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Abstract

The PIP-Il Machine Protection System (MPS) requires a dedicated set of tools for configuration control and management of the machine modes and beam modes of the accelerator. The protection system reacts to
signals from various elements of the machine according to rules established in a setup database in the form of a Look-Up-Table filtered by the program Mode Controller. This is achieved in accordance with commands
from the operator and governed by the firmware logic of the MPS. This paper describes the architecture, firmware logic, and implementation of the program mode controller.
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PIP-Il'is the world’s highest energy and highest power CW proton linac and first pattern. One of the high-level goals of the machine is to deliver a proton
US accelerator project to be built with major international contributions beam power to target in excess of 1 MW with sustained high reliability
Figure 1 : Machine Layout of PIP I along with multiuser operations of the Fermilab complex
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The MPS is FPGA based and consists of a Main MPS (MPSM) which issues the system
- ; | permits and interfaces with the BIDs, an Analog MPS (MPSA) for post-processing of digitized
; signals derived from certain beam current measuring devices and a Digital MPS (MPSD) Beam
. . | ; which processes serialized inputs from machine subsystems coming from the field via Interrupt
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3 There are four beam inhibit devices (BIDs) in the accelerator located in the lon Source (IS)
SR Comion s i et et and the LEBT Figure 4. There are the LEBT chopper, the Modulator Extractor, the IS High
| on | Voltage Supply (ISHV), and the LEBT Dipole. These are divided into two tiers, BID-1 and BID-
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Figure 3 : MPS Architecture Figure 4: Primary and Secondary Device Diagram
MPS User Interface Hierarchical Fault Viewer Post-Mortem Analysis
operators and domain experts 1o mteract with the MPS via a setof | 1o e main MPS applications is the Fault viewer Phoebus display Post:mortem analysis is a key component of the MPS
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The underlying controls framework is EPICS with IOCs handling

the readback and control of the MPS FPGA boards. Additionally, a MPS FPGA Tegisters. Trip and register information is logged

and retrieved via the apps to view trends.
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Figure 5 : Control System Overview Figure 6 : Fault Viewer ( Phoebus) Figure 7 :MPS Post-Mortem Analysis
Mode Configuration and Control
A distinct group of channels is monitored to generate a permit The Mode Configuration Application is a java application interfaced to the The mode Controller Application is a Phoebus display
for each BID. The decision to monitor a channel can change Data Pool Manager middleware developed at Fermilab. This application which allows operators to send a mode change request to
depending on the beam type and path of the beam. A set of allows experts to save mappings between modes and MPS parameters the MPS which will then switch to the desired masks and
Beam modes and Machine modes were defined that capture (masks, limits ) on the MPS limits.
this dependency.
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Figure 8 : MPS Beam and Machine Modes Figure 9 : Mode Configuration Application Figure 10 : Mode Controller Display
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Interface Is being designed which will leverage the power of EPICS and web frameworks.
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