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QL PROJECTS In ITER

Science,
Infrastructures

OVERVIEW & Robotics

-ront-End Cryogenic Distribution, Torus &

(ryostat Cryopumping Systens Flectrical Distribution

Projects involve:
- Quality Documentation:
- |&C Design Documentation;
- (ontrol software development;
- SCADA development;
- Proof of concept tests;
- Environmental qualification;

- (ontrol cubicle design & manufacturing;
- FAL SAT & CLommissioning,

TER Central Safety System (CSS)
SUpport Services

Occupational Safety Systems Building Management Systems




QL PROJECTS In TER

Science,
Infrastructures

TER I&C CONTROL SYSTEM & Robotics

Central 1&C Systems

Central Central
CODAC System Interlock System Safety Systems
(PBS-45) (CIS) (CSS)

(PBS-46) (PBS-48)

Fach ITER Plant System could have 3 levels of

control.

- (ontrol (PCS); —

- |
- Interlock (P!S); | CODAC System Networks — |
- Safety (PSY). : Central Interlock Network

| Central Safety Networks

|

L

Al Plant System Control [ayers are connected to
the Central Systems:

1&C Networks |

- (ODAC for Control:
- (STorinterlock; Plant Control System Plant Interlock System Plant Safety Systems
- (SSfor Safety. : (PIS) (PSS)

Plant System

rost =) PIS Controller | PSS Controller |
Plant System
| Controller | ——e—— _
Signal Interface ‘ Signal Interface \

‘ Signal Interface \

Plant System I&C




QL PROJECTS in TER

Science,
Infrastructures

LIFECYCLE & Robotics

OVERALL
SYSTEMS Overall 1§C Overall 1&C Overall operation and
iNtegration commissioning maintenance
LIFECYCLE
SYSTEM System System detailed
IFECYCLE requirements e Oystem specification ; design ana SystemIntegration gad System Validation System Installation
Speciﬁcatim implementation
VALDATION PLAN INSTALLATION PLAN
I : INTEGRATION PLAN _ VALIDATION PLAN
CONCEPTUAL PRELIMINARY SUBSYSTEMS VALIDATION VALIDATION INTEGRATED
DESIGN DESIGN INTEGRATION (FAT) (SAT) COMMISSIONING
ER 1&C
LFECYCLE OPERATION AND

DESIGN PHASE MANUFACTURING PHASE INTEGRATION PHASE

MAINTENANCE PHASE




QL PROJECTS in TER

Science,
Infrastructures
& Robotics

TECHNOLOGY & TOOLS

op [ 1SS

control system studio
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FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM - Science,

TR I Y Infrastructures
TG ] & Robotics

SYSTEM DESCRIPTION

The Cryopumps are cryogenic adsorption pumps which will maintain
the pressure required in the [TER Vacuum Vessels and remove residua
03s during operation. The working principle of the pumps is based on
the adsorption of exhaust gases by charcoal coated cryo-panels
cooled to around 4.5 K.
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The systems under the scope of the project are:
\Warm Regeneration Box
6 Torus Cold Valve Boxes
2 Cryostat Cold Valve Boxes
6 Torus Cryopump
2 Cryostat Cryopump

The Cold Valve Boxes control the flow of cryogens (and elevated temperature gases) to
the cryopumps in the correct sequence to allow their operation in the nominal pumping
3nd regeneration modes.

Cryopumps will be installed in the port cells at
level B1 of the TokRamak complex building.

The Warm Regeneration Box provides the warm gases for cryopumps
regeneration anc

thermalizes the returns flows which would be too hot to send them back
directly to the cryoplant.




FRONT-END CRYODISTRIBUTION

& CRYOPUMPING SYSTEM - Infrastrﬁﬁ?grc:s'
SERVICES & SCOPE % Roboties
D IDEDLED
Final Design for the FECDS & TCCS conventiona AAMAZASUILAR
control, interlocks, and nuclear safety 1&C
components
Fnvironmental qualitication of FECDS 1&C
components (EMC, SMF, Radiation) -our contracts with F4E:
Manufacturing Design for the FECDS & TCCS 4t -0r-0811-09, 2019
&C CUbld@S 4r O C O8J_J__J3 2019
. . -4t -0FC-0811-14, 2019
System Software Design & Implementation C0F -OFC-0089-01. 2021
First of Kind Manufacturing
PD FOR MRR FAT
. 4 \4
2020 202
-ECDS Final Desi%n SW Implementation
TCCS FECDS Final Design Manufacturing Design First of 3 Kind Manufacturing
A (R

HW Qualitication
ooy



FRONT-END CRYODISTRIBUTION

S CRYOPUMPING SYSTEM " - Sdence
SERVICES & SCOPE # fobotics
~
- System Plans
- Physical Design Documentation
- Functional Design Documentation y
- Test Set-up Spedification A
- Test Procedures
- Jest activities
Final Design for the FECDS & TCCS conventiona QUALIFICATION e y
control, interlocks, and nuclear safety I&C
components
Fnvironmental qualification of FECDS 1&C | | | | | )
components (EMC, SMF, Radiation) - 5 Control Cubicles for Conventional & Interlock Layers as First of 3 Kind manufacturing
- IR - 1 Pneumatic Cubicle for process valve control
Manutacturing Design for the FECDS & TCLS YSIEYaNE - L Pneumatic Cubicle for safety valve contro
SC cubicles /
System Software Design & Implementation
First of Kind Manufacturing ™
- 1 Process Control Software for Warm Regeneration Box Systerm
. 1 Process Control Software for Torus Cold Valve Box & Cryopump System (+7 additional software instances)
- 1 Interlock Control Software for the Machine Protection
/
N
- Software;
- Hardware (LCC & WMEE)

YXINiGINM - Integrated (All cubicle interconnected, Software deployment




FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

DESIGN = SYSTEM PLANS

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

VERIFICATION INSTALLATION

How to comply with the system requirements. installation details for Control Cubicles and Pneumatic

Verification Control Document to trace the Cubicles (mechanical anchoring, power and signals

justifications and proofs (design, qualification, cable interfaces, tubing interfaces), Software

development) of proper requirements compliance. integration.

VALIDATION MAINTENANCE

System Plans for the whole i:ecyde with the How to prove that the delivered System behaves as MaiﬂtGDaﬂCG actiyity d@SCFiDUOﬂ for nspection,
proper level of details according to the design specified by the requirements calibration, re-validation, replacement of &t

SAT.

QUALITY CONFIGURATION
ASSURANCE MANAGEMENT SECURITY OPERATION QUALIFICATION

|8 HEE



FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

Science,
Infrastructures
& Robotics

DESIGN - PHYSICAL

Bill of Material with more than 300 different references
among electronics devices, pneumatic components,
cables and connectors, up to the tiny detail to ease the TECDS Master Cuice 1
procurement and manufacturing stage.

PIS PLC
CPU 416-5H PN/DP
111111111111

Plant System Host Switch Master PLC
31C500-PSH-D002 Cubicle monitoring

14-L1-07A
CARELE (e ol

/0 list with more than 600 hardwired signals cabled to

the conventional control layer, 100 to the plant interlock e R - | B o

ayer and 250 to the nuclear safety one, distributed T = LB T :
monegstbsysters. _— —:l _______________________________________ A A S - ll L LS

Physical Design includes:
- Physical Architecture;
- Bill of Material:
- |/0list:
- Control Cubicle Wiring Diagram & Layouts:
- Pneumatic Diagrams;

PONFO. SMF

ot
G fF—

CVBs Networks WRB Networks

Conventional control [ayer with 9x Siemens S7-1516-

S 3PN/DP PLCs.
o] ] PROFINET, PROFIBUS-DP & PROFIBUS-PA subnets.
' i_?"_i i”;;i i_;;_i i;m:i i_:—i nterlock control layer with Siemens 57-416-5FHPLL & 9
e e e Peripheric Interface Modules.

MAX. 32 Modules
PROFIBUS PA
(31.25 kbps)

-

- —

o

| Posmoner I

i ELECTRONICS I

I i

MAX. 31 Channels
per segment




FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

DESIGN = PRYSICAL LCC

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

Highlights:
1 l'l o Acquisition electronics for temperature sensors (Pt100, Cernox, TVO), pressure sensors (Membrane, Optical,
—— Pirani, Cold Cathode);
] = ; o (Controllers for proportional process valves:
e | o Process PLC & Interlock PLC with peripheric interface modules:
; ~ o Redundant power supplies;
O e o Three networks.
| e TR e
Physical Design includes: O e T : - o -
- Physical Architecture, ||| B T e %
- Bill of Material; | 1o B — | (I - 5
/0 list | L =] =2l ]
- Control Cubicle Wiring Diagram & Layouts: _ " _
- Pneumatic Diagrams; | J E CHALLENGES
:,; || ERERE
s Pe— ommme
EEEL | EHEE S | L L
SEEHISEE T | B Space Limitation
a =E|=:(lEIEIE:] X
— — | _ i Weight restriction due to Seismic
1x MASTER 1X WRB SX P 5x LVB

Qualification

Fnvironmental Conditions



FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

DESIGN - PHYSICAL WMEE

Physical Design includes:
- Physical Architecture;
- Bill of Material:

- /O ist;

Control Cubicle Wiring Diagram & Layouts;

Pneumatic Diagrams & Layout;

I Bar compresseg air gm—
relief
- -
Process
NC ITT T |— o contro
M BS-3
S
reliet I %
- —=
—_ |- . :
— T f
Pt
SIC tubing 4
'||--'-| et € 11 -‘:' EE'.:'.
(stainls teel) ».SAFETE
—_— N.C. SIC NS
i isolation Valve f b
— - — — — ~ — —— ——

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

Pilo
SWI

fchtoc

- Process control

Cvalve

Pilo

0 control the process.
Sable process action for action.

Cvalve

0 gctuate safety valves and perform safety functions.

S1C

Up to 368 conventional pilot valve.
Up to 122 nuclear safety pilot valve.

36 Pneumatic Enclosures
Standardized in 5 Configurations:
18x Conventional Function

18x Nuclear Safety Function

LHALLENGES

Space Limitation

Weight restriction due to Seismic
Qualification

Fnvironmental Conditions

Distribution based on nuclear safety trains



FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

DESIGN — PRYSICAL WMEE

Physical Design includes:
- Physical Architecture;
- Bill of Material:

- /O ist;

Control Cubicle Wiring Diagram & Layouts;

Pneumatic Diagrams & Layout;

DESIGN

QUALIFICATION

MANUFACTURING

SOFTWARE

VALIDATION

Plezo-electric pilot valve with
customized PCB to include discharge
resistors able to move the pilot valve
and the process valve to safe statein
case of cable damage (fail-safe

desian). .
iy,

T )
'Ifl.l-nll gl

Science,
Infrastructures
& Robotics

eeeeeeeeeeeeee
EEEEEEE

"
u

PROCESS



FRONT-END CRYODISTRIBUTION

S CRYOPUMPING SYSTEM o —— o Sdence,
S U nfrgftéuct:)tutr,es
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DESIGN = PHYSICAL WMEER e

- —— ——————
- — — o —
_ .

A

Physical Design includes:
- Physical Architecture;
- Bill of Material;
- /0 list;
- Control Cubicle Wiring Diagram & Layouts:
- Pneumatic Diagrams & Layout;
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Solenoid valve qualified for Nuclear
application, with external shield to
withstana Static Magnetic Fiela.

SIC- NUCLEAR SAFE




"RONT-END CRYODISTRIBUITION
SCRYOPUMPING SYSTEM sy Science

Infrastructures
DESIGN - FUNCTIONAL

DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

A,
— || FUNCTIONAL ARCHITECTURE
: ‘ : E._.._.._.._.._.._.._.._.._.._.._.._.i .................................... :
: 3 Ltl‘?n"; : ciens : : i E‘“ ) :
. . . Go to sheet WRB Go to sheet CVB Go to sheet CP Go to sheet COMFINEMENT Go to sheet INTEGRITY r _
Functional )@S@ﬂ ncludes: —_ || PROTECTION FUNCTIONS
- Functional Architecture with the list of — SRR
.- . 21x Conventional Functions (3 _—1)
[OCESS TUNCLONS;
| ’ L 3x Interlock Functions (3IL-2)
- Risk assessments & Definition of Investment .
_ Stat@ Mad’” ne d@ﬂ ﬂ|t|0ﬂ, : Category Lriteria Valves VC-0143 and VC-0144 cannot be opened
' e ' s . eman cryoplant (Cold fluid flowing through the heat exchanger
B SOﬁ\/\/aFQ ?@QUW@m@ﬂtS SD@CHCICBUOH or Major (Ma) Loss of a full operational campaign, ErE:uirt E;enttt?ci::ral ‘u’fﬁf ikely HT-0140 with consequent risk of water freezing)
D Control Soft S Interlock Control l moderate threat to ITER's mission Occasions! Eveniegﬂ;zit:lj :ndD:::crted If valve VC-0144 is not closed and valve VC-0401 is
FOCESS LONLTOI SOTTWare Lerioc Ontro Severe (Se) Slgmﬁcant;:m:?in ?; E:;nperatmnal Remote Event possible but not expected WRE ILKZ2 Major Improbable D s q 3IL-2 closed, valve VC-0401 is opened to avoid freezing risk
S f : No sienificant - EctP ih rational Improbable Event unlikely to occur sman of the cooling water.
O tware; Minor (Mi) SERTIEET RS B SRR Megligible Event extremely unlikely
: . o . PREn PreelaT CP cryo panel: If any Helium supercritical supply or
- Functional Design Specification for Process —— etum e s pened (4 suppy and retur, ooldoun
Event Likeli C : . supply and helium recovery), CP cryo pane
C J[ S ]O[ & ‘ J[ ‘ R C J[ ‘ S ]O[ . vent Likelinoo : . onsequence : CVB ILK1 Major Improbable Continuous 3IL-2 ST T T . T T e
ONLror >Orware NLENOCRK LOMUrol >OTtWare, Catastrophic Major Severe Minor To assure these critical processes, CP thermal shield
Frequent 3IL-4 3IL-3 31L-3 31L-1 (no interlock WRE supply and return must remain closed too.
- HMIProposal for Pracess Control Software : ino Interlocy
Probable 3iL-4 3IL-3 3IL-3 3IL-1 (no interlock) CVB ILK2  Mai | bable Cont 3110 CP thermal shield: If 80K supply is opened, WRB supply
Occasional 31L-3 31L-3 31L-2 3IL-1 (no interlock - ajor Improbable Lonfinuous  3L-2 must remain closed.
[ )
Remote 3IL-3 3IL-2 3IL-2 3IL-1 (no interlock) If the WRE su : .
. . pply line to CP cryo panel is opened, all
Improbable 3IL-3 3IL-2 3IL-1 (no interlock) | 3IL-1 (no interlock) B R B e e e cryolines supply and return valves must remain closed.
Negligible 3IL-2 3IL-1 (no interlock) | 3IL-1 (no interlock) | 3IL-1 (no interlock) R IR R .1, fthe WRB supply to CP thermal shield is opened, al
- e R = cryolines supply and return valves must remain closed.

It any WRB return line is opened, 4K supply, 4K return,

Minimum Interlock Equivalent SIL CVB ILK5 Major Improbable Continuous 3IL-2 cool down supply or helium recovery must remain
. closed.
Integrity Level
3L-4 SIL-32 A double failure is not considered in the risk
assessment, hence the residual severity for such
scenario is low and no protection function derives from
- - the analysis.
31L-3 SIL-3 2 _ Low g ysis. | |
3L-2 SIL-2 ELUAL However, it is suggested to include an interlock between
the inlet valve and the regeneration line valves as
3IL-1 S5IL-1 implemented in the safety system for the Torus CPs to
(no interlock) avoid loss of vacuum in the Cryostat volume.




FRONT-END CRYODISTRIBUTION
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DESIGN - FUNCTIONAL

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

Desion of Safety Systems according to [EC61511 following the safety life-cycle.

lec-61511 functional safety lifecycle: Packages of deliverables:
| | e, ij Hazardand sk ] Vertca SILY)
ey | [ e E—— DY SRS
| - ncional | | P28 [ty | —
-unctional Design includes: seloty  pecionaers ]
- Functional Architecture with the list of auditng | I
DFOC@SS fUFCUOFS , ngely_requiremenls | =]
- Risk assessments & Definition of Investment a 3] Cause 0 L0,
' ' ; T RN, A K .
Protection Functions: a1 | aoDesanans ;
- State Machine definition; eaegizono s | | sk recion . HT RELIABILITY
- Software Requirements Specification for I 2 e e EVALUATION Fos

Installation, commissioning

Process Control Software & Interlock Control 30 valdation
5 an
Software: Stage3—— 3 S
. . o . Crpea‘atrn% gllunlaéntenan:e Operation &
- Functional Design Specification for Process C Maintenance
5[3934"'__{'}
Control Software & Interlock Control Software;

Modification

““

IS

------
----------

ﬂ Clause 17

- HMI Proposal for Process Control Software. s | | 822 I —— Clauses 7
1 = 8 Clause 18 g

Key:
——p Typical direction of information flow.

o Getaed requrements gien n s sancard The reliability evaluation of each function was performed to
Requirements given i this siandard ouarantee the required SIL level s reached with the elements

NOTE 1: Stages 1 through 5 inclusive are defined in 5.2.6.1.4.

NOTE 2. Allrferences are o Part 1 uniess olhervise noted involved in the whole chain (from sensor to actustor).

e J

In some cases, diagnostic proof test and maintenance activities
are considered to achieve the required SIL level with margin.
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DESIGN - FUNCTIONAL

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

-unctional description from whole
system to sub-components (sensors,
actuators) with specific control logic

-unctional HW & SW
nterfaces, User Interface,

Tools & Libraries, $ecurity, e dofinition
Performance requirements Reference to the used control library
-unctional Design includes: Objects for each sub-system and
- Functional Architecture with the list of component
process functions; STATE MAGHINE "'Eps

- Risk assessments & Definition of Investment
Protection runctions;
- State Machine definition: e
- Software Requirements Specification for - “

Process Lontrol Sottware & Interlock Control | — L
Softwa €, = 5B e
- - T = — el | -
- Functional Design Specification for Process moadEs :
Control Software & Interlock Control Software; m
- HMI Proposal for Process Control Software. o —
EEE — = i
R e | B i I w|n= e w:s wI I lwnL *I_— m:
| mml s
States & Transition definition F T Y=
Command Requests from léﬁ Sremee—e ||
| | " o
Master Controller == —— = - ] —
— HMI mock-up




FRONT-END CRYODISTRIBUTION
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Science,

Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

QUALIFICATION

Qualification of FECDS I&C components

- Fireand Seismic s/t
- F - L L "
' ' ' . || PET [N [11] || [PE] [N (1]
- Static Magnetic Fields up to 18 mT for I&C s
control cubicle and 61mT for pneumatic I o |
cubicles Wl | 2t
C - Tt - T T e ul o
- Electromagnetic compatibility according to = i
FC 61000-6-2 (Immunity Tests) and e[| 8 I
. . ] I - 23
61000-6-4 (Emissions Tests) jI 8 PR oy
- Radiation resistance up to 175 RGy for cUl i@ i S
Oneumatic cubicles S C aoveseptsm
_ —a‘oggﬂ_free e‘@mgﬂtg 15 mm? coppercable 0,5 mm? shielded twisted-pair (10 m)
- Nuclear Safety compliance (IEC61513)

Qualification by test performed for the following
devices:

Static Magnetic Field Tests

- Electrical Protections:

- Solid State Relays;
- Temperature Sensor Acquisition Modules;

. AT
3RO =iu i A 1
’31"\\\3 &S AT LI

SR TN
LG =

= _2"...-,
. - 4-:2.'_"-.-"-
: Il | : ‘i’irxi,i;*:-.'.%‘,“’

— . o : > :."." ":

- Process Valve Positioner Electronics; | Hias Ao g
; ‘::3..:. = .'lg):« .’ \" e il

- Power Electronics Cubicle for WRB Heaters:

- Plezo-electric Pilot Valve,

- Solenoid Pilot Valve. | o Y == P
EUT with NETIC shielding NSO

@ Custom solution




FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

QUALIFICATION

Qualification of FECDS I&C components

Fire and Seismic

Static Magnetic Fields up to 18 mT for I&C

control cubicle and 61mT for pneumatic

cubicles

lectromagnetic compatib
FC 61000-6-2 (Immunity

'ty according to
‘ests) and

61000-6-4 (Emissions Tests)

Radiation resistance up to
Dneumatic cubicles

Halogen-free elements

Uclear Safety compliance

175 RGy for

(IEC61513)

Qualification by test performed for the following

devices:
Flectrical Protections:
Solid State Relays;

Temperature Sensor Acquisition Modules;

Piezo-electric Pilot Valve:
Solenoid Pilot Valve.

Process Valve Positioner Electronics:
Power Electronics Cubicle for WRB Heaters:

DESIGN QUALIFICATION MANUFACTURING SOFTWARE

Science,

Infrastructures
VALIDATION & Robotics

The design of all ITER systems shall include provisions to minimize the potential for other
Nazards that could challenge confinement systems.

TER provides a reference document which contains all the safety requirements that apply to
any component according to the room installation location (Safety Requirements Roomboak).

[EC-61513 Nuclear power plants - Instrumentation and control systems important to safety

The pneumatic enclosure is PIC (Protection Important Component) and its design
and manufacturing are PIAs (Protection Important Activity).
EC-61513 follows g litecyle analogue to IEC-61511.

PIC/SIC-1 Ap 1

PIC/SIC-2 B 2(1)

PIC/SIC-2 C 3

SR C 3

SR Non Safety Conventional I&C
Nuclear Qualuification

Product gualification: the individual component part of the safety system comply with the safety

"equirements (pre-qualification).
Fnvironmental qualification: effect of the environmental conditions upon the components (by test, by

analysis, etc). To be considered operation and accidental conditions.

CHALLENGES

Fire requirement

Nuclear qualification (enormous amount of
documentation and inspection reports)



FRONT-END CRYODISTRIBUTION
& CRYOPUMPING SYSTEM

MANUFACTURING - LCC

Related activities:

Material Procurement

Manufacturing Support

Manufacturing Inspection

Conformity to design
Certification of Conformity

Cold Valve Box Control Cubicle

\Warm Regeneration Box Control Cubicle

Science,
Infrastructures
DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

A -Cryo.pumpCOHfro\ (ubicle



FRONT-END CRYODISTRIBUTION

S CRYOPUMPING SYSTEM T - =— Science,
Infrastructures
— e DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION & Robotics

MANUFACTURING - WMEE s

Related activities:

- Material Procurement

»
E— EE— | e e ——

Nuclear Safety%matic nclosure § Fire Protection Jacket

- Manufacturing Support

- Manufacturing Inspection

- (Conformity to design
- Certification of Conformity

Conventional Pneumatic Enclosure




FRONT-END CRYODISTRIBUTION

8 CRYOPUMPING SYSTEM z " Science,
LA DESIGN QUALIFICATION MANUFACTURING VALIDATION " rg{st&g(l;tgtrigg

implementation:

- 1 Process Control Software for Warm : : . T
R@g@ﬂ@@ti@ﬂ 50X System CO\/@Fiﬂg Pl ( Conventional Hardvnrei’
& SCADA ' ' ,

-1 Process Control Software for Torus
Cold Valve Box & Cryopump System (+7
additional software instances) covering
PLC & SCADA

- 1 Interlock Control Software for the

Macnine Protection covering PLL &
interface with SCADA

Hardwired

Communicated
ymmunicated

U
O
L2,
—
O
O

!

DAG
odule

B Interlock
B Conventional

------ Out of scope.
S - Requires substitution tools
for Interfaces testing

devices




FRONT-END CRYODISTRIBUTION

& CRYOPUMPING SYSTEM - Science,
A DESIGN QUALIFICATION MANUFACTURING VALIDATION 4 rg{stég%tgtriig

SSSSS

RRRRRRR
DESTINATION ~ READY PURGE SYSTEM VALVE

L IP-5308-PTCBE
CONFIGURATION OK —————— 1.8 WPa -

FPICS is 3 set of software tools and —— il
applications used to develop and
|mp em@ﬂt d|SU|bUt@d CO HJUO o o S | TRANSITION TIMER ::“%"”P:: |

re
~
]
=
-
m
=

' HIGH TEMP HIGH TEMP WARNING TIME OUT _ = c.e0k — ~ 0.83 WPa 380.00 k ——— {—]
Ssystems to operate devices and large 4
- Ps [ - 5609-YFLTE2 = - SECONDARY CLIENT VALVE "'mj'm:“" IS T
_ |Jj |Jj NOT FAULT  FAULT TIME OUT "E””Z;m"m —— Ok L™ B e cp?ﬁ
0 0 " . . 0 80.00 K Po-s11p-pTcBE  Pp-s1eh-PTCEe
scientific facilities. The tools are I =t T i i
' MAINTENANCE HIGH TEMP S ey -
e WARM UP COOLDOWN s
desioned to deliver control and = o7 S
(oA Surmary) [
d | rs [ onl
| g | 4 e
‘||| ‘@III@HBTIOH - e
! 300K
' @@ DaC . @y a SO READY TezeL — | EVACUATION

=

- 1 Process Control Software for Warm provide SCADA capabilities. Jl_i =t i

COOLDOWN up 1l STATE [ACTUATION 1 Show Inf
- | SYSTEM U-0092-YA26T5- PD-5584 - PTCPE
NOT READY rlj E | CURRENT T0 300K WARM UP | NOT_TRIP _ 2E.5000-ZTCPE ZE.5001-2TCPE Z€ %092 ETCPE

R t B S t | P \\C F DESTINATION 7)) Go— i 1 i == o 0% 0% .60 V
o N-826 TRIGGERED - ACS
e g @ ﬂ @ ra | O ﬂ O >< y S G | | CO \/ @ r ’ ﬂ g E P I c s e CENS _le_-l- | 180K STANDBY | | 108K STANDBY | 80K STANDBY | ki e el |

I:Par'al.'lel}li (Serial) u (Serial) |:
1

ps [ anill LEAK 80K STANDBY | &BK STANDBY PIB-5780
DETECTION W7 (serial) || (Parallel)[ _ i 1_ p—
L 33 L4 " |4 | , | —
l_: ) | TORueofmgpunP g\ HEII?ING VA[LZVES
m*ﬂ_‘ f'l“q'l- f”“_r 186K EVAC 180K EVAC 80K EVAC . Lok 5 .
4 4 - [ (Parallel) (serial) [ (Serial) [ msse e |} -
1 Process Control Software for Torus Lo o e | L
o 1 )
1“2 1 l—— r— IT-5818-TTCPB. PIB~5859
T343 4 4 | TORUS 150.00 K 1P-5650 - PTCPE:
’_‘:‘_ | | |
I o B et

w-
142.50 K 2 > 22 @

HELTUM 166K WARM UP 108K WARM UP BAK WARM UP
| | | | I ‘ CRYOPUMPING TF'W_‘ S L
CO ’ C va ’ \/ e BOX & C ry O p U D Sy Ste <_|_ 7 4K STANDEY RECOVERY 13133 (Parallel) (Serial) [ (Serial) [ e — INERTING SYSTEM REGENERATION
IT-5011-TTCPOI V65820 1P-5820- PTCPE goanal IP-3823-FTCP8!
150.60 K —0<t 100000 Pa 5 100000 Pa —|
dditional soft [ T
sdditional software instances) covering .= i s
I ‘ N-624 TRIGGERED - HINS|
| < =" ACTIVATED ;
PLC & SCA DA 3ke SV

PIB-5060
aaaaaaaaaaaa

IP-5861 - PTCPE
160060 Pa 100000 Pa

PIB-5030 . 5g30-prcpe U-0002-YA24TS

- 1 Interlock Control Software for the

TCP HOUSING
REGENERATION VOLUME .

Macnine Protection covering PLL &
interface with SCADA

PON — PLANT OPERATION NETWORK

Virtua .P_C for Virtual PLC for Process Controller
Process Simulation Master Controller Simulation




FRONT-END CRYODISTRIBUTION

& CRYOPUMPING SYSTEM o Sdence,
SO’:TWARE DESIGN QUALIFICATION MANUFACTURING VALIDATION & Robotics
ITER Unified Control Library (UCL) will provide a
defined set of standard element types (objects)
covering three layers PLC, EPICS, CODAC HMI.
T ° e Framework Connectivity |~ T T —| Interlocks Logic PCO
mplementation TER Code Generation Tool i used to automatically ; T ks ot oty
- 1 Process Control Software for Warm generate L nterlocks Logic e A
Regeneration Box System covering PLC Pl obiects | - | S
Jects Instances with ; S S SEQUENCE 5
LADA interconnection/dependencies (as source files) g | A : :
1 Process Control Software for Torus to be imported and compiled in Siemens Tig E | y y
Cold Valve Box & Cryopump System (+7 "0rtal |
additional software instances) covering UMl interface DBS based on FPICS: |
PLC & SCADA | ' ! !
- 1lInterlock Control Software for the _ Mappmg ,ﬂmmﬂg Detween PL &tHM | ' 3
| o | variables:
Macnine Protection covering PLL &
interface with SCADA starting from an excel INput file “m ““ mm “n mm .
CHALLENGES
HW_Inputs HW_Outputs SW_Inputs SW_Outputs Others PN/PB Diagnostics Others
Hardware Access Layer Diagnostics
UCL Library first Project

Complex State Machine



FRONT-END CRYODISTRIBUTION
& LRYUPUMPING SYSTEM

SUFTWARE

implementation:

1 Process Control Software for Warm

Regeneration Box System covering PLC
& SCADA

1 Process Control Software for Torus
Cold Valve Box & Cryopump System (+7
additional software instances) covering
PLC & SCADA

1 Interlock Control Software for the

Machine Protection covering PLC &
interface with SCADA

DESIGN >

Science,
Infrastructures
QUALIFICATION MANUFACTURING VALIDATION & Robotics

PIN — PLANT INTERLOCK NETWORK

wem |

1x Redundant Fail-Safe PLC Ox M

WRB_ILKO1: Valves 31RS00-V(-01473 and

31R500

{0 avoIa:

- Routin

-\/(-0144 cannot be opened together

o high temperature fluid to the

cryoplant.

- Cold fluid flowing through the heat

exchanger HT-0140 with consequent risk of

water freezing.

Protective Action: It both valves are not
closed the valves V(-S129and V(-S130 of

the (VB

will be closea.

Overrides
Fvent Masking: it overrides the conditions tha:
Action Forcing: it overrides the output channe

Programming environment: Libraries:
Simatic Manager S7 ~-Library by Siemens
__________________________ Continuous Function Chart (CFC) PIS_LIB by ITER
PLC SMs S7 FSystems
with Fail-Safe Cards
. Limit switch feedbacR
s | sent to conventional
nterock Tip PLC for process control
DUrpose.

| AND |
JMRS00-VC-0144-ZC00I 1 Override OR _ |
| Action Forcing

AND

_ Actuation on the power

Protective Acton Supply of the valves to
- _D move them to safe
State. Solid State Relays
3s interface.

)
i
|

.

- generate the interlock (no-interlock).

S inorder to activate the interlock and move the system to safe-state.



FRONT-END CRYODISTRIBUTION

= ) o SC|ence
& (RYUPUMFING STSTEM = A BN DESIGN QUALIFICATION MANUFACTURING SOFTWARE VALIDATION '”f"gfté”‘gt”res
—— a7 obotics

/ 1xWRB Process Control SW
FAT

Software
w»r debugging

W Internal FAT

1x Torus Process Control SW

Developers test Developer, Tests are
benterioc tomrel he implementec Technical verformed with
== functionalities. responsable anc client.
= DA execute the
= tests following the
procedure.

«/ 5xControl Cubicles

®

w»r Set-upPreparation @  Internal FAT

«/ 1xConventional Pneumatic Enclosure

N/ 1xNuclear Peumatic Enclosure Test Set-up -xecution of the Tests are
nstallation tests following performed with
= 3ccording to the procedures. client.
= procedures.
T




BUILDING MANAGEMENT SYSTEMS

Science,
Infrastructures
& Robotics

SERVICES

BMS delivered:

Services include:

- Review and improve of 1&C design; — - B13, Assembly building;
- Software Development comprising of PLC, local \ - B17, Ceaning Facility building;
HMI & Remote HMI: / - B61, Site Services building;
- Control Cubicle manufacturing; Il, | = \ - B32, Magnet Power Conversion building 1;
- Commissioning. ‘j = 3 N - B33, Magnet Power Conversion building 1;
! L, wld7 | @ \\ - B38 Reactive Power Control building
i a
| ; | i - | BMS under commissioning:
Systems under BMS scope: il ; s ?’1 = "J - B51, (ryoplant Compressor building,
- HVAG L‘ — - dL pY - B52, Cryoplant Coldbox building
- Fluids (He, N, H20, ..); i - N — o Ll
- Electrical Services; :I; — i g i BMS under development:
- Fre Protection. . = | °“" - Bb4, HRS Water [reatment:
5 [ il "1 ——7 - B74, Diagnostic building,
' \:’\‘\\ |E § :

N " . st




BUILDING MANAGEMENT SYSTEMS

| CUBICLE Science,
S Gy MANUFACTING g Robotice
TECHNICAL ASPECTS g e WIRING W FAT
DIAGRAMS MIP  prOCEDURES
AN A AT 3 D m-
PLC g _é ] g - T ————
- S7-1500 (i.e. CPU 1516-3 PN/DP) INPUT DOCs . o = -
- S7-400 (i.e. S7-416 3PN/DP) 4 )-
- ET200M (i.e. IM153-4 PN) = 11,/
- ET2005P (i.e. M 155-6DP HF) DD alg:
0 List 3:1"1@@' -
System Architecture oy
alis T | : :
| unctional Analysis =
- WinCC-0A (Local Touch Panel) ~torlock lict I
- (CODAC (Remote Control Room) !

e e [ T

&=

B R I L = R e R e R e )

Sw FaT T

- Upto 6 different CPUs;
- more than 500 1/0s per building;
- More than 30 communicating devices.

B

B|®
@

System structured based on
ANSI/ISA 88 Standard

Communicating devices:
- VFDs (PROFINET); CHALLENGES
- Split Units (Modbus RTU);

SOFTWARE
DEVELOPMENT

- Metering Units (PROFIBUS-DP); Amount of sienals
- Fire Protection System (Modbus TCP); o Control
- UPS (Modbus TCP). Different comunicating Modules
hrotocols. Fquipment Fquipment
Module Module




Science,
. Infrastructures
Al ASD e N * & Robotics

e e IF VA _AHU1300.RunOSt OR VA_AHU1300.CS5topOSt OR iVA_AHU AUK.AHU13005topR THEN
o Y (0 e
- St b dII? il | iVA_AHU1300_SEQ.INIT_5Q := // Set sequencer to initial
14 L3 ":ju_llj W [T 1'““';“= iVA AHU1300 SEQ.OFF_SQ := FALSE; // Disable turn seguence off
vl my I EERESEE VA AHU1300.5eqPosSt := INT TO WORD(iVA AHU1300 SEQ.S NO);
Sk c 1 = L:’ldh DE_WS B11.WS_SET.VA_AHU1300 POST.RuPosR := INT TO WORD(iVA_AHU1300_SEQ.S NO):
el X -..!! e -,llllu‘—. i
T — U CASE iVA AHU1300 SEQ.5_NO OF
== 1: //Sync
: ; . . o v
‘ . . VA _MPC1301.AuRegR := VA MPC1301.RegSt;

VA MPC1301.AuOutPR := VA MPC1301.0utP3t;
VA _MPC1301.RAuPosR := VA MPC1301.0utOV:
VA MPC1301.AuSPR := VA MPC1301.RctSF;
VA _DRB1301.RuOnR := VA DARB1301.0nSt;

s UNICOS FRAMEWORK

(%]

VA _DAB1301.AuMMoR

VA _DAB1302.AuRAuMoR :
VA _DAB1302.AuMMoR

57-1500 (i.e. CPU 1516-3 PN/DP - Object definition Vemae . |

VA_DAB1301.AuOnR := $VA AHU1300 SEQ.Tr2 im

VA _DRB1301.RAuOffR : VA _DRB1301.RuMoSt

VA DRE130Z.RuRStart : VA _DRB1302.RuMoST
-, VA _MPC1301.AuMoSt

. . . . . VA DAB1302.RulnR := VA VFD1301.RuMnST
A A VA _DRB1302.RAuOffR : VA_MTC1301.AuMoSt
—_ —_ —_ 4: /fRctivate MPC control es VFD) VR _MIC1302 A3t
—_— ’ VA_VC1301.AwMoSt  AND
. . VR MPCI1301.RAuESP := HW_VC1301.RuMoSt  AND
- - VA_HPCZLE!OZL .huRegR : iVA_RHU1300_SEQ.G7S[2].T > T#2s;

VR _VFD1301.RuRStart :
5: // Rctivate
VA MIC1301.RAuESP :
VA MIC1301.AuRegR :

.
VA MIC1302.RuESP :
- VA MIC1302.AuRegR :
VA& VC1301.AuRStart :

L 7130 PeaDSrgoer -

includes valves
// Transition 100: Start sequence
iVA AHU1300_ SEQ.Trl00 :=

VA_AHU1300.RunOSt  AND
NOT VA_AHU1300.CSTopOST AND
NOT iVA_AHU_AUX.BHU13005topR:

// Transition 101: Stop sequence

- ET200M (i.e. IM 153-4 PN > multi-project
- EI2005P (ie. M1 55—6DP HF - Hardware COﬂﬂguraUOﬂ =) i e s e e s

- Network configuration £ - Lommunication

VA _DAB1302.Rullick :

Return air damper OPEN

System-spedific logic
contiguration ST cwmE implementation
- Logic structure

HM
- WinCC-0A (Local Touch Panel ==L

' . BUIL-B50 W e = ®|m] 6] <>~ .pr——.m o
. G ' ’ ' . | [F[2023 0320 14:00 5]VA51-MPDO10Z]AHU 0100 DX-0102 Dif Pressure Transmiter Alarm FALS[ 11l | | G
N @ ﬂ e r | C O g | C HE 2023.03.20 14:06:1]ES51-MAN400(|BP-4000 MSDB Panel HVAC (? Reactive Power +/- (kvar/10)) Alarm Warning TRUE j 417/ 418 220 Unack LJ

VA AHUD100 BUIL-B51 AHU0100-Fresh Air i

Fresh Air Line Humidity Analyser
ML Humidity Analyser Fresh Air Temperature Differential pressure
- emote Lontrol Room .
403 % 18.9 A°C 1485 Pa L
Controlfno‘ L @ @ L L Supply Air
: Hﬁz?dr:yA;nl;;;r Exhaust Air Damper Fresh Air Damper Temperature Analyser
w w 20.0 A°C
— Sp 1425.00Pa
Jata DO Nt ty DES s npsTar | | L SFREHAR RS L
L
ov 100% oV 100% R L
RETURN NR FBK 100% FBK 100% SUPPLY Al

W ! d t Return Air Damper Return Air Mixing Damper Wi Supply Air Damper
B AR -E L
AR ML T

L AR F L G4 F7 " ov 1600rpm L

| | I A ' : FBK 1436pm
B i ov 100% ov 623pm ov 0% | i N om | m—
a r @ S S @ S . [ a C @ a ‘te S L FBK 100% FBK 677rpm FBK 0% I \/ E w FBK 100%
| | [AHU-0100 Fikers Clogging | S Frost Monitoring AR E L [
5 3 ov 1600pm |%  Smoke Detection

SP 746.00P2
Hot Water Heat MV 666.79P3 0K FBK 1557rpm

- Uptoodifterent (PUs; WinCC-0A base—project - Uata point creation e - M e | |
more than 500 I/0s per bui = |l

P diﬂg; - libraries setup = A - Datapoint oy | ol s
More tan 30 communicating devices. - archiving configuration SIEMENS configuration e o -

- OK ov 100% =
k FBK 100% -= 2
| Remaining time Device IBUII._BSO:VAS1-!.!PDO102-PT01-A Select |

- Lommunication Local HMIin WinCC-0A
configuration

1
1
1
I}
[}
wedd
1
]
1
1

L

D B —

: . : [Acs [ css  Gos LTM D 1234.0
CO m m U ﬂ | Ca t| ,.] d @\/| C@ S . Clcome [t BUIL-B51 AHUG100-FRESH AIR 2023-03-20T13:15:28
) v Show Info  ALARMS HISTORY PV WRITE TREE
AHU-0100 Supply Air Disconnected
RUNNING Humidity Analyser Current Alarms (999999 Select x
M Fresh Air Line : P Acknowledged Alarms (999999 of 9
. Humidity Analvser Fresh Air Temperature 0101-ATO1 9 - ( :
— A MAH A MT 36.6 % Ac - Description Alarm T
0106-AT61 0166-TT61
) 41.4 % @ @ 18.4 °C Differgntipgl Pressure
L
0104-PT01 :
Supply Air
Return Air Line 1325 Pa Temperature Analyser
* o Humidity Analyser Exhaust Air Damper Fresh Air Damper e T y
— | ﬂ | S O C U S * ;619’2%701 DAB ;0103 0158 MPC-0104 :gmgen ?c
EXHAUST AIR FRESH AIR 5 .
L ) 46.25 % "‘E.M "@M 5P 1425 Pa

w 1215 Pa’
RETURN AIR ps 100.0 % ps 100.0 % 5 . SUPPLY AIR
o prs 100.0 % PRs 100.0 % —_

@ @ DAB-0162 VFD-0162 DAB-6164 VFD-0104 DAB-0101

S+ w“Z\rM = 64 = € =‘Z’

- Metering Units (PROFIBUS-DP); (( Application to extend the UNICOS framework with autogenerated

o102 01 ps 100.0 % ps 610 rpm Ps 0.0 % s 1393 rpnl ps 100.0 %|
17.3 °C PR 100.0 % PRS 671 rpm | PRs 0.0 % prRs1440 rpm PRs 100.0 % |
* * 1 Return Air Damper Return Air Mixing Dam \/ Supply Air Damper
3 . i “ 3 2
e Frotection System (Modous : coae 10r e
L ’ — . w 8608 Pa | LClogging 0101-TL01 W
‘: . R = L= 0103-PT61 = 0K Smoke Detection
- 118 Pa ps 1557 rpm Ave I CDE
Mot Nater Heat PRs1600 rpm bl Legend Gas Fluid PR?

SP 1764 Pa ALGA) alarm
w 0 Pa | 0101-YESO1 state

R oK Major
Trace Fault Lied algrm - H
=¥ state

AFICTool - PLCmapping source between UNICOS object variable anad EPICS. T e

Minor
s 100.0 % B oortional =) Differential Pressu alarm  3.14 T S

Chilled Water Heat

- UP> (Modbus 1CP) Java - (CODAC widget instances; =S T o B
»

Hot Water Proportional Control Valve A PO <tate
Control Valve ato1-ro1

VC-0110 -31 Pa on -
D 3 534 Funnin ity T =& O

” 9

Ps 0.0 % 2 > state

PRS 0.0 % Off -
;“ppe 3.14

state

Flow
- VA51 | CR | AHU1 AlEI AHU2 A2EI AHU3 A3EI AHU4 A4EI AHUS ASEI

Om Rernote HMIin CODAC

«—

Flow




OCCUPATIONAL SAFETY

Science,
Infrastructures
& Robotics

SERVICES

dServices include: o
- Review and improve of |SC design; "
- Software architecture design; «f \
- Software Development comprising of PLC & || -~ \ 0SC_0S doliverod
| *,W ierface ii - 561, Site Services building
- Testing environment development:; | - o
| S i % \ - B51, Cryoplant Compressor building:
- Control Cubicle manufacturing s 8.\ -~ B52, Cryoplant Coldbox building
- (ommissioning l; - 64 | ’ |
.1 | : = / PSS-05 under development:
%-‘ ‘f, i e S— e 4 ﬁdL e\ P B74, Diagnostic building.
| ': L " | ' _ S" \ II "n-crﬁ'v';pcn..ss '\2-:‘ = #‘/Ad ”
dystems under PSS-0S scope: l;""’ : 7, AP B =197 U i E— \ O
- Liquid Monitoring System & " I —
- Leak Detection System. e e | s L oo
i

N " . st




Science,

OCCUPATIONAL SAFETY
Infrastructures
TECHNICAL ASPECTS % Roboties
-unctions classified SIL-1.
SIL-2 guaranteed for the whole chain (Sensors + 8
Logic processor + Actuator). .
Oxygen sensors detection raises a mitigation
D| (- action: visual & acoustic alarms. sasins crL0202
- S7-400 (i.e. S7-414 5H)
- ET200M (ie. M 153-2)
SCADA — Testing Environment for FAT
- WinCC-0A (Central SCADA under ITER scope) e subson ool = ﬁrT
CS55-05 HMI + NTP . e e
_____ (5505 PLC "“‘“‘T‘ r.ﬁs;:‘:%:l:“‘?:ﬂﬂ{'““
brary, | |vepSSEorvaIE | 00009 (| || B OB | || T e T o el ;

- Safety Control Library by ITER;

nnnnnnnnnnn

ATATE LA / /
s | e . 7 Fle| i [ a0 fres - -
# o ol Relh R N/
* . f H 3 F H - A e
L, e Lo :
fana A s s L

CSN-05
SWITCH

Programming Languages: B ; e
- (FC \ ]\ ) EEEE

CSN-0O51 CSN-052

Simulation tool:
PSS CU cubicle

- SIMIT unit througn Profibus.

NNRRRAANIE

P55-05 PLC

P55-05 RIO

Plant system
devices

N |

{
|
o |
[
—
1
—
=
=)
|
—
I
=
I~

|

£SS-0S
Substitution Tool

B\
=

PSS Cubicle




55 SUPPURIT

Science,
Infrg{stlgu%tutr_es
QUICK VIEW P
TWO ‘OtS CSS-0OS SCADA Archi
Lot 1 services include: oBs 48
- Plant  System Desien and Safety  Analyses SIMATIC Wince Objective
. [ . . . L
documentation Assessment Eiere Site-wide fire supervision througn (55-05.
- Functional Specifications preparation I T T
- (ontrol Logic Diagrams production PBS.48 PCR . I PBS.48 PCR
Fire systems monitoring’ Profinetlo M Fire systems monitoring’
- Functional Interfaces between systems definition (POZ Buildings) , . (XPOZ Buildings) .
y ey | Scope of project
- HMi diagrams for the CSS-N and/or CSS-0S mimics s | N 1 ~ Design network architecture:
- Review of engineering documentation e onomatner s | P'O\ | | - Selection of components;
- Riskanalyses e e e el _ B - Develop data-model to standardize exchangec
” - "’ - | | o communication (up to 21000 signals);
Lot 3 services include: | | | | , | | HMI mocR-ups, | -
Selection of hardware snd software components coemer Mt e bl Ciemet  Multpar cables - Proof of concept to validate the design with all
- | Modbus TCP Hardwired 1/0 Modbus TCP Hardwired 1/0 Modbus TCP |
e et ool t d ¢ e . I—#— T — 3 types of fire protection system;
_ 1 { MOXA Mgate MB3170 | Siemens Modbus Gateway NK8237 MOXA Mgate MB3170
Development of testing tools for acceptance an % | : ' : - Code generation tool development.
| ﬂt@grah O ﬂ J[eSJ[S - PS 24Vdc | . : isrsé\/dc | . Multipair cables l rely _
OLlthelljiy - JI w outputy - — HardF\)/vired 1/0 ;)Lljt;etljiy - |
- Development of software for safety PLCS and | P e | | : i
SCADA | : | - | | |
: : : : RS485 I Ethernet | RS485 |
- Mounting, integration and testing of prototypes, JBUS = Modbus RTU | 2Acne i L ‘ o |
mOd%_ U DS d ﬂd/Or J[Qm pOra ry SU bSyStemS DEF FireI system | Siemens FIire system | Other Fire System_ DEF Fire system :
| : | (TBD) I |
- Acceptance testing | ] . _
- Participation in the integration and definition of I
the integration procedures
Fire systems suppliers Fire systems suppliers

- Draft Human Machine Interface (HMI) diagrams for
the specification of the CSS-N and/or CSS-0S
MIMICS
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