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LNL Facllities and
SPES Project

‘ ITALY: WHERE EVEN THE TRAFFIC JAMS HAVE STYLE,
AND éRGUING WITH YOUR HANDS IS CONSIDERED AN
ART FORM
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INFN and Legnharo National Labs
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SPES @ Legnaro National Laboratories

Selective Production SP.S /.
of Exotic Species at LNL exotic beams for science ™

Exotic Beam Facility
for Nuclear Physics studies
Primary Beam:up 1o 1 mA,

70 MeV protons

Production Target: UCx Beom Tronspor.l.

10 fission sec™’?

Post Accelerator: ALPI L Y LlneS fOI’ PIAVE‘ALP'

Superconductive Linac : / |IneS
up to 11 AMeV for A=130

Neutron Facility
for Astrophysics, Medical and
Materials Physics Applications

Primary High Intensity proton Beam

Energy: S MeV - Current: 30 mA

Thermal neutrons up to 10 nacm 2 sec?

Fast neutrons up to 10'* n sec™? o e P I L L

sci=sncs D=inngs 2o our cuktara
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PIAVE-ALPI Beam Transport Lines

Synoptic from Human-Machine Interface

Synoptic map

Accelerator
Setup
PIAVE E1.3Q.04
Complex —Mdmm
% [ o000 |
Lens h ) . ) . s
il —  HE Tl Magnet B
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Main
Commands
and
Save&Restore

INTERLOCK %iiﬂ Coupled Ctrl
Comwo] Coswe—] [oomo]
Lens and
instruments
control
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Beam Transport Control System Evolution - GUI

—— =71 Addnew Steerer GUI IS
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Beam Transport Control System Evolution - HW

First Prototype

. Upgrade Magnet GUI
FS Magn"r GUIFirs’r Steerer GUI ==L = Addnew Steerer GUI convention

Add new Magnet GUI

First Prototype

7(\'_1-_1-}_0:0:0494"5—0—0994Hﬂ']q—o%ﬂ']'ﬂ—o—o‘ﬁ.@:]ﬁ:o: o c=2022=—em » @

Devices with

Ethernet
communication
ARM Based EPICS [OC VM Devicemaster (Serial-to
In production since December 2014 _ETh) . ]
(Only for new in production since September
devices) 2022 (in substitution of INTEL 10C)
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Beam Transport Control System Evolution

Introduction of the management of
dipoles and quadrupoles in coupled

mode

Development of the
Beam Transport System
on 3rd Room line

Online debugging of the
polarity reversal system
of the dipoles

Extension of the Beam
Transport System to cover
the entire High Beta
region (from MD3 dipole)

Rewriting the
communication driver
for “vintage” Danfysik
boards

O O cc—e20i5e—e

Second modification to
the sensitivity adjustment
of magnet setpoints

Extension of the Beam
Transport System to cover
the entire ALPI
accelerator

Engineering of the
Driver Broker for
PIAVE power
supplies

e—eoeo20brem oo

Modification to the
sensitivity adjustment of
magnet setpnints

Independent
management of precision
adjustment for each
individual magnet’s
setpoint

Maurizio Montis , Mauro Giacchini

Software
development:
= NRM

= Gauss Meter

Introduction of the
Save&Restore system based
on Cloud

Introduction of general
commands for system
management:
= Save & Load
» QuickSave & QuickLodad
Alarm Reset
Zero Current Magnets
Off Magnets

Adventures of an EPICS Developer

Giant Monitor
Supervision

Saved&Restore update ( addition

of Steerer management)

Introduction of general
commands for system
management:

» Fattore diriscalatura
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Hardware used in the PIAVE-ALPI lines

NMR Meter
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Lens Control

Danfysik Power Supply Caenels Power Supply

OFF
M LF‘ ! Coupled Control

oN | OFF | Coupled Control m

Magnet A Magnet B Average Unbalance Magnet A Magnet B Average Unbalance
I Set [%] 34.1190 40.9504 36.4678 38.7091 0.0579 |
IAct[%] | 35.00 | |Act[%] [ _40.95 36.47

Sensibility 0.1000 | o.1000 Sensibility | |0.01000 0.00100 0.0100

Average Average

30.7600 1 38.7091

80 90 10¢

Unbalance Unbalance

0'1092 ] o A o 0_0579

-1

<< | pib.D.02

Remoto
REMOTE l LOCAL |

CCCLCTT T TS
 mmssssmsssssm

 EEmEEEEEEEEEEm
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Lens Control

Features:
* Lens name display
« Coupled control

« Setfpoint
Lens Details
Panel
Sliders/wheels:
 Average and
unbalance
- PSAandPSB
Note:
setpoint and readback
iNn % (not A)

Name)

Maurizio Montis , Mauro Giacchini

Lens Name

Previous Lens (command +

Power ON/OFF command

[ _ON | OFF ||

Magnet A Magnet B Average

Unbalance

| Set ] 27,4010 30.7600

I Act [%]

Sensibility 0.1000 0.1000 0.1000 0.1000

Average

30.7600

Unbalance

=1l -0.8 -06 -04 -0 -0

<< ” P10.D.02

Adventures of an EPICS Developer

Close navigation panel

P10.1Q.01

Coupled
Control

Slider
Sensitivity

Next Lens

(command + NomeL
EPICS Summer School — 06" August 2024



Steerer Control

1 PI.ST.04[05 £

Steerer Name

Setpoint value

Readback value
(in percentage)

Sensitivity

Setpoint slider

P
-100 90 70

Close Panel Window

Maurizio Montis , Mauro Giacchini

Setis[_ 0-00 | IRdbk %]

- - - - - - - 80 90

<< DETAILS >>

Last Set | [A] rm Status Power:
Live Rdbk I [A] e
Sensibility  ©0.10000

Reset Alarm:

RESET

Seti[%] 0.00 | IRdbk[%][ 0.00% |  Sensibiity 0.10000

Reset Alarm:

RESET

Live Rdbk | [A]
Sensibility 0.10000 Live Rdbk V [V] 0.002 V

ON

‘ Reset Alarm:
30 20 -10 O 10 8 —~—

0 90
rm Status
ON

Reset Alarm:

Sensibility 0.10000

<< Close >>

Adventures of an EPICS Developer

Details Panel

Alarm Status

Power Command

Reset Command

Readback values
(in Ampere/Volt)

Note:

setpoint in %
readback in A

EPICS Summer School — 06" August 2024



EPICS Software Structure for Lens Control

Main Groups:

1. EPICS Community Modules

2. LNL Custom Modules

3. EPICS conftrol application (IOC)

» Startup Script
* Macro definition (subs
files)

BERRNES——— .~ S e Different
I protocols per PS
Db Files oo
 Low-levelinterface
» High-level
abstraction
» Protocols Different
objects
(triplet,
dipole, etc.)
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Beam Transport System in Numbers

8 (lens) 11 (lens)
Number of EPICS IOCs (*) 1 (NMR) 18 (steerers)
1 (gauss meters)

Magnets: 70 Magnets: 11

Number of Devices NMR: 3 Steerers: 18
Gauss Meters: 3 '

Numbe.r of EPICS ~ 5000 PVs ~ 8500 PVs
Variables

A
‘o =
7

(*) All the IOCs run in Virtual Machines:
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The conseqgquences of adopfing EPICS l
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The consequences of adopting EPICS l

Accelerator Line Automatic Optimization based on PSO algorithm (Al/ML techniques):

PSO problem: R®— R (middle LINAc FC) and R19— R (final LINAc FC)
Target PSO Execution Transmission
Element Time PSO - Particle Swarm

Optimization

(Faraday { PSO main Manual Optimization Automatic

Cup) params) No corrector (operators) Optimization (PSO)

middle LINAc

Faraday Cup 15% 41% 56.2%

final LINAC
Faraday Cup

Pubblication: L. Bellan et al., “New techniques method for improving the performance of the ALPI Linac”, Journal of Instrumentation, vol. 19, T03005, March
2024. DOI:10.1088/1748-0221/19/03/T03005
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The consequences of adopting EPICS

Accelerator Line Automatic Optimization based on PSO algorithm (Al/ML techniques):

PSO problem: R37 > R (middle LINAc FC)

Execution Current

Params .
Time

Manual Optimization Automatic Optimization

EepiizEges 45 min 43 nA 54 nA

iterations: -

pop size: 25

. . 1h 30 min 25 -23 nA 29 - 28 nA
iterations: 20

pop size: 25
iterations: 35

2h 30 min 37 - 30 nA 60.7 - 49 nA

Pubblication: L. Bellan et al., “New techniques method for improving the performance of the ALPI Linac”, Journal of Instrumentation, vol. 19, T03005, March
2024. DOI:10.1088/1748-0221/19/03/T03005
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The conseqgquences of adopfing EPICS l

Accelerator Line Automatic Optimization based on PSO algorithm (Al/ML techniques):

PSO problem: R37 > R (middle LINAc FC)

Current

Manual Optimization Automatic Optimization

Execution
Time

Params

pop size: 25 45 min 43 nA

iterations: -

pop size: 25
iterations: 20

Th 30 min 25-23 nA

pop size: 25
iterations: 35

2h 30 min 37 - 30 nA

performance in 2024

Automatic tuning with Bayesian algorithm and mix with PSO Big Achievement (thanks to EPICS)
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Opensource In Control Systems

Where possible, opensource solutions have been adopted in the Control Systems

» Operative Systems % t.

» Control System Framework

» Virtualization Hypervisors )

. ”

» Applications and Services for IT architectures -

» Program Languages and Libraries e c .
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IFMIF Project

JAPAN: WHERE YOU CAN FIND VENDING MACHINES SELLING
EVERYTHING FROM SUSHI TO SOCKS, AND TOILETS THAT
GREET YOU WITH A SYMPHONY OF SOUNDS




IFMIF Project

W\

\

IFMIF (International Fusion Materials Irradiation Facility): ;Le:;«ycvower - “ \ =% s ==
the International Fusion Materials Irradiation Facility, will \é\\ S "\
generate, thanks to two parallel deuteron accelerators, a X‘\ﬁ?\ W v .Y \ \\‘ :
neutron flux with a broad peak at 14 MeV by Li(d,xn) nuclear _— ‘! 4

reactions that will collide in a liquid Li screen with a footprint of =

20 Cm X 5 Cm / / Postlrradlatton H
The energy of the beam (40 MeV) and the current of the wilhor e SRElnac remnerer

parallel accelerators (2 x 125 mA) have been tuned to
maximize the neutrons flux to get irradiation conditions
comparable to those of a fusion reactor in a volume of 0.5 |
that will house around 1000 small specimens. T

The successful validation of the smalll specimens' test 2= il E@a H
technique under the Broader Approach Agreement between —— — — o
Japan and EURATOM will allow the full mechanical et
characterization of suitable materials, and allow the - S
understanding of the degradation that will lead to the design L A, AT A AL EL

of constituents better tolerant to radiation | Availabletestingvolume and dpa

High >20 dpa/y in 0.5 liters
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IFMIF-LIPAC Project

IFMIF-LIPACc: Linear IFMIF Prototype Accelerator

The RFQ will pre-bunch the DC beam from the ion
source and will accelerate the beam from 0.1 to 5
MeV at max 125 mA current.

lon Source

RFQ Apparatus is the Italian contribution to
the IFMIF-LIPAC project (control included)
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IFMIF RFQ LCS Architecture

LCS: Local Control System

] Server n
‘ Istituto Nazionale 5 T
di Fisica Nucleare
)

‘ EPICS Archiver PLFcier:;:et
HMI EPICS 10.6.0.250 ‘

supervision ' il

Preliminary design started in 2011

Cutting-edge technologies in that

o
Siemens Step7 WinXP X
| period:
. » Virtualization (Qemu, KVM)
Network

Ty » VME systems for fast acquisition

» PLCs for safety and slow safe
i 2 systems

o
(3%

Digital A
= signals | r K nf r -I- m TI
I oo ] > Cob.b.e / oan for automatic
Digital Analog prOV|S|0n|ng

signals signals Digital Analog Digital Analog

Fast and
Slow Acq

signals

signals | |signals signals| | signals

» Nagios for network hosts
surveillance

Maintenance
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IFMIF RFQ LCS Architecture

LCS: Local Conftrol System Characteristics of this design:

» Defined to be a standalone control
e i e S — system and interfaceable with
o
Firewall

Central Control System (CCS)
wa N 3-Layer architecture
SHpSI=E ' " » PLC network as a subnet to the
& PLC Maintenace EPICS network Managed via Firewall

Network

» Software:
» EPICS V3 framework (CA)

I .. » CSS framework
________ E’ signals
Siow A I » S7-PLC software
Z’ggr;faalls I Qigigg Digital Analog Digital Analog N . R A
s signals | [signals  signals| | signals » KVM hypervisor (Virtualization)
Henenene - - — » Virtualize as much as possible to

optimize space, costs and
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IFMIF RFQ LCS Architecture

LCS: Local Control System

‘ Istituto Nazionale ‘ : = ‘ ) T — o
di Fisica Nucleare
1
PLC Subnet Siemens Step7 WinXP
Firewall

supervision ‘
—— » Logics and Algorithms distributed
etwork between PLC and EPICS

» Control Loop:

Closed loop between RF and Cooling
Systems to minimize frequency
detuning into the cavity

i 3 » Functional Subsystems — HW:

9 II signals » Vacuum: PLC
Cooling: PLC

Fast and
Slow Acq

Digital I Analog

signals Digital Analog Digital Aﬁa’OQ
signals signals signals signals

signals
signals

>
g — Wiy Cooling o » RF acquisition: VME
» RF analysis: general purpose PC (VM)
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IFMIF RFQ LCS Architecture

LCS: Local Control System

|

| EPICS Archiver PLC_: Subnet Siemens Step7 WinXP
Firewall

PLC Maintenace

Network

Istituto Nazionale
di Fisica Nucleare

Y
EPICS

supervision

k-
(FMI

HMI

Fast and
Slow Acq

o I ng/tal
] signals
o

Analog
signals signals

Digital
Analog
signals

Digital
signals

Analog
signals

Digital

signals signals

Maintenance

Maurizio Montis , Mauro Giacchini Adventures of an EPICS Developer

Control System Architecture validated
during RFQ power tests performed at
LNL in 2014:

Tested a subset of the entire RFQ,
also in ferms of number of signals

Provided additional controls for
system not directly provided by RFQ
LCS but required for the tests

» RF System

Validate design and change
technologies and solutions if
required (surface temperature story)

EPICS Summer School — 06" August 2024



IFMIF RFQ LCS Architecture — Final Ver.

LCS started Installation in Japan
in July 2016

» All the network services were used
during first stage of commissioning,
then they were substituted by the
ones provided by Central Confrol

]
‘ Istituto Nazionale [ |
di Fisica Nucleare
(FMI

ot Standalone Control System Environment used during RFQ Power Tests in LN
SoftIOC Server
F)
T . — . . . -
| PLC Subnet Siemens Step7 WinXP
HMI EPICS 10.6.0.250 Firewall *

supervision

PLC Maintenace
Network

O

=3

o
Digital III

» ATt EPICS level, commissioning went
smoothly and fast because:

» Basic guidelines to follow
» Simple EPICS architecture adopted

prive » Cenftral Control System under
implementation in parallel

signals signals signals

signals

________ signals
Digital Analog
signals signals Digital Analog Digital

Maintenance
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IFMIF RFQ LCS Architecture — Final Ver.

]
‘ Istituto Nazionale [ |
di Fisica Nucleare
(FMI

ot Standalone Control System Environment used during RFQ Power Tests in LN
SoftIOC Server
F)
T . — . . . -
| PLC Subnet Siemens Step7 WinXP
EPICS e Firewal *

supervision
ccs
Network

PLC Maintenace
Network

(&)

=3

o
Digital III

Analog

signals signals

________ signals
Digital Analog
signals signals Digital Analog Digital
signals signals signals

Maintenance

Maurizio Montis , Mauro Giacchini Adventures of an EPICS Developer

LCS started Installation in Japan
in July 2016

RFQ LCS SAT (Site Acceptance Test)
performed in December 2017.

Tests included:

» Documentation (Manuals, Reports, etc.)

» Applications functionality and compliance
with Guidelines (EPICS code and PLC code)

» Inftegration with central tools

» HW and SW interfaces with other LCSs , MPS,
PPS and Central Conftrol

EPICS Summer School — 06" August 2024



IFMIF RFQ LCS in Numbers

10Cs

EPICS DBs

EPICS Variables (PVs)

Channels Archived

GUIl panels
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EPICS — PLC Synchronization

MASTER SLAVE

SEND BUFF RCV BUFF

If enabled

PROCESS DATA PROCESS DATA

Maurizio Montis , Mauro Giacchini

Adventures of an EPICS Developer

EPICS — PLC interface:
» OPC Server (first solutfion)

» s7plc EPICS driver (actual solution)

S7plc driver
» is based on send receive over TCP/IP

» Input and output buffers for data
exchange between PLC memory and
EPICS IOC

Dedicated logic to orchestrate data
update when PLC fransit from local
to remote mode

EPICS Summer School — 06" August 2024



IFMIF RFQ LCS HMI

Navigation
Main RFQ 1
Main RFQ 2

Navigation

Main RFQ 1

Main RFQ 2

Vacuum (principal panel)
Vacuum pumps

Navigation

Main RFQ 1

Main RFQ 2

Cooling (principal panel)
Skid

Navigation
Main RFQ 1
Main RFQ 2
RF analysis (principal panel)

Navigation

Main RFQ 1

Main RFQ 2

RF analysis (principal panel)
Fast acquisition

Navigation
Main RFQ 1
Main RFQ 2
Vacuum (principal panel)
Cooling (principal panel)
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IFMIF RFQ LCS HMI

Vacuum:

» Siemens PLC S7-300

» SIMATIC Step7 programming

» Low-level logic implemented in the PLC code

» EPICS V3 interface for remote control + LOC/REM sync

Cooling:
» Siemens PLC S7-300

» SIMATIC Step7 programming
» High-level logic + Low-level logic implemented in the PLC code
» EPICS V3 interface for remote control + LOC/REM sync

RF Analysis:

> EPICS V3 s0ftlOC (pure software application)

> Input: RF pickup signals (fast & slow acquisition)

> Algorithms (high-level logic) based on state machines (SNL / sequencer)
» GUI graphs provided by EPICS PVs

Adventures of an EPICS Developer EPICS Summer School — 06 August 2024



IFMIF RFQ LCS HMI

Fast and Slow Acquisition:

» VME system (ICV150, ICV108 acqg. boards) + VxWorks RT OS

» EPICS V3 IOC embedded in system + custom driver for acquisition boards
— > No high-level and low-level logic

\ 4
RF Analysis:
> EPICS V3 s0ftlOC (pure software application)
> Input: RF pickup signals (fast & slow acquisition)
» Algorithms (high-level logic) based on state machines (SNL /
sequencer)
> GUI graphs provided by EPICS PVs
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IFMIF RFQ LCS In Action

K Run i Trig’d
N
. : " U . :
>> EXPERT MODE ON << _ MainPanel >> EXPERT MODE ON << === ronmaemenaa a ! 16. L
s 2 e e -2 AT A daiih IEPPIRPPIRY BV R ¥
fLEBTacct N NI e RN
IMEB Tacct /AN —— . A A
DPacct
R
.-.A-.ﬁ.,\;l..ﬁ.m.-.m-w_‘.....-‘w_.‘.....‘.,w‘.‘...__‘_.w? 1 . . .7 g [~ {LPBDtermS0A
LN ' malilii B & o - |0 ©
| i o 0 2l | i+ v261 U 0 ts 230mV

>> EXPERT MODE ON << Cooling Panel >> EXPERT MODE ON <<
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ARE A GOURMET DISH,

ING IS OFTEN JUST A



ESS Project

ESS (European Spallation Source):

The European Spallation Source is a mulii-
disciplinary research facility based on what will be
the world's most powerful pulsed neutron source. It
is currently under construction in Lund, Sweden.

ESS is the world's most powerful next-generation
neutron source, and will enable scientists to see
and understand basic atomic structures and forces
at length and time scales unachievable at other
neutron sources

Maurizio Montis , Mauro Giacchini Adventures of an EPICS Developer




ESS Project — Drift Tube Linac

< 35221 MHzC—————— — < — 770442 MHzC—_ _—

<«<25m—> €«46m-> <«40m-> €389 m> <559 m> «—767m —> <~ |789m —>

90 MeV 216 MeV 571 MeV 2000 MeV

Source

The DITL is designed to operate at 352.21 MHz, with a duty cycle
of 4% (2.86 ms pulse length,14 Hz repetition period).

Permanent magnet quadrupoles (PMQs) are used as focusing
elements on a lattice scheme that is, with half of the drift fubes
left empty, leaving space for steerers and beam diagnostics.

The DTL apparatus is composed of 5 macro modules called tanks

DTL Apparatus one of the INFN contribution
to the ESS project (control included)
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DTL Control System Architecture

DTL Control System: 3-Layer Architecture

Considerable part of
the Control Logic
Layer

Services

Control Logic

Functional
Sub-Systems
(field)

Maurizio Montis , Mauro Giacchini

[ Post Mortem |
Service

([ Alarm System |
| Emiss Service

el 1

-L.'.'I.. 10C :
............. -

T Archiver
HMI G| | .
| s ) | Ewss Service

ey ey

| EPICS | EPICS i EPICS
L s ; (MR8 oc; | WM& ioc;

Vacuum Cooling System Arc Detector
System (SKID) Test Board

Adventures of an EPICS Developer

DTL Control System Design and
Implementation considered the
possibility to be a standalone control
system for the installation stage

l

Covid period slowed down the

| implementation time and, in parallel,

ESS infrastructure provided the entire
high-level services

|

DTL Architecture simplified a lot in
the final stage

EPICS Summer School — 06" August 2024



DTL Control System - Technologies

Beckhoff Motor

Tuner Motor Module Driver

System . Beckhoff Potentiometer
— .
Module Driver

Ethernet-CA
EtherCAT

Beckhoff DO Module

Driver
Ethernet-CA

EtherCAT

Wired Connections

Arc Detector
Test Board

Ethernet-CA
EtherCAT

Beckhoff Thermo
Sensors Module Driver

Wired Connections

PR ey =
; | TCP-IP

EPICS Asyn
Driver

Ethernet-CA

DTL Core
Control System

Archiver
Service

Post
Mortem
Service

EPICS Network

Steerer Steerer
Power Supply Wired Connections SVStem

S -
| EPICS Asyn | Tcp-1p
-

. MoxaBox
Driver

Cryo Pump lon Pump Gauge
Controller Controller Controller

1

Wired Connections
Vacuum
System

Ethernet- CA

[ = -
EPICS ESS
PLC Driver

Sub - System

Thermos
Sensors

Tuners Motor
System

Vacuum

Steerer System

Arc Detector

Technology
(SW = HW - Protocol)

EPICS integration and supervision
Beckhoff hardware
EtherCAT protocol

EPICS integration and supervision
Beckhoff hardware
EtherCAT protocol

EPICS integration and supervision
Hardware provided by ESS
Serial / TCP-IP communication

EPICS integration and supervision
Hardware provided by tender with
PLC Siemens S7-1500 (low level I/O)

EPICS integration and supervision
Hardware provided by tender
TCP-IP protocol communication

Hardware system based on AFT
Microwave

Cooling System
o (SKID)

Wired Connections

DTL Thermo 1. Arc Detector Not interface in EPICS in DTL CS (part of
Sensors the RF system)
2. Vacuum system only partially developed by INFN-LNL

Custom electronic board for Arc
testing
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E3 — ESS EPICS Environment

ESS’ EPICS Environment (e3) is a design concept and a toolkit
intended 1o e

1. facilitate development by abstracting away some of the
low-level complexities intrinsic to large EPICS
implementations (primarily dependency management)

2. allow for more manageable quality control of released
modules as well as [OCs

It allows for easily building EPICS modules directly from source and automagically
resolves module dependencies and allows for site-specific modifications 1o EPICS
modules without needing to directly modify source trees
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E3 — ESS EPICS Environment

E3's impact on the development and implementation
of the DTL control system has been significant. e

» New way to realize EPICS modules, IOCs, etc.
» E3 already provided all the principal EPICS modules
» Only few devices had required dedicated development
» Key point was the E3 documentation and ESS ICS support

» Due to the fact E3 evolved though time, the DTL CS implementation had to be
updated several times

» Collaboration and feamwork played a crucial role during commissioning stage
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Beckhoff Motor
Module Driver

Beckhoff Potentiometer
Module Driver

Ethernet-CA
EtherCAT

Beckhoff DO Module
Driver

Arc Detector
Test Board
Ethernet-CA
EtherCAT

Beckhoff Thermo
Sensors Module Driver

Ethernet-CA
EtherCAT

DTL Thermo
Sensors

Maurizio Montis , Mauro Giacchini

Notes:

1. Arc Detector Not interfacein EPICS in DTL CS (part of
the RF system)

2. Vacuum system only partially developed by INFN-LNL

P =
i [ EPICSAsyn | !TCPIP
Driver

Ethernet-CA

DTL Core
Control System

Archiver
Service

Steerer
System

Steerer
Power Supply

[ —
| EPICS Asyn
Driver

| TCP-IP
: MoxaBox

lon Pump
Controller

Cryo Pump
Controller

Gauge
Controller

Ethernet- CA

I T -
i EPICS ESS
: PLC Driver

Adventures of an EPICS Developer

Cooling System
) (SKID)

Wired Connections

» Control Loop:

Closed loop between RF and Mobile
Tuner Systems to minimize frequency
detuning into the cavity

» Principal Logic and Algorithms
implemented in EPICS
(minor logic done at PLC level for
SKID)

» Defined dedicated EPICS state
machines fo orchestrate the entire
apparatus
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DTL High-Level Logic & Orchestration

@E The DTL apparatus will be used to perform

two main operations:

No Accelerated |, » RF Conditionin g
Beam Stand-By

» Beam Operation

RF Conditioning RF Start-Up

Ready for Beam » No Accelerated Beam
Operation

» Maintenance

Additional Status:

1 Orchestration State machine / DTL Tank

t NOTE:
DTL is composed by 5 independent tanks
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No Accelerated
Beam

S

RF Conditioning

tand-By

3

RF Start-Up
Ready for Beam
Operation

1 Orchestration State machine / DTL Tank

DTL High-Level Logic & Orchestration

Maintenance

Cooling

Vacuum

DTL
Temperature

RF System

3
Conditioning

fot At [°C]
P, [mBar]

TO_mox [OC]

ff mode [-]

RF Start-up

f, £ At [°C]
P, [mBar]
T1_mox [OC]

ff mode [-]

Ready for No
Beam Accelerate
Operation d Beam

f, £ At [°C]
P, [mBar]

T]_mox [OC]

fixed
frequency [-]

Af, [kHz]

Af, [kHz]

Main Parameters used to orchestrate the DTL tank

v

NOTE: State machine and parameters were defined and identified with the accelerator physics

Maurizio Montis , Mauro Giacchini

Adventures of an EPICS Developer

(....aka the client)
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DTL Functional Systema Status

g : Self-Check Start-up - Ready For
:i s important to evaluate every single —m- Procedure |, | Operation
unctional system status:
» Cooling
» Steering
» Tuner Motion 1 Functional Sub-System State machine / DTL Tank

» Temperatures

Standardized the state machine model
adopted for this activity Self-Check Ready for Operation
Check Ready for

sensors l— Operation

Implementation was customized for

each single functional system ,
Functional Sub-System State machine implementation for

temperature system
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DTL Functional Systema Status

( mt |

It's important to evaluate every single F-
functional system status: Sl
> COOliﬂg disco

nnect
> STeering ion
» Tuner Motion
> TemperOTUFGS : Ready for Operation
Standardized the state machine model zaro | o 190 -
adopted for this activity. A I e 1] Mana

Implementation was customized for

each single functional system \
Functional Sub-System State machine implementation for

steering system
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Commissioning stage

A complex architecture (not only in terms of conirol system architecture) requires:

» Good plan

» Useful verification stages

Preliminary CS development

Vacuum Dev** Integration
lon Pump Ctrl ' Tests

SKID Control
System Integration

Maurizio Montis , Mauro Giacchini

INFN | ESS Construction Site

Verification Strategy: 10 Steps

g 15t FAT: hardware and software verification using only the control system racks (at INFN-LNL)

Physical
equipment nume!

lation
nd ext. cormections

$8 204 FAT: hardware and software verification using only the control system racks (at ESS-ERIC)

i BAT 3CT: connection tests verification, checking the connection from DTL tank till the racks
Final Racks  ° % SKD 4 Core <O
system

SAT
$8 skid tests: these tests cover the DTL Skid [ESS.ACC.A02.E05.G01] functionalities and the DTL

Water Cooling system integration. Docs References: ESS-2979034 and ESS-3747673

“SAT: hardware and software verification using wire onnections with the DTL, which is
composed by:

8 SAT-1 related to DTL Tank 1
' SAT-2 related to DTL Tank 2,3,4
8 SAT-3related to DTL Tank 5

We are here

integration
. point

event, e.g. Test

23 SIT: hardware and software integrated verification, which is composed by:
$8 SIT-1 related to DTL Tank 1
ﬂ SIT-2, related to DTL Tank 2,3,4 fm‘ﬁ
p already done
mﬁ (C1SIT-3, related to DTL Tank 5

CS development
P!

NB: The entire a a t be completely available from the beginning and the different tanks composing the DTL will be installed, tested and
conditioned in different ps
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Commissioning stage

A complex architecture (not only in terms of conirol system architecture) requires:
N CleleleoNellelg
» Useful verification stages

Compared to the RFQ commissioning, this Verification Strategy: 10 Steps
OC-I-iVi-I-y required more -I-ime Ond effor'l‘ RF'FAT: hardware and software verification using only the control system racks (at INFN-LNL)

$8 204 FAT: hardware and software verification using only the control system racks (at ESS-ERIC)

o o ‘ : connection tests verification, checkin e connection from ank ti e racks
First FAT in January 2020 @LNL OT: connection tests verfication, cheking the cannection from BT tank tll the ack

'§§' CoviD-19
88 skid tests: these tests cover the DTL Skid [ESS.ACC.A02.E05,G01] functionalities and the DTL

Second FAT in ng 2024 @ ESS Water Cooling system integration. Docs References: ESS-2979034 and ESS-3747673

aSAT: hardware and software verification using wired connections with the DTL, which is

First SAT (SAT1) between January and March 2022 composed by:

8 SAT-1 related to DTL Tank 1

' SAT-2 related to DTL Tank 2,3,4

First SIT (SlT]) in March 2022 $8 SAT-3 related to DTL Tank 5

LOS_I_ SAT (SATS) ih I\/\CI['C h 2024 $72 SIT: hardware and software integrated verification, which is composed by:
$8 SIT-1 related to DTL Tank 1

“ SIT-2, related to DTL Tank 2,3,4 / 10 steps
{ already done
a]w {1 SIT-3, related to DTL Tank 5

V V V Vo

Last SIT is ongoing

e completely available from the beginning and the different tanks composing the DTL will be installed, testedand

NOTE: no power test performed at LNL
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Commissioning stage

A complex architecture (not only in terms of control system architecture) requires:

N CleleleoNellelg
» Useful verification stages

Compared to the RFQ commissioning
activity required more time and effort

, This

Tests included:

» First FAT in January 2020 @LNL 2 o

» Second FAT in May 2021 @ESS 4

» First SAT (SAT1) between January and March 2022 5

» First SIT (SIT1) in March 2022 > 3

» Last SAT (SAT3) in March 2024

» Last SITis ongoing 4
Y,

Maurizio Montis , Mauro Giacchini

Adventures of an EPICS Developer

HW functionality (cabling, labelling, etc.)
EPICS and PLC SW functionality (for SAT)
Integration in the production environment

HW and SW interfaces with other LCS and ESS
CS Services (archiver, alarms, version repo,
etc.)

Documentation (manuals, verification
reports) —> Big impact
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ESS DTL LCS HMI

CS-Studio

» DTL Main Panel:

DTL Main Control System DTL Control System (*

e Confains the main parameters

€ System: TEMPERATURES Temperature
Temperature System Tank 1: Tank2: Tank 3: Tank4: Tank 5: Y CountIN  CountOUT

. .

e rovided by the functional
5 @ Enabled @ Enabled @ Enabled @ Enabled @ Enabled STAND-BY Go to Maintenance 0s 0s p y

e R e 0s o

e excanenace v e || Coaw ] systems used by the DTL
- i, s e st _sanpin Y U

Fault Reset Steerers

[ o e 0
Operation Panel

Maintenance
INITIALIZATION | INITIALIZATION  INITIALIZATION  INITIALIZATION  INITIALIZATION Tuners

STAND BY STAND BY STAND BY STAND BY STAND BY

RF COND RF COND RF COND RF COND RF COND pauiticch

Temperature

Archiving
Cond Gen Tankl
Cond Gen Tank2 Vacuum

Cond Gen Tank3 RF START-UP RF START-UP RF START-UP RF START-UP RF START-UP Maintenance Tank 5

Cond Gen Tanks, READYforOP  READYforOP  READYforOP  READVforOP  READYfor OP Valve

Cond Gen Tanks
NO BEAM NO BEAM NO BEAM NO BEAM NOBEAM

Cool&Vac Tankl Fault Reset

Tuners
NEEIES

Cooling (SKID)

0 0 101 0 3 Countdown: caummi ?tﬂuntﬂuT

Cool&ac Tank2 Maintenance
Cool&Vac Tank3

RF Consensus
Cool&Vac Tank4

e eI
Cool&Vac Tanks foersiositions

T1HomePos 57.000mm T2Home Pos ~ 57.000 mm G T3Home Pos  57.000 mm T4HomePos  51.000 mm G T5Home Pos ~ 44.000 mm
Tank 1 Couplers

Arc Interlocks

Tank 2 Couplers Disable PID Disable PID Disable PID Disable PID Disable PID Tank 5
Tank 3 Couplers

Tunerl Tunerl Tunerl Tunerl Tunerl
FreqDB:  Tuner2 FreqDB:  Tuner2 FreqDB:  Tuner2 : Tuner2 FreqDB:  Tuner2
Tuner3 Tuner3 Tuner3 Tuner3 Tuner3

Vacuum
RF

Tank 4 Couplers

Tank 5 Couplers

sy V VvV

Tank 1 Pickups

Tank 2 Pickups DTL System DTL System DTL System DTL System

Tank 3 Pickups State Machines: State Machines State Machines State Machines

Tank 4 Pickups StartOp StartOp MANUAL StartOp
M. Stop Op MAN Stop Op MAN Stop Op

Tank 5 Pickups startOp StartOp

Stop Op Stop Op
StartOp StartOp

. .
Stop Op MAN Stop Op EPICS
Shacn Sior | | LR Dota sy alSO proviaes tne inrerrace 10
Stop Op. MAN Stop Op .

Tank 4Interlock Startop Starton SIEMENS Countdown: 0 secs

the high-level orchestration

Cavity Field Tankl
Cavity Field Tank2

Test Check

Tank 1 Interlock Status

Tank 2 Interlock

TEMPERATURES
STEERERS
TUNERS

Tank 3 Interlock
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ESS DTL LCS HMI

DTL Control System

Tank 3 IoLE Tank 4 IDLE IBLE

T3-M1 T3-M2

Steen'ng System

Slide[TextImput

Freq Detuning Machines
Zero Current
Ts Status
OKStatus TLoTESY
TioTeTH

State Machine
Tank 4 TLoTHeY

[ MANUAL ] NUAL | O . T10TaLH

Tank 3 MAN
TLoTRLY

Tank 1
Freq Detuning

Fraq Datuning
-
oty

DT#11-H DT#21-y DT#23-H OT#27-V 0T#29-H DT#4: DTR45-H DT#51-H

ILine 0n/[] |tineon' ] |vineon [ ] ltineon [ ] |Lineon' ] Ivineon [] [Lineon ] |lLi ineon [] TioTaeH
I pson [] | pson ] | pson ] pson [ | pson [ |pson [ | pson [] [p—

—
Cooc ] Cox ] Cor 1 or 1 e Lo Cox ] Cor ]

TioTHeY

TeMI  TaMz  TaM3

TioTaLH

[—

[—

[E—

DT4T-H DT#17-V - DT#3L-H 3 T20THI0H
Itineon [ wineon (7 ILineon [ uneo-nI:I unwnI:I tineon [

Ipson [] | pson [] (| CJ pson [ pson [ ] ' pson [] | pson [] —
[okstate ] [OkState | [COksState | |[COkState | [Cokstate ] [okstate ] [okstate | [Cokstate ] [OkState ]

[ex ] Coc ] o] Coc ] Coc ] [—

0.00003 A 0.00001 A e -0.00005 A -0.000014 | | 0.00003 A TIoTEEH
6 -0.00125V

0.0006 8 000; - - -0.0006 0
TavTaLY

Froq Datun

Switch

Tank 2 Details 0000 0 0000 0000 0.00000 0 0000 0 0 o 00 0.0000
R R T30THLH

TanTeLy
nk 3 Details

DT#6-H OT#16-V DTA18-H DTH3-v DTaS-H DTR15-V OT#17-H TADTHLEY
e i ILineon [] tireon [ |Lineon [ Lineon [] tineon ] tineon (] ' Lineon [
leson [ pson [ pson ] | pson L] eson ] | pson [ =
[Cokstate ] ey
ok ] Cox 1 Cox ] ok ] Cox 1 ok ]

E 43764 m Error
QverLim 0 OverLim
Under Lim Under tim

Tank 5 Details

-0.00004A | | -0.00001A X TsoTMISY

TS0t

Tuners control panel Steering control panel
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DTL LCS HMI

Water Cooling System DTL Control System

tat

State Machine Statu Main Line

STARTAUP

TT-022 FIT-001

25,66 deg 1215 |fmin ~
Commands
Navigation

@rauit
@ vaintena

vsvonz | [ rsvors | [ rsvorz | [vsvass | [Cvsvars revaar | [(revam

EE R

Navigation

Tank 1D

Heat Details

k 2 Details

Loop Tank Loop Tank 2 Loop Tank & Loop Tank 5

Tank 3 Details

Tank 4 Details

Tank 5 Details

421 /min

L ET Trao
2561 = 25,64 d

Cooling control panel Temperatures control panel
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DTLMain-1x

DTL Main Control System

Navigation
Temperature System
Steering System
Tuners System
Cooling System

Arc System (from

Operation Panel

Archiving

Cond Gen Tank1.
Cond Gen Tank2
Cond Gen Tank3
Cond Gen Tank4.

Cond Gen Tanks

Cool&Vac Tankl
Cool&Vac Tankz
Cool&Vac Tanka
Cool&Vac Tanks

Cool&vac Tanks

Tank 1 Couplers
Tank 2 Couplers
Tank 3 Couplers
Tank 4 Couple

Tank 5 Couplers

Tank 1 Pickups

Tank 3 Pickups
Tank 4Pickups

Tank 5 Pickups

Tank 1 Interlock
Tank 2 Interlock
Tank 3 Interlock
Tank 4 Interloc

Tank 5 Interlock

ity Field Tankl
ity Field Tank2

“Tanks Control

Tank 1: Tank

© Enabled © Enabled

Tank: Tanka: Tank

© Enabled © Enabled © Enabled

INITIALIZATION | INITIALIZATION
STAND BY. STAND BY
RF COND. RF COND

RFSTART-UP | RFSTART-UP
READYforOP | READY for OP

NO BEAM NOBEAM
[ 0

Tuners Positions:
T1HomePos | 57.000mm
Disable PID

Tunerl  300Hz
FreqDB:  Tuner2  300Hz
Tuner3  300Hz

TEMPERATURES

INITIALIZATION  INITIALIZATION | INITIALIZATION
STAND BY STAND BY STAND BY
RF COND. RF COND. RF COND.

RESTART-UP  RFSTART-UP  RF START-UP

READYforOP  READYforOP | READY for OP

NO BEAM NO BEAM NO BEAM

01 [ 303

T2HomePos 57.000mm | Go

Disable PID

Tuner
FreqDB:  Tuner2
Tuner3

cs-studio

Orchestration

Main System: CountiN  CountouT

Goto Maintenance
Goto Maintenance
Goto Maintenance
Goto Maintenance
Exit Maintenance

NO BEAM

Cunion: o || feomor

READY FOR OP
T1[72[73[Ta[T5

T3HomePos | 57.000mm T4HomePos 5L000mm | Go T5 Home Pos

DTL LCS Inga Gl

Faultand Maint
TEMPERATURES

Fault Reset

Maintenance

Maintenance

44.000mm | Go

Disable PID Disable PID DisablePID

Tunerl Tunerl Tunerl  300Hz
FreqDB:  Tuner2 FreqDB:  Tuner2 FreqDB:  Tuner2  300Hz
Tuner3 Tuner3 Tuners | 300Hz

Startop MANUA Startop

Startop
Stop Op.
Startop
Stop Op. Stop Op.

DTL System
State Mac

Status

siemens [TREorD] Countdown:  0secs

Ok tatus’
Temperature

(N (0 =0 o =Y
o
(0 (0 =0 0 =Y

Steerers

[0 (=0 =0 o =Y

Tuners.

(N D o E Y

Vacuum

EAESESE -
-
[ e e e

RF Consensus

EiSEEnEy

e
3
1.
3

Startop gt check
= est Che

StopOp

3

-\
P\

DTL Conditioning: Tankl started in 2022 Tanks 2,3,4 in 2023
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Adventures of an EPICS Developer
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(Distributed) Lessons Learned

» Long R&D and software architecture had an enormous (good) impact in maintenance and
device extension

» New magnetic devices can be integrated in the beam fransport system in term of days
» End users can not distinguish between different devices

» same GUI - easier learning curve for operators

» GUIs designed and developed with operators 2 “happy wife, happy life” rule

» Maintenance HW and SW
» HW: industrial PCs required several maintenances during preparation times
» HW & SW:removed internal EPICS |OCs in Caenels models 2 optimized code structure
» SW: virtualization has decreased downtimes and preparation times

» SW: great feedback from EPICS Community for code debug and driver exchange
- big impact during development
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(Distributed) Lessons Learned

» Usage of opensouce solutions

» Good impactin terms of €€ and important support from communities
(....considering consolidated communities)

» Possibility to customize service / application

» Requires dedicated skills and knowledge to proper configure and maintain systems
» Dedicated teams are desirable, but difficult to achieve

» The Choice of the right hardware
» New Caenels devices with Eth 2 infroduced virtualization for beam transport system

» From industrial PCs to Virfual Machines =2 minimized bottleneck in the HW maintenance
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(Distributed) Lessons Learned

» The Function of Power Test
» Possibility to validate control system architectures and technologies involved
» Possibility to change (in time) solutions if required

» The Importance of Documentation

» Keep track of the activity is a fime-consuming activity

» create and manage documentation could be required to be done in parallel with CS development
and implementation

» Don’'t underestimate the time required.... Overestimate it!
» In a project, different documentations are required at different stages and for different scopes
» Each kind of document requires different tools and services (i.e., wiki, git, etc.)

» It is possible that documentation is connected to project’s milestones and payments
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(Distributed) Lessons Learned

» Adopting EPICS as Control System Framework

» The EPICS architecture can be designed and implemented choosing only the tools and
applications really required

» Fantastic framework to define a distributed control system where there is the need of integrate
different HW and SW solutions

» Define areal distributed control system (sort of shared memory)

» It is open source and supported by a real active community
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(Distributed) Lessons Learned

» Working with EPICS

» Require a good control architecture design in order to implement the best solution according to
the project requirements

» Size of the conftrol system

» Number of functional sub-systems involved and their sizes
» Additional network services needed

» Do not sub-estimate the network!

» The Naming Convention is a critical point: understand your requirements and compare
solutions from different laboratories

» A bad naming convention can have dramatic consequences in ferms of maintenance, control
system architecture and downtimes
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