‘The LHC RF Power Systems @‘

= Presented by : Luca Arnaudon
= Slides by : Olivier Brunner & Luca Arnaudon
= Important note:

= This is a team work..

= so thanks to all colleagues who has made this a
successful project and still putting a lot of effort in it

= Skip the intro...
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Summary
»Geography

*The ACS Superconducting LHC RF system
"lts components
=Klystron
*High Voltage
*Circulator & Load
»"\Wave Guide system
*"Important issues and experiences

= Controls and interlocks

»Commissioning summary
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The LHC machine (@ point 4

E 45

=

ADT ACS
]

UX &5 bunker1 bunker4

bunker2 bunkerd

LL cage 1

ACS lkhystrons
O < <%

LL cage 2

<>

:ﬁ RB 46

Shielding wall H g

Beam 1 - Sx B iR T = =it

= TEEETE

] Lo

uuuuuuu

The three LHC RF systems are located at Point 4
o Superconducting cavities

o Damper system

o RF instrumentation & pick-ups
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The LHC RF system installation

*Two controls rack areas

*Two Faraday cages in UX45
*16 klystrons, Four bunkers with HV equipment

*Four SC cavities in one cryomodules
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‘ The LHC RF accelerating system

Specification

a
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4 power converters (LEP) on surface; 4 klystrons per converter

16 klystrons, 1/cavity, 400 MHz, 300kW CW

Connection via circulator (+ RF load) to waveguide system

1 modulator/klystron to adjust operating conditions (slow changes)

Modulator, fast protection unit and high voltage components in fire-proof bunker

control systems:
-interlocks
-specialists applications

\supervision
i .L'T:E

| Low Level RF system

L B i acheme =i

1

TS eI
b ket KT

der i v ihmrnnd)

WREFO8Workshop - March'08 5



‘ LLHC klystrons

= Main parameters

o Output power: 330 KW,y
o Operating frequency: 400.8MHz
o -1dB bandwidth: = +1MHz
o Gun perveance :1.5 106 (A.V-15)
o Load VSWR @ any phase: 1.2
o Beam voltage: 58kV
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LHC klystrons

Issues
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400MHz Klystron Collector cooling modifications

Issues: klystron ‘boilers’ modified:
o Bad water cooling of collector (SM18 klystron vacuum leak)
o Hypervapotron mode
= requires homogenous water flow
o Modification agreed with manufacturer:
» dismantling in-situ in UX45, klystron in horizontal position
o Status: modification & re-installation finished

Overheating in
collector

Klystrons in
horizontal position in
UX45




High voltage equipment

Crowbar

=  Fire proof bunkers
»  Klystron modulators :
= Equipped with tetrode for klystron current control . Filament current
= Fast protection system
= 5 gap thyratron -
= 4uF smoothing capacitor Voltage -20kV
=  Silicon oil for safety

Capacitor

= Issues
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LLHC Circulators & RF loads
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‘ Circulators & RF loads

= Main issue: Installation

= Circulators and loads mounted on mobile chassis to
facilitate replacement

= Pre-cabling done in the lab to speed up installation
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Waveguide system
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‘ Controls

Keywords : Distributed , Modular, Standard, Reliability, Maintenance
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‘ Controls: Details

Standard: Use of industrial components > 90%

Distributed: Reduced distance between the sensors
and data acquisition = better noise immunity

KLYSTRON RACK

Modular: Every remote I/O sub-system was tested
and calibrated in the lab prior to installation = easy
installation and reduced hardware commissioning time

CAVITY TEMPERATURE

The system design
was made in order
to optimize
Reliability and ease
Maintenance since
the underground
area is not
accessible during
operation
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‘ Controls: Interlocks

Slow (~10mSec ) interlocks are treated by the PLC
(Ex. Temperature, water flows)

Fast (~15uSec) interlocks will be connected directly to the
fast interlock system

pure failsafe hardware modular system
fast reaction time

The PLC has a “sum of faults” output to the interlock
system

The PLC will read back the Interlock status and provide a
comprehensive code for the supervision

Direct isolated output to
the RF preamplifier FAST RF OFF
the HV power supply FAST HV STOP (= 4 cavities OFF)
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Controls: Faults detection
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Controls: Interfaces
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ACS system commissioning - status

sector 4-5

sector 3-4
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"Remcﬂe operation
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