1(a) iRy JUNA i 2% SR A sy, E2aHE: 1-m EF 5
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Table1 Requirements of JUNA ion source

number of extraction emittance/ beam current/mA
beam energy/kV RF/GHz
electrodes (n-mm-mrad) H He" He*
50 2.45&14.5 3 <0.2 10 6 ~2.5

(a) overall layout of JUNA ) (b) layout of JUNA ion source system
Fig. 1 Layout of JUNA accelerator
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s S 0 4 i 308 2o Y 2 52 BRBCHE AR, T LAGES 3 P B B AR T T e e e B AR, 7R E s AT A ]
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Fig. 2 Block diagram of JUNA ion source control system

B2 JUNA & T U545 ) & 4o 45 1)

21 PLCEFRF control system studio
ZRGWIF R AR L, LM RN FF5 data browser
B, JUNA 75 i) B 28 2R BAE WG 7 1 : 1) SRR AR
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— TR S S P IM365(4 3 78 EHLZE | 1Y IM365 AO

Send A EETEY REHLEE - 1) IM365 Receive ) Al 12 W 4 devices ofion source

B HL 45 . PLC A7 Bt ik, ) 2 4t 5 %045 B DB10 1 Fig. 3 Software block diagram of JUNA ion source control system
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Z40, PLC 2 /338 2 0 H sR 2507 Hh 9 AG_RECV W0 H LUK ME B A7 T DBI1, 2R 5 3250 DB11 H {7 2 4% il 151401
i BT R AR
2.2 PLCIOC

il 2 45 75 BT STPLC 4 i %] EPICS #4435, STPLC Jf& — il ik TCP/IP P i 3% 4 ¥4 ]+ S7PLC Al EPICS 10C
FEK BN, 5 1 “ send/receive” PH I SZ R, 455 1 £2 4t 7 22 B0 STPLC PV( Process Variables) % A i, {# ] T iz K sh . DA
¥ TR F T H R B 30 % (record) M 3], A6 2 BT/, DTYP 355 B 45 B 9K 5/ 245 4 STPLC.,
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Table 2 Record for high-voltage setting

EPICS record for high-voltage power supply

record (ao, "ECR_PS:HV 01:Vset") {

field (DTYP, "S7PLC")

field (EGUL, "0")

field (EGUF, "10")

field (OUT, "@Testsystem:0/2 'T=INT16 L=0 H=27 648" ")

field (LINR, "LINEAR")

field (PINI, "YES")

field (ASLO, "6.0")

field (EGU, "kV")

/

23 HFHEOI0C

P R G AT DR AR Z, DL ER OO s IR R 61 B3R 1OC W FF A& : 1) RSP 2 42 - Al W D5 5 o 11 IR 55
i A B I 2) 2 0 SR 34T R R P e B L R L DK R R Dk B R L e e LR LU S L KT 42 L R LR
WoR IR R AR AL YE . B AL SRS s R il . B/ I 3) fcik H YR 47 il B3 : Modbus ASCII
B P AF 3 9600 bps. 7 7 4l 7 . EVEN &880 . 1 AR IR A7, 1 7455 175 4) mw il 5 28 8 (record type) %113 5) i
S 37 #F (record support) JF % ; 6) 1% 4 52 #F (device support) Jf %5 7)10C 1#iiz 17, £ 74 O % & 10C By i, 1t
BT AU IER | 0% SRR A A T o IR AR 1Y) EPICS base H - B A HOE I A1 s 2 A, UL & 18T
(14 10 5% 28 Y K R I 1Y) 1 s S AR IR A SRR, mw ic s 8 AU E AN R 3 s, AN [A] 09 4 ) A8 R SO A [ B R
(field), £ < TOP>>/src/Makefile H1 %% /il DBDINC += mwRecord, 23 /E i << TOP>> /include/mwRecord.h 3L, Horpf &
W 3 Pl 7 A R TR AR OC I S5 M4 E SC o A SRR AR T T 8 R T T RS LIk L BIHE Tl vl 15 ) 4 1 7 oK
Or R TR, W& SRR P 7R 2 A RS U4k

F 3 MK ARIEES EPICS iBRER R &M E X

Table 3 Definition of mw control

definition of record type for mw definition of struct for mw
recordtype(mw) { typedef struct mwRecord {

include "dbCommon.dbd" char name[61]; /* Record Name */
field(Vmon,DBF DOUBLE) { char desc[41]; /* Descriptor */

promptgroup(GUI_INPUTS) char asg[29],/* Access Security Group */

asl(ASL0) epicsEnum16 scan;/* Scan Mechanism */

pp(TRUE) epicsFloat64 vmon;/* HV Voltage Value */
} epicsFloat64 filaimon,; /* Fila Current Value */
field(Filalmon,DBF DOUBLE) { e

promptgroup(GUI_INPUTS) char ip[16]; /* IP address */

asl(ASL0) epicsint32 port; /* port ¥/

pp(TRUE) } mwRecord;

24 EMHAE

EPICS #EZ2 bt F 7 5 10 HF & 1) % 4 CSS( Control System Studio) ! J& Eclipse i {4 1Y & £, ¥ £ & 7w A & ff
F Tz 800, A & e IR AR 32 A 1H L 12T S EOEI | 2 A B IRT ) JavaScript IR (9 T K, B TR 4R ) 32 A i
e 4 fis .
3 REEPIZIT

BRI ARG R T RN R LW 1M T S0 2 2% a1, B TR, L2 % g0k 4 s,
T BTG R, B R S RN B E 1 E AR F & T Bypass DIHE, IR N BLH E 150 A B I AE R ke, Rl LA i
Bypass 55 i, {1 RS 5 5% 2 4108 8 rh, IR FER B2 1T E Sk .

FeF bk U, 6 RGO R T % A BT 10C, JE F dbGetLink PRSI B £ 32 17 LA, 8 o Fl
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Fig. 4 Main OPI for JUNA ion source
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Table 4 Rules of interlock protection
condition of interlock action

ecrVac > 1 Paor lebtVac > 1 Pa or rgVac > bias HV, extraction HV, HV volt and curr of mw are set to 0, interlock of extraction HV opens,
200 Pa FC1 and FC2 push in

biasCurr > 2 mA extraction HV, HV volt and curr of mw are set to 0, FC1 and FC2 push in

the temperature and pressure of the water are the solenoid power supply is set to 0, dipole power supply is set to 0 and off, FC1 and FC2 push
contrary to the thresholds in, mw interlock, molecular pump controller is set to off

enabled is false bias HV, extraction HV, parameters of mw are set to 0, FC1 and FC2 push in

vacuum of accelerator is abnormal or stop beam  bias HV, extraction HV, HV volt and curr of mw are set to 0, interlock of extraction HV and
is true mw open, FC1 , FC2 push in, delay 200 ms, valve closes

dipole power supply is off or the readback of it .
FCl1 push in

is zero

1 {E 2% AF L 45 AR O B AT 32 5, 941 T dbPutLink pR Kl S BE AT i 22 4 34 AR T BT A P 5 IR 2548 i s
BT LA BT, o N TR S O False, 23 H 3l E 1B A%, Xz AT N GLAE® T i .
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o[ o[ o[ o[ 9 o [ o D D D)
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Fig. 5 Safety protection of JUNA ion source
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