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2009 @ KﬁrAn
[CALEPCS Outlines

e KSTAR Project

e Development of KSTAR Control System
e Introduction of Entire Implementation
e Plant Control & Diagnhostic System
e Real-time Feedback Control System
¢ Machine Interlock
¢ Data Visualization

e Conclusion —
e Evaluation and Improvement Plan
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ICALERSS KSTAR Project ?

¢ KSTAR - Korea Superconducting Tokamak Advanced Research
¢ Missions -

KS5TAR

Development of a steady-state-capable advanced superconducting
tokamak to establish the scientific and technological base for an attractive
fusion reactor as a future energy source. .

¢ History-
1995 . Project launched
1998 : Construction started

2007 : Completion of Assembly

2008 : Achievement of the 15 plasma

EA -
POHANG

SEOQU

Major radius, R, [ Minor radius, a 18m 0.5 m RREIEON. £ - /
Elongation. «/ Triangularity, & 2.0/0.8 .
Plasmavolume 17.8 m? =
Plasma surface area [ cross section 56 mZ [1.6 m=

Plasmashape DN, SN _.
Plasma current, /- 2.0 MA ¥
Toroidal field, B, 35T

Pulse length 300 s

B 5.0

Plasma fuel H.D-D

Superconductor Nb.Sn, NbTi

Auxiliary heating ICD ~ 28 MW

Cryogenic 9 kW @4.5K
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liéirs Tokamak & Ancillary Systems

KSTAR Tokamak
Cooling Water e

KS5TAR

Diagnostics




ECH System

ICRH System He Distribution System Cryogenic 5 stem

Dlag nostic DAQ S tem

Vacuum Pumping
System
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2009 “ﬁrﬂn
[CALEPCS Features

e Missions
- Integrating all Plant System |&Cs for Tokamak Operation
- Establishing the environment for Real-time F/B Control on plasma
- Implementing Machine Interlock & Protection
« Achievement of Synchronized Operation

. Development of Schema for Sequential operation EPI:IIGE
¢ Communication standard and software framework - 0
EPICS (Experimental Physics and Industrial Control System)
e Using every possible Open-source Tools for development
nap
e [ntegration of Heterogeneous controllers [”[r[
: VME. VXI. cPCI. PXI. PCIl. PLC. and cFP LI
e About 15,000 I/Os and 36,000 PVs (integrated in EPICS) _
e About 800 experimental signal channels (managed by MDSpIus)MHS{:?lz
e Using Five Different Optical Networks [Q T
an
e Adopting Two Databases : EPICS Channel Archiver, MDSplus

Additional Databases for web_portal, signal DB (MSsql. Mysql)

The control system just stands in the early stage, so it is growing !!
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2009 "ﬁrﬁn
[CALEPCS Features

2 Tier «Control--- Interlock+Safety

Structure

2 Layer *Central--- Local

VG ETE G EPICS

Operating Linux | *Plant monitoring & control
system VxWorks *Feedback control
H/W Slow control +PLC, cFP |
HEUCUURE Fastcontrol *VME, PXI, cPCI, PCI, VXI, (ATCA)
Machine EPICS CA +Plant I'I"!DI'IItDI’II‘Ig & control
- *Operational data transfer
Experimental Data MDSip «Shot-based data storing
Interface : | _ 1
(Networks) Real-time | Shared-memory *Real-time feedback control |
Interlock (ControlNet) *Machineinterlock & protection '
Timing Home-made protocol  +Timing & synchronized operation
Qt (open source) ‘Home made
Data EPICS Channel Archiver «Low rate continuous operational data
syttt L MDSplus *High rate shot-based experimental cata
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KSTAR
s EPICS Libraries for KSTAR
“‘ -FP1CO LIDraries 1or Kol Al
System Usedlibranes Onginator, modifier Platform |
‘Common timestampKecordLib BLAal RETAR
sedlib PS5
CCS, MPS Y MivimeZ2o34Lib U Hawaii, KSTAR YMEMNxworks
YmivmesoGoR frmbib KSTAR
v StatsLib F=l
kem0z20 KSTAR
Timing dry CLTU KETAR PMC
PCS pcshessageslib KSTAR FCILinLx
VMS, CLS, HDS, EigEixule | SMNS ABFLC
ECH pfeifferTPG 2621010 KSTAR
SRESRGALID KSTAR
v cP307LID KSTAR
pumplib KETAR
heproplib KSTAR
HDS, HRS siple sLS slemens FLC
heproplib KSTAR
PXI niFEAISCHILID KETAR Pl
PXl, Shutter nicFRF20x 00D KSTAR cFP
ECH FosfaFLC KSTAR PaosfaPLC
VMS, CLS, HDS, [E:ul-8 AFPS Legacy /0
ECH, ICRH etherlFLib SMS !
ESF200LID KSTAR
D KSTAR
Diagnostics drv ACLI 196 KETAR | cPCILinux
Diagnostics drviModel6802 KSTAR CWVME/Linux
All autosave APS .

w
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liirs Control System Architecture ™"

Machine Control PCS Control' Thsplay Exp. Data Dasplay IMscharge Control  Interlock  Access Control

OPIs | CA Vieweny Client tools i OPIs ‘I |! -
Epics CA & Epics CA 3 riud sip 3 Epics CA !:’-;.
| A T

=S C

Control Network
""""" Storage Aren Network (. xx. 100, x%%)

RDB
Server DMZ

standby CA Gateway
Channel

Archiver .

Iam Storage System 'Weh _pm tal
Backup Svstemn

fm._w;.l[ll.mE M
GO IV SR B
R

I
T

f-----‘l #---I---‘

p I PRI I e T

iy

TMS VMS/CLS/HDS HRS Others Heatings Fueling  MPS$ Diaguosticky | GEP/CWF ) Sub- Interlock |

Plant Systems | EPLCS 10Cs
10
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200

ICALERCS Infrastructure

® Main Control Room

« Operator's area: 24 operator’'s seats, Displaywall containing 12 DLP cubes, 5 aux. displays

E-stop buttons, accesskey-box, portable H.323, web-cam forweb service, audio, ..
* Equipmentroom : mainframes of OPlservers, CCS, Centraltiming, SIS, PS1, RMS, a node of PCS, ..
« Meetingroom: H.323, audio, project, etc....
* Plan : enlargement of MCR, construction ofremote OP room for KSTAR and ITER

® Storage system
« Main storage : IBEM DS 8100, 14TB
* Disc Backup Storage : EMCB.5, temporary backup
« Tape Backup Library : IBM TS3500, 110TEB, permanentbackup
® Sharedfile system : GPFS v.3.2.1 (IBM)
® Network : 2 backbones, 11 workgroup SW, multi-mode fiber-optic, star-topology
® Servers : Gateway, Data archiving, Data analysis, Computing, Relational DB, Web_portal, Standby, etc

11
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Plant Control System

li&Lepcs + oo

System Controller Interface Host Interiock Local Interock Description
(OS) Subsystem Functions
GES YME, Server WHYWOrkS SUb-CCS/PS ¥y SUpervisony control
BES cPCI, KT servers Linux YES RT F/B control on plasma, disconnect CA during RT mode
TEFS YIME, DSP WRWOrks Sub-MPS YES MPS for TF coil
i YWMME, DSP WHWYOrks WES bPS for PF coil 1
RE2ES YIME, DSP WRWOrks YES hPS for PF coil 2
PEdFS YME, DSP SHYYOrKS YES MPS for PF coil 3
FFAPS YIME, DSP WRWYOrks YES WPS for PF coil 4
EFS PR YME, DSP WHYWOrkS YES MPS for PF coil &
FFEPS YME, DSP WRWYOrkS NEs bPS for PF coil 6
PET-RS YIME, DSP WEWOrks YES MPS for PF coil 7
HFED aiemens PLC L alUb-HRES YES He refrigeration, limited integration
HOS HCS Siemens PLC LinLix SUb-HDOSAPS YES He distribution —He control
HDS %P5 AB FPLC LinLx YES He distribution —vacuurm purmping
YRS CREYO  ABPLC LinLix Yes Wacuum pumping-cryostat
YRS WY AB PLC LinLx YES YacUUm pumping-vacuurm vessel
G SIS AR PLC L aub-CLS YES Current lead-He control
CLEMPS ABPLC LinLix YES Current lead-wvacuum pumping
TS M P LinLix SUb-TMSA0S WES Tokamak monitoring
QDS WM E WEWOrks YES Cluench detection
DLS NI CcFP, Server LinLix Sub-DLS/Fuel MO Control on diag. shutters and power
FUEL/GDC |ABPLC, Server LinLix NiEs Fueling, Glow discharge
ICRH DSP, Server LinLx Sub-ICRH YEg lon-cyclotron heating
ECH AR PLC, SErEr L Sub-GER/ECH YES Electron-cyclotron heating
GER SCADA (Industrialy Mo s Electric power plant, MO interface but anby with interlock
CWWEF DCa (Industrial) Mo alb-CWYE TES Cooling water, MO interface but only with interlock
PS5l \AB & Siemens PLC Mo SUb-CCSPS] S Access control, MO interface but onky with interlock
FEMS PC ‘Mo YES Radiation monitoring, MO interface but only with interlock .
| ]
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Diagnostic DAQ System

KS5TAR

® 50 types of Diagnostics/ 20 diagnosticsinstalled (channels are increasing)

® MDSip/ Experimental network : clata storedto the MDSplus server/Central storage

® EPICS CA/Machine network : configuration, system status reporting, receiving of operation information
® Operatedin synchronizedmannerusing LTU (Local Timing Unit)

System
Fogoerski Coil a
1F|LJKNEI|’[EQE Loop 45
‘M agnetic Field Probe 1244 (512)
If]-llamagnetlc Loop 9
'Saddle Loop 40

1"'-I'ESSE| Current M Dr‘IItIIIr

Channels(Final)

DAQ
cPCI, max 200kHz

:}_:F'l::'[', max 200KHz
(cPClL max 200kHz
cPCI, max 200kHz

__|_::F'CI, max 200kHz
cFEL max 200KHz

3
'Halo Current Monitar f15"|ff?-é']| -E:_I-:'"I:-flu, max 200KHz
rirnoy Coil A 3[4 Wil 1~ 10MHz
Fast Reciprocating Probe 5 [23) -EF":L max 200KHz
Fixed Edge probe 6 (120) \cPCI, max 200KHz
M WYY nterferometer q VM E, max 200kHz
\ECE Radiometer 40 WME, max 200KHz
i-lédge FHeflectormeter & F'}{_I max 200MHz
\Resistive Balameter [12 -F'}{I': max S00kKHz
}{ -ray Crystal Spectrometer -1 :F'CI max 10KHz, Window
”u“lSlbIE Survey Spectrometer | Pl max 1IIIIIII={H1 Window
‘u’lSlbIE Filterscope F'CI ma 1IIIIIII{H1 dindow |
'H_alpha M onitar a0 VME, max 200KHz 1
| Soft X- ray Array |2 T:'Z‘;{_I_ max 250KHz
Hard X-ray Array 80 (240) PCI, 10MHz, Window
'HisihlefH_aIpha T a PCl Cind oy

Passive diagnostics Active diagnostics

Charged particles

Meutral arl:n:les
F' S’e

Microwaves —=— .

Photons % -
(IR, Visible,

VUV, X-ray, etc)

Photon beams

(Laser)
Meutral

;k‘:} Particle beams
Charged

&) particle
beams

Microwaves

Physics Parameters

*Plasma current

+ Loopvoltage

* Plasma shape & position

« Temperature, density

« stored energy, Impurities

« Stability

«confinement

« Real-time measuring forfeedback control

13
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2009 . KSTAR
“Wmsynchromzed Operation Sequence 2

Create Next Shot # Create MDS tree

Parameter set (Start of sequencej PEPS5 Ramp-down

PF PS5 standby -= Hun

check: ( Start of shot ) '
Timing generate ( End of shot )

Diata auto-display

End of \] «Shot-result upload
sequence =5hot summary create

Fuu-anhyT‘SE
PCS Standby (Chanmned Acceass) H RF On by TSS
ﬂpn-rnﬂnn#"n-lmlt Diag.DAC hyf’F

4+ | PF PS5 VCB_OHMN
PCS START by

by TSS

Commands .,,L

E
i

{(~ 150ms)
VCB_OFF

Set CurrentMNfoltage from PEE

HHHQ’H'?’T#‘THH* -

EEREEEEEREREERERE * Time
Currentioltage

PCS START ‘h
Jy PCs mﬂf Operaltion
Readiness Check Feedback Operation
Performed by PCS I AcEnowiledoges J,.
PFCS Standby Ack. Trom PCS

14
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2009 = KS5TAR
% Real-time F/B Control on Plasm&’

® Goal: to generate plasmasby reloadable & reproducible actuator scenarios
to maintain the plasma by active feedback

® Real-time feedback controlon Ip and Rz, electron line density
® Multi-CPU systemto deal with fastdigital interface (~20 kHz) & future shape controls [RT-EFIT in 2010]
® Sensors .

- Plasma diagnostics : 82->223 CH magnetic diagnostics, 1->4 CH mm-wave interferometer

- Actuator diagnostics : digital PF coil measurements viareflective memory (RFM)
® Actuators ;7 sets of PF Power Supply, Deuterium gas puff, Diagnostic Argon valves
® Operation sequence & actuator limits are brought from EPICS CA

® DevelopedasaUS-KSTAR collaboration

n -DAQ I/O L
\ .

hsom, . 9 In *Gas controls PF Eﬂﬁlh:cl:ﬁruls " | PF coil
Diagnostics Q *In-vessel coils I = | Diagnostics

N S

- 2
In-vessel E 0 PE coil
Coil command 5 e

F"tj} E commands
HMe/D fuelingg— o

T Real-time EFIT Real-time EFIT . Central control
Ar fueling ¢ o fastloop slow loop Interlocks
for diagnostics ro— heating
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2009

S Layout of Real-time F/B Control

KS5TAR

.L PCS CCS & Central Timing Sub-Interlock SIS QDs
[J|A|RfL|D R |cC | | | |
D.Sensors D|F|T |aA :Fim F T | vmMESystem |/ |« | / 1 / i
Bic|imulc|® WU 0 0 i 0 01 1o (B
__I. L}
M
: E
' R
!
Fueling FPFPS LCS  Sub-nterlgck
5 = =
{a|R|L]|D | RIBIL | | (]
DIF|T[A F T 5?::5"1 N
Blc|mulc RN I y 0 0 ]
L Local Console
PClSystem - . a
¥ : . FUB conirol Trigger for blip Cuench Interdock
i {CF, meoc 1 00m) {F0) (O F, mee 150m)
Piezo-Valve T, . + Communication with LCS (16-bit 25word, 200us)

R ———— I T
Controller b == i}
Command

(F/0, 0-101)

Valve canifral
{0250V

« Current feedback control in current mode
+ Open loop in voltage mode
+ Digital 11O, Analog /O, Self-diagnostic
+Blip switch, Bypass switch, QP control & monitoring DSP controller

Li-stop (Hard-wired)
P

OP

sm.:i}

PF Coil PS

ACDC Converter

Gafing ‘ bBlip ansoff
>k ‘;lﬂ
“- m

Blip switch & R

L A—

Cruench Protection systom %
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KS5TAR

200¢

ICaERSS Machine Interlock

® Structure
« 1 Supervisory Interlock (Fully redundant system)
+ 10 sub-interlock systems for 28 Local controllers
« About 300 I/O points

® Communication (ControlNet/duplicate)
+ Media: Optical Fiber/ coaxial
* Method: star + daisy chain

® Assistant or Redundant Interiock
* Plasma Current Fault protection
* Direct Quench signal for Magnet Power Supply
+ SMS (Short Message Service)

@ Fourinteriock levels defined accordingto the severity e ooy B S N Ao
«Level 1 Fastdischarge of TF cuirent Lo | [ s | (o U ormtcamemein) Nt o

«Level 1 Slowdischarge of TF cuirent Surcus 58 'H
«Level I Experiment stop andfastdischarge of PF current ‘ e 2|g i=|£
. Level 4 : Nextshotinhibit e '
< D> - I P o
ton | | I | 1: |
& | Integrated Interlock [w | T [ |
(o> < - | Bl |
Local “ | KSTAR '*--o—o—’f-mj
Interlock < Leveld @f’—rh e k" Interlock lm
Level s | Level s : *wm-i:gﬂ i
Level 4 - %ﬂ;::" ': Loveld it g 2 g % .T'g 14 S
" ety ol @l | Sslg]_|
Lo _— == galfi) | ™ Blairizie] |
» o B 'rI ?
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2009 = . " KSTAR
s Data Visualization

e Operator Interface
*Developed panels : 154 first the 1t campaign
*Developmenttool . Ot 4 2.1 Open source tool

e Data Visualization =
* Run-time Data Display : SinglePlot, MultiPlot
« Experimental data display : jScope, Rtscope, Reviewplus, -

IDL/Matlab applications

at ChannelAccessThr CWT

~ CAUITIme
— CABoButton

— CAlmageMbbi

—|_StaticGraphic <— CAGraphic
_ CALabel :

-aame e Caworoc

1l:

SCS (KWT) ICRH (KWT) ECH (KWT)

___ S— _—
DDS (QTCATOOL) TSS (QTCATOOL)

“TUP029: KSTAR Widget Toolkit Using Qt Library for the EPICS-Based Control System 18



@ Conclusions

@ Evaluation of EPICS for Tokamak Control
® System Availability and Operational Parameters
® Improvement Plan

«e-i#}lh —

A iﬁ

19
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2009

KS5TAR

“Evaluation of EPICS for Tokamak Control

® EPICS has proved its performance even in tokamak control
system which has different operational requirements from
particle Accelerator.

-

] . L L]

During the 1st plasma operationin KSTAR, the control system
has successfully performed its missions of plant operation

and discharge control.

Wishes -

Bump-less restart

To restart 10C during the machine operation may cause
serious problems in some case.

Redundant|OC : difficult to build redundant system
Improvement in some applications such as “AutoSaveRestore”
Unsupported utilities

Etc.
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| Experimental parameters

Peak TF field
Operation TF field
Flux

|

Ig)lasma shape
Gas

| Control

Plasma control

| Diagnostics
Diagnostic systems

| Heating
.+ ECH

s [CRH
» MBI
¥ LEEE)

| In-Vessel System

+ |n-vessel coll
+ PFC

+ Wall conditioning

2008

T
T

Wi

33 kA
Circular

Hs (He for DC)

=5
15
~
<

FF blip & start up
Ip,Ep, ne

MDY PN ECE Haf
filterscopel Wis | TY

05MWY (34 GHZ)
003K (30 MHZ)

Inboard limiter

Glow DC, RF DC

2009

e

BT
STEET
2 ¥Wh

~ 300 kA,
Circular

Mg (He for DC), Dy

+ PFzero-crossing
+ Ip,Ep ne

« WADS MNYY] F ECE S Hodf
filterscopel Vis. TW

«FD Y RCS Soft Xeray |
Reflect fACS5 (1 set) f
Eolometer (resistive)

« DSMW 54 GHz)
« D3MW 30 MHZ)

« |nboard limiters

+ + horoniZzation

PCS Lz g KSTAR
“**Availability & Operational Parameters

2010

T
T 0T, ST
Wi

< 1 MA,

Ciouble null

Hz, D

Po—= L
= nen

« |WC control
+ |p,Ep, Zp, shape

« WD F N F BECES Hof
filterscopel VWis. TV

PO RCS ) Soft Horay S
Feflect

+ TS Hard X-ray [ Fast
neutral fECE! F IRTY/Fast
lon Loss Detector

. D5MW (84GHzZ
M (110GHzZ)
W
W

(
1
¥
(1.5 MWVY

=l =

Yertical control
Divertor ! limiters
Fassive stahilizer
+ PFC baking

21



s _ | KSTAR
‘ITmprovement Plan in Control System

1. EXxpansion of the Control System for Upcoming Plant Systems
 Heating devices (NBIl, LHCD, ECCD), In-vessel Components and

Diagnhostics

2. Improvement of Stability and Reliability
- Still having some unstable action in CA gateway and Multiple IOCs

3. Management of Huge Data
 Forexperimental data generated by many high-speed diagnhostics

4. Establish the Remote Collaborative Environment
 Plasma experiment performed by remote collaborators
« KSTAR experiment data access outside laboratory
+ Remote operation room for ITER

5. Preparefor Longer Pulse Operation

22



The 12 [CALEPCS. October 12 — 16, 2009, Kobe, Japan

Ehrpres Tt

)

{fr' »ybi' A'I"I"I'lo

v

At the beginning ofthe KSTAR cool-do pri 00



