]
il

\ .

1]

I
“

il

pr _\_\_\_\\\\, | I | (1M

il

M.

] "
il ==—===_




ia
crioge™

P &
Controlar Vacuo nos aceleradores

Paulo.Gomes@cern.ch
(& Andre.Rocha@cern.ch)

TE / VSC

TE — Technology Department
VSC — Vacuum, Surfaces & Coatings Group

Portuguese Language Teachers Program
6 Sep 2022

CE/RW
.

Interlocks
Controls
Monitoring

e >
% L9

E



https://indico.cern.ch/event/1087844/timetable/

os aceleradores do CERN
criogenia para qué
vacuo para qué
instrumentos e controladores

arquitectura de controlo

@) Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022




o Complexo de Aceleradores (protses)

CMS

‘_Hi

I_Hc North ‘Area
2008 (27 km) TN

e ALICE LHCb 3

TI2
AN ATLAS
HiRadMat m\*
o &
ELENA AD
ISOLDE
m BOOSTER
o> o~
.\—r 1 RiBs REX/HIE

2001/2015

PS

Courtesy of LINAC 3 LEIR
lons 2005 (78 m)

Jose Ferreira Somoza
(TE-VSC)

» p (protons) p ions p RIBs (Radioactive lon Beams) P n (neutrons) ) p (antiprotons) P e (electrons) =)~ protonfantiproton conversion -9 proton/RIB conversion

[I.HC Large Hadron Collider ][SPS Super Proton Synchrotron] [PS Proton SynchrotronIAD Antiproton Dccclcralnr] CTF3 Clic Test Facility

[AWAKE Advanced WAKefield Experiment][ ISOLDE Isotope Separator OnLine REX/HIE Radioactive EXperiment/High Intensity and Energy ISOLDE]

LEIR Low Energy lon Ring [ LINAC LINear ACcelerator ] [n-ToF Neutrons Time Of Flight][ HiRadMat High-Radiation to Materials] https://home.web.cern.ch/about
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[I.HC Large Hadron Collider ][SPS Super Proton Synchrotron] [PS Proton Synchrotron]AD Antiproton Decelerator CTF3 Clic Test Facility

AWAKE Advanced WAKefield Experiment  ISOLDE Isotope Separator OnLine REX/HIE Radioactive EXperiment/High Intensity and Energy ISOLDE

[LEIR Low Energy lon Ring ] LINAC LINear ACcelerator n-ToF Neutrons Time Of Flight HiRadMat High-Radiation to Materials https://home.web.cern.ch/about
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LHC em numeros

Luminosidade : 103 protées /cm?/s

20 eventos (colisfes inelasticas) / cruzamento
600 Milhdes eventos /s

Energia do feixe : 300 MJ
= porta-avides @ 6 nos
= TGV @ 150 km/h

http://lhc-machine-outreach.web.cern.ch/beam.htm

Portuguese Language Teachers Program, 6 Sep 2022
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LHC

: colisionador de protoes (& ides) : 27 km
8 scores de 3.3 km

ARC

270 m S 270 m
e s
23 x

regular cell 107 m

EUI--- l---Dz magnets
QRL
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guiar o feixe : imans supercondutores

energia dos protdes : 7 TeV
campo magneético dipolos : 8T
corrente nas bobines : 12 kA

super-condutividade necesséaria
bobinas de tamanho reduzido
Zero resisténcia eléctrica

1200 D + 400 Q + 6 000 Correctr
NbTi @ 1.9 K (=-271C)  (tc=10K)

https://home.web.cern.ch/science/engineering/pulling-together-
superconducting-electromagnets

https://home.web.cern.ch/science/engineering/superconductivit


https://home.web.cern.ch/science/engineering/pulling-together-superconducting-electromagnets

acelerar o feixe : ca

vidades superconductor

QUIC_P4
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EH371 TT&71
E

1| Wl RadioFrequencia 400 MHz (ondas electromagnéticas de 2.5 ns)

espacamento entre pacotes de protdes = 10 ondas =25ns=7.5m

16 cavidades RF @ 4.5 K (4 grupos de 4, no |P4)

™ https://home.web.cern.ch/science/engineering/accelerating-radiofrequency-cavities
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Criogenia no LHC
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= Criogenia : 15 000 instrumentos



PVSS data server

PVSS data server

Siemens S7-400
500 ms cycle

. WorldFIP — Ethernet

e R Gateway
A 500 ms cycle

“intelligent”
CV positioners

with electronics

= &= 0 0 = = O = 0

ryogenic CV

without electronics

point-to-point |
cables

ax WorldFIP
1 Mbit/s

FIP crates
custom rad-tol electronics

sector = 3.3 km



accelconf.web.cern.ch/AccelConf/icalepcs2009/posters/wep061_poster.pdf
accelconf.web.cern.ch/AccelConf/icalepcs2009/papers/wep061.pdf

base de dados

ICALEPCS 2011 poster : https://cernbox.cern.ch/public.php?service=files&t=8d49fd498d38f9fb0a7824ba93afc09a
ICALEPCS 2011 paper : http://accelconf.web.cern.ch/AccelConf/icalepcs2011/papers/mopkn024.pdf

17 000
instrumentation
channels

. =

5 000 cable
numbers

1 700 Profibus
components

800 FIP crates
900 cards

. B

. = . =
. B . = . B . =

specification files cabling files for XML files for specifications for
for manufacturing connecting & Mobile Test Bench control software
FIP Crates inspecting cables PLC, FEC, SCADA

T TP | | |28 T Y |
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Vacuo : isolamento térmico para a Criogenia

Para isolar as temperaturas extremamente baixas (cavidades RF, imans, linhas de distribuicao de helio)

a criogenia necessita de vacuo ( podemos comecar a arrefecer quando o vacuo atinge a 101 mbar)

Abaixo de 20 K (-250 C), o frio dos metais é suficiente para manter o vacuo a 107 mbar

Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 16



Vacuo : deixem passar as particulas

LINAC_2: 50 MeV ~ PS_Booster: 1.4 GeV _PS: 26 GeV SPS: 450 GeV

Em qualquer acelerador, o vacuo é necessario para :
reduzir as colisdes entre as particulas aceleradas e as moléculas do ar
maximizar a durac¢do do feixe (100h : 108 mbar)

minimizar o ruido de fundo para as experiéncias (10! mbar)

https://home.web.cern.ch/science/engineering/vacuum-empty-interstellar-space

@ Paulo GOMES , CERN - TE / VSC Portuguese Language Teachers Program, 6 Sep 2022



gamas de pressao de vacuo (15 décadas)

I LHC Insulation Vacuum
- -
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—— Space travel ——— S ———
Between Earth and Moon

|eAes 1y

Nothern lights —— , LS O vacuo no LHC é equivalente
Orion A. Nebula(Hy) .
ao existente entre Terra e Lua

Visible interstellar gas nebula

soisAyd
osueydsowse-oijse

I
)
(=]
(=]
- ~
3- Interste!
S
Rotary vane pumps | primary /roughing pumps
|qu ring pump 10*3 .. 102 mbar
gsniragm pey
e e —— turbomolecular pumps
S 8 9 Roots pumps ] | .. 1012 mbar
%5 8 |Screwpumps 4_\ b sputter ion pumps
§ % — e e 105.. 10 mbar
) pirani gauges
2B
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) =i i
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|

@ Courtesy of PFEIFFER B VACUUM
/) Paulo GOMES , CERN - TE / VSC Portuguese Language Teachers Program, 6 Sep 2022 www.pfeiffer-vacuum.com/know-how/
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sensores Pirani (thermal conductivity)

-4
1 bar .. 10"* mbar cabo de pares torcidos
blindagem simples

A condutividade térmica de um gas depende da sua pressao
Uma resisténcia eléctrica é aquecida a temperature constante (~ 120 °C)

500m

A corrente eléctrica necessaria para manter essa temperatura
é proporcional a pressao do gas
( maior pressdao = maior condutividade = maior dissipacao ) \
Acima de 1mbar deixa de ser linear e depende do tipo de gas
Precisao ~ 30%
Necessita calibracao para compensar comprimento do cabo elétrico
Sensivel a temperatura ambiente Sl
2 1,000 —— Vour
@ mbar rmmasiiil [
8 | |
S 100
2
S
2 10
+ -
1
Gauge
A
0.1
o IR Vacuum VFiL [ ]
0.001 v
0.0001 Courtesy of G. Pigny (TE/VSC) ;
0.0001 0.001 0.01 0.1 1 10 100 1,000
Courtesy of PFEIFFER E VACUUM Actual pressure
vayv.pfeiffer-vacuum.com/know-how/ ase Language Teachers Program, 6 Sep 2022 20
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sensores Penning (cold cathode ionization)

cabo triaxial HV

~

500m
10>.. 10 mbar

Eletroes sao emitidos do catodo gracas a campo elétrico de 3 kV \ .

Um campo magnético ( 0.1 T ) faz com que os eletrdes
percorram uma longa espiral até chegarem ao anodo,

aumentando assim a probabilidade de chocar e ionizar moléculas de gés «--=<==

As moléculas de gas ionizadas sao atraidas para o catodo
e a corrente gerada é uma medida da pressao (entre 1uA e 1pA)

/ Anode
Precisao ~ 50% 3 kV
Magnet
Pressao elevada : corrente instavel (producao de arco eléctrico)
Pressao baixa : corrente extingue-se (leitura zero
& ( ) Cathode
—>

Cabo interrompido = leitura zero
= indicacao errada de baixa pressao
Mau isolamento da alta tensao = corrente de fuga
= indicacao errada de alta pressao

Courtesy of G. Pigny (TE/VSC)

Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 21



sensores Bayard-Alpert (hot cathode ionization)

105 .. 1012 mbar

Eletroes sao emitidos pelo filamento aquecido (ndo necessitando campo elétrico elevado)
Campo elétrico (150 V) dentro da grelha cilindrica faz com que os electrdes

percorram longo caminho, collector
aumentando assim a probabilidade de chocar e ionizar moléculas de gas .
grid filament
As moléculas de gas ionizadas sdo atraidas para o colector >$
e a corrente gerada é uma medida da pressao (entre 1uA e 0.1pA)

Precisao ~ 10%
Necessita calibracao

trasnformador
para o filamento

\W -= cabo de pares torcido

| Dlindagem simples

\'@éééabu
_

~500m

cabo triaxial (colector) Courtesy of G. Pigny (TEAVSQ)

@) Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 22



Bombas primarias

1 bar..102 / 10* mbar
Velocidade de bombagen : alguns m3 /h

Utilizadas para bombear a partir da pressao atmosférica
ou como auxiliares de bombas turbo-moleculares

Bombas humidas (ex. Rotary vane)
usam oleo para vedar, lubrificar e refrigerar

r Valve stop

U

AN

©

Leaf [

spring
of the
valve

| High vacuum stage Courtesy of Oerlikon-Leybold
Il Second forevacuum stage http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/

Bombas secas (ex. Roots)
sao mais ecoldgicas
necessitam de grande precisdao mecanica

@ Paulo GOMES , CERN - TE / VSC Portuguese Language Teachers Program

Phase 1

gas inlet on
HV-side

Phase 3

gas moved to
FV-side

= Phase 2

gas flows in
until volume
is closed

Phase 4

gas outlet and
compressed to
FV-pressure


http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/

Bombas Turbo-Moleculares

102.. 10 mbar
Velocidade de bombagem : 10..3 000 |/s

O movimento rapido do rotor (30 000 - 70 000 rpm)
empurra as moléculas em direcdo a saida de escape 7

—— 5
E utilizada juntamente com uma bomba primaria
2 :
[ — 6
==
[ ——
| —
o 7
3
High pumping speed < : 8
21 [/
11, (i
| -10
g \ | v
N
\‘ \
\\_ | 11
High compression ratio R :
1 Highvacuuminletflange 5 Splinter guard 9 Cooling water connection
2 Stator pack 6 Rotor 10 3-phase motor
3 3 Venting flange 7 Pump casing 11 Ball bearings
Courtesy of PFElFFEREVACUUM 4  Forevacuum flange 8 Ball bearings

www.pfeiffer-vacuum.com/know-how/

Courtesy of Oerlikon-Leybold
http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/
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Grupos de bombagem

Um grupo de bombagem é formado por uma bomba primaria (VPP) e uma turbo-molecurar (VPT)
Sequéncia de funcionamento:

1. Ligar bomba primaria

2. Abrir valvula intermédia (VVI)

3. Esperar até que se obtenha baixa presséao na turbo

4. Ligar a bomba turbo molecular

5. Esperar que a bomba turbo molecular atinja a velocidade nominal

6. Abrir valvulas VVR1 e VVR2

VVRZX 7 VVR1
VG

VPT

Valvulas:

VVT — Venting bomba Turbo Molécular

VVP — Venting bomba Primaria

VVD - Deteccéo de fugas

VVR1 e VVR2 - Ligam o grupo a camara de vacuo

Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 25



Bombas ionicas

10>.. 10 mbar

Mesmo principio de sensores Penning - Varias células Penning em paralelo WY triasdal

cable

~500m

Eletrdes presos na célula devido a combinagdo entre campo elétrico e campo magnético _

Eletrdes ionizam o gas e os ides sao atraidos para o catodo

Ao colidirem com o catodo, Ti é libertado
e forma uma camada no anodo que prende gases (adsoption)

Volume bombado é retido dentro da bomba — sem escape

P @® Titanium atoms

O Gas molecules
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ © Electrons

& Ions

B Magnetic field

Cathode
E
apoe)

Magnet

Anode cylinder
Courtesy of Oerlikon-Leybold
http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/

@\ Courtesy of G. Pigny (TE/VSC)g@
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Sectorizacéo

A instalacdo de vacuo estd dividida em sectores (sectorizada) para:
Isolar fugas
Permitir intervencdes sem afetar outros sectores

Reduzir o tempo de bombagem apds intervencoes

A separacgao entre os sectores é feita através de valvulas de sector

[File ~ | view ¥ Helo ~ [ 0DE-+000 0.00E-+0D0 0.00E+000 D.00E+000

ASLT . T

oeal eligjeesl |
%BEU. L1.R

1.6  B5L1.BpsSLT.E

ARCE-1.FATLLE

ARCE-1.B7L1.B
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quantos instrumentos ?

Mais de 6 000 instrumentos a serem monitorizados e controlados remotamente

130 km de camaras de vacuo
Pressdo de operacdo : 10*“.. 10*2 mbar

Autématos programaveis (PLCs) : 300

Sensores de pressao : 3 000

Grupos de bombagem : 250
Bombas de ionizacao : 2 700

Valvulas de Sector : 500

Paulo GOMES , CERN - TE/VSC

;szsts SPS |LHC beam |LHC insul. fa‘z:fl;s total
length [km] 2| 16 59 50 1] 128
log (P [mb])-7..-10(-7..-9 -8..-11 -5..-7| -4..-10]-4..-11
PLC master 5 8 28 3 4
PLC other o 10 7
PLC slave 0 0 100
VGM 0 0 10 231
VGR 102| 113 428 348
VGP 122 128 649 364
VGF 0 13 4 0
VGl 28 0 167 0
VPGF 7 3 14 179
VPI 370| 1429 825 0
VPS 48 0 0 0
VVS 76 87 305 39
VVF 0 11 0 0
VVW 0 5 0 0

Portuguese Language Teachers Program, 6 Sep 2022
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a sala de controlo

1974

Sala de control do PS (Proton Synchroton)
©CERN

2015
Sala de control do LHC e seus injectores
CERN control centre (CCC)

©CERN

s
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arquitectura de controlo para o vacuo

Cern Control Centre
(cce)

Cern Control Room

Supervision
layer

Y'TY

-
=
-
6‘
43

'ﬂ 'H

L Profibus1 (fixed equipment)
1 Volotek TPG300 Remote |0 er200 Remote |0 e200 | Remote |0 e1200
Control (VRGPK) | (VRGPT300) (VRLRB) (VRLR) (VRLRS)
LS v ML
layer . — QA | l I I
i Vs
AR R vaive g oo
. . controller TMP controller
\ l (VRVC) (VRPCT)
Profibus2 VGR JVGP  VRPGP
(mobile equipment)
. VRPGM | VREM
FlEId T {
layer

-

(CCR) ™ rwem, __ Vacuum Monitoring Room
¥ i o (VMR)
PVSS ‘ . -
E " Data Server ‘-_ ‘! ’

=1 == g !
S !.-‘ - _. General Purpose

office Network
(GPN)

Technical Network
(TN)

e
LR e

P

PLC master

underground service area \

accelerator tunnel

ICALEPCS 2011 poster : http://accelconf.web.cern.ch/AccelConf/icalepcs2011/posters/mopms016 poster.pdf

ICALEPCS 2011 paper :

http://accelconf.web.cern.ch/AccelConf/icalepcs2011/papers/mopms016.pdf

Paulo GOMES , CERN - TE/VSC

Portuguese Language Teachers Program, 6 Sep 2022 31
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Camada de campo

no tinel do acelerador

Equipamentos diretamente ligados ao processo de vacuo:
Sensores de pressao
Bombas
Grupos de bombagem
Valvulas de sector

Etc..
Profibus2
(mobile equipment)
Field
layer '

K 7 accelerator tunnel

VPS

J

@) Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 32




Camada de controlo
nas zonas de servico subterraneas

Controladores de dispositivos da camada de campo
Interpretam dados analdgicos de sensores e bombas e transmitem valores para PLCs
Atuam nos sensores e bombas

PLCs — Programmable Logic Controller — Computadores Industriais
Recebem informac¢ao dos controladores de equipamento
Enviam informacgao para a camada de supervisao
Transmitem comandos da camada de supervisao para controladores

PLC master underground service area \

VRLM Profibus1 (fixed equipment)
Volotek TPG300 Remote |0 eTz00 Remote IO er200 | Remote |10 1200
Co nt ro| (VRGPK) (VRGPT300) (VRLRB) (VRLRI) v (VRLRS)
. "' p | ";;"ln, I —
layer — e LU I
\ ‘ ceee | . 0 ' deddld :
‘-
A Valve
comroller TMP controller VIES controller VPI Controller } VPS Controller
| (VRVC) (VRPCT) (VRSM) (VRPI) (VRPSA) /
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Camada de supervisao

na superficie

Cern Control Centre
.. Cemn Control Room
Supervision

layer

Vacuum Monitoring Room
(VMR)

==
~I=E ~ .

h——/ _ General Purpose
echnical Network office Network
(TN) 2 (GPN)

= AN '.;.,_”' -

SCADA — Supervisory Control And Data Acquisition
E o software que permite aos operadores interagirem com o sistema de controlo e também analisar o passado

Comunica em tempo real com a electrdnica de controle e com os PLCs

Representa os processos de vacuo a partir de interfaces graficas para que operadores possam:
Verificar o funcionamento do equipamento de vacuo
Serem alertados em caso de anomalias
Interagir com dispositivos

Arquivo de dados historicos:
Permite visualizar e analizar a evolucao temporal

Paulo GOMES , CERN - TE/VSC Portuguese Language Teachers Program, 6 Sep 2022 34




Funcionalidades do SCADA - vistas

Vista principal de cada Acelerador
[ 0102011 142310
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Funcionalidades do SCAI

Lista de equipamentos

- listas

£ Device List =] E3
Scope | criteris | Manusl | orine | - Start
~Main Part: tor Equipment Types
<MNok VAC> ~||[z10 Eop Tyme amount | Use W sl _ Cancel |
T51 220
152 231 1| valves 14 YES " Online  —
= = 2 | Pirani gauges 17 - Al S M S
755 240 m
156 251 3 JPenning gauges v ¥ iny Date Save a r es po r
10 261 4 |1on pumps 211 _—
%ZCDZ 282 5 | External interlack/alarm target 3 ;_ Dazzy {‘.i Generic 5SMS Eonfigurations !E E
0z2-03-2 . .
Current machine mode is = SHUTDOWN
nz-03: [ My configurations Filter... ||_ Filter active
Device Sector Pos. Value PLC Comment D" | Owner | Group Configuration Error State Events | lessag*
WYSA_20101 12 /210 1181.780 M_BAZ
WS 21301 210 / 220 1565.750 M BA2 16225 | Imourier Cryo alarms no filtred Inactive ] 3
WVWYSB_21603 220/ 231 1662.130 M_BA2 Very smal lesk (1.5e-8 mbar --> 3.12e-
WWVEB_21899 231/ 232 1693.080 M_BA2
WWSE_21799 232 /233 1725230 M_BAZ
WWSF_21880 233 /240 1751.180 M_BAZ 16228 | dealegar Pumping groupe LHCh BO Inactive o 2
WWSB_21903 240 / 251 1758.240 M_BAZ
WWSA 210000 240 2002 0.000 M _BAZ 16229 | dealegar BO rack LHCh BO Inactive i} 5
WWSA_22301 251/ 261 1885.730 M_BAZ
VWSA_ 23101 261/ 262 2142830 M _BAZ 16231 | gbreglio Pumping Group Bakeouk Running 3 3
VYSA_30101 262 /311 2333700 M_BA3 simulateur sur cette positon fdaligau'
| 16234 | gbreglio Bake-out A6LT Running [ [
B
16235 | Imourier P 1E-2 Running 261 266
16236 | Imourier WGP OFF ar pressure is increasing Inactive 95 S8z
Acg 6 es g | o) b a |S 16240 | Imaurier YR nat open? Inactive |52 2
16241 | Imourier PLC status Running 1165 1257
{3 Global Action: Group Action [_ [CIx]
—Area Selection : 10 sectors selected —Equipment —Action 16864 | dealegar Yannes GIS et IP2 Running 168 168
Py - ]
Mein Parl ) [Seeter So Ivpel Amount petion 16865 | Ikopyloy PLC is dead Runming  |465 465
P=B VER T 34 Switch OFF all Penning Gauges 16866 | sblancha WPGEEA Stop Inactive 1808 333
LER VPG _BADT 1 Set to Auto all Penning Gauges 16867 | Fbeflori Gas Injection Trbls Rurning |54 56
AD WPl 155 Switch all Penning Gauges ON Forced
AD_INJ_DRA_1 VRS 13 16872 | jsestak C4RE Bake-out rack WARNING Inactive o 30
TL_Linacs WW5_PS 13 16873 | jsestak C4RE Bake-out rack ERROR Inactive 1] 1z
Linac3
16874 | jsestak 4R Purnping group WYR CLOSED Inactive u] 2
BI-BT
Linac2 17590 | jdelagarn Yalves_LHC Inactive 3560 1848
-
BTY 1| | 3|
T2 R B
Edit... | Temw... | Mewr from file... | Save. .. | Delete Address book | Close |
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Funcionalidades do SCADA - histoérico

Histdrico de estados

{3} State_History: StateArchiveDetails

Fram To
=L |ﬂ02—03-201?15:0522 = Now! Show | Print | Save... |

ﬁ01-02-201 B15:05:22

I~ Show contraller names

YGPB 4.6L5 R = . s . ~
01-03-2017 104739 Historico de pressoes
01-03-2017 10:47:41
01-03-2017 10.53.23 B History - o x
01-03-2017 10.53:58 Eis - —
01-03-2017 11:48:42 1EA0 I
01-03-2017 12:02:54 VGPB.232ZE6L1R
01-03-2017 12:02:56
01-03-2017 12:03:14
01-03-2017 15:30:07
01-03-2017 15:30:08
01-03-2017 15:30:14
01-03-2017 16:31:41
VGPB.4.6L5.R Error: | MR-ty
Warning: |
—RE I r—n|
overrengs ' Hpistors
Fres High Overrangs L‘—l_l_tn';'-lz-ﬂ 21:11:38.545 ‘
1.00E+004 mbar
Mode ]
1E14 ™ online Filter MIN ;|
20-11-2017 30112017 10-12-2017 [ Time Interval b
01:00-00 01:00-00 01:00:00 [1mn — Hfan Hlmaay =
=l | File ~ Close Help
Close | Help |
ynoptic LHC
Fle ] view ~ Help ~ [.00E+000 0.00E+000 0.00E-+000 0.00E+000
3 ReplayModule: Replay Control M= B LN ALY

[Z022017 |- )

Start time [02.03-2017 11:50:29 =] 359 Duration [0 =

Play
Mode I'I'lme Diriven 'I Display data e\rery|1 3: rin ID 3: sec
Closel Help |

4| »| 1 m|

) I 02-03-2017 'I

days [1

— hours

Replay

2017.03.02 12:50:29.000
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Arquivo histérico

2 anos de arquivo histdrico de vacuo estao disponiveis no SCADA
Aquisicao de dados para todos os equipamentos 1 Hz

N3ao se pode guardar tudo:
O armazenamé€nto de dados é limitado
O tempo de acesso aos dados aumenta com a quantidade de dados
N3o interessa guardar ruido

Valores Analdgicos (Pressdes, correntes, temperaturas)
Sao sujeitos a filtro (deadband)
Filtro pode ser configurado individualmente por equipamento
Filtro pode ser ajustavel automaticamente para limitar os equipamentos mais ruidosos

Valores Digitais (Estado de dispositivos, Cédigo de erro, Cddigo de aviso, Alarmes)

Todos os valores sao interessantes |
Sao guardados sem filtragem
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Technical recommendations for control systems

Quality of connectors, grounding and cables are essential for reliable measurements

For low current measurement (pA, fA), several external factors can strongly affect the results
Interlocks and alarms must be reliable and tested extensively to assure the machine protection
Electronics shall be tested under radiation before to be installed in radiation areas

Wireless network can be used with mobile equipment to improve time intervention and cost

Choose your SCADA software carefully
If your control system is moderately large — automate configuration
Distribute your applications between servers wisely

Protect your control system by having your SCADA on a dedicated, secured network
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Conclusao

O LHC é precedido por uma cadeia de aceleradores de dimensdes e energia crescentes
Como guiar e acelerar o feixe de particulas
O LHC necessita criogenia e vacuo

Gamas de pressao :
diferentes tipos de sensores e tipos de bombas sao utilizadas segundo os niveis de pressao

O sistema de vacuo estd dividido em sectores (sectorizado)

A arquitectura do sistema de controlo do vacuo do CERN tem 3 camadas (campo, controlo , supervisao)
O SCADA é o software que permite aos operadores interagirem com o processo e analisar o passado
Nem todos os valores historicos sao armazenados :

Valores analdgicos: filtros permitem arquivar apenas o essencial
Todos os valores de estado sao armazenados
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