Article Id: #173

Abstract

Development Implementation and Final Performance
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LHC Injectors Upgrade

The LHC Injector Upgrade project aims at increasing the performance of the LHC injectors and includes the replacement of Linac2 by Linac4 as injector to the Proton Synchrotron Booster
(PSB). In order to distribute the 160 MeV beam from Linac4 to the four rings of the PSB, a new distributor system has been built. The required five pulse generators have a pulse length
ranging from 20 ps to 620 ps with a rise time of less than 2 us and a maximum flattop ripple of £1 %. Four generators distribute the beam to the four vertically stacked PSB rings whilst the
fifth generator dumps the beam tail. The basic generator hardware consists of a Pulse Forming Network (PFN), two series connected IGBT switches, an optical trigger interface and a Fast
Interlocks System (FIS) for hardware protection. During the iterative development phase, solutions to fulfil the required performance relating to rise time, jitter, long-term stability and reliability
have been implemented and will be presented. The different failure modes of the generator have been studied, identified and mitigated, mostly by means of the FIS. The FIS is integrated into
a larger control system infrastructure via an Ethernet backbone and industrial bus (Profinet). The industrial bus manages all PLC controllers for slow supervision of ancillary systems and
remote control systems from the operating room. The process of the final tuning and the reached performance are outlined. This paper presents the development phases of the generator, the

hardware protection system, the final design choices and its performance.
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The inductors can be roughly adjusted by taps and fine-tuned by means of two movable
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An energy recuperation diode recuperates approximately 50 % of the PFN initial voltage.
The main switch of the generator consists of two series connected IGBTs. A specific
trigger sequence of two trigger signals is needed for this switch assembly to optimize the
voltage balance between both transistors. The voltage balance is monitored and, in case
of problem, is actively controlled by the hardware protection system.
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PFN Tuning

With the experience of the prototype, the approximate cell inductance and the corresponding
tap connection was already known and pre-set for the series. The first rough inductance
readjustments have been done by changing the tap position. For the fine-tuning the generator
was continuously pulsed at 1 kV. The inductance was changed by repositioning the inner
iInductor eddy current screens during pulsing. This allowed a direct feedback on the
oscilloscope and a precise and time efficient tuning.

Faillure Modes of the Generator

The different failure modes of the generator have been studied, most importantly: short circuit,
open circuit, IGBT fault, wrong triggering, and wrong pulse parameters. Mitigation measures
have been implemented mostly by means of the FIS and by hardware design.
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The FIS does not only passively protect €valuates the imbalance. In case of too high
by monitoring the voltage imbalances |m|ealance, the_ FIS will take the required
across the IGBTs but also checks for the @&ctions depending on the actual state of the
correct trigger sequence and blocks or generator (switch on, during the pulse, switch

regenerates triggers. off, before the pulse).

Conclusion

The development phases of the system has been described. The advantages of a prototype
together with an intensive testing phase has been shown by pointing out some of the major
changes and improvements applied before the series production. The failure '

modes and their mitigation measures by combinational and low level -
Implementation has been shown. The final system parameters reached In the i
laboratory have been stated.




