EPICS
WL
oo

EPICS based remote control system for
ECR-IS & LEBT in SCL Demo at RISP

2016 Sep. 215t

EPICS Collaboration meeting at SNS in Oak Ridge, Tennessee

Suk Choi

®
o
3 7|x oA
Rare Isotope Tnstitute for Basic Science
1

Science Projec



SCL Demo overview

SCL Demo has 7 sections, ECR-IS, LEBT, RFQ, MEBT, QWR cryomodule, RF and diagnostics sections.
ECR-IS, LEBT and RFQ sections were installed.

9 RFQs aligned and SSPA for RFQ is installing.
Utilities are running.
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Project schedule (ECR-IS & LEBT control)

* The date of ECRIS beam extraction experiment was July 1°t.
* ECR-IS & LEBT control system project launched at end of March.
* ECR-IS remote control system is running for beam extraction experiment at SCL Demo.
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Remote control system scheme and strategy

* Local control system is based on EPICS, and PLC control DI/DO and 4 analog signal.

*  We use RS232 protocol in local control system.
Local control system used serial server and PLC, and it is integrated to EPICS.
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ECR-IS & LEBT Section
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ECR-IS & LEBT Local Control Structure

* ECR-IS & LEBT remote control system is composed by 3 different high voltage levels.

e 70kV : Vacuum devices, HVPS, Step motor system for gas feeding.

* 50kV : Vacuum devices, Superconducting magnet PS, HVPS, Level monitors, Temperature monitors, Pair solenoid PS.
* Ground: PC, PLC, Volt meters, Dipole magnet PS, Steering magnet PS, Vacuum devices, HVPS for EQT, HVPS for EQD.
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Control Racks for ECRIS & LEBT section

* The date of ECR-IS beam extraction experiment was decided to July 1.
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ECR-IS & LEBT section devices and protocols

21 kinds of devices are integrated to local remote control system. Total number devices are 61.

Devices # of device protocol Interface terminal
Glassman HVPS 12 RS232 DB9
DLM4015 PS({Steering Mag) 2 RS232 RJ11(6pin)
Sorenson PS(Dipole Mag) 3 RS232 RJ11(6pin)
AMI430 PS(SC Mag) 5 RS232 DB9
AMI150 He level Mon 2 R$232 DB9
LakeShore218 2 RS232 DB9
LakeShore224 1 TCP/IP RJ45
ISEG HVPS(EQD) 8 RS232 USB B passive
LakeShore121 4 RS232 USB B passive
OSAKA TMP 2 RS232 DB9
Keithley 6514(FC) 2 RS232 DB9
Keithley 3706A(Hole sensor) 1 TCP/IP RJ11
Leybold TD20 TMP 1 RS232 DB9
Step Motor Controller 1 Analog
XGS600(Gauge Con) 3 RS232 DB9
$7-319PLC 1 TCP/IP RJ45
Diagnostics Vac PLC(LSIS PLC) 1 Modbus TCP| RJ45
Gyrotron 1 CA RJ45
Klystron 1 TCP/IP R145
RF Switch 1 RS232 DB9
Eletrometer 1 RS§232 DB9

-RS232 USB B passive type
devices are on 50kV platform
- Used Optical USB cable from
Coring to electrical isolation

Elactrical to optical conversion

Optical fiber

Photodiodae (Rx)

Coppor conductors (28 AWG)




ECR-IS & LEBT Interfaces

RS232 connections by DB9/DB15
RS232 connections by USB B passive
TCP/IP connections by LAN

*  PLC handles relays through DI/DO/AI/AO modules
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RS232 Protocol

ECR-IS and LEBT control system is connected 5 kinds of interface.

TCP/IP Protocol

RS232 USB B Protocol

All interfaces are isolated through optical fiber.

DI/DO

AI/AO




Port setup parameters

8 USB B type serial communication ports using ttyUSB_{ID_serial number}.
35 serial communication ports using ttyr{ldentifier}.
Port parameters set up at system booting.

| local@ecris: ~/control/epics
BUBSYSTEMS="tty"
ATTRS{idVendor}=="0403", ATTRS{idProduct}=="6001", ENV{ID_ SERIAL_SHORT}=="7#", SYMLINK+="ttyUSB $E{ID_SERIAL_SHORT}"

ATTRS{idVendor}=="1fb9", ATTRS{idProduct}=="9106", ENV{ID_ SERIAL_SHORT}=="7#", SYMLINK+="ttyUSB_$E{ID_SERIAL_SHORT}"
ATTRS{idVendor}=="1fb9", ATTRS{idProduct}=="9204", ENV{ID SERIAL SHORT}=="7#", SYMLINK+="ttyUSB $E{ID SERIAL_SHORT}"

# DUl R NERNCL—— R L MUNTS JLLIEELLY CC JUEV/LLYIDG SPEEU 13200 LE5 CRGIEIL CLlLsLls daw Se FOLMLOUUINSRT VL2 I ULIIL RELLILEY 0314 Fdldudy Wups
KERNEL=="ttyrp5" RUN+ "/bin/stty -F f’devittyrﬂs speed 9608 csg -parenb -crtscts raw -echo” #ECRISCQmServeM Ground Glassman ET58P40 (HV) beam acceleration”

# Brok ——>chenged ob KERNEL:: ttyrog", RUM:= ,'b1n,istty F jdev#ttyr‘@s speed 19208 css par‘enb -crtscts raw -echo” #ECRISCQmSerVem Ground Sorensen SGIA@ 125 dipole magnet"
KERNEL == t+urn 7" RINe=" Jhin/ sty 5 fdawittu anaad 127 -naranh _rrtects raw - #FCRTSCAmMSarvart Grann A Snransean SnTas-175 Ainnla manne

KERNEL=="ttyr2a", RUN+=" fblﬂfstty -F fdevfttyrzﬂ speed 96@@ CS§ —parenb crtscts raw -echo”
KERNEL=="ttyr21", RUN+="/bin/stty -F /dev/ttyr21 speed 19
+KERNEL=="ttyr22", RUN+="/bin/stty -F /dev/ttyr22 spead 1 Serlal ports were named to ttyr##
KERNEL=="ttyr23", RUN+="/bin/stty -F /dev/ttyr23 speed
KERNEL=="ttyr24", RUN+="/bin/stty fdev/ttyrz4 speed 96680 CS8 —parenb -crtscts raw —echo
KERNEL=="ttyr25", RUN+="/bin/stty fdev/ttyr2s speed 19280 csg§ -parenk -crtscts raw -echo”
KERNEL=="ttyr26", RUN+="/bin/stty fdev/ttyr2e speed 9608 cs§ -parenb -criscts raw -echo”
KERNEL=="ttyr27", RUN+="/bin/stty /dev/ttyr27 speed 9600 cs8 -parenb -crtscts raw -echo”
KERNEL=="ttyr2z8", RUN+="/bin/stty fdev/ttyr28 speed 19280 csg -parenb -crtscts raw -echo”
KERNEL=="ttyrza", RUN+="/bin/stty /dev/ttyr29 speed 9688 cs7 parodd parenb -crtscts raw -echo”
KERNEL:: ttyrza” RUN+—“fbiﬂ!5tty fdevfttyrza speed 9608 cs7 parodd paremb -Ccrtscts raw -scho”
tt;rza RUN+ Jb1n,istty F fdewttyrza speed BEDB 037 parodd par‘enb cr‘tscts raw echa" #EC‘RISCS;'nSeNeM Smkv H1gh Voltage Lakeshor‘ez18 Temper‘atur‘e monltor‘ chs

T
ttyr3n”, RUM+="/bin/stty -F /dev/ttyr3p speed 19200 csg -parodd parenb -crtscts raw -echo” #ECRISComServers 70kV High Voltage Leybold TMP controller TMP"
KERMEL=="ttyr31", RUM="/bin/stty -F /dev/ttyr3] speed 19200 csg -parenb -crtscts raw -echo” #ECRISComServers 70kV XGS 66 Vacuum gauge controller®

KERNEL=="ttyUSB_A78449SI", RUN+="/bin/stty -F /dev/ttyUSB A704495] goe=d ocod o _paranh =Yalalali
KERNEL=="ttyUSB_A704495P", RUN+="/bin/stty -F /[dev/ttyUSB_A704495P .

R T R A TS eopeesl U SB serial ports were named to
KERNEL=="ttyUSB_A704495Z", RUN+="/bin/stty -F /dev/ttylUSB_A704495Z7

+KERNEL=="11yUSB_ LSA1210" . RUN+="/bin/atty -F /dev/ttyUsB Lsa1210 s RASASNIEN {device ID & serial number}
KERNEL=="ttyUSB_121AaCU", RUN+="/bin/stty -F /sdev/ttyUSB 121A08CU spteq pu U paroogg paree = =
KERNEL=="ttyUSB_121A0E@", RUN+="/bin/stty -F /dew/ttyUSB 121ApEG speed 57600 cs7 parodd parenb -crtscts raw —echo“
KERNEL=="ttyUSB_121A0E4", RUN+="/bin/stty -F /dev/ttyUSB_121A0E4 speed 57600 cs7 parodd parenb -crtscts raw -echo”
KERNEL=="ttyUSB_121A0EF", RUN+="/bin/stty -F /dev/ttyUSB_121A0EF speed 57600 cs7 parodd parenb -crtscts raw -echo”

1.1 all




Naming Convention

*  We want to test of RAON naming convention in SCL Demo.
* ECR-IS and LEBT control system PVs named under RAON naming convention.

SYS — SUB : DEV## : CMD . Field

/Description \ / Examples

ECRIS-Mag:Str01:0ff

* SYS :System Name FCRIS-Mag:Str01:0n

e SUB :Sub System Name ECRIS-Mag:StrO1:RampStart
e DEV :Device Name ECRIS-Mag:StrO1:RampZero
o HH - |dentifier ECRIS-Mag:StrO1:Reset

e CMD : Command ECRIS-Mag:Str02:0Off

* Field : Record field ECRIS-Mag:5tr02:0n

ECRIS-Mag:5tr02:RampStart
ECRIS-Mag:5tr02:RampZero
ECRIS-Mag:Str02:Reset
ECRIS-Mag:StrO1:CurrentStatus

\ / \ECRIS-MagZStrOZZCurrentStatus




Operator Interfaces & Alarm
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Archive appliance

-

Home

Reports Metrics Storage Appliances Integr:

Help

Here are the complete details of the PV ECRIS-Mag:DMOL:CurrentRB.

Change archival parameters

Aftribute Detail
PV Name ECRIS-Mag DMOL CurtentRB
Instance archiving PV applianced

Resume archiving

Archival params creation time Sep/12/2016 16:52:45 +09:00

[ EPICS Archive Vie
= (¢]

@ localhost A L o

[] EPICS Archive Viewer: <save>

ADDFUNCTION  CPLOT CONFIG

Q) ECRIS Mag Sold1 CurrentRE|

Delete PV Dol Plot Name DBRType Units Processing  Scale  Time(UTC) Value Hotes
Archival params time Sep/12/2016 16:55:568 +09:00
¥ | MECRIS MagDMDLCurentPB DBR_SCALAR_DOUBLE v [linear ¥| 20180913 221100 0001
Archiver DBR type (from typeinfo): DBR_SCALAR_DQUBLE Consolidate data 'ag urren ! | aw mear
EFE ook = @ WECRISDAQFCOLCumentPS DBR_SCALAR_DOUBLE ran v linear v| 20160913 224100 1686204810
Number of elements 1 ¥ M ECRISMag S0l CumentPE  DBR_SCALAR_DOUBLE [ v |limear Y| 201609-13 19:06:33 o
Precision 3.0 .
Units PV d eta I IS WINDOW SIZE: sm | im | 3¢ A7 26 {) sror
Is this PV paused No
Tseries
Sampling method MONITOR
Wiomm .
Sampling period 0.1 =
c
Are we using PVACCess? No vl =]
Extra info - MDEL 0.0 fhoam | s
Data
Extra info - ADEL 00 4
Extra info - SCAM 1 second free)
Extra info - RTYP ai .
Archive Fields HIHI,HIGH,LOW,LOLO,LOPR, HOPR
08
Channel Name ECRIS-Mag:DMO1:CurrentRB W
Host name 192 168.2 130 e it
Cantrolling PV o ‘
s engine currently archiving this? yes =
Archiver DER type (from CA) DBR_SCALAR_DOUBLE oo l |
Number of elements per svant fram CAY 1 o \] | I‘ [li
I ————— Cs-Studio x |
Is engine using monitors l| \
Whats e engines san Fle Edit Search CS-Studio Window Help | l I
Is this PV currently con| 9 [l B 2 e oy 34 [i=) £ Cs-Studie X Data Browser "
Connection state at last .
o " Archive Search 8 " Navigator =8 L *<Not saved to file> 5 =B
When did we receive the .
What did we last push t | URL | pbraw://localhost:17668/ratrieval ~ | [info 4 .
bttt e g 54
When did we request Ci | | yyme Deseription Key l -
WIS G We T1SE 85T | o1 avrmms arotincs | neen smcoeemiveran <ol 1 e Je %7
‘When did we last lose E T 8
Pattern | ECRIS-Mag DMOL:CurrentRE Search £
When did we last lose 3 .
< Add Replace search results o RegExp. | 4 9 E'
How many times have S8 Se rl es
PV Name Name ; El
ECRIS-DAQIFCOL:CurrentRB | EPICS Archiver Appliance E
iver Applia [
& o]
17 [ [ | d m
Il
e L |tis retrieval data came
16:40 16145 16:50 16:55 17:00 17:05 17:10 1715 17:20 17:25 17:30 17,
2016-09-12
ECRIS-DAG:FCOL: CurrentRE ECRIS-MagiDMOL: CurrentRE .
L R —— .+~ - - Trom archive storage.
[Traces | Time Axis | Value Axes | Misc.
Show  Ikem (PV, Formi Display Nan Cursor p Per BufferS Axis  Trace Typ Wid Foint Size Request
=] CRIS-DAQ ch ECRIS-DAG:FEC| 2016-09-12 17:07: 1§ of-1{01 3 5000 3 Value 1§ Area 3 2 3 None 3 2 3 Optumzedi o
e e I e e e e e e R e Bl i 6
\




Mass scan results from the ECR-IS & LEBT

¢ [Itis a mass scan result from ECR-IS.

* ECR-IS is conditioning to improve beam current to 10pA.
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Dipole magnet current(A)

X axis : Dipole magnet current
Y axis : Oxygen ion current

It is the mass scan result of the
second experiment after remote
control system installed.

Parameters Value Note Optical element applied value
Base pressure 1.2 x 10e=7 Torr at injection chamber NC solenoid current 150 A
' o . e ESQ triplet #1 potential 1.0 kV
operating pressure 3.3 x 10e—7 Torr at injection chamber valvzggota_)mr;%;ng £SQ triplet #2 potential 8KV
operating gas Oxygen ESQ triplet #3 potential 0.8 kv
RF power 200W — 400W — 700W ESQ doublet #1 potential off
plasma electrode : 12.5 kV ESQ doublet #2 potential 0.4 kV
Applied potential acceleration electrode : =2 kV Steerer X 0A
ground electrode : ground Steerer Y 0A
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Plans

* Yokogawa eRT3 plus PLC test on RT-linux * Embedded temperature monitor module
*  Embedded vacuum control module * Embedded digital 10 module
* Embedded power supplier control module *  Embedded multi channel vacuum gauge module
/” eRT3 plus PLC "\ /~ Vacuum control module "\ /80 ch embedded cryogenic N\

temperature monitor

/~ Multi channel embedded  \ (” Multi channel embedded
power supplier controller gauge controller
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