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NSTX Machine Parameters

Field Coil Power Supply

Vacuum System Controls & Water Cooling

108 Torr

Toroidal Field
50 KA
0.65T

Plasma Control System

Plasma Fueling &

Plasma Current Heating Systems

1.4 MA
5 MW NBI
Plasma 6 MW ‘RF
Temperature S i B
38 MdegC

Pulse Length
= 1.6 sec

NSTX ——



Fusion Experiments at PPPL

NSTX: 1999 NCSX: 2009



Fusion Experiments at M ORNL

QPS: 2010
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ITER - think big’

First plasma - 2016



NSTX Computing Genre

Engineering (EPICS)

— Timing & Synchronization

— SCADA & Integrated Control (NSTX SubSystems)
Physics (MDSplus)

— Diagnostics

— Oftline Codes

Plasma Control System (real-time)

Networking
Control Room



EPICS and MDSplus on NSTX

Engineering | Physies
Workstations " Workstations

Secure
Network

MDSplus
Repository

Unix & VMS
Analysis

Linux
MDSplus server

PCS e

VME/vxWorks UG Linux || VMS
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EPICS and MDSplus on NSTX

EPICS

Collaboratively developed
control systems for scientific
instruments

= 4 IOC's

= 135 process displays
= 1800 I/O points

= 8,500 records

MDSplus

Data and Device Management
system and for engineering and
physics control systems

= 3 MDSplus servers (VMS) 1 linux
= 140 MB per shot
= 5500 waveforms

= 25,000 parameters

E= LONGSHOT
5= SHOTMODE
|# SHOTNO
&% ACQ_INFO
[#] AcTIVESPEC
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There are new Web-browser Tools for Working with
MDSplus Data

A NSTX Web Tools - Microsoft Internet Explorer -0l

J File Edit “iew Favorites Tools Help ﬁ

J {m Back ~ mp - | | @Search ﬁ @History | @

Jngldress I@ http:finst:. pppl. gowinstxfSofbware'ebTools findex. html j @Go |J Links

LI o
; [ overview | Programming | Diagnostics |  Details
|
@f\'STX FaQ  [WebTools | UNIx&vms | |
[ [software

Web-bhased tools for NSTX

List of ST MDSplus signals and thewr labels, for searching with Browser Tmnd'

FINDING SIGNALS IN TREE treegearch, search for text, node or TDI

LOGBOOK READ ACCESS Loghook standard and custom queties, autoupdates, find shots by date, entries by user, etc.

mdsZhotSearch searches a range of shot mumbers for signal data within user-specified lumts
mdsplots, plot ST signals (with overlays) ndindually or from Scope files.

mdslist, data values in spreadsheet-compatible format
{Traverser, Traverse WMD) Splus trees and plot nodes (BETA VEESION)

| Cr2000 Physics »#Ps =l
[cv20 Physics xPs =l | CY2001 |
[Cv2nnn Machine xMPs =] | LY Fo0d |
| CY1999 |
| Cre001 Maching XMPs =l
+ View control room "VGEDE" plots T
e Java scope
+ Web shot clock
=l
3] ,_ ,_ |4 Tnternet 7




T(-140)

NSTX Shot Cycle

T(0) T(+460)

| | L
- »
<+ | !
05 Jan-2001 The NSTX Shot Cycle: Data Acquisition The NSTX Shot Cycle: Data Acquisition - continued
P EFIGS shotnumber changes Facili
ook SOC S0S T-60 wsusae  SOP Gock  T-1 TO NBIT+DEOD  EOP EOC
nurnber changes 5
events | | e |
hbustton hitduri fter sh
ERICSOr | sTH 50C MS5TH 505 MSTX| TMINUSED | EPICSor N5TH_S0D ' T B o e e
software Tnehkg T METH_ABS—— softwars EFICS IPCS message -
[pre-sequence [prd- pulse chieck failed) SNt g
euents chech fail ecl) \ FFCC IPCS message
ch status U o | haw | Sand commands to | (based on FunMETY cancels
of MD Spius r;.}soc gg\dce Dispatcher to setup files MDFF%U_S thlT setfnga rermaining processing,
RunhSTX Dispatcher state for T-60 and CAMAC for new shat; B RunNSTX firner at T-60) actual result depencls on
acouisition and Serers; Anychanges rmade i F‘é‘t” t nes accplisition nom send firme button is pushed,
contrdl il o CAMAC configuration e | contrl STORE state retums o pre-20C
program A denice after this paint will not take STORE, retum prograrm phase palling
Receive Facility for SOS effect untl the next stot pre-S0C state, cornrmancs o
Clock absdute Dispatcher
times for this shot CAMAC Data Acquisition |
declare NETX_CYCLE_BTARTED 2t TO +9 seconds
Cha T how ahct) DISPATCHIHASE STORE
declare declare MSTX_ACD_STARTED,
MDSplus MET¥_SHOTTREE_CREATED MDSplus declare events for data acouired
acgcns and DISPATCHBUILD gg%wasrgnd declare METX_ACO _DORE
software DISPATCHPHASE iNIT i
S dleclare INIT phase events on successful events ?ﬁ;ﬁ;;ﬁﬁ&;ﬁtgjﬁ o
competcn ) . shot free according to fiority
Servers execute routines specified in falso in shot ree)
Action Modes of shat tree accarding to
priarity {alsoin shot tree) e
¥ " . I | .

Other QCE" rocessing is VEDS acquire EFI URIY, WS | and
sooﬂf]t.ueurare Anydiagnostics that software- available; if necessary, mk_ms i?éd[on dﬂ:cqii FPC processes
avent need to know if the shot event jols can exceed between- moni ors] Ty FPCC data can ceclare
aHiEn is not going trough will driven shat tirne limits, or several ¥y events on which

T nesd evenfmanitar programs server [obs can [rocess chfigi;ﬂdzglslfgm ‘ Y¥Y  odtional
Frod programs one QCS oueus if terminalz) | M3analyss ks rocesses
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NSTX Timing and Synchronization System

Asynchronous Pre-Programmed |events For soFrware,

B N Tirmina Events Event Generator AN N

Subsystem f
yyvyyy
Event Encoder
Manchester-Encoded Events N etwork
Control

L ) Room
DIS’[I’IbU’[IOﬂ_) A
Subsystem

Decoder > Event Event Event Event Event /m
Subsystem Decoder || Decoder || Decoder || Decoder | Decoder

| | ! | !

DIGITIZER TRIGGER, ENABLE GATE, IGNITRON TRIGGER, BEAM DUMP, FRAME GRABBER ]
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Emulation of CAMAC Module Timing

Initiating Trigger
or decoded event

404 Timing Module

409 Timed Gate

412 Timing &
Sequencing

408 Serial
Time Interval
Counter

Functions

L

JL

PROGRAM!: DELAY, TRIGGER SOURCES.

N

PROGRAM!: DELAY, GATE WIDTH, TRIGGER SOURCES.

i [ S

PROGRAM: ARBITRARY EDGE-TIMES, TRIGGER SOURCES.

COUNTS AND TIME-STAMPS INCOMING PULSES.




The Plasma Control System is a high-performance
real-time control system

« VME-based Control System.

» The Plasma Control System software was developed by General
Atomics, and is used on their DIII-D fusion experiment.

Front : ;
356 analog Panel SkaOItII SVStem Power 27 field coil
TS Data 8 processors/20 GFLOPS Conv. | Power supply
Port Link controllers
@ 5 KHZ » ® 111 »
Plasma position. @ 1 KHz

* Plasma shape.

. * Plasma density. .
36 inputs VMEbus e Real-time EFIT. VMEbus 18 (c@or;t?();{ pts.
& 18l Repeater * Gas Injection Loops Repeater £

A 4
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Control system block diagram

Q@NSTX

RF Chassis

SPA Room
SPA Chassis

Froan BiF Sensors

From Magnetic Sensors
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“FPDP” communication standard chosen to support
low latency requirement

Computers and telemetry

FPDP Input Multiplexing Systran FiberXtreme
S].{y o i Module (PPPL) - combines converts parallel FPDP to/from
Direct Memory Access i S

Signals from four FPDP Serial FPDP

sources F/O transmitter/receiver

(FPDR = Pt Prinel Data or) (can be daisy chained) 1Gbit/s 5 km transmission



Digitizers

Input modules

Merlin 9421/9422
12/16-bit digitizer w/
FPDP 1usec latency
(can be daisy chained)

> T DPPL digitizer Stand
: Alone Digitizer (SAD)
Designed to be used in

conjunction with the
FIMM module




Outputs

e PCLIM output
module developed at
PPPL interfaces
1Gbit/s FPDP to the
Power Conversion
Link (PCLink) (34
bit communication
protocol developed
at PPPL 1n 1974 )

« Split the serial link
into 4 parallel links
to reduce
transmission latency
to supplies




Networking

e Network drops are expensive.

e [ expect a rise in inexpensive networked-
devices.

e Network group 1s resistant to low-cost and
especially unmanaged (SNMP) switches.

— They don’t appreciate low-bandwidth
applications.

_ 3Com NJ240FX =



NSTX Control




Proliferating EPICS




Proliferating EPICS

For casual users
— Web browser access
— Java DM?
— Medm & displays on other computers
— Windows users who don’t have eXceed.

MDSplus integration
Implement more Physics applications
Liaison Fusion Community



www access to EPICS variables via
LabVIEW Webserver

2 NSTX Machine Status - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help

@Back = @ i D @ ::] )D Search \;&Favnrites eMedia @ [3- :\f- l@ = -_J ﬁ ':»%

Address @ http:ffnstx. pppl. govfnstx fContrals fmachine. bl w | (€] Links > @ 2

NSTX Machine Status =

» For Historical (Trended) NSTX Status, use the tool Archive Viewer.
s Use the hyperlinks below to view the present state of NSTX.

» The screen will update every 30 seconds (tvends @ 60 sec).

+ Microsoft's Internet Explorer is the recommended browser.

« NSTX Torus Conditions (vacuum, temperature, shot clock)

« NSTX Torus Conditions - 4 hour trend (vacuum, temperature)

« NSTX Deronized Water Svstem

« NSTX Fluormert Cooling System

« NSTX Ground Fault Montoring Svystem

« NSTX Temperatures

« NSTX Temperatures - 4 hour trend

. CHERS Shutter Status

« MPTS Shutter Status

» NSTX CAMAC & EPICS Status

Fage last edifed 27 JAN2 005 by Paul Sichia

[

@ 0 Inkernet




www access to EPICS variables via
LabVIEW Webserver

e | http:/instxpc09. pppl.gov: B0B1 /nstx_trended_ status.htm - Microsoft Internet Explorer

File Edit “ew Favarites Tools Help

OBack A = | ﬂ \ELI ; /l" Search ‘~_;":';[:‘Fav0rites @Media @A = W] - ﬁ :‘i

Address iéj http:ffnstxpo09. pppl. gov: 8081 fnskx_trended_status. htm

Date & Time -
09/27/05 22:48:47 :

Shot Time  clock Running

-140 .

1.0E+2 - : :
1850 20:00 21:00
09/27/05 09/27/05 0942705

NSTX Shot Number

119596 = Temperature StripChart

1185907 Center Stack
118585 = Lé- 20000 Wacuum Yessel
= o

=] :
% 118580

116575 <

118570 =

115566 , , : ,
1549 20:00 21:00 2200 2249
09f27i05 09705 09/27/05  09/27[0509/27/05

I 1
05:00 06:00
STOP Executio 09/13/05  09[13j05 09{1305

I
22:00
09/27/05

I
07:00
09/13/05

& Internet



Integrating MDSplus & EPICS



Putting EPICS ““Trended Data”
into MDSplus

=Save EPICS Archiver (Trended) Data acquired by the EPICS
Channel Archiver into MDSplus Daily ‘Shot’ Trees.

=Permit Trended Data access through familiar MDSplus methods.

Channel Archiver

|
|
i Archive 2
. | 2) Forward Request L rchiv
|
1) Reqluest Data -

|

|

|

|

|

|

|

i

|

T 5) Writes to | - |
| A |
MDSplus i V\J \ Archive 1 i
' i
|

|

|

|

|

|

|

|

- | 3) Returns Data

|4) Forwards Data




New record types:
- MDSplus Data Interface

C-’jE:LLL ient from
Mdsplus

mdsValue

pur_coeffl

LHST=zerverName, VAL
LHST T NPP S

VAL o — st rgout

saryerhane

WAL

Analog Inputs
read from ‘a cale

device gomewherd. lanp_watts

ndsput

ai IMPB=lamp_voltage PP HS
SCAN=1 second mds_lanp_watk
lanp_current CALC=a * b * ¢
_ INFC=pur_coef f1,¥AL : LH5T=serverians
WAL —— INPA=] anip_current, INP=1amp_uatts

INPC e LEHT

n 0P NHG INPH NP NS T LHST

i INPB . —— WP NS 3] I
VAL

cula I_*-_:-n

lamp_voltage




New record types:
MDSplus Event Interface

mdswievent

set_harduare_nou

FLMK=digital_vall PP
EVNT=32
[NP=nds_evl

FLIK
IHP
Record waits for
MOSplus ‘event
‘'mdg evl' *, *then
FINK to -output
and .

TYacords

18

#

®

B

®

> PP KHS

]

®

b L] I::'

®

longout
digital_vall

FLNK=digital_wal2 PP HS

®

FLHK

a0

analog_outl

SCAN=Event,
EYNT=32

mdssetevent

epics_event,_received

SLHN=Event.
EVNT=32
DESC=mds_ev2

longout

digital _val?

in

to ‘EPICS

§32.

This record
processes
frome ‘EPICS
event 432 ;
and .15s8ues
MDSPlus event ,
mqgﬁ@ﬁil




Looking ahead ...

» Cyber-security: Hspd-12, remote/home control policies.
— X-terminal replacement using HP Thin-clients.

* EPICS :
—Conversion to EPICS 3.14, Solaris-to-Linux.
—Better integration of EPICS with MDSplus and PCS.
—Implementation of Soft IOC using Linux, fanless, remote-boot.

—web-browser tools.

 Clock System:

— Develop more emulations/functions/applications for the Universal Networked Timer.

* PCS

—Reliability improvements.
—InfiniBand-based Linux cluster.
—Rekindle collaboration.



‘&l The Center for SCADA Security - Microsoft Internet Explorer

How secure 1s the EPICS gateway
and IOC Access Security?

File Edit Wiew Favorites Tools Help

eBack - @ - @ @ :;j pSearch *Favorites eMedia @ Eggv :;,: Iﬂ - _J ﬂ

»

Address |@ http: vy, sandia. gov/scadafhome. him V| Go  Links * @ -
"~
The Center for SCADA Sancia
National
Security o
SCADA Security
Program Overview | Engineering Solutions | Vulnerability Assessments | Testbeds
Standards & Industry Outreach/Partnerships | Education & Training * The Center for SCADA
Secunty Home Page
H Program Overview
B Engineering Solutions
* Best Practices for SCADA
Securily
— 1 * Ressarch and Devalopmant
T Ll H-"I":'lrage z of Nex! Generation SCADA
o= Systems
h e
1T, le-1s of ex * Related Links
\gl.f i’?h e gl el g Vulnerability Assessments
A B
oo dgr it eritical wifrast o Testkinn
@ Standards and Industry
Outreach/Partnerships
H Education and Training
® Contact Us
Psandia.gov
Y In the News . . .
Framewark; for SCADA Security Palicy Sandia requested to paricipate on DHS Condral
Systern Securty Test Cerder Leadership
I Reference hlodel for Cortrol and Subamation
v:
(__ k 1] | i
I@ B Internet




Tell me more ...

Near-term
— 3.13/Tornado_2.0.x to 3.14/Tornado_2.2

e gotchas
e vxWorks driver updates
* Sequencer update

— EDM
— VDCT

x86 10C
— PXE/remote boot of IOCs
— 1/0 & drivers
— PC-104, other fanless solutions?

Tightly-coupled LabVIEW/IOC status

Personnel Safety Systems — PLC implementations?
Control Room - Operators

PLC communications ... OPC?




