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Abstract

The report reviews state of the art technologies for automation both in-

side and outside Class 10 Cleanrooms, focusing specifically on the assembly
and alignment procedure for SSR-I and SSR-II superconductive strings.
It reviews the entire spectrum of solutions for automation and metrology,
with a focus on 3D machine vision solutions. It then presents the experi-
mental setup and the results obtained applying a combination of 3D vision
techniques to reconstruct and align two of the components of the string to
achieve sub-millimiter accuracy.




1 Introduction

PIP II is the new Proton Improvement Prorgram undergoing at Fermilab National
Laboratory. It features a new brand 800-MeV accelerator that will replace the old
Linear Accelerator updating the core technology to superconductivity. PIP-II will
enable the most intense high-energy neutrino beam for the laboratory’s flagship
project, the Long Baseline Neutrino Facility and Deep Underground Neutrino
Experiment. PIP-II is the first U.S. accelerator project that will have significant
contributions from international partners, with Italy surely being one of the main
contributors.

This document reports the work done by Alfredo Bochicchio during a 2 month
internship at Fermilab National Laboratory. The broader aim of the project is to
study how to introduce automation in the assembly process of the superconducting
cavities for the new accelerator. The work is structured in the following way:

Part I: Review of the system, why automation is needed

Part II: State of the art analysis of automation inside and outside cleanrooms
Part III: Proposed solutions for strings alignment

Part IV: Experimental setup

Part V: Results and consideration
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Figure 1: Overview of the modules of the New Linear Accelerator



2 Overview of the Linear Accelerator

The 215m long accelerator is composed of several modules which all work in specific
energy ranges.

I will focus mainly on SSR1 and SSR2 cryomodules. Each cryomodule is composed
of 8 SSR Cavities (Single Spoke Resonator), 4 superconductive solenoids which act
as focusing elements for the beam, and other mechanical elements that introduce
compliance: the bellows.

Figure 2: The SSR1 string

2.1 The Assembly of SRF Cavities

The process of designing and assembling Superconductive Resonant Frequency
Cavities is complex and It involves several delicate operations often performed in
extreme environments, such as Class 10 Cleanrooms.



2.2 Cleanroom Overview

Cleanrooms are used in practically every industry where small particles can ad-
versely affect the manufacturing process. They vary in size and complexity, and
are used extensively in industries such as semiconductor manufacturing, phar-
maceuticals, biotech, medical device and life sciences, as well as critical process
manufacturing common in aerospace, optics, military and Department of Energy.

Class 10 Cleanroom:
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Figure 1: Layout of work stations at Lab 2 for the assembly of SSR1 cryomodule.

Figure 3: Top left: rails system for the cleanroom. Top right: Operations of the
custom tooling. Bottom: Description of the procedure

In the entire string alignment and assembly procedure for SSR1 and SSR2 there
is no automation. This cause poor and not repeatable performance. Part of the
assmebly and alignment of the superconducting strings happens inside a Class 10
Cleanroom, which by definition has 10 particles of dirt over a threshold size per
cubic meter.
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