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The PSB RF system was entirely replaced in the framework of the LIU project, to ensure the performance
required for the High-Luminosity Large Hadron Collider (HL-LHC) project. In conjunction with the hardware | |
renovation, a state-of-the-art control system was developed and commissioned to ensure the system's " __ =

optimal operation. s 'l e|e|nls8 N e
LS | # pj %F‘i\ /\

SRR | L ,g- Ill n Jo | '

The PSB machine consists of four superimposed rings, and the acceleration of particles is ensured by the
new wideband Finemet RF system, which is installed in three straight sections of the machine. In each
sector two groups of Finemet cells are installed per ring, resulting in structures composed of forty-eight cells
per sector. The new RF system thus consists of a total of one hundred and forty-four cells, each with
independent power supplies, amplifiers and control electronics. Air and water cooling distribution are shared
by the cells in each sector.

In order to ensure the safety of the system, which consists of accelerating cells, amplifiers, power supplies
and auxiliary services such as cooling, machine vacuum and fieldbus communication, an advanced industrial
control and interlocks system was developed. Each structure installed in a sector is controlled independently
through one PLC and measurement and control cards (AI — analog input, AO - analog output, DI - digital
input, DO - digital output) tailored to the equipment installed. The control program is structured to follow a
sequence of data acquisitions, each authorizing the start of the next step and ensuring that all necessary
conditions are met before the RF can be pulsed. The control sequence is composed of sub-sequences, which
span from overseeing general services to granting authorization for RF pulsing on a cell.

Level 1

The initial part of the first level of the sequence runs checks on the fieldbus communication, water temperature and pressure, water
leaks and machine vacuum. In the event of any equipment failure within this segment, an immediate shutdown of the RF system is
| triggered in the affected sector to ensure safety and prevent potential hazards.

- In the latter part of the sequence, the water cooling of the amplifiers is started independently for each ring, such that any fault
Ml happening in this stage only affects the specific ring and does not influence the operation of the others. Moreover, the program runs
— 1T ventilation system checks. Any malfunctions exclusively impact the cells connected to that specific ventilation, ensuring that the

"""" neighboring cells within the sector remain unaffected.

Level 2

At this stage the designated power is distributed to the cells. Each cell is controlled independently, allowing for power redistribution

among cells in the event of a malfunction as long as the minimum required power is attained.
_ At this stage the position of the sector safety key is checked. If the key is either removed or placed in the safety position, no power
- | is sent to any of the cells within the relevant sector, thereby allowing safety conditions for interventions on the sector. In the second
step, the system assesses the cells' ability to operate correctly. The operation of each cell is halted if a specific number of faults have
occurred, thanks to a fault counter which can only be reset by an expert. As a third step, the temperatures of the cells are checked
to ensure they fall within a specified range, thus protecting against any malfunction of the cooling system, for example a foreign
object being trapped in the cooling pipes. As a final step, checks are performed on the status of the amplifiers' electronics, the
auxiliary power supplies and the main power supplies. Furthermore, the sequence verifies whether the current remains within the
programmed maximum limit established by the expert, checks the integrity of the amplifiers' fuses, the statuses of the gap relays,
and the temperatures of equipment racks situated around the cells. Once the sequencing steps are completed, permission to pulse
the RF on the cells is granted. When a fault occurs on a cell, only the faulty cell is switched off and all other cells in the sector

CONTROL SEQUENCE

- continue operating normally.
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The fine-grained control capabilities required the implementation of automation to ensure the efficient operation e —
the system. To this end, a FESA class implements a sophisticated sequencer. i Ring4 If Red, Urgently Call
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sources. Consequently, this resulted in the development of a single panel per structure, ie. one for all sectors, one P jjj D 2 (65 (O TG G0 (G ) 1 0 I 1
for all rings and one for all cells. Furthermore, a global panel was developed to provide situational awareness of |(ErEv—— s (GGG T
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A comprehensive control system was developed to operate the novel RF installations in the PSB Monitoring panel for the ring 1 in sector 5 (left) and

accelerator. The software allows RF experts to easily control the equipment, fully exploiting the the general view panel for sector 5 (right)
whole CERN control system stack. An extensive control sequence allows the supervision of any
aspect of the RF system and allow for a time-efficient remote exploitation of the system. The
whole software control system was successfully commissioned during LS2 and is presently used

CONTROL APPLICATIONS

Sector 5 - Level 1

State Busy [ water Leak [ Air Flow

Timeout [Ring3& 4 st/Flt |[Ring 3 & 4 St/Flt |

Ready @ Ring4 (Leak 1) (Leak'2 5t/ Fit - L .
PR R R B 1st Flt Ventilator 3 Ventilator &

: 1970 0L:00:010 A G i | R
- a— , Thu, 1 Jan 1970 01:00:00 | Thu, 1 Jan 1970 01:00:00
W val _ Ring3 'Leak 1 (Leak 2 5t/ Fit WO ik vt Sl oo T

ater Values St/Flt 1st Fit |[Ring 1 & 2 st/Flt ||Ring 1 & 2 St/Flt

LA S i Ring2 'Leak 1 'Leak 2 5t/ Fit Ventilator 1 § Ventilator 4 £
TOUT[*C] 274 €& 1st Flt

to operate the PSB RF system.

Ventilator 2 © Ventilator 5 ©

Pressure [bar] 6.2 © || Ringl fLeak'1 ‘Leak'2 st/ Fit Thu, 1 Jan 1970 01:00:00 Thu, 1 Jan 1970 01:00:00
istbfh )"  ?—"h—

The authors would like to thank Alan James Findlay for his invaluable help during the
commissioning of the system.

Sector St/Flt
PLC Fieldbus ©
Sector Vacuum £

Ground Floor St/ Flt
1st Flt

Equipment Stop &

Monitoring panel for the RF system in sector 5
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