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The High-Level Control System (HLCS) implements all the operator
interfaces and components for the planning and execution of RH operations. ooty CMM High Level Control System ooty L e
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Operation Management System (OMS)
to manage step by step operations
sequences of RH tasks. GUIs for building,
executing and analyzing RH tasks.

File Network

Command and Control (C&C): the
primary operator GUI to remotely
control and monitor RH devices
through RH networks; interfaced to a
Joystick for manually driven motion.

HIGH LEVEL CONTROL SYSTEM

Virtual Reality (VR): to complement
the Viewing System, to simulate

structural deformations, to enable
the anticipated detection of collision,
to assist Teleoperation

VIRTUAL REALITY SYSTEM

3DNode Machine Vision: to assist RH
operations and Tele-operation.

RH OPERATIONS ASSISTANCE TOOLS |

e ——————————

Viewing System (VS) for displaying
camera views on the monitor displays
of the RH workcell.

Workeell
Monitors

Monitor
Controlller

RH Control and Diagnostic Network

Emergency
Stop button

Joystick

TASK SUPERVISOR

g | il |
S R ———

oo

T " status to detect

Remote Diagnostic :
System (RDS) enabling |1
the monitoring of the 1
equipment health j
and 1
diagnose  equipment :

degradation, before |

= failure occur. 1
REMOTE DIAGNOSTICS !

VIEVﬂ-ING SYSTEM

RH Real-Time Network
RH Audio-Video Network

RH Estop Network
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Operation Management System (OMS)
to manage step by step operations
sequences of RH tasks. GUIs for building,
executing and analyzing RH tasks.

File Network |

Command and Control (C&C): the
primary operator GUI to remotely
control and monitor RH devices
through RH networks; interfaced to a
Joystick for manually driven motion.

HIGH LEVEL CONTROL SYSTEM

Virtual Reality (VR): to complement
the Viewing System, to simulate

structural deformations, to enable
the anticipated detection of collision,
to assist Teleoperation

VIRTUAL REALITY SYSTEM

3DNode Machine Vision: to assist RH
operations and Tele-operation.

RH OPERATIONS ASSISTANCE TOOLS |

e ——————————

Viewing System (VS) for displaying
camera views on the monitor displays
of the RH workcell.

Workeell
Monitors

Monitor
Controlller

RH Control and Diagnostic Network

Emergency
Stop button

Joystick

TASK SUPERVISOR

g | il |
S R ———

oo

1
Remote Diagnostic :
System (RDS) enabling 1
the monitoring of the 1

equipment health j

o " status to  detect |
' — degradation, :
anticipate and |

diagnose failures. 1

REMOTE DIAGNOSTICS !

VIEVﬂ-ING SYSTEM

RH Audio-Video Network

RH Estop Network




Operations Management System (OMS)

FUSION
.‘0 FOR
ENERGY

A
User File Help

! EditRHTask Close RH Task Release Un-Release Repeat-files release OSD Creation Edit SL Commands Library

Process Map
W B O |Zoom = s | @\W}Mu@g-
Method Block F —
If Block e e
o e e s |
ssmae
While Block

.
The Manipulstar
u; by

Start Conditions

End Block

Message

Subtask: 'DNB Caesium Oven maintenance operations - copy 1' opened successfully
Database: Connected successfully to [ems]

Database: Connected successfully to [oms]

Steps - -+ 02728780
1 MRC OPEN_REPEATFILE MRC_CS_OVEN_TR

F{MRC RUN_REPEATFILE MRC_CS_OVEN_TR MOVE 1 TO MOVE 6

3 MRC ENGAGE_TWISTLOCK

4 MRC MANUAL_ALIGN

5 MRC RUN_REPEATFILE MRC_CS_OVEN_TR MOVE 7 TO MOVE 10

6 MRC CLOSE_REPEATFILE

MRC_CS_OVEN_TR
X edit RH TskBsakura server X

RH Level: Name:

Subtask * [DNB Caesium Oven maintenance operations - copy 1

Note: Task name must be unigue
- Comments: 01024

This SubTask was copied from DNB Caesium Oven maintenance operations on 2023-02-16
15:11:10 by dencabo.

comment for DNB Caesium Oven maintenance operations.

~ Start Conditions:

1. Man access to the NB Cell is not possible -
2. Sufficient lighting is available

3. Components in Cs delivery system have qualified RH interfaces

4. The Cs line is flushed

~ Stop Conditions:

1. Install in BS H
2. The MRC is available and positioned over the Task Module |
3.BIT in its park lacation, with Manipulator Module attached

4. The Task module is on the Transfer System
~ Task Variables: + @

a Variable Name Value Type

- Multimedia Files: + 8

test.jpg
omsdatabase. pdf

Cancel H Save
07:43:05 2023-04-18
07:43:00 2023-04-18
07:43:00 2023-04-18

Severity: Debug ~

RH Equipment

Al

Beam Line Transport (BLT)
Manipulator Module

Task Module

Bolting tool

ITER Components
Al

Central cassetes
Diagnostic cassetes
New Cs Oven

cTs

O The OMS has 3 GUIs to plan, execute and analyze RH

OMS: ® EMS: &

B + 7 8 O D

RH Equipment
RH Equipment
RH Equipment

RH Tool D

(M

Tasks

Developed on Qty® using C++ language

implementing a SIL-1 equivalent development process
OMS Planning GUI capability:

Off-line programming of RH tasks by editing
programs in RH structured language, verifying
the program on VR.

O OMS Execution GUI capability:

B + 72 @ @

ITER Components
ITER Components
ITER Components
ITER Shared Resources

VR environment set-up from OMS
RH task program load from the RH database
verification of equipment and tools availability

step-by-step execution, sending instructions to
C&C

Recording of execution status and observations

Reporting to the RH Supervisory Control
System

U OMS Operations Analysis GUI:

Provides tools to generate reports on
maintenance activities or anomalies, and to
analyze the efficiency of operations for future
improvement

O Provided by FAE as an executable free-issue

item ready to use for DAT
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Operation Management System (OMS)
to manage step by step operations
sequences of RH tasks. GUIs for building,
executing and analyzing RH tasks.

control

File Network

Command and Control (C&C): the
primary operator

GUI to
and monitor

remotely
RH devices
through RH networks; interfaced to a
Joystick for manually driven motion.

- o=

HIGH LEVEL CONTROL SYSTEM

Virtual Reality (VR): to complement
the Viewing System, to simulate

structural deformations, to enable
the anticipated detection of collision,
to assist Teleoperation

VIRTUAL REALITY SYSTEM

3DNode Machine Vision: to assist RH
operations and Tele-operation.

RH OPERATIONS ASSISTANCE TOOLS |

e ——————————

Viewing System (VS) for displaying
camera views on the monitor displays
of the RH workcell.

Workeell
Monitors

Monitor
Controlller

Emergency
Stop button

\f\ \% \

S

RH Control and Diagnostic Network

Joystick

TASK SUPERVISOR

oo

1
Remote Diagnostic :
System (RDS) enabling 1
the monitoring of the 1

equipment health j

o " status to  detect |
' — degradation, :
anticipate and |

diagnose failures. :

REMOTE DIAGNOSTICS

VIEVﬂ-ING SYSTEM

RH Audio-Video Network

RH Estop Network




Command and Control (C&C)
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X Command & Control for RH System 23.02 DRHS@xavi-moren. gtdmadJocal
User Settings Tools Help

ADMINISTRATOR : thenito ESTOP @ Joystick Connection ® RHDB connection @ | OMS connection @

Alarms & Events

2023-04-17 14:57:50

RECOVERY Code Description Type Source Time
JQINT HOLD 1000 The internal logger is saved in: ../config/log2/ INFO C&C  14:55:54
1006 Connected to host = 192.168.16.118 INFO RHDB_C&C 14:55:53
CONTROL
— )
Controller Info | 1/0 Signals  Hydraulics Detailed Status  Motion Parameters ~ Actuators Si » : Axes Position | Joint Tracking Error = TCP Axes Tracking Error
Current Relative Target Tracking
RH Equipment: PBS23.02 CMM Geolocation (XYZ): [0, 0,01 Position Position Pose Error
X 28,5621 -21.6685 -50.2305 ? |
ces: 11-67-35 Zero Status: DONE sk FAer Dy colmb: o peraiLs)
Y [mm] -99.3432 - -0.4999 98.8433 D
Geolocation (GBS): Moving Status: IDLE MOTION STATE Z (mm] | -16210.6096 = 16209.4260 11836 - - i
CONTROLLER STATE Yaw [deg] 9.7420 = 115149 17728 | ENABLE ‘ ZERO  JOG RDB 1o MOVE RHPC EMULATOR  HPU  ACTUATORS
eNABLED Pitch [deg] | -80.1669 - -79.9315 0.2354
[HD—LD! Roll [deg] -170.4677 = -168.6683 1.7994 Select Joints @ ALL ENABLED
SAFE E P READY E —_— Current Joint Position Target Pose Tracking Error Select All Deselect All
_MOVE
@ Radial [mm] -19000.0000 -19000.0000 0.0000
ZERO 2 Radial ENABLED
-19477.5 -8845.8
= i = Lift ENABLED
® Lift [deg] 15.0000 15.0000 0.0000 1l ENABCED)
[ ] 2 ™ CRO ENABLED
-5.36002 9.46
= ! HRO ENABLED
@ Tilt [deg] 0.0000 0.0000 0.0000
u -50 s 50 | ENA | ‘ DISABLE DISABLE ALL |
® CRO [deg] 2.7703 2.7703 0.0000
3
B -0.560009 ¥ 51.1479 || Digital Valves
® HRO [deg] 0.0000 0.0000 0.0000 -l B BERAULTSERABLE 5
| -58.2 0.800021 W SET FSM MODE
Trip Meter User Reference Frame - ;&gl RESET SET RELATIVE POSITION‘
S Velocity Scaling
Hookplate 0.436417 tons Is Moving @ | 100
] 10 20 30 40 50 60 70 80 90 100 %
OMS Collaboration Repeat-File Execution
Subject | Action | Action Object DB Action Object =~ Qualifier Object = DB Qualif] Subject Action Action Object Qualifier Object

| Commissioning Hands on | Nominal | _ MOVE

SAFE

ONE ERROF QEFUS : HA E ]
| ACTUATORS ASK 2 TASK | ASK TASK 5 TASK 6 il ASK 8 | [ HA =
— Rescue || Maintenance | TASK O TASK 10 TASK 11 TASK 12 TASK | TASK 14 TASK 15 TASK 16 || TEACHFILE | - ]

|OPEN TEACH FILE|
T N

The C&C GUI can control all DAT
devices

C&C GUI layout with areas for RH
devices general statuses, data
monitoring, commands controls,
alarms monitoring, teach and
repeat of sequences, and interface
to OMS

C&C manages a Joystick for JOG
commands, activate moves, trim
velocity scale

Developed on Qty® using C++
language, following a SIL-1
equivalent development process
C&C for DAT-CMM developed at

DTP2 and C&C for DAT-CTM pre-
configured by F4E

C&C version for teach-pendant also
will be available

C&Cs provided as a free-issue
items to the Supplier with
source code, documentation
and training

C&C might require minor
configuration and functional
updates
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HIGH LEVEL CONTROL SYSTEM

1 1 - o
Operation Management System (OMS) Command and Control (C&C): the : Virtual Reality (VR): to complement | : 3DNode Machine Vision: to assist RH : Viewing .System (VS) for d|s;?|ay|ng
to manage step by step operations primary operator GUlI to remotely | the Viewing System, to simulate : 1 operations and Tele-operation. I camera views on the monitor displays
sequences of RH tasks. GUIs for building, ~control and monitor RH devices 1 structural deformations, to enable | : 1 of the RH workcell.
executing and analyzing RH tasks. through RH networks; interfaced to a : the anticipated detection of collision, 1 1
Joystick for manually driven motion. ] to assist Teleoperation : 1 :
] I ' Workeell
! i I Monitors
: 1 1
1 I I
1 1y I
1 1 :
I 11 i Monitor
i ! : : Controlller
1 VIRTUAL REALITY SYSTEM : : _| RH OPERATIONS ASSISTANCE TOOLS |

e ——————————

RH Control and Diagnostic Network

Emergency
Stop button

Joystick

TASK SUPERVISOR

il hal
S i S S S ——

1
Remote Diagnostic :
System (RDS) enabling 1
the monitoring of the 1

equipment health j

o " status to  detect |
' — degradation, :
anticipate and |

diagnose failures. 1

REMOTE DIAGNOSTICS !

VIEVﬂ-ING SYSTEM

RH Audio-Video Network

RH Estop Network
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U VR - main capabilities:
* VR implemented by VR4Robots from TreeC
*  Accurate 3D Modelling of RH devices and the environment:
* Tools for importing models from CAD
* Calibration and adjustment of the VR environment to match the real world

*  Real-time monitoring RH devices in the VR environment by updating VR models using data
read from controllers at up to 20Hz.

* Detection of collisions of between VR models of RH devices and the environment, with the
capability to inform the operator and to stop motion (implemented on GENROBOT)

* Augmented visualization of RH devices operations through multi-views including equipment
and process information as: equipment and connection status, sensory data (using visual
indicators or graphs), deviation from nominal trajectory, actual control frame, target point,
etc.

O VR - Structural Simulation capabilities:

*  Modelling of dynamics effects to visualize equipment deformations under load (e.g. Divertor
Cassette deformation when compressed, CMM deformation when loaded, etc.)

O VR - Computer Aided Teleoperation:
*  Automatic adjustment of models using 3DNode machine vision information

* Limitation of workspace or of motion path when moving

O VR models and VR4Robots configuration prepared by F4E and transferred to the
Supplier who is responsible for VR4Robots installation and license purchase




High Level Control System Outline

Operation Management System (OMS)
to manage step by step operations
sequences of RH tasks. GUIs for building,
executing and analyzing RH tasks.

File Network

Command and Control (C&C): the
primary operator GUI to remotely
control and monitor RH devices
through RH networks; interfaced to a
Joystick for manually driven motion.

HIGH LEVEL CONTROL SYSTEM

Virtual Reality (VR): to complement
the Viewing System, to simulate

structural deformations, to enable
the anticipated detection of collision,
to assist Teleoperation

VIRTUAL REALITY SYSTEM

[ e e e e e

3DNode Machine Vision: to assist RH
operations and Tele-operation.
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1
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1
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RH OPERATIONS ASSISTANCE TOOLS jj
3

FUSION
FOR
ENERGY

e ——————————

Viewing System (VS) for displaying
camera views on the monitor displays
of the RH workcell.

Workeell
Monitors

Monitor
Controlller

Master Haptic Arm to
tele-operate the MAM
slave arm with force
feedback.

RH Control and Diagnostic]Network

Emergency
Stop button

Joystick

TASK SUPERVISOR

g | il |
S R ———

oo

1
Remote Diagnostic :
System (RDS) enabling 1
the monitoring of the 1

equipment health j

o " status to  detect |
' — degradation, :
anticipate and |

diagnose failures. 1

REMOTE DIAGNOSTICS !

VIEVﬂ-ING SYSTEM

RH Real-Time Network

RH Audio-Video Network

RH Estop Network
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Computer Aided Teleoperation - 3DNode 452y, FUSION
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L 3DNode — main capabilities:

*  Provides Cross-hair marks detection for
manual alignment

provides accurate (<+/-1.5mm)and reliable
pose estimates of constellation of markers
and Pl tags, can be used in CCOR alignment
Available as a Free-issue item to the

supplier

rrrrrrrrr

Clearmask

lsbjson




High Level Control System Outline FOR,
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HIGH LEVEL CONTROL SYSTEM
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VIRTUAL REALITY SYSTEM

1 1 A . .
Operation Management System (OMS) Command and Control (C&C): the : Virtual Reality (VR): to complement I : 3DNode Machine Vision: to assist RH : Viewing System (VS) for displaying
to manage step by step operations Primary operator GUI to remotely | the Viewing System, to simulate : 1 operations and Tele-operation. I camera views on the monitor displays
sequences of RH tasks. GUIs for building, control and monitor RH devices I structural deformations, to enable I : 1 of the RH workcell.
executing and analyzing RH tasks. through RH networks; interfaced to a : the anticipated detection of collision, Iy 1
Joystick for manually driven motion. | to assist Teleoperation : 1 :
1 1
i I ' Workeell
1 1 : I Monitors
i b :
I 1 i
I 1 i
I b ]
I b i Monitor
' 1| I Controlller
I 1 i
1
! a !l

File Network

-| RH OPERATIONS ASSISTANCE TOOLS |

| P I T S EN S S S5 GED GNN BN GED GEN GED GED OGN BN GED GNN GED GED GEN G S
1

Remote Diagnostic :
System (RDS) enabling I
the monitoring of the 1
=1 equipment health' §
FR Y © status  to  detect |
— degradation, 1

Emergency Joystick
Stop button

\f\ \% \

S

e | I —

1

anticipate and |

diagnose failures. 1

TASK SUPERVISOR REMOTE DIAGNOSTICS 1

- - - -
| il hal

S i S S S ——

—————————————————— ] ——— - - -

VIEVﬂ-ING SYSTEM

RH Control and Diagnostic Network

RH Audio-Video Network

RH Estop Network
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Remote Diagnostic System(RDS) 24 FOR
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U Monitor equipment health U  HMI look and feel as the C&C
state using data and events

. . ) rchiver Status()  Display Refresh Indieator 2023-04-12 15:06 UTC+03 EE:‘.“:
published by RH equipment T e .
v || S U Fast data acquisition mode
controllers over the RH Control 5o : e e

101 Paceet o AecASOID: 151 Lod  ED2304-12 15:05:27 ADA
Al 2

ec.

s T

tratied 151 Heambent liness il e
a

Uiy - U

and Diagnostic Network - —

ez ey
ommand received
101 Paciet managar starte,

publication of warnings

(RHCDN) ot : SR bt = 0 Real-time display of data:
:\ : * time domain plotting of
. . P e s data (trends
QO Detect equipment degradation | ::::iino. | i e s ¢ ( q ) , Ivsi
. : T T ! L = i SELLER * frequency domain analysis
before failure event by I (-l i T R e q y ¥
. . . . ) [ ‘ H ! 1 101 Herthen manager starsed o 14-17 o (spectra)
monitoring deviations with —| ! \ = = z 2 : ) )
. . Ll ‘ . \ | D mn e, i [minmnmise ¢ amplitude domain analysis
respect to nominal condition. 4 e otk - g . [ i L1151 A1 .
T [ | B ‘ ! i 5 EmmiEn W (histograms)
2 I I t v oTe2 E = 1zjo3ja033 130733874 | M Open Frrar Lo
‘ LB * scatter plots
| : ‘ | o —" I;‘;’"‘ e Reset o Defaulls
0  Warn and inform the operator F — J | J HL! L ll L ‘_‘ 5 [_\ UH% || b DevieHoathSatuses | custom Worigenches " e cross-correlation p|ots
. | | | ‘ ‘ | | 4 . T8 Rearmbeat status
in case of anomaly by “\ , H | Lol
| Tt

ki

HRO SERVEALY
1AGH R PRESSURE 16 1160 Me
O IO AL
HRIO FOLLOWING ERRCR
HRC) CHAMBER PRESELRE PO HRD-PE
RO ACTUATOR TARGFT

e

RAIUR

LL— 1 PR u . H i H O Recording and retrieval of
‘ monitored data in temporary
L and long term repository,
either local/remote in HDF5

Q Provide tools to implement :
condition monitoring

LG 15018 19012 IDEE DDt Loy Ledrod enud RECEN

a0 s ruoR ] = B e P '
algorithms applied to incoming  terorsatea sgna Signa Ofst | Graph Scaing | Farameters Command R Devis format.
CHM DTFZ_ANALGG SIGRALS PACRET_HROQ SERVOVALVE ROD PRESSUNE G AIG W 0,000 61,000 New offset value | g meman i oTez » Cannot execute.
s Srlected Cammand Reply
ianal b imi Send User Publishing Periud (] ;‘J:h. zi”‘m" o~ Show Selocted Workbench

Filtering
Vet Autscatewith ot | cocey e gorem) (Faresey Dk

U Provide tools to implement — — : : == e
diagnostic rules on stored data

Capture Capture Scope Scope Browser

[ Provided as a free-issue
item to the Supplier

14
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Operation Management System (OMS)
to manage step by step operations
sequences of RH tasks. GUIs for building,
executing and analyzing RH tasks.

File Network

Command and Control (C&C): the
primary operator GUI to remotely
control and monitor RH devices
through RH networks; interfaced to a
Joystick for manually driven motion.

HIGH LEVEL CONTROL SYSTEM

Virtual Reality (VR): to complement
the Viewing System, to simulate

structural deformations, to enable
the anticipated detection of collision,
to assist Teleoperation

VIRTUAL REALITY SYSTEM

3DNode Machine Vision: to assist RH
operations and Tele-operation.

RH OPERATIONS ASSISTANCE TOOLS |
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Viewing System (VS) for displaying
camera views on the monitor displays
of the RH workcell.

|

|

|

|

|

|

|

|
Workcell :
Monitors ' fi
|

|

|

|

|

|

|

|

|

|

. Monitor
\' ‘ ».'_S
: Controlller

RH Control and Diagnostic Network

Emergency
Stop button

o

Joystick

TASK SUPERVISOR

il hal
S i S S S ——

1
Remote Diagnostic :
System (RDS) enabling 1
the monitoring of the 1

equipment health j

o " status to  detect |
' — degradation, :
anticipate and |

diagnose failures. 1

REMOTE DIAGNOSTICS !

VIEWING SYSTEM

RH Audio-Video Network

RH Estop Network
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Viewing System

; ounigict o ogm et

o

MCO screens wideo wall

i
4,35m |
|

Control Network

Workcell
Monitors

Monitor
Controlller

Andio-Video Network

Camera
Controlller

P

' U camera
Device

ot S
,4aavezy, FUSION
& 3o FOR
as

@ias?’ ENERGY

&

Based on the OperView system COTS for real-time monitoring
2 possible configurations
O Use of cameras over IP
d Use of CoaxPress cameras controllers (not for DAT)
Monitor controller:
Video stream de-croping, decoding and routing to workcell monitors
Viewing System HMI:

Selection and allocation of cameras to specific monitors commanding the
monitor controller

Command cameras and monitor their status

Latency performance requirement for remotely operating equipment:
* >100msec screen to screen

16



DAT Low-Level Control System for CMM

(example) ENERGY

1
High -Level Control System (HLCS) | | Mobile cantrol room CMM High Level Control System Mobile control room CTM High Level Control System
| | (Assembly Hall) (Assembly Hall)
1
1
| @
OPERATIONS ! g ; ) ) ) 2 ) X
MANAGEMENT <€— COMMANDE: REMOTE VIRTUAL REALITY : E - Task Supervisor Remote Diagnostic ] Task Supervisor Remote Diagnostic
p— CONTROL DIAGNOSTICS - -
Control Room in @ 2 ] ﬁ
— Assembly Hall || Virtual Reality Viewing System ] Virtual Reality Viewing System
1
i i i | - ; -
RH Control & Diagnostic Network
Tokamak Building .
___________________________________________________________________________________________________________________________ Gallery comer Adjacent Port Cell
CUBICLE CUBICLE
MONITORING PROTECTION b t
SYSTEM SYSTEM qenRO o
1
I \—'_1
i CONTROLLER
i Low-Level Control e | i
1
! system REMOTE R i Portcen | Local w Local CTM-1 a i
1/0 MODULES Master i HMI HMI |
! i (LLCS) A ] CTM operator |
: ) a CPD fineeen % i
EtherCAT Network * 1
i | orD I - CTM-2 Local :
I 1 operator - HMI |
1
T . . ____E CMM | CTM operator i
3 T ]
| | '
| REMOTE DIGITAL |
' SEK/%TISRF:\S/ES e VRYES | Low Level Control System & Devices
| MODULES Controller |
B |
I |
! I
Divertor Assembly L
Transporters (CTM/CMM) MOTORS “ SENsORs || AcTuaTORs “ \[;iglital “
alves

- Example for CMM but applicable to CTM
- Note: The Control System of the Cask Platform for
DAT does not follow the described architecture

Sensors, actuators, valves and
motors for all components of
DAT CMM/CTM (including
special end-effectors)

____________________________________________________________________________________________________________________________
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GENROBOT-based DAT Low-Level Control , FUSION
System for CMM @ DTP2 '3’ ENERGY

genRobot
cPCI Controller
A . NAI Resolver
RH Control & Diagnostic Network Kontron Hilscher Card 75G5
____________________________________________________________________________________________________________________________ ) CP30035A CIFX-BORE
i H . -
E | S 5
\ 1 T W
E CUBICLE CUBICLE 4 i > 3
' MONITORING PROTECTION | ‘j = ll'ﬂ
SYSTEM SYSTEM ] N
5 GenRobot i
i CONTROLLER i
i Low-Level Control i dial
[l EtherCAT/ Radia
! System REMOTE ProfiNET i Kollmorgen drive
i (LLCS) 1/0 MODULES Master E Ser_v)q Drive
1 1
i EtherCAT Network | EtherCAT Bus
! ]
| |
bommmmmmmmmmmmmmm oo 'I' ————— Y- T T T T T —— Y T T T T T T —— I AN ¢
|
| REMOTE DIGITAL
MOTORS |
| 1/0 VALVES - resolver
| Bedkhoff Input/Qutput Modules €
| EERCOREE MODULES Controller | ~ Digital Valve System LIFT 4 \T‘*\
|
[— | Valve
: I Beckhoff PLC — ‘ )9
| ' CX5140 5. Beckhoff
S SV (S AU (S | EK1100, EL1008, EL2008, EL3086, etc o B E919
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Digital Valve Controller (Bekchoff PLC with EtherCAT
interface
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* GENROBOT is a Generic Software Robot Controller for Remote
Handling machinery (transporters, manipulators, end-effectors,

tools)
4 RH Control & Diagnostic Network = Implementing all the common functionalities needed by RH
| { . equipment controllers:
Mo || Mo Genpobot = Cartesian and joint-level move commands (point-to-point,
. — CONTROLLER |

linear, JOG), buffers of commands, fly-by of move
commands, motion settings (velocity, acceleration), on-the-
fly velocity scaling, smooth/abrupt stop commands

1

| Low-Level Control
E System REMOTE

i (LLCS) 1/0 MODULES

EtherCAT/
ProfiN ET
Master

EtherCAT Network

i it A = T------Ir---------—--—-----------*’ = Ready to use network interfaces to C&C, VR, RDA and the
REMOTE . . . . .
L e o aves l RHPC consisting of commands-replies, data subscription and
ontroller | . . . . .

l = : publication at different rates, and alarm/warning/info events
! |

Frsnmmissasseoseaos ' - = Ready to use low-level interfaces to: protection circuit

| Divertor Assembly - - 1 1 i signals, motor drives, remote /0 signals, BiSS multiplexer

i Transporters (CTM/CMM) MOTORS SENSORS ACTUATORS Digital E

§ Vlves g controllers

Sensors, actuators, valves and = Recovery functionalities by-passing sensory information,

S et (e ©f turning motor axes into simulated mode, on-line

§ special end-effectors) reconfiguration of motion control parameters

= Safety self-monitoring and watchdog
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o> 2% FOR

System for CMM (example) *::u.,. ENERGY

* |tis adaptable to RH machinery through configuration parameters,
drivers and user functions

 GENROBOT is High quality and integrity software compliant with

4 R Control & Diagnostic Netwiork IEC61508-3 industrial-safety standard

> . Runson the VxWorks 7.0 Operating System platform

S genrobot ' «  GENROBOT is provided to the DAT Supplier as a free-issue
: T CONTROLLER | .
i;:;;/;/;el;:velControl — Item
!(LLCS) . .
e * Pre-installed on a cPClI platform with CPU and EtherCAT

master to be installed in the cubicle

! ]
"""""""""""""""""""" WS T T T T T T T T Ty T T T T T T T T Ty T T T T T T

M°Tﬂ o AES i * With pre-adapted capabilities for DAT CMM and DAT

[E—

SERVODRIVES MODULES Controller
CTM as hydraulics functions, interlocks, etc.

* Needs parameters configuration and tuning to match
oigtal | hardware/mechanical components

Valves

[}
E Divertor Assembly
i Transporters (CTM/CMM)

 Might need limited functional improvements requiring

Enctors o al cormnonents o coding and compilation
DAT.CMM/CTM (including . o .
SRR CIEAE) .+ Pre-configured Digital Valve Controller provided as a free-

_____________________________________________________________________________________________________________________________

issue item to be installed in the CTM/CMM
* Remote I/0 modules to be bougth & installed by the Suppiler
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Thank you for your attention

FoIIow us on:

www.f4e.europa.eu
www.twitter.com/fusionforenergy
www.youtube.com/fusionforenergy

| www.linkedin.com/company/fusion-for-energy

www.flickr.com/photos/fusionforenergy
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