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The SPIDER EXxperiment

* The Source for the Production of lons of Deuterium
Extracted from a Radio frequency plasma (SPIDER)
experiment is a prototype devoted to the heating and
diagnostic neutral beam studies in operation at the ITER
Neutral Beam Test Facility (NBTF) at Consorzio RFX, Padova.

* SPIDER is the full-size ITER ion source prototype and the
largest negative ion source in operation in the world.

* In view of ITER heating requirements to realize plasma
burning conditions and instabilities control, SPIDER aims at

* achieving long-time operation (3600 s) with beam
energy up to 100 keV,

* high extracted current density (above 355 A.m2 for H-
and above 285 A.m™ for D’) at maximum beam source
pressure of 0.3 Pa.

* maximum deviation from uniformity must be kept
under 10%.[1][2]

=5
[1] V. Toigo et al 2019 Nucl. Fusion 59 086058 N F igh Voltage Hall with
[2] V. Toigo et al 2021 Fus. Eng. & Design 168 112622 * the insulating transformer (left)

* and the high voltage deck (right)
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SPIDER Pulse Preparation — Past Situation

e SPIDER parameters were configured using an MDSplus Human Machine Interface
(HMI) using specific pulse number to temporarily store the setup configuration;

e Using a command line the Session Leader (SL — Scientific Coordinator) could load
previous setup from an executed shot or reference shot;

e Sl could check all the configuration using MDSplus jScope, with all the waveforms;

e An external tool could create the long pulse setup in IDL and store it in a reference
shot;

However

e Responsible Technician (RT - Engineer in Charge) had limited
verification/comparison tools (jScope);

No digital tool for configuration approval and communication process;

Approval process had to be made on a signed paper;

Only limited consistency check of parameters is made when loading config;

This was a time consuming and error prone operation without automatic
verification, approval sequence or feedback to the SL.

e |t was designed and developed a solution using ITER Interface Operator Tools and

NBTF tools with the experience from operating RFX experiment.
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MDSplus SPIDER MDStree & Data Structure

File Edit Data Customize
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File Edit Data Customize
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[Tree: SPIDER Shot: 95

o All parameters are stored in the
MDSplus SPIDER database

o Parameters can be accessed using
the standard MDSplus libraries
and tools

jTraverser - Tree: SPIDER Shot: 95 ~ ~ x
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MDSplus Device Setup — SPIDER SL Configuration Tool

o All parameters

SPIDER Experiment Setup -- \SPIDER::TOP.CODAS.SETUP:SPIDER_SETUP (on soserver.nbtf) 1 Ca n be Set by SL
- ISEPS | AGPS | GvS | Safety Parameters - Annex B
(Setup [ Waveforms | Data Acquisition | usi ng th e M DS p | us

Breakdown Management

Dead time Time: [1 | Recover time: [02 Device Setup tool

« The control and
feed forward
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ok |[ apply |[ Reset || cancel and more complex

waveforms
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MDSplus jScope

- 9264 - 2021-06-24 1 9:32.635015930 - /common/sessionResp/jScopeConfigurations/SL/SPIDER_MainPulseTrend_con_correnti.jscp (on soserver.nbtf)
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SPIDER Pulse Sequence

o Configuration Tool shall be integrated into
the SPIDER pulse sequence

e o Pulse definition and approval shall be
L T executed during NORMAL STANDBY state

PAS T43 W\

Q S~ o Multiple Sequence Pulses:
ABNORMAL . ) o
- o Submission to Operator Technician

TGS

during NORMAL STANBY state

o Resubmission of sequence waits for
POST PULSE state to reconfigure
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SPIDER Configuration Tool Requirements

SPIDER Configuration Tool Requirements

e It shall be a single tool to be used by Session Leader (SL) and Responsible Technician (RT),
but with different viewer and permission settlngs
e Human Machine Interface (HMI) shall be gj 1o the current SPIDER setup, reusing to the
maximum extent the current design already developed;
® A new panel with the session operation limits for automatic verification of the setup
validity;
e Include the functionality of loading configuration from a specific shot number or reference
shot as a starting point for configuration changes;
e Add automatic verification if the loaded configuration is compatible with the present plant
configuration;
e The application shall implement the synchronization between the setup tasks (both SL and
RT) and the pulse sequence:
o Shot number 100 shall be used to store the configuration in work (reference);
o SL submits the parameter changes to RT before the pulse sequence is at CHECK STATE
or READY STATE — These states shall inhibit the submission of a new configurations;
o When SL submits a new configuration, the changes regarding the previous pulse shall
be highlighted in the RT panel;
o Submission of new configuration by RT to the model can only be made in PAS STATE;

Numo Cruz et al,, The SPIDER Pulse Plant Configuration Environment,

) A )
mw,ﬁ.;mm Q@ it @) EUROfusion TEEE NPSS 23" Real Time Conference 9

160 5% August 2022

SPIDER Configuration Tool Requirements

e Regarding the communication between SL and RT:

o The submission of a new configuration by SL to RT shall be clearly assigned
using a SUBMIT button
This action shall highlight all parameter changes in RT panel to be accepted
The parameters highlighted shall be with reference to the previous pulse
Special attention shall be taken to avoid that a new submission of
parameters by SL can cancel the previous highlight of a changed field
o Each parameter change (or a small group according to a certain logic) shall
have an action or accept button to turn highlight off
Each tab title shall remain red (highlighted) as long as any parameters inside
that tab is still highlighted
o The final configuration can only be validated (submitted to OT) when there
are no highlighted parameters or tabs
The final configuration is submitted by means of a SUBMIT button
o The session limits shall be modified only by RT. The SL can check what the

parameters are, but he cannot change them.

[elNeRNe)
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SPIDER Configuration Tool Requirements

e The application shall be developed in Java or similar for Windows and Linux
compatibility
e The definition of waveforms shall remain as an independent application,
maintained by the SPIDER team (IDL tools)
e A new tab shall be created for definition of active diagnostics for the current
pulse
e Regarding the diagnostics configuration:
o A list of parameters for a specific diagnostic shall be integrated in the tool to
be set by the SL
o It shall be possible to load pre-defined tables of diagnostics for a certain
type of pulse
o It shall be also possible to change each diagnostic status in case of need by
the SL
o The SL shall be able to turn off certain diagnostics if they are not mandatory
for the specific experimental program

@ 7 X Nuno Gruz et al,, The SPIDER Pulse Plant Configuration Environment,
ipfn 2 1 ime Conference
2 W@ e D) EVROfusion 08 NP 2Rl e Gt ©

A long and detailed list of
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Main SPIDER Configuration Tool Requirements

O

Develop a single tool to be used by Session Leader (SL) and Responsible Technician
(RT), but with different viewer and permission settings;
Use a Human Machine Interface (HMI) similar to the previous SPIDER setup tool:

Include a panel with the session operation limits for automatic verification of the
setup validity;

Add the feature of loading a configuration from a specific shot number or
reference shot as a starting point for configuration changes:

When SL submits a new configuration, the changes regarding the previous pulse (or|
a pulse loaded by RT) shall be highlighted in the RT panel;

The definition of waveforms shall remain as an 1ndependent application,
maintained bv the SPIDER team (IDL tools)

The application shall be developed using the maximum compatibility with the tools
already in use and ITER Control Tools — MDSPLUS; EPICS; Control System Studio OPI |

Integrate the SPIDER pulse preparation cycle with the configuration and parameter
approval. as well as SPIDER pulse seauence state machine.

OT

Introduce a pulse pre-approval method for the submission of automatic multiple
pulses sequence

Nuno Cruz et al., The SPIDER Pulse Plant Configuration Environment,
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Integrating MDSplus and EPICS — EPICS CA

# ISEPS TAB

R « The Experimental Physics and Industrial Control

field(DESC, "ISEPS:EG_MOD DC")

| System (EPICS) has been adopted for I&C in ITER

o et atoivp. ot Chammels) - oo operations

y TR « “EPICS is the software backbone of the CODAC
e e ot e control system.” in ITER CODAC Team words

: o Using a SoftlOC all necessary EPICS PVs for

T Lt (TP, »5o7t Chamnel®) SPIDER configuration are created

field(DESC, "ISEPS:RF_MOD DC")
}

#ISEDS
list.append{MDS PVs (""" TOP:CODAZ:SETUP: SPIDER SETUFP: ISEPE:EG MOD DC",root+"IZEPE:ES MOD DCU]))
list.append (MDS PVs (" TOP: CODAS : SETUP: SPIDER SETUF: ISEPS:EG MOD FREQ",root+"ISEPS:EG MOD FREQ"))
list.append (MDS PVs (" \TOP: CODAS: SETUP: SPIDER SETUFP: ISEPS:EG MOD STATE", root+"ISEPS:EG MOD STATE"))
list.append (MDS_PVs (" W\ TOP: CODAS : SETUP: SPIDERE_SETUF: ISEPS:RF MOD DC", root+"ISEPS:RF_MOD DC"))
list.append (MDE_PVs ("W TOP: CODAS : SETUP: SPIDEE SETUF: ISEPS:REF MOD FREQ",root+"ISEPS:REF_MOD FREQ"))
list.append (MDS_ PVs ("W TOP: CODAS : SETUP: SFIDEE SETUF: ISEPS:REF MOD STATE",root+"ISEPS:RF MOD STATE"))
list.append (MDS_PVs ("3 WTOP: CODAS : SETUP: SPIDEE SETUF: ISEPS:FIL ON START",root+"ISEPS:FIL ON_ START"))
list.append{MDS_ PVs (" TOP: CODAS: SETUP: SPIDEE SETUP: ISEPE:FIL ON STOP",rootb+"ISEPE:FIL ON STOP"))
list.append{MDS PV (""" TOP: CODAR: SETUP: SPIDERE SETUFP: ISEPE:FIL STATE",root+"IZEPZ:FIL STATE"))

o Python scripts make the link between MDSplus database and EPICS CA
o Each MDSplus node corresponds to an EPICS PV

Nuno Cruz et al., The SPIDER Pulse Plant Configuration Environment,
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Integrating MDSplus and EPICS — CSS OPI

The Session Leader (SL — Scientific Coordinator) view

GOS: 1-Long-term Maintenance  STATE: "OFF" . ‘ - SL Shot | 100 SL Load shot | __ write to Tree | — Run SL Setup I
e ° ° @ 50S: PULSE NUMBER: [EETRerecr ~ RT Shot [ 4100 BT Load shot | _ Submitto 0T | (Re)SubrnittoSL|
‘SPIDER| ISEPS |AGPS||GVS||Safety Parameters - Annex B H Pulse Repetit ion‘
] ] “ ] A
Action LED
- Waveforms | Data Acquisition
i J 1 1 i . 01 03 .
Breakdown Management Dead time [ | Y Recover tlme.| | @ Multiple
Pulse approval
ISSS Power Supply
Plasma Grid: | enasiep » | Enssien ~| @ Bias: | enasen v | | Emasien - ? Bias Plate: enapien w | | emssien -~ @ ‘
SR Approve pulse t
Control: [vomce « || vomer - ? Control: 'vomce v | vomer | @
—
Ll @ Ll Ll @ @ @ P @ @ @ @ @ @ @ @ -]
Bias Plate |/ V [A}/[V] H Extraction Grid [v]‘ Plasma Grid [A] ‘Eias 11V [ANIV] H RF1 Setup H RF2 Setup || RF3 Setup || RF4 Setup H Recover WEVE‘
Approved Pulses
from 4100
o - ¢ 9 9 9 9
P e e e Y S VN S B ———
n — seGa06
o { D T seeee
ool oo reeao
120
[ ool eooonf NN
100 ;
| ool 140000 P90
- r _— secoa
= [ ool deG00
P T T
. [ oo —
Submil
T T Sequence
o to OT
- ool oo
P | ool oo
-l | —
- / T
[ T T -
s /
/ T T
2 T M 16 18 W @ 2 2 2 W % M % % & & & @ % % s s s e & 6 e 6 70 7 4 76 7 % @ s % @ | 9 %4 % % 10 il Send back to 5L

“Control System Studio (CS-Studio) will power ITER's dashboard, what we call the visualization layer—
panels, graphs, sliders, symbols, metres and switches on the operator consoles in the ITER control room.”

Nuno Cruz et al., The SPIDER Pulse Plant Configuration Environment,
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Integrating MDSplus and EPICS — CS-Studio OPI

sible Technician (RT — Eng. In Charge) view

Highlight Tabs W|th changes

STATE: "OFF" - SL Shot | 100 SL Load shot | Subrnit to BT R 51 Sebun
G S S B
® @ @ S PULSE NUMBER: S FT Mode ‘ RT Shot [[2100 RT Load shot | @fsubmitto 0Ty _(Re)Submit to SL |
W
SPIDER‘ ISEPS |AGPS {GVS ” Safety Parameters - Annex B” Pulse Repet ltloﬂ‘ T — ‘
e o o Submit to OT button |
Action LED
- Waveforms | Data Acquisition
Breakdown Management Dead time:[ 1 | [2 @ Recover time:[.® | oo | @  Accept Changes I Multiple
Pulse approval
ISSS Power Supply
Plasma Grid: | geien ~ | | ewasten ~ | @ Bias: [ciueen + | [emasen  ~ | @ Bias Plate ENASLED ~ @ -
B — e — S — Approve pulse to
Control: [yomee « || voumace - ) Control VOITAGE w | | VOLTAGE > @
——— ——
@ L) L) L) LK I LK K ® 0 @ 96 @
Bias Plate | 1V [A)[V] || Extraction Grid [V] || Plasma Grid [A] ” Bias | /V [AJV] RF1 Setup RF2 Setup || RF3 Setup ” RF4 Setup || Recover Wave
Approved Pulses
RF1 Power [W] | RF1 Frequency [Hz] || RF1 Capagi _— from 4100
L~ - I~ ]
P B2 kA (K= DR P G O 0 6Ga
GeoGe
L= I ]
L B I ]
oD
PG Ga
L= I I ]
= i Real Time
= hlight different valug$ and shape in waveforms
‘“M g i g e N A R g o e G
- '] 1] [ ]
F oo g o din i L o ol an s sum gn on 2 oy SR E B AALA g
ACCCPL LUTNIC Clidligco 11 CUIrcit
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SPIDER Config. Tool: Safety Parameters Checking

Highlight Tab with errors

GDS: 1-Llongterm Maintenance STATE: "OFF" R sl shot 4100 | | | I

9 ] ] ] = PULSE NUMBER: [RIEEsREHET - led: J RT Shot 4100 RT Load shot| | |
SPIDER |ISEPS | AGPS{ GVS | Safety Parameters -mpulse Repetition j

Reset I Action LED
AR Defaults EE

Session Limit Nominal Limit Session Limit Nominal Limit Multiple
Check Pulse approval
Output Voltage [kV](Plasm | 70 91 . ? Limits Preset Pressure (min) [bar | N 2| 2 3
Output Voltage [kV] (Vacuum | 70 ‘ ? ‘ a5 ? Preset Pressure (max) [bar | B ? | & ? I
4100
ISEPS
Approved Pulses
Session Limit Nominal Limit Session Limit Nominal Limit from 4100
[ ] Ld _ _ g 4 o
ISEG - Output Volt - Jut
= BT »  Highlight«vatues [~ K @ reca0
SIS SRS e R " outsidé’the safety ™ L ‘ soas
y ) O 9GO
Vacuum With Plasma s @000
. .. . .. - S ' . A—n . .. @0 ]
Session Limit ominal Limit Sess‘on I I m Its Session Limit Nominal Limit - ot
S GG
ISRFL - Output Power [k\ | a0 ‘ > ‘ 2o ° vacuUM = | ISRFL - Output Power [k | o 3 200 SO 0GO
ISRF2 - Output Power [k | 20 » [ A ° ISRF2 - Output Power [ki | o [ 200
Submii:
Saquanca
ISRF3 - Output Power [k\ | 30 ‘ » ‘ 0 * ISRF3 - Output Power [k | 110 ® [ 200 o or
ISRF4 - Output Power [k\ | 20 ‘ ) ‘ 0 ° ISRF4 - Output Power [k | 110 o 200 |
Session Limit Nominal Limit Session Limit Nominal Limit
ISBI - Output Voltage [\ | . ‘ ? ‘ 150 > Jomse  w | 1SBI-Output Current [£ | 200 5 | 600
ISBP - Output Voltage [ | . o I = > vomse  » | ISBP - Output Current [¢ | 200 o 600

Highlight the Session Limits are inside the Nominal Limits
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SPIDER Config. Tool: Single Pulse State Machine

STATE 1 - INIT

< FT Mode j

r 5L Mode . >

SL Shot SL Load shet | Write to Tree

RT Shot | ss42 |

SL Shot

RT Shot _ AT Load shot

{Re)Submit to SL |

Submit to AT

[

STATE 2 - ACCEPTANCE

SL Mode ‘

< AT Mode

SL Shot SL Load shot | Write to Tree

" RT Shot [3&z | |

SL Shot [98a3 |

RT Shot [ s8s2 AT Load shot |

|  submittorT |
| J
| |
| J
f STATE 4 - SUBMITTED
e . SL Shot [ ss43 SLioadshot | _ wiitetoree | IENTITEAN
oge -]
RT Shot | ses: J
| I p— N — | EET
| o @ A7 soot DB wosisal]
|
|
| (Re)Submit to SL |

-

{Re)Submit to SL |
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L] @ 505: PULS)

SPIDER ISEPS| AGPS | GVS Safety Parameters - Annex B

Accept Changes

Submit to OT

f STATE 3 - APPROVAL

)|

" RT Shot [sesz

SL Shot [s84 SL Load shot |
SL Mode .

wite to Tee |

J

i . SL Shot | 5843
< RT Mode

|

r RT sShot 53 RT Load shot |

Submit to OT | (RelSubmit to SL |
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SPIDER Config. Tool: Multiple Pulse Programming

Program number of Sequences and time interval between discharges

GOS: 1-Llong-term Maintenance STATE: "OFF" — SL shot 4100 L Load sh r| Write to Tree | ubmit to BT | o
< RT Mode l FTTNSINEE
(] ] ] . sos: PULSE NUMBER: |[FIETLhGEELE RT shot | 4100 RT Load shot] ubmit to 0T | _(Re)Submit to Sij

SPIDER ISEPS | AGPS GVS Safety Parameters - Annex B Pulse Repetition

Check if pulses have been pre-approved || @

Sequence Programming
Multiple
ulse approval

Number of repetitions: 1 Pulse Number:
Number of repetitions: 3 Pulse Number:

Approved Pulses
from 4100

Number of Sequences:

ime between pulses (s):

Number of repetitions: 3 Pulse MNumber:
Number of repetitions: 3 Pulse Number:

Send Sequance to #T

S5TATE MACHINE STATUS

v v s _ _
Number of repetitions: 0 Pulse Number:
> . ’ _ v
Sequence Pulse Counter: 0 ? % @
. ’ ’
Number of repetitions: 0 Pulse Number: o 506 @
v
Max Pulse Count: 0
. 3 6306
Number of repetitions: 0 Pulse MNumber: ° 0@ o
v
Pulse 1n executlon: P I I
1 e g A
waber of repetitions:  [o re:appr O\f&seveqa puises
S AL

Executing Pulse number: 4100

Number of repetitions: 0 Pulse Number:

Submit

Max Pulse Duration: 0 Sequence
Number of repetitions: 0 Pulse Number: o to Ol
Machine State (Config): a
Number of repetitions: 0 Pulse MNumber: 0
MASTER SM:STATE_ CODE 1 Real Tim

Number of repetitions: 0 Pulse Number: 0 ubmit to OT

Reset Configuration SM

s
N—""

Actuate on the State-Machine by submitting and sending actions to other operators
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SPIDER Config. Tool: Multiple Pulse State Machine

STATE 1 - INIT

wrtetomee | _ Submetomr |

SL Shot SL Losd shet |
" RT Shot e ]

SL Shot [sea3 | J |
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SPIDER Main State Machine

POST Y\
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Max Pulse Count:

SL shot s ] J
RT Shot BT Load shot (RelSubmét to SL
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SPIDER| 15EPS| AGPS | Gvs | Sarery Parameters

.
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]
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=
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&
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SPIDER Tool — HMI importance

o Color Code (relevant for efficiency and fast operation):
o Green button — Action completed
o Blue button — Active action to be submitted
o White text — disabled button: not all conditions

are met or operator has no permission
o Black text — operator can submit action
o Grey button — Not relevant for state transition
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Summary & Conclusions

o Requirement definition based on the needs of SPIDER operation has
been completed

o The definition of development tools available based on ITER CODAC
Plant System I&C requirements has been set

o Integration of MDSplus and EPICS for a common development
environment of the SPIDER configuration HMI

o Tool implementation with the SPIDER requirements, following ITER
guidelines for |I&C uniformization:

o Automatic verification of safety parameters (session limits)
o Multiple pulse approval and automatic real-time reconfiguration
of pulse sequence
o Full integration with SPIDER pulse sequence
Beta version of the tool has been tested and presented to operators
o Live tests @ SPIDER control room ready - after current shutdown
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