CIS Team

ITER Central Interlock System

Fast Machine Protection ITER
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the way to new energy...
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Attractions: Disadvantages:
unlimited fuel not yet available

no CO:zor air pollution walls gets activated (but could recycle after 100
intrinsic safety

no radioactive ash or long-lived nuclear waste,
cost will be reasonable if we can get it to work
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China, Europe, India,
Japan, Korea, Russian
Federation and the
United States of
America signed the
ITER Agreement on 21
November 2006 in the
Elysee Palace, Paris

“For the benefit of mankind ”

The idea for ITER originated from the Geneva Superpower
Summit in 1985 where Presidents Gorbachev and Reagan
proposed international effort to develop fusion energy...

..."“as an inexhaustible source of energy for the benefit of
mankind’.
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500MWth

i ! Operation
ITER Design Construction 2040<
DEMO
2010 2024 2027

First Plasma DT 500MW
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"4 ITER Partners

The ITER Domestic Agencies are responsible for
implementing the procurement activities under
each Member’s responsibility
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Main Sources of Risk at ITER



=7 Sources of Risk at ITER

interlocks

Superconducting Magnets

Interaction of strong
magnetic fields
5T and up to 17 MA plasma

e

Stopping an aircraft carrier at 150km/h in
500m?powering interlocks manage the same
energy,51 GJ, to protect #ITER
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=7 Sources of Risk at ITER

interlocks

Plasma Heating & FuellingSystems

Plug Body

® Outer structure
RF Grounding System ® Rear flange

Four Port Junctions
(4PJ)
Front Housing Module y
o - =z o

Diagnostics
(Reflectometer)

Straps
Antenna Rear Transition Frame

Faraday Screen Rear Shield Module
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=7 Sources of Risk at ITER

interlocks

The Plasma
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=7 Sources of Risk at ITER

interlocks

Vacuum, Cryogenic and Cooling Water Systems

nnnnnnnnnnnnnnnnnnnnnn

o Secondary plate hellcxnhuﬁ/l'
o Pressurizer o Vertical pump
o Tokamak building secondary confinement o Cooling tower
o Tube shell primary heat exchanger 0 Ski ipeli
© vaive @) Water basin 20,000 m?)

o Pump

@ control basins (4 x3,000 e}
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=7 ITER Procurement Strategy

interlocks

A unique feature of ITER is that almost all of the machine will be
constructed through in kind procurement from the Members

Magnets and Vessel
Cryostat, Cooling, Assembly, Maintenance

500

Vacuum, Tritium, Cryoplant 100
Power Supplies

Heating, Diagnostics, Control

Buildings KO

EU
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524 |n-fund and in-kind procurement

interlocks

Legend H
uman
PON = Plant Operation Network DAN = Data Archive Network

TCN = Time Communication Netwark CIN = Central Interlock Netwark [ [
SDN = Synchronous Databus Network CSN = Central Safety Network O
AVN = Audio Video Metwork CODAC CODAC Interlock Safety
Central supervision, monitoring and data handling B Ll — ek s
] ] I
CODAC Server CODAC Server CODAC Server l
CODAC services 2% Applications :% Archiving j% *
AVN DAN S
&2 ] | |
Rest of the world b
C _H PON CODAC CIs CODAC CSS
I I Interface Interface
] ITER Control Group : I :
CODAC Server CODAG Server CODAC HPC Central Central
Plasma Interlock Safety -
CODAC services || Channel Access Control System System
and applications —% Gateway % I |
| 4

=y SDM
ﬂ - TCN
ﬁ — —

Actuators and Sensors

[ T X ¥ F BN N N N N N I X ¥ N N NN NN NN N O o o [ E——
' ' —
Plant System I1&C
TGN { CN
[ > T N i
el Slow Slow Fast Fast Interlock S I
Haost Controller Controller Controller Controller Controller Controller x
s 0
Signal Remote Remote Signal Signal
Interface {I[e] 1o Interface Interface s
B T T T B Q_
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=7 Interlocks at ITER

interlocks

Future fusion power plants will be only possible if ITER proves that
the reactor and associated systems can run long plasma discharges
reliably.

Interlocks are the instrumented functions of ITER that protect the
machine against failures of the plant system components or
incorrect machine operation.

Consequences

The ITER interlocks shall:
1. Protect the tokamak integrity
2. Maximize scientific operation time

3. Anticipate and test interlock solutions for future industrial fusion reactors

ITER - Interlocks NI Big Physics Summit February 2016




524 |TER Defense-in-depth Approach

interlocks

{ Interlocks }
Permit / PCS loss of Cg ir:r?: Safety
Inhibit control P Functions
sequence
{ Plant System 1&C A—E PCS }
Interlock
Regulation & Plasma Functions
Control Control
Y
[ Plant Systems }

The Interlock Control System ensures that no failure of the
conventional ITER controls can lead to a serious damage of
the machine integrity or availability

ITER - Interlocks NI Big Physics Summit February 2016
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Central Interlocks: Plant Systems

interlocks
a B
Fast
Cryostat Quen(;h ACDC Discharge I?ellet
Detection Converters : Injectors
Units L y
a B
Blanket & Port Plug Gas
Divertor Test Injectors
Facility " Y
~
Glow
Thermal CODAC & Diagnostic Discharge
Shield CSS S \_ Y,
"Di T
isruption
Mitigation
Vacuum Test _ System |
Vessel Blanket
Modules
Tokamak :
Cooling \S/asc.:t:lrjnrg Csrygtge?;‘f ECH ICH '\I'Be“”a'
Water Sys y y €am

ITER - Interlocks

NI Big Physics Summit

February 2016



=7

interlocks

Central Interlock Syste

Slow Architecture Fast Archicture

SPM-A SPM-B CPM oDM

_|

= 3
= =i
= g 4
=i c
= =
= I
Fast
Slow OLIB or Controller Fast
Controllers BLIB Server Controllers
Standard and Fault
Tolerance Fast
Architecture { Hardwired Architecture |§ 1} Architecture
#19 #100 #8

Plant Interlock Systems
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F ICS — Complex architecture

interlocks
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How to integrate the most complex

machine ever?Communication is
the Key! a good interface to soften
ITER Interlocks problems “ITER

AR TR L, ’
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=7 PIS Controllers

interlocks
Up to 3IL-3 > 100ms Standard Siemens S7-400-F Standard PIS
Up to 3IL-3 > 100ms High Availability Siemens S7-400-FH  Fully Fault-Tolerance
Up to 3IL-3* < 100ms 27?7 P97 P77

No COTS meets the

Siemens S7-400-FH )
requirements

Single CPU Fully Fault-Tolerance

[ | E
F r e ¢

CPU+2CP Red CPU + CP

If the mitigation of the event
requires an active coordination
of the actions.

ITER - Interlocks NI Big Physics Summit February 2016




F Requirements

interlocks
Some central interlock functions require a response time which

cannot be implemented by the chosen PLC architecture.

Fast Local functions Central Interiock System
Standardized architecture
Standard sensors waraniroe|Comeston G)
Custom electronics 75315 Fucling a vl e ETeeeTeE

Central functions Lt e
Flexible solution
Fiber Optics Comm. o Cone e

" Response time below 1ms T e oot

= Availability (99.9%)

= reliability (99,6% in 16h) o T

" Integrity level up to PFH < 10~/
= Fail-safe solution
= Harsh environment

ITER - Interlocks NI Big Physics Summit February 2016
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—F Fast Interlock Controller

interlocks
i i i Category MTBF @ 25 °C
e Highly reliable and available NI CompactRIO Product ‘ (Hours)
Controllers
* Facilitate redundancy NI cRIO-9025 293 538
Ml cRIO-9074 322 849
 Magnetic and radiation environments. NI cRIO-9075 1065 385
. ] ] Chassis
* Requires different kinds of I/0 : NI cRIO0118 515216
L. . NI cRIO-9158 826 260
- 24 V digital signal NI cIRO-9144 458 557
bl f h /0 Modules
- Accessible from the same FPGA T P
. . , . NI 9476 1091 425
* Reaction time doesn’t require TV ———
Ml 9425 3090576
extremely fast FPGA loops oA%e PP
System
NI cRIO-9158
NI CompaCt RIO Ml 9205 bb6, 746
Ml 9477

ITER - Interlocks NI Big Physics Summit February 2016




=7 Integrity

interlocks

Hardware Integrity Architecture IEC 61508

Total Failure rate A

Dangerous Detected

Dangerous Undetected

DU
ATOTAL
Safe failure fraction Hardware fault tolerance (see note 2)
0 1 2

<60 % Not allowed SIL1 SIL2

IEC 61508 Part 2 Table 3 60 % — < 90 % SIL1 SiL2 SIL3
. . oL 0,

Architectural constrains on 0% - <99% SlL2 SIL3 SliL4

>99 % SIL3 SiL4 SIL4
“complex” devices NOTE 1 See 7.4.3.1.1 to 7.4.3.1.4 for details on interpreting this table.

NOTE 2 A hardware fault tolerance of N means that N + 1 faults could

cause a loss of the safety function.

NOTE 3 See annex C for details of how to calculate safe failure fraction.
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= PFH Calculation

interlocks

Failure Mode, Effects, and Diagnhostics Analysis

(FMEDA)

Classifies each failure mode discovered as: Determine
e Dangerous or Safe » Safe Failure Fraction
e Detectable or Undetectable. * Diagnostics Coverage

* Probability of Failure per Hour

Metric NI 9205 ‘ NI 9425 NI 8401 NI 9477 NI 9159

Z Ac 1.877E-08 3.868E-08 4. 308E-09 2.510E-08 8.873E09
Z Ap 3.966E-07 4.943E07 2 54B6E-07 1.666E-07 1.078E-06
Z App 0.000E-00 0.000E-00 0.000E-00 0.000E-00 B.73BE07
Z Ap 3.966E-07 4 943E07 2 B4BE-07 1.6B6E-07 b.048E07
SFF 4.25% 7.24% 1.66% 13.16% B3.67%
DC 0.00% 0.00% 0.00% 0.00% B£3.19%
PEH 3.966E-07 4 943E07 2 B4BE-07 1.6B6E-07 b.048E07

ITER - Interlocks NI Big Physics Summit February 2016




? Fast Controller Solution
Double Decker

Sensor

4l

O
DIAG INPUTS
Q
(0]
n
0))]
H

DIAG OUTPUT

‘ll!ll ||‘l|| <:EE:::>
o
INPUT 1
INPUT 2
INPUT 3
COMM
OUTPUT 1
OUTPUT 2

A A ﬁ A A ﬁ
Input Diagnostics Output Diagnostics
Comm
N—1 Between
Chassis
v y Y Y
Chassis| 2
o 5 - ~
I o~ ™ =) o
5 |5 |5 |8 | 2|5 ]5]5
o o o - O ) = =
zZ zZ z Q O O 2 =
< < o (¢}
o a
| | ? ‘ | | T
ut Diagnostics Output Diagnostics

ITER - Interlocks NI Big Physics Summit February 2016



524 Fast PIS — FPGA core application

interlocks

Inputs Voter
—_— —
\ Loop iteration time f >
7 \ . -~ ! Decision
31 Logic
. nputs f |
Disg- Diag- Diag- Diag-2o03-
> 3inputss [ el 3inputs- B 2003-Voter %
Gen nputs- Check Voter
Read
c
=]
=
E Data/
= a A iag- -
5 Diag | Dlu. Global
5 h Chassis Status
a l Ratio
o
§ : é n *
e | c
- l o DiZU:Lputl S’rt . | Diag-20utputs- . | Diag-20utputs- i
»] Hiag-stutputs - Read i Check I 5
|_ — e — — — Gen I I
| l E
c
l | =]
l—
| . S I
| Outputs !
I f N I
— e e e e =] 5P| Master fueay Ty SPI Slave o | _I
1 ]
|} ]
n [ ]
v*- [ ]
| |
\ To other chassis From other chassis )
1

SPI interchassis communication
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interlocks

e SP|l communication

Inter-chassis Communication

Chassis 1

* 64 data frame

L 9401

e Status:
“1” Power?
* |nputs [
[ ]
OUtpUtS CLK JCS |Data CLK JCS |Data
* Voter
* Diagnostics L
g Power? “1
* Integrity measures: l
e Consecutive number ] 9401
* CRC 16 bits Chassis 2
assis
0 1 2 3 4 5 5 7 8 9 10 11 12 13 14 15 Legend:
Consecutive number (5 bits) I PU CH CC RP 11 12 I3 01 02 TE VDlI Consecutive number  CN (5 bits)
Power Up DC PU
Comm Host CH
16 17 18 15 20 21 22 23 24 5 26 27 28 23 30 31 Comm chassis cc
VA1 VD1 VvO2 VA2 VD2 VO3 VA3 VD3 V04 VA4 VD4 VO5 VA5 VD5 VO6 VABI Remote Power RP
Input DC1 11
Input DC2 12
3z 33 34 ES EL a7 38 39 40 41 42 43 44 a5 46 a7 Input DC3 13
VD6 VO7 VA7 VD7 VO8 VA8 VD8 VO9 VA9 VD9 VO10 VALO0 VD10 VO11 VA1l VDI:ll Output DC1 01
Output DC2 02
Temp TE
48 LE 50 51 52 53 54 55 56 57 58 59 50 61 62 63 Voter Qutput n Von
CRC (16 hits) | Voter Alarm n Van
VoterDCn VDn

ITER - Interlocks

NI Big Physics Summit

February 2016
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Fast PIS — Labview Code

interlocks

Jower limit [Egd————
upperhm\t@
|
Tolerance(#hits) }
- i |
Enable;DC L ! DC_Votervi
== 3 Enable DC
L Tower limit
| vi el Random,_Previous_Data
PIS-Polymorfic-VOTI = =
e | LT 2 Frable B¢ hmodic VOTER T
5 - Enable Diagnostic 3 errorin (no error) - m == Voter DC_Results
error in (no error) a o be tron ino eon CHC VOTER o
Sensor Inputs bb Rendom_Previous Dats FIFO COMM
p— p [ Sensor_acquired_diagnostic_cluster o FIFO DC
Sensor_acquired_dato_cluster | |- Tolerancet#hits) T < Jower it
— ——— CHC_INPUT b Sensor_acquired_data_cluster
Sensor_acquired diagnostic_cluster S . 113 pperimt Global_status.i
| alarm Y comm
alarmCOMM ] { P Host present
alarmDC )| : b Input disg
nableCOMM g : Z"C"?p“’@“‘tﬁ b Output diag
eror out b H [_HostPreent ke P power
Output 3 Fost Present Power up disg
Foendo) OutputCOMM ) i b Remote Voter &« FIFQ_for 9477_output 4Ib 4
Rand : ; :
e AnalogOutputoa6d.vi DutputdC oE DC_RemoteVoteryi ] Vater Wire
Generator R Enable_DC Remote_COMM_Voter_Results Remote_COMM_Voter_Results Vater diag Tlm':::t
(FPGA)vi ey Timed Out? ] CHC_COMMUNICATIONS | : operation Y Timed Out?
Ensble DC inputs_diagnostic_cluster OUTRUTS Voter DC_Results D
Random_datz Output Data for DC
E eror ot LeodfiP
& "+ FIFO_emror_cluster b} DEIOT) 1 vy
Read DC_9426 Diag_sensorl
Element - DC_9426_Diag_sensor2
Timeout Digitallnput9426 vi DC_Voter_out
Timed Out? Hr Enable DC Enable_DC
—benrorin (no error) CHC OUTPUT 4
outputs_diagnostics INPUTS CHC_OUTPUT_MODULE |
error out H
usecloop Sensorl_diagnostic
Sensor2_diagnostic
Numeric
stop
" w FIFO_for 9477_output Ik ©|
Read
. . . Element
ttps://svnpub.iter.org/codac/iter/c Tmeau
. 0 . Timed Out?
. . . Enable DC 9477 || DigitalOutputd477 Multiple.vi
odac/dev/units/m-cis-pistc f— oo
Actuator Outputs
Enable_DC
3 error in (no error)
P Output DO Actuators
F Output DO Diagnostics ® =+ FIFO_error_cluster ik °
utput_diagnostics OUTPUTS Wirite
p— Element
Timeout
Timed Out?

ITER - Interlocks
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=7 Fast PIS — PC Host

interlocks

CIN-P1
PON

The interlock critical data of the F-PIS or F-CIS TeN
module will be transmitted via hardwire links.

MXie

The interlock non-critical data (diagnostics) and
the communication with both interlock desk and
engineering workstation would be done using
ethernet CIN-P connected to an attached Fast
Controller Server.

MXle

The server will be also used to send all the field Chasss A
NI 9159

data to CODAC (e.g. via PON) 14 Sots

The time synchronization for the fast controller
will used the TCN

- Chassis B
Reference Documentation: NI 9150

14 Slots

FMEDA Analysis for the 2003SD Double Decker Diagnostic and Improvement of the Safe
Failure Fraction Fiqures (SFF) (N62LS6)
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https://user.iter.org/?uid=N62LS6

=7 Fast PIS — Features

interlocks

Generic fast PIS controller solution:

- Hardware configuration according to IEC 61508
- Reliability and integrity figures available
- PFH calculation tool available for integrity

- Software preconfigured and tested
Additional configuration can be defined and tested if requested

- Integration with the central system
- Critical signal: FPGA to FPGA, using Manchester coding via fiber optic
- Non critical communication with CIS and CODAC via a PC HOST — OPC UA

Conf. SIL consump. Response Time
(IEC 61508) (min / MAX)

3x Al 2x 24V 1.324 E-8 13.2%of SIL3  85.47%  41/89 s
B 3x 24V 2x 24V 1.322 E-8 13.2%ofSIL3  85.47 % 143 / 643 pus
C 3x TTL 2x TTL 1.597E-8 16% of SIL 3 85.47 % 5/20 us

Note: the requirement for SIL-3 according to IEC 61508 is SFF>90%,
There is no SIL-3 COTS with a response time below 1 ms

ITER - Interlocks NI Big Physics Summit February 2016




=7 PIS Controllers

interlocks
Up to 3IL-3 > 100ms Standard Siemens S7-400-F Standard PIS
Up to 3IL-3 > 100ms High Availability Siemens S7-400-FH  Fully Fault-Tolerance
PFH <107/ < 100ms Standard NI Compact Rio Double Decker

Siemens S7-400-FH

Single CPU Fully Fault-Tolerance

[ | E
F r e ¢

CPU+2CP Red CPU + CP

If the mitigation of the event
requires an active coordination
of the actions.
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?ik' Fast interlock for SC circuits

Chassis 1

Chassis 2
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—F Fast Architecture

interlocks

Central Functions: Hardwired connections using CIN-P infrastructure

PIS- X CIS PIS-Y
Logic Solver | | B24 Logic Solver Logic Solver
Input Channel Module 1 Output Channel Module 1 3 Input Channel Module 1 [;I;.;:\] Output Channel Module 1 B Input Channel Module 1 Qutput Channel Module 1 ,@
1ol
2003 [FPGA]
— Input Channel Module 2 | Voter 1 Qutput Channel Module 1 ——
[FPGA]
~— Input Channel Medule 3 k
O‘
input Channel Module 1 Logic Solver | | B71 Logic Solver ! Logic Solver
2003
Sensor L Input Channe! Module 2 erl v — Qutput Channel Medule 1
Lis| Input Channel Module 3 Output Channel Module 1 | Input Channel Module 1 [;:gll,‘] Output Channel Module 1 Input Channel Madule 1 Output Channel Madule 1 Actuator
Module Apu App AD As MC transmission time (2 times of 25.6 Us
9159 Voter 1.6080E-07  8.7790E-07  1.0387E-06  6.8440E-08 encoding, 2 times of decoding)
3401 Comm 2.7380E-08  1.9480E-07  2.2268E-07  3.6180E-08 Time delay of FO cable ( Distance = 1 9.8 us
5401 TTL MC Input Km, Round trip )
(from PIS) 1.7350E-08  1.6070E-07  1.7805E-07  2.7250E-08 i
5300 TTL MIC O | Time delay of FO converters (2 for 0.28 s
LT
(to IS P 2.6580E08  1.5580E07  1.8238E07  2.7630E-08 path from PIS to CIS, 2)for path from
CISto PIS
5401TTL DI/DO Diag 2.8450E-08  1.7120E-07  1.9965E-07  0.D000E+00 - -
: Time to process input/output and 5pus ~ 55 pus
Cumulative 2.80420E-07 173160E-06 2.02102E-06  1.59500E-07 Diagnostics
Response time 40.68 ps ~ 90.68 s

% 3IL-3 %32

1.540E-08 15% 1.5%
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=7 Fast ICS architecture

interlocks

CPM CIS Internall

I

|

I

I

|

|

I

I

3 1
EAN i
I

I

|

I

I

|

ra

TP

1
Fast Inpul madule | S Irgul Moduln
Fast Cutpul module [Slow Ouiput Madule
1001}

Critical Interface CODACIPCS)
i MSR
Wi =i

f

2mMC

PiSFAST | )
| BSR |
| 1001 L i o |
| Fastinpuimodule | [Siow input Madus | |
! [Fuot Cuputrodus| (5w Cutan Moduls
J ool | Critical Interface CODACIPCS| I
EPM-A, |
i L [ S Y - - - - - e = — 1
e commmiey | CI§ Internall |
e T = — A
I ICIS-PIS * e i I ]
[ ; - T ] |
| T -.ﬁ |
| | | = e = = |
T B
v [ 1 | '
| | | I o el B N T m | oo | HiHIN D RS m | |om | |
| l | | | |
| | | | I |
| I v | | | |
l o e .
[ | o g |
| [l 8 |
! I 7 E |
bl | | [ A |
N & = ]
N PPM Server (BSR) Moduls Module | | i | - o) | |
K I i |
| | Module | )
|
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=24 Central Function Communication - MC

interlocks

e Manchester Code communication
* 96 bit for Inter-chassis comm

e Standard frame for plant systems:
* 64 bits data frame

e Media Converter TTL — FO
e MTBF 185529 hours

Analogue Value Communication

IWEII?EEHE

Funkuhren GmbH & Co. KG

5 Lange Wand 9
3 D-31812 Bad Pyrmont
meinberg.d

Digital Value Communication

Bits Real data bits Bits Real data bits
Start Of Frame 2 X Start Of Frame 2 X
Counter ] 5 Counter 5 5
Type 3 3 CBS Level 1 8 8
Number of the signal | 8 8 CBS Level 2 8 8
recejved # of Event or Action 24 24
Value 32 32 Reserved 1 X
CRC-16 16 16 CRC-16 16 16
Total a6 64 Total 64 61

ITER - Interlocks
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=7 PPM - FPGA core application

interlocks
1. Inputs
——
< N Loop iteration time >
-~ - )
FromPIs — — — — — — —| » MC Decoding— — — — =
I
'I‘ 2. Decsion Logic
o Inputs f o
i Diag-input | »| Diag-input | ; Diag-input || /
Gen Check
Read . ~
5 \ =
®
i Data/ .
"1:._’ _ [:'IEE || 3, Gutputs A Dlag- | o Global- | 1
E | Ratio Chassis Status |
E | / |
= i * I
| Outputs / . ) \, | | 3
| [y Diag-output > Diag-output > Diag-output || | I | =
Gan Read Check i
H————— * I H +=
I =
I I I 2
I | | e
I L — — — »MCEncoding — — — — — — S b — — > ToPis
| | |
b, A I
| ; 4 |
| I |
_— - — — — ML Encoding — — l—h MC Decoding — — —
I
v I
\_ To other chassis  From other chassis ,

AN

d. Imter chassis communication
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7 Conclusions and Outlook

interlocks

O The project launched in January 2013 has so far produced a PIS controller design over
the base of the National Instrument’s cRIO with the required capabilities:

* Availability (99.9%) and reliability (99,6%)

* Integrity level up to PFH < 10-7

* Fail-safe solution (deterministic state in case of internal error)
* Response time of 100us

O First real applications:

* Fastinterlock for the superconducting coil power supplies (FAT of the Correction
Coils Master Controller in December 2015 and for the poloidal field coils, central
solenoid and toroidal field coils power converters during 2016)

e (CISvl
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524 Fast PIS — Software Architecture

interlocks
CODAC CIs
EPICS OPC UA Drive Supervisor Module
{Under development) {Win CC OA )

t

FAST PIC
F y

PC HOST Archiving CRIO
Interface

OPC UA
' 3 t

System
Monitoring

FPGA Core
P Application
Interlock functions

¢

Function
Manitoring

f 1

| Hardware F-1/O Interface

CRIO Host PC
Interface interface

—

T T 1
sensars and Interchasslls _t_ﬁIS-_PPM
Actuators communication Critical intarface
vater Between C Manchester Code
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=7 Fast-PIS Development Cycle

interlocks

Several development tools are involved into the development of fast CIS runtime

Application:

e LabVIEW for FPGA is used to develop and compile the FPGA code

e The OPC UA driver and the DMA FIFO for the data exchange between the FPGA and
Win CC OA are configured under Linux environment with the necessary tools.

* Win CC OA is used to implement the archiving and monitoring of the CIS Fast
controller from CIS Desk

Labview
Start from template =3 Modify template =3 Compile — Load FPGA >
\
PPM Server
Configure the OPC UA Confieure the DMA Configure connection ARuFtir:en
driver > 8 »  with WinCC 0A pplicatio
WinCC OA J’
WinCC OA project Driver/IP addresses . . ] Graophic screen .
creation settings CAMDONESS s development =
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Generic fast PIS controller solution:

Double-Decker System

The 2003 Double Decker architecture showed the best overall
performance in terms of availability and reliability. The voter is
implemented in the FPGA; hence it does not require en external voter
unit and thus enables capabilities that can provide a higher level of safety.
The two chassis allow for a diagnostic strategy that will increase the SFF.
Also, this solution can be adapted as a F-CIS module solution.

Compact Rio Modules for Fast Interlock Controllers

Description Reference

Y

NI 9159, 14-slot CompactRIO Chassis, LX 110 FPGA, MXle 781315-01
NI 9205 32-Ch £200 mV to +10 V, 16-Bit, 250 kS/s Al Module 779357-01
NI 9264 16-Ch £10 V, 16-Bit, 25 kS/s Analog Output Module 780927-01
NI 9477 32-Ch 24V, 8 us, Sinking DO Module 779517-01
NI 9425 32-Ch 24 V, 7 ys, Sinking DI Module 779139-01
NI 9476 32-Ch 24 V, 500 ps, Sourcing DO Module 779140-01
NI 9426 32-Ch 24V, 7 us, Sourcing DI Module 780030-01
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=7 Prototypes
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Development

computer Double decker
r CCECICE,
\ A
LWL SRR
LabVIEW - P
And LabVIEW FPGA

Software tools

FPIS

PPM Inter-chassis Communication

Field Bits
Start Of Frame 2
Counter 5
PU 1
CH 1
RP 1
TE 1
MDn 14
On 55
CRC-16 16
Total 96
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