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Control System Overview

Machine-Protection, Interlocks, MASP

Transmission Monitoring, Post-Mortem
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FAIR Operation Scenarios == I

Examples for periodic Patterns, each dominated by one main experiment

Unilac
p- Llnac
SI1S18 1 1
SIS1OO

HESR

+ RIB ext. target (U?¢*) + AP (HE)

Unilac
SIS18 ihhhhihhhh 00 ar
SIS100 [ Dump | W

CBM + RIB ext. target (U3*) + AP (LE) :
[ Pba Targ | FRF
PSMVIR FHF
s

Unilac TCR1
SIS100 =

ESR

HESR

RIB ext. target (U%*) + ESR
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Beam Production Chains & Patterns

e Beam Production Chain (BPC)

- Organisational structure to manage parallel
operation and beam transfer through FAIR
accelerator facility

- Defines sequence and parameters of beam

line from the ion-source up to an experiment

o Pattern

- Grouping of Beam Production Chains that
are executed periodically

e For 2018

- One BPC per Pattern
- Multiple Patterns in Round Robin

- Similar to working with Virtual Accelerators

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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lonsource Application

» Generic lon Source Program for FAIR,
used at Cryring (operational)
and Unilac North/South (as prototype)

E3)
o -8

lonsource Application

NoRTH [~ [vos: uL -7 | [mena B

leines Inkrement ||

U0a UL - TKG 20981 4+ Quellentiming: periodisch 1.00 Hz, 0.35 ms, 5.00 ms Vorlauf B-Feld {Varis 3)

BEEE

Bmoeutsch || 26 April 20171015 | Uber|

Gasventil (GUL3IQ1G)

reset
P-Einlass 3.2E-06 mbar  0.00V -
P-Quelle 7.928E-05 mbar
Q) o

Extraktion (GUL3IQLE)
status

sv

v!

0.0ama
C

Gap {GUL3IQIMG)

reset|||[status [ offine |

0.0

Bogen-NG (GUL3ICIE)

Schirm 1 (GUL3IQ1S)

Powerrack (GUL3IQ17) | INNOWEHORIN
Feventil (GuLavvor) | IIECISTINN
Kathode (GUL3IM1KD)

offline reset|| | status reset
0.0 IS .+
O S |
0.0 || 0051 ma
) C
00
O Zundgenerator (GUL3IMIT)
status offline reset
Magnetfeld | (GULAIM1B) —
reset | &) +
0.0 plirx;
O S| (9 S
00
O Filament (GUL3IC1K)
00
s status reset
0.0
Magnetfeld Il (GUL3IM1K) V! *
[stotus ][ offline | reset G4
o0 o
O =
00
O o

Hochspannung (GUL3IQLH)
reset
aav

018 ma B
0.001 keV/u Beta=0.00005

Schirm 2 (GUL3IQ2S)

-I!! m [ offine | reset
00 N
O =
00

o R

(TP TV —

amittel.

o750

07:55 08:00 08:05 0310 0s:15

= lonsource Application L s B
© CRYRING |~ 26. April 2017 10:13
|MINIS |v ‘ |Abweichungen anzeigen |v ‘ |kleines Inkrement |v|
— -
Cathode (YRTLINLK) Extraction (YRTLINIX} Gas Control {YRT1IN1G) —
[ status | INNNPEGETORM reset| ||| status | INNGOWEROANINN | reset| | status | ERNGPEnI
5.144 v 19206 V 0.046 sccm
+ ! +
18.53 A 4.000 mA
Electro-Magnetic coil (YRT1IN1M]) Lens [YRT1LE1} L
reset reset
39.76 V - -13463 V -
1.673 A 0.009 mA
Discharge {YRTLIN1E}
reset [ |
179.7 v
! +
=0.00 A
[gj Abweichungen anzeigen —]
-
set value read value difference set value read value difference | ;\_
WRTLINLEK 7.ooow 5.144 % 26,51 % 18,503 4 18.53 A 017 % B
WRT1INLM 50.01 W 39.76 W 20,50 % 0.680 A 1.673 A 146,10 %
WRTLINLE 180.00% 1787 % 0.12% 0.300 A -0.00 A 100,00 %
WRTLINLY 18401 W 19206 W 1.00 % 1.000 ma 0.000 i 100,00 %
WRT1LEL 135004 13453 W 0.28 % 1.000 ma 0,009 ma 95.07 %
WRT1IN1G 0.0460 scern |0.048 scom 0.43 %
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Feedback Application === I

 Remake of an existing Cryring lon Source Feedback
Program from Sweden

» Collect ideas for a more generic feedback program for
other ion sources

lij Feedback Application P a el

H 26. April 2017 10:09

Filament Feedback
Ausgelesener Wert YRT1IN1E/voltage

Unterer Schwellwert 50,0/ ¥
Oberer Schwellwert 250.0) ¥

Stellwert YRT1IN1E/current
Aktueller Stellwert 0.0 A

Maximaler Stellwert 0.2 A

Feedback
Gestartet: Apr 26,2017 08:08
Gestoppt: ---

Status Feedback gestartet

Interval 1.0/ s

‘ Feedback-Mo... ||Autu-Max-Mod... H Ubernehmen |
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Scan Application ==

* Prototype of a generic scan application

e 1-/2D parameter scan

[éj Scan Application

R B3

Sf% English |w| april 24, 2017 9:32 Am

Context: Mo context selected
Property: YRT1DC3.meanCurrent {GHTYKV3. current, YRT1KV2. current

Scan settings

Passes 1

GHTYKY3.current | YRT1KWZ2.current |
Setting property GHTYKV3.current

Start value ,7—1.5,& =-1.5
End value ,71.5& =1.5
Scan step delay ,710 5
Scan steps 10

B’
@
E
]
<
S
o
=
=
o
>

Readout property YRT1DC3.meanCurrent y 1 5

Readout delay 0.5 = GHTYKV3.current

| Scan || Cancel || Sawve |

09:34:07 - Scan completed successfully. ’
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Device Control

e Control on device level

- Reading status

- Comparing set and
actual values

- Switching on / off

— Driving step motors

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

. DeviceControl L e Bled
[@ crvriInG ﬂ B peutsch ﬂ 27. April 2017 12:40
Kontext: YRLE YRME_2017Feb21 IK.C1.YRLE. TRANSFER_IN|ECTION.1
Ausgewahlte Beschleunigerzone{n): YRLE 14+l 0,01MeViu
Geratetabelle
R
Anwahimodus Geratetyp T
1
2
[Z_Zt. keine Anwahl miglich |[Gateventil 1)
[Fahren [Faradaytasse 18
==
11 11
Fahren Leuchttarget 1
111
[ |
Gerateuberwachung
vergleich: [solitGeratst [+] Gerat@ prozentuale Abweichung: 0.1 ]
[&] YRTIMHL: Geratestatus
o server: - c [ =]
[] ____
0 Powerfaut
1 TempPs
2 HEOFSE—
3 Cumover
- #-E-8-8-8 8808051 EAeHEcREEN - - - E W N R
5 HaoMgn
6 [HEE
7 MTeFadk
2 [TSFaUIE
o DEE
[ 10 DECTRR—
1 Fault2Ground
Referenz ablegen || Geratewerter-status | 12 BISE
13 ElFCEE—
Geratezustand: ‘Alle | Rlnggerate‘ Geratet Drucken Schlleﬂen Kelnefcans

::::::uu&::i

Alle auswahlen Nlchts wahlen 1 von 31 Geraten gewahlt Reset Status Diagnose Abstand




ParamModi == 3K

» Central application for manipulating setting values

* View the settings on all levels of the hierarchy (plus
expert trim)

@ ParamModi (SEPARATE BUNCHING) (ERS R R
Datei Bearbeiten Extra Hilfe

[Famw o T

|r ParamModi | ParamMaodi - Resident | Trim |

Aktive Kontexte YRLE YRME 2017Feb21 IK
[FAIR.BP.1, FAIR.BP.2] - YRLE YRME 2017Feb21 IK - - -

Total [ Suche | Beam Chopper Timing r’ Diagnose rEIectm. stat. rMagnets RF | Ring RF |

Strahl
Hochspannung der lonenquelle 20,1 kY
Strahlenergie ab der RFQ ’W keViu
Element im Linac ’71
Isotop im Linac [ g
Ladung im Linac [
Chopper
Chopped beam in linac
Chopper Spannung ,710 kv
Chopper Offset lioo Hs
Chopper Fenster 200.0) ps
Timing
Beam diagnose delay in linac ,710 Hs
Beam diagnose meas. window in li... 100.0| ps
Pulse length of rf in pause mode in... 2500.0| ps

I /I An Gerate schicken "I | # Anderungen verwerfen

TEST, INIT, OPERATIONAL, MD, TEMPLATE, OBSOLETE |+
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EquipMonitor == I

* EquipMonitor: Subscribe to all properties of the devices

* Will be replaced in the future by
the Archiving System GUI

Monitoring application. Currently monitoring : YRS1 - [2 subscriptions ] (S e
| @ CRYRING =
Choase an Accelerator Zone : User selection: FAIR.BP.999 Hardware list YRT1INLEfAcquisition@YR. USER.FAIR.BP. 000
YRS1 ~ | [FAIR.BP.1004 =| Filter: | @) [YRT1INIM/Acquisition@YR.USER. FAIR.BP. 999
Harcware Groups FAIR-BP.1003
A FAIR.BP.1002
FAIR.BP.1001
FAIR.BP.1000 YRTLINLX
FAIR.BP.100
FAIR.BP.10
FAIR.BP.1
roperties for CrylqPs
property comments |
§ [ Acquisition FESA3
[ current DOUBLE
[ currentset DOUBLE
[} voltage DOUELE
[} voltageset DOUELE
o [ Setting FESA3
Select All
Subscribe
Subscribe devices in same panel Unsubscribe
Get value Unsubscribe all |
IDisplay the graphs on | 2] columnis) for 150 points | Minimum graph width | 1501 px - height | 1501 px | []show legend | smooth graphs |
Imonitoring Acquisition for 1 device : YRTLIN1E/Acquisition. [Fixed Graph|cClose [monitoring Acquisition for 1 device : YRTLINIM/Acquisition. [Fixed Graph|close
0.0035 1.6729
0.003 1.6728
0.0025 1.6727
0.002 1.6726
0.0015 1.6725
0.001 1.6724-
0.0005 1.6723
° T T T T T T T 1.67221 T T T T T T T
14:34:55 14:35:00 14:35:05 14:35:10 14:35:15 14:35:20 14:35:25 14:34:55 14:35:00 14:35:05 14:35:10 14:35:15 14:35:20 14:35:25
-
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EquipState

« EquipState: Set/Read all properties of the devices
comparable to FESA Explorer, bit less ,low-level”

(&)

[® crvring [~] [Gp

Equip State GSI

|v‘

26. April 2017 14:41

b o =

X

Patterns

Particle Transfer

Accelerator Zone

YRLE

YRME

CRYRING_COOLER
CRYRING_RING
TEY1

TYRL

YRLE

Select All

'YRME

YRS1

MD, TEST, OPERATIONAL -

Beam Processes | Sub Chains |

Beam Production Chains

YRLE_YRME_2017Feb21 _IK.C1 {0->1000000}

YRLE_YRME_2017Feb?1_IK.C1.YRME.TRANSFER _|

< I [ D

CRYRIN

Select All

Select All Il

Select all

X

CRYRING_RING

Filtering on Particle Transfer: YRME

Context: YRLE_YRME_2017Feb21_IK.C1.YRLE. TRANSFER_INJECTION.1, YRLE_YRME_2017Feb21 IK.C1.YRME.TRANSFER_INJECTION.1

Category: lw‘:‘\: Device Type
Device Graup BB .

INotAssigned

ALL CryCup
DF
DP
ElectroStatQuad
LinacRF
MotorClass
PhaseProbe
QD
VM
VP
L

Select All
Selected: 1/2

Init

Write commands

Inverter
Power
Reset
Satting

Farameter walues
current 0.0
current_mas 135.0
current_min 0.0
cLrrent_units A

Execute write

State commands

Filter: | [2][ Read commands |
HwMarne Setting 8 isition
YRTLKHZ Init
YRT1KV2 ::'::ret:!r
¥RTLQD61 oK oo
YRTLQD62 oK ST
YRTLQD71 oK clatue
YRTLQD72 oK version
Select All
Selected: 4/6 Execute read

Execute state

Console | Running tasks |

26.04,2017 14:41:26- Result for device YRT1QD72:
current {double:1} = 0.0

current_ma (double:1) = 135.0

current_unite (String:1) -= A

current_min {double:1) = 0.0

1
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Outlook: Scheduling Application === I

 Plan and execute patterns

« Comparable to “Init” application

Scheduling Application

[ Schedule Planning Pattern #3 E

Beampath Change..

Source Undefined

Via None

Chain #57-1
238U28+ CBM

Target  Undefined
Chain #57-3 Chain #57, arget ndefin

12C1+ PBar-Target 48Ti1+

Optics | Default everywhers ¥

SIS18_INJECTION OO

SIS18_RING \ |

AEQ

12 | Au v |1+ v

SIS18_TS_HHD

Energy 200 mEV/u
SIS18_T1S_SIS100 Intensity 500 v [pep ™
SIS100_RING
SIS 100
SIS100_TO_SFRSTARGET rrmetion & ot
Extraction type
SIS100_TO_PBARTARGET Extraction time 200 msec
RARRRRRNRRRRE LN LR R AR R AR RRRRRRRRN o
Cooling
0 1 4 5 6 7 8
SIs18
SIS18 booster cycles | None
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Outlook: Status Overview = I

 Based on MASP (Master Accelerator Status Processor)

e Displays the status of the whole machine with clear
indication of current problems

— Current Status of all machines
- Interlocks, Alarms, ...
— Accelerator Modes

— Clear indication of current problems

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



Outlook: Facility Overview == I

« HKR /FCC Overview Application
- Which beams are running?
- What is their status?
- Transmission, history

- => fixed / detailed version for the control room,
short (possibly rotating) version for the canteen

WESR  paion [T pr——
| J— [

Contact Person: Hans Mustermann Phone 4711

Experiment.Cave: Phone 1508 ™
L o °
HESR  PANDA 2412Meviu p- 4.23°PPP Seél 14:33  201612.0; . ) ® a
. Adjust Beam in CR . O
Analysis with the new Experimenttarget 400 % .
o Shiftchange in the Control Center
SUPERFRS NUSTAR 11Gevu U 855°PPP 12:30 2 i
. Production / Investigation of exotic nuclei Stable Beam in SIS 100 i
It 0 5 1 10'ppp,
e
HHT  APPA 1Geviu U 8071 PPP
SIS 100 CR HESR
stable Beam @ Beamadjust O Beamline open @
Cpe
HIM  BIOMAT 110Mevu ~ Ca 003°PPP . xxPeP ext. 000 9P 1o X0 PPP et 097 . x0x e ext 00 9P

Radiobiological effects on human beings

X8 Nuclear Chemnistry 475 Mevlu  Ca. 8.96% PPP
Chemical Properties of Superheavy Elements at TASCA

N
M3 Materials Research ~ 48Meviu U 4.74°PPP.

Radiation hardness of technologically relevant materials

s
[ J
®

High Energy Density Physics / Plasmaphysics (]
®
[}
®

Trans, 0% Trans. Xk Trans, 0%

NG
CRYRING Atomic Physics 15 Meviu U 9.55°PPP

Commissioning Cryring and Beam Diagnostic

— v o, g SSIUNAC B0/ 55101
NUSTAR / ENNA 525Meviy Ti 0.08°PPP (A s g [

¥7
. SHE-Physik Element 199

S18-Dump Machine-Studies. 1Gewu U 339°PPP
Parallel Machine-Studies

22.11.16 09:41 Beam stored for the CRYRING users oelo0 o W o o o W W oo W o o w =0 0 o
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More upcoming Applications == I

 Beam Transmission Monitoring Application (spec draft)

« Beam-based feedbacks together with machine physicists
- LSA-based Orbit Feedback (proof-of-concept during beamtime 2016)
- LSA-based Macro-Spill & Harmonics Control (proof-of-concept 2016)

 Requestor Application
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ore questions later?

Drop by anytime! Also interesting:
Control System Glossary



https://www-acc.gsi.de/wiki/FAIR/FAIRGlossar




Beam Scheduling System (BSS)

Detailed

schedule Brief
without schedule

canditions with
conditions

FESA
FESA )
] Director
Schedule:
Generator . changes D
G A
_/J

Data Master
DM )

LSA
\.,\,
oV
_ FESA
ow

Status
Processor
MASP

Status

Status

N AL e

Request FESA
\ REq uest Device
Processor = T
| RP |
b _ Equipment © |

: AFE via

Beam requests
hardware

and
software

White Rabbit Timing Network
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Equipment Controller: SCU ;i 19 o

L

SCU (Scalable Control Unit): Development of a custom and cost-effective
solution for equipment control

* base board with powerful FPGA for time-critical functions
(e.g. timing receiver, function generators)

* COM Express module with Intel Atom CPU
* primary interface: SCU Bus (16-bit wide parallel bus)
* option: high-speed serial connectors (>500 MBit)

* 2 SFP slots on base board (timing),
1 GbE for communication

Used as central Front-end controller for FAIR:

* about 1500 units for power converters, RF, etc

* integrated in equipment (e.g. power converter cabinet)
* form factor / bus system evolution for compatibility / upgrade

FAIR

CRYRING Workshop, Nov. 2012 FAIR Control System — Overview 25/8



Equipment Control Software

FESA (Front-end Software Architecture) will be the
core component of the "FEC Software Framework"
for the FAIR accelerator complex

developed and maintained in collaboration
by CERN and GSI

allows to develop standardized and coherent
equipment software for accelerator operation

development tool is integrated into Eclipse IDE:
code generation, building+linking, debugging,
documentation, SVN integration, deployment

XML-description of the device interface
object-oriented C++-sources are generated

target system is a Front-end operating with
Linux (currently Scientific Linux), e.g. the SCU

Front-end

Equipment

CRYRING Workshop, Nov. 2012

FAIR Control System — Overview

FAIR

Controller

26/8



Timing System

GMT (General Machine Timing System)

* parallel execution of beam production chains
* cycles: 20ms to hours

* trigger and synchronize equipment actions

* 1 s precision in 99% of all cases

« few ns precision for kickers

* (few ps for rf-systems: BuTiS)

* many rings vaasupny
set values (wit

* >2000 devices connected to timing system

* large distances Front-end

Controller
* robustness: loose at most one message pery
1

(LSA)

Settings Management

Data supply:

Front-end

Controller
(=TEmIT=="]|

=] i
AL
K |

i

t

schedules of IDs,
alternatives

ime sync,
ID@time

-

K 1-CONtrol FIING- s
3

v

FAR—*

CRYRING Workshop, Nov. 2012 FAIR Control System — Overview
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Settings Management: LSA || 0 &

LSA (LHC Software Architecture) will be the core component for the
accelerator settings management

‘ Applications
* well developed framework for CERN accelerators, LSA Client AP!
now maintained and enhanced in collaboration stinge 1A e
¢ highly data driven JAPC Data Access Object (DAO)
o DB |S the master, Contams Opt|CS, JAPCpIugln|JAPCCMWIRDA Spring JDBC
devices, cycles, etc. for all accelerators Devices (FESA, GS|) DB

* parameters are organized in hierarchies (from physics to HW)
* consistent settings management on all levels

* devices are accessed using an
abstraction layer that hides middleware

CRYRING Workshop, Nov. 2012 FAIR Control System — Overview 28/8



Applications

Applications provided by CO will cover all standard operatlon software
used in the central and local control rooms of FAIR -

* modular and distributed SW architecture
* all processes are data driven L
* separation of concerns, MVC, logic in central or dlstrlbuted services
* usage of code templates, libraries, widgets, prefilled components

* Java with Swing / JavaFX as GUI technology

Console environment:
* coherent work environment for operators
* central mechanisms for context switching

* supports different views on the facility:
e.g. focus on beams or accelerators

F-\IR

CRYRING Workshop, Nov. 2012 FAIR Control System — Overview 29/8




Industrial Controls

Industrial Controls will be used for slow —g-
control subsystems such as: |

*VVacuum Control
for CRYRING: 12 x 28 bake out heating channels,
20 vacuum valves, 8 ion sputter pumps,
10 hot cathode extractor gauges, 10 wide range gauges

*Cryo Control
*Personnel Safety System
*Interlock System

PROFINET Cu N L

4 4
i
010V I 8
- A0 ey - 10V i
o0V i1 RE s RS232
o0 =R
8 - iR
Remote VO station Ramota 1O saton
DIDgVDC Do 20v00)
== =
‘_ |

UNICOS framework from CERN is based on
PLC (Siemens) and SCADA (WinCC OA)
and will be used as basis for development

System consists of three layers:

1. field layer: sensors, actors => PLC Remote |/Os
2. control layer: PLC logic

3. supervision layer: SCADA logic and visualization

CRYRING Workshop, Nov. 2012 FAIR Control System — Overview



