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Vacuum *“" Controls @ CERN

Paulo.Gomes@cern.ch

TE/VSC/ICM

TE — Technology Department
VSC — Vacuum, Surfaces & Coatings Group
ICM — Interlocks, Controls & Monitoring Section
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CERN accelerators :
the LHC & its injectors

http://home.web.cern.ch/about _H_EME—‘-‘—
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LHC : 27 km collider for protons (ions)

regular cell 107 m
(.:U 1 1 1 ----9:') magnets
> QRL
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energy per beam: 7 TeV
main dipoles field: 8 T
current: 12 kA
superconducting magnets

NbTi @ 1.9K
(1200 D + 400 Q)

http://home.web.cern.ch/about/engineering/pullin
superconducting-electromagnets

http://home.web.cern.ch/about/engineering/superconductivit
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RF superconducting accelerator cavities
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cryogenics @ LHC
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PVSS data server

Siemens S7-400
500 ms cycle

» 8 FEC
oommrmme \WorldFIP — Ethernet

- — Gateway
500 ms cycle

A .
S - | ax Profibus
= |.L5 Mbit/s

2o

“intelligent”

CV positioners
with electronics

point-to-point
cables

D = € =0 @ & =90 =< 0

ryogenic CV

without electronics

1

ax WorldFIP
1 Mbit/s

FIP crates
custom rad-tol electronics

sector = 3.3 km




databases intensively used in cryo-controls

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

. . . =2 . =

. 2
. 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
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vacuum for cryogenics (LHC)

To achieve high magnetic fields for accelerating and guiding the particle beams,
superconducting materials are needed
Bending magnets and accelerating RF cavities are operated at 1.9 and 4.5 K

Thermal insulation requires high-vacuum
Before cooling can start, insulation vacuum must be < 10 mbar
Below 20 K, the cryo-pumping effect keeps the pressure around 107 mbar

(CERNE? H- Paulo GOMES , CERN - TE/VSC LIP - Lisboa, 14 Julho 2015 10




vacuum for beams

PS: 26 GeV

LINAC_2: 50 MeV ~ PS_Booster: 1.4 GeV

/
=

To avoid beam loss (100 h lifetime) and noise to the experiments
need to minimise interactions between beam and residual gases
therefore, beam pipes must be pumped to ultra-high vacuum

LHC : nominal beam vacuum ~ 1012 mbar

LHC : insulation and beam vacuum ~ 109 km [10~ .. 1012 mbar]

SPS, PS, PSB, L2, L3 : beam vacuum ~ 19 km [107 .. 10 mbar]

http://home.web.cern.ch/about/engineering/vacuum-empty-interplanetary-space

<
é-/ Paulo GOMES , CERN — TE/VSC LIP - Lisboa, 14 Julho 2015 11




WNNIYA = 4344134d

sdwind

wnnaep

(tequ)

ues|\| S8|NJBJOJ\| 2NSSald

yied e84y cwd | Ui

(tequ)

1olews jo
sebuea Bunesadp

oyoqu&uuc-omu

vacuum

BEERE w ©

~ Ultra-high Vacuum |
L 1 [N [N Y 1N Y T 4 4 L L L4
© © o © © © © © © o © © ©o ©o © o © © © o
S o < 8 8 8 & s 1 o ® % 5 : 2 8 i ) o o
=1 o = w - o o ~ )
L oL L LS L [L LL LS L [L LL kL L L L L L
© o | ollle © | o | o © © o o b © o |© s o
@ H =] B ] = ® N = s 2 * = " " = * N = N
Path traveled N 1IN Y ' L [h L [|h L L LK LN [LX L
by a molecule slle S |&a © 3 © '8 8 8 S ©, |9 ©g os e,
before striking
another Meter
> ——— Spacetrave] ———MM —— - ---—-—-
| Between Earth and Moon
ot
o
< .
o — ——— Nothern lights —— : NGC891
Orion A. Nebula(H,)
Visible interstellar gas nebula
I
| -
o =)
o S
=) =)
= =
3 =
Interste

1quId
Diaph
croll pumps

Rotary vane pumps |

fing pumps

agm pumps

=T

e

W pumps

pumps

hﬁ' usion pumps

Th ermal cond uctivi

vacuum aalnee

‘lonization vacuum gauges

Eenmno vacuum aauaes

Paulo GOMES , CERN — TE/VSC

LIP - Lisboa, 14 Julho 2015

Courtesy of PFEIFFER?? VACUUM
www.pfeiffer-vacuum.com/know-how/

pressure ranges (1S decades)

LHC Insulation Vacuum
P< 10! mbar
VAC_OK for cool-down

@T < 20 K : cryo-pumping
P~ 107 mbar

Beam Vacuum
P~107..101 mbar

primary /roughing pumps
10*3 .. 102 mbar
turbomolecular pumps

. 10" mbar

sputter ion pumps

107.. 10 mbar

pirani gauges
10*3 .. 10* mbar
Penning gauges

10> .. 101 mbar
Bayard-Alpert gauges
107> .. 1012 mbar




Pirani gauges (thermal conductivity)

Dependence of thermal condutivity on gas pressure Twisted pairs
Resistor under vacuum is heated to constant temperature (~ 120 °C) single shielding
The necessary heating current is a measure of the pressure ~
500m
1 bar .. 10 mbar
above 1 mbar : non-linear ; dependent on gas spiecies
Accuracy ~ 30%
Needs calibration, to compensate for cable length
Sensitive to ambient temperature
B EEE T R B B SRR /-f P Controller
@ mbar . ] i ! | [ ] / I
. —— SEni==rv s Vour
R,
—
1
+ -
0.1
Gauge
A
0.01
Vacuum VFiL ‘ ]
0.001
0.0001 0.001 0.01 0.1 1 10 100 1,000 |
Courtesy of PFEIFFER_E VACUUM Actual pressure
www.pfeiffer-vacuum.com/know-how/ Courtesy of G. Pigny (TE/VSC)
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Penning gauges (cold cathode ionization)

HV triaxial cable

Electrons are emitted from cathode, due to high electric field (3 kV)

Magnetic field (0.1 T) provokes longer oscillating paths to anode
increasing the probability of ionizing gas molecules

lon current collected in cathode (1 uA..1 pA)is a measure of the pressure

10>.. 1011 mbar

Accuracy ~ 50%

/ Anode
At high pressure : current is unstable due to arcing 3 kv
At low pressure : current extinguishes (zero reading) Magnet
Broken cable (zero reading) may simulate good vacuum Cathode
—>

Poor isolation on HV cables & connectores :
leakage current simulates higher pressure reading

Courtesy of G. Pigny (TE/VSC)

~
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Bayard-Alpert gauges (hot cathode ionization)

Electrons are emitted by the heated filament (no need for high electric field)

Electric field inside the grid (150 V) provokes longer oscillating paths

increasing the probability of ionizing gas molecules
collector

lons are attracted to the collector .
grid filament

lon current (1 uA .. 0.1 pA) is a measure of the pressure x

10> .. 1012 mbar

Accuracy ~ 10%
Needs callibration

Filament A
transformer | |

Twisted pairs
single shielded

I‘@;;iaaaé;.e ~ 500m
4 _J\

Triaxial cable (collector)

Courtesy of G. Pigny (TE/VSC)
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Primary (or roughing) pumps

Used as the first stage of pumping from atmospheric pressure,
or as a backing pump for TurboMolecular pumps

wet pumps (ex. Rotary vane) : with oil as sealing, lubricant, and heat exchanger
dry pumps (ex. Roots) : more clean
1 bar.. 102/ 10* mbar

pumping speed of a few m3 /h

[ Valve stop

-1

X

A

&/

Leaf !
spring
of the
valve

| High vacuum stage
Il Second forevacuum stage 1 Intake flange 4 Exhaust flange
, 2 Rotors 5 Casing
Courtesy of Oerlikon-Leybold 3 Chamber

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

The rapid movement (30 000 - 70 000 rpm) of the turbine rotor kicks the gas molecules
into the stator surfaces and then in the direction of the backing (exhaust) port

Used as the second stage, together with a rughing pump connected to the atmosphere

102.. 10" mbar L 5
pumping speed of 10..3 000 |/s 2 _ i
!
— B
/
(==
—— e
= — 7
3 o /
High pumping speed TS ‘i 8
o -
y N : ; 10
\\__ |
el 11
High compression ratio
1 High vacuum inlet flange 5§ Splinter guard 9 Cooling water connection
2 Stator pack & Rotor 10 3-phase motor
3 Venting flange 7 Pump casing 11 Ball bearings
4  Forevacuum flange 8 Ball bearings

Courtesy of PFEIFFER E VACUUM
www.pfeiffer-vacuum.com/know-now/

Courtesy of Oerlikon-Leybold
http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/
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Sputter ion pumps
Composed of several Penning cells

Electrons are emitted from cathode, due to high electric field (6 kV)

Magnetic field (0.2 T) provokes longer oscillating paths to anode
increasing the probability of ionizing gas molecules

lon current (10 mA .. 1 uA) is a measure of the pressure
Pumping : ions bombardment of the Ti cathodes
Sputtering & deposition of Ti => getter reactive gases

lon implantation into the cathode => all type of ions

10> .. 1011 mbar

® Titanium atoms
O Gas molecules
-------------------------------------- © Electrons

& lons
» B Magnetic field

Cathode
E
apoyje)

Anode cylinder
Courtesy of Oerlikon-Leybold
http://www.oerlikon.com/leyboldvacuum/en/documents/download-documents/
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HV triaxial cable
~ 500m

Cathodes (Ti)

Magnet
Anodes 9

Courtesy of G. Pigny (TE/VSC)
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vac controls architecture

Cern Control Centre

Cern Control Room (CCC)

(CCR)

-

Vacuum Monitoring Room
(VMR)

«l- e (L1
-' ‘. General Purpose
office Network

"".T"& S e
> v
PVSS B y
Data Server

Technical Network
(TN)

M o underground service area \

VRLM Profibus1 (fixed equipment)
““"" PLC slave Remote 10 er200

Volotek TPG300

(VRGPK) (VRGPT300) VRPGF) (VRLRB) (VRLRI)
Profibus2
(mobile equipment)

e A= WA
V'RPGM VREM

Remote 10 eT200 | Remote 10 e1200
(VRLRS)

[ i e e 4 ”
- - -

- -

=l o~

"Ui(\

o
.
| | l- -

TMP controller VIES controller VPI Controller ! VPS Controller
(VRPCT) (VRSM) (VRPI) (VRPSA)

. controller
(VRVC)

VRPGP VIES

VGR /VGP

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

~~
é-/ Paulo GOMES , CERN — TE/VSC LIP - Lisboa, 14 Julho 2015 19



vac controls - on the surface

Cern Control Centre
Cern Control Room (CCC)

Data Server . ‘
' B - ; T~ o General Purpose
Technical Network office Network
(TN) m—— (GPN)
- .’ ’-_
R T

Since 2000, all accelerators have been upgraded to a PLC-based architecture
Master_ PLC: Siemens S7-400
Human-Machine Interface (SCADA): Siemens WinCC-OA (former PVSS I, from ETM)
Small accelerators are controlled by a single PLC
Large accelerators have one PLC at each underground service area
(CPS: 5, SPS:7, LHC:28)
However, olny 1 SCADA Data-Server (DS) per accelerator

PLCs and DS communicate through Ethernet in a protected and restricted "Technical Network®

Consoles in the "Office Network" can only monitor the system evolution

~
& Paulo GOMES , CERN — TE/VSC LIP - Lisboa, 14 Julho 2015 20




vac controls - in underground service areas

Master_PLC, controllers, power supplies - kept in underground service areas
away from the radiation in accelerator tunnels

PLCs talk to field equipment (gauges and pumps) through controllers; the modern ones often :
are intelligent, with embarked microprocessor or FPGA
can communicate with the PLC via Profibus, minimising the complexity and price of cabling
and allowing wider exchange of information & configuration

PLC master underground service area \

RLM Profibus1 (fixed equipment)

Volotek TPG300 PLC slave Remote 10 eT200 Remote |0 eT200 | Remote |0 e200
(VRGPK) (vacpnoo) VRPGF) (VRLRB) (VRLRY) (VRLRS)

Q . \ e N v . -
g " ||||—— i oo IRLLIDL

|||||||||

‘.‘.

L L\HH(\

-

‘-
VPI Controller ! VPS Controller
(VRPI) (VRPSA)

f"' ﬂ[:f

TMP controller VIES controller
(VRPCT) (VRSM)

-4 Valve

B controller
l (VRVC)

On Profibus, controllers for:
VGR : TPG300, Thermal conductivity gauge (Pirani) : [1..10* mbar]
VGP : TPG300, Cold cathode ionisation (Penning) gauge : [10~..10"'! mbar]
VGI : Volotek, Hot cathode ionisation (Bayard Alpert) : [10..10°*2 mbar]
VIES : power supplies for "anti-electron-cloud solenoids"
VPGF : fixed pumping groups and their TMP controller , managed by a small Slave_PLC S7-300

Not on Profibus:

VVS : controllers on individual 10 channels on the Master_PLC
VPI : power supplies on remote-10 stations (Siemens-ET200)

@) &
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vac controls - in the accelerator tunnel

VGF : "active" pair of VGR+VGP, with front-end electronics nearby
in tunnel zones where : radiation low, and far from a service area

VGR and VGP closer to the service areas; can be directly accessed by a “TPG”
Mobile Profibus : dynamic network for "mobile" equipment (when the accelerator is stopped)

VPGM : mobile pumping groups, with "Slave" PLC S7-200
VREM : mobile bake-out stations, with "Slave" PLC S7-300

Profibus2
(mobile equipment)

VPS

K accelerator tunnel )

~~
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vac instrument count for all accelerators

6 000+ vacuum instruments to be controlled and monitored

along 130 km of vacuum chambers
pressure range [10“.. 10 mbar]

PLCs : 300+

gauges : 3 000

pumping groups : 250
ion pumps : 2 700

sector valves : 500

@) &

Paulo GOMES , CERN — TE/VSC

I’LSZBLliS SPS |LHC beam |LHC insul. fa‘ztllr::;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 0| 10 7 of 1
PLC slave 0 0 100
VGM 00 o 10 231
VGR 102| 113 428 348
VGP 122| 128 649 364
VGF o] 13 4 0
VGI 28] 0 167 0
VPGF 7] 3 14 179
VPI 370/ 1429 825 0
VPS 48| 0 0 0
VVS 76| 87 305 39 13520
VVF 0 11 0 0 of n
VVW 00 5 0 0 of s

LIP - Lisboa, 14 Julho 2015
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LS1 consolidations (2013-14)

During LS1, vacuum control systems of PS & AD were renovated (600+ new controllers)

propagating the PLC/SCADA architecture,

bringing the hardware & software to the level of the other machines, and thus enforcing standardization

VGR/P| VGI | VPG VPI VPS | VPC | VVS | TOT
PS 86 156 117 13 372
AD 72 19 16 65 100 6 15 293

Furthermore, each accelerator received new sectors, new instruments, new features (1 500+ new controllers)

Paulo GOMES , CERN — TE/VSC

New ew Damaged
Instruments fCables Cables
PS 372 365 21
AD 293 29
CPS other 49 6 3
SPS 74 229 276
LHC 392 562 8
R2E LHC 480
HIE-ISL 132 390
L4 142 350
NA62 102 200
nTOF 19 60
TOTAL 1575 2671 308

LIP - Lisboa, 14 Julho 2015
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SCADA for vacuum

SCADA applications have been under significant evolution,

regarding their ergonomics, configurability and standardization :

simplified &normalized presentation of information

coherent functionalities & menus, across all machines

automatic scripts, instead of fastidious manual actions

enhanced tools, for data analysis and interventions
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1E9

1E-10
TE-11

L 2011 10,06 13:20:03 964 INFO
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Quality Management

A QM Plan is progressively being put into place, concerning methods & tools :

Naming: rules for coding equipment names, independently of machine
VTL: track problems, requests, repairs, and other actions
MTF: assign a unique “part-identifier” to each individual device; trace history

EDMS: centralise information on architectures, procedures & settings

Layout-DB: describe topology of control components

Tracking of

Actions

Target:

Reguiests
reports

VTL

Examples:

Cabiing
Installation
Repairs

N

ICM Quality Management

Tracking

—~
e Paulo GOMES , CERN — TEVSC

Tracking of
Documentation

Target:
Technical knowledge

EDMS

Examples:
Procedures .\
Activity Repor

- Various informatik

LIP - Lisboa, 14 Julho 2015

Tracking of
System Layout

LE] geL.
Location

r

LAYOUT
Exam DB

Positit \
Settings
v Interlock Levels
v Cables

v Profibus Addresses
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next hardware developments

New gauge controllers
LSS: Have an alternative design

New sector valve card

New Interlock crate ARC : Transmission 4-20mA Ne.W I.On Pump contrqller
Standardise (PS, SPS, LHC) Switching mode PS + Profibus
/
[ PLC master underground sepfice area \

Profibus1 (fixed equipment)
Volotek ii];[:l' Remote IO er200 | Remote |0 vpz00 Remote |0 erz00
| (VRGPK) RGE300) : , (VRLRS)

_‘I ’ .- »
.‘ " PPy w.

Lt

TMP controller
(VRPCT)

VGR AVGP / VRPGP

accelerator tunnel j

Field bus for mobile ctrls New turbo ctrl & local crate
Evaluate a wireless solution Standardise types

~~
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LHC preparing to restart

https://youtu.be/xcMmiKnbFyY
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