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Abstract

In large-scale projects, parts management offers relia-
ble methods and tools for efficient fabrication of high-
quality accelerator components. Facilities like the Euro-
pean XFEL are assembled from thousands of parts. The
parts are produced by the many project partners and have
to be provided in time. For successful long-term operation
of the facility, the parts have to be of excellent quality.
Parts management is a foundation for planning, coordinat-
ing and tracking fabrication processes, for conducting
Quality Assurance and Quality Control (QA/QC), and for
achieving compliance with legal regulations in certain
areas. The paper shows how parts management is used at
the European XFEL and discusses experience and bene-
fits.

INTRODUCTION

DESY has developed a parts management solution,
which is used in the series production of accelerator com-
ponents for the European XFEL. The parts management
solution stores assembly instructions and drawings for
each component, and it tracks the assembly progress of
each individual component. It offers procedures for quali-
ty inspections, for handling non-conformities and for
managing changes, and it tracks the current whereabouts
and the entire history of each part. The solution is based
on DESY's Product Lifecycle Management (PLM) Sys-
tem and integrates several laboratories and suppliers. The
paper shows examples of parts management at the Euro-
pean XFEL and discusses experience and benefits.

MOTIVATION AND REQUIREMENTS

Parts management is introduced in response to re-
quirements on the fabrication of accelerator components:

o Distributed fabrication scenario: Project partners
are distributed over several countries, and each part-
ner collaborates with further suppliers and sub-
contractors. Responsibilities have to be clarified and
information flows need to be agreed to ensure timely
delivery of all parts.

e Collaboration across disciplines: Design and fabri-
cation engineers have to work hand in hand. If for
example during production the need for changes
arises, the change information has to be propagated
back to the design documents and needs to be com-
municated to all partners to ensure the parts continue
to fit together.

¢ Quality assurance & control (QA/QC): Parts have
to undergo acceptance tests when they are received
(and sometimes even at intermediate steps in fabrica-
tion). Acceptance test results have to be recorded,
signed-off and processed in a reliable and orderly
way.

o Legal regulations: Compliance with legal regula-
tions, like e. g. the pressurized equipment directive,
requires that certain (parts of) equipments are
uniquely identified, and that their complete fabrica-
tion and usage history is tracked throughout the en-
tire lifespan of the XFEL facility. Compliance with
these regulations is mandatory for receiving and
keeping the permission of operating the XFEL facili-
ty.

e Operation, Maintenance and Upgrades (OMU):
Many OMU activities need access to complete and
up-to-date documentation of the facility, such as e. g.
QA/QC records and maintenance instructions. This
documentation has to be captured during installation
and commissioning and has to be continued as the
facility evolves.
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Figure 1: Part lifecycle for a supplied (purchased) part with its location log.
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Figure 2: Different elements of part documentation repre-
senting a physical part in the DESY EDMS.

CONCEPT

Parts management is a general concept for defining and
organizing fabrication processes, and for structuring fab-
rication information. It provides reference processes for
e.g. fabrication planning, acceptance testing, handling
non-conformities and managing change, and it organizes
collaboration with suppliers.

The XFEL parts management solution is based on the
DESY EDMS, a web-based Product Lifecycle Manage-
ment (PLM) system which is the central collaboration and
documentation platform for the European XFEL [1].
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Part Lifecycles

Parts management organizes processes along the part
lifecycle. Figure 1 shows an example lifecycle for sup-
plied parts, i.e. parts like drive units, pumps or mechanics
that are purchased from a supplier and then used in accel-
erator beamline components. In this example, the lifecy-
cle begins at the laboratory that is contributing the part.
The lab specifies the part and places an order with a sup-
plier. The supplier produces the parts, performs final fac-
tory acceptance testing and delivers the parts in this case
to another lab, which is then assembling them on acceler-
ator modules.

Parts management defines who needs to perform which
activities in which lifecycle stage. By receiving the result-
ing documents, production progress and part location can
be tracked, and the next steps can be initiated.

Part Documentation

From a technical perspective, parts management pro-
vides work instructions and receives accomplishment
records. Fabrication processes can be coordinated and
tracked as soon as the expected sequencing of documents
is pre-defined, thus complete and up-to-date part docu-
mentation is the key to effective parts management.

The documentation of any part comprises two ele-
ments: The general design & manufacturing documenta-
tion for the general type of part, and the specific docu-
mentation of that particular individual physical part. The
former is called the fabrication or manufacturing docu-
mentation, the latter the inventory or physical documenta-
tion:

e The manufacturing documentation defines “how the
part shall be realized”. It contains e.g. specifications,
process instructions, quality management plans, and
test cases.

e The inventory documentation keeps track and rec-
ords the history of each individual physical part. It
contains e.g. inspection sheets and test results, and
routing, installation and usage records.

Figure 2 illustrates the part documentation elements for
an s.c. rf cavity. The manufacturing documentation (se-
cond from top) is organized around the bill of materials, a
hierarchical list of all (intermediate) parts that have to be
assembled during production. The inventory documenta-
tion (third) consists of individual “physical part records”
which link to the parts’ specific records and list identifiers
of the used (sub-) parts and materials. All the elements are
linked, they also link back to the engineering design (top).

Workflows

Pre-defined workflows ensure that documents are pro-
cessed in an orderly, timely and reliable manner. Work-
flows are used for critical activities, such as e.g. reviews
and approvals. Figure 3 shows as an example the work-
flow for handling non-conformities: Non-conformity are
reported by quality engineers. Fabrication managers as-
sume the role of non-conformity coordinators and deter-
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mine who needs to be involved in the reviewing and deci-
sion-making process. The non-conformity report (NCR)
is distributed and iterated until all participants agreed on a
decision. The workflow ensures all participants are in-
formed, involves deputies in case of absence, puts dead-
lines on responses, etc.

EXAMPLES

European XFEL has introduced parts management for
numerous components, including the fabrication of the
super-conducting cavities, the assembly of the cold accel-
erator modules, the production of the warm magnets, and
the final assembly of the undulator segments. The follow-
ing sections describe parts management experience for
selected examples.

Cavity Production

The cold linac of the XFEL contains more than 800 s. c.
cavities which are provided by DESY. The Nb sheets for
the cavities are delivered to DESY to DESY by different
suppliers. DESY inspects and forwards the sheets to the
cavity manufacturers. The cavities are produced by two
manufacturers.

Parts management is used for the processing of all Nb
sheets and for quality management in cavity production.
The cavity manufacturers are connected to the DESY
EDMS and upload their quality documents directly during
production, allowing the project team to immediately in-
spect and double-check the documents. The solution is
also used for handling non-conformities and for accepting
delivered cavities [2].

The solution provides reliable documentation, allows
quick reaction during production, and is mandatory to be
compliant with the pressurized equipment directive. It is
also necessary to handle the huge amount of about 10°
documents which are created during cavity production.

Accelerator Modules

The XFEL accelerator modules contain more than 400
individual parts, among them eight of the super-
conducting cavities. The parts are provided from various
labs and companies which are distributed across Europe.

Parts management introduced a manufacturing bill of
material, which has become the central structure for coor-
dination and information exchange. Many project partners
and sub-contractors are connected to the DESY EDMS
and included in these procedures. Incoming parts are thus
often already registered in EDMS, so the assembly team
can access their entire documentation and history (Figure
4). Approvals and non-conformity handling use EDMS
workflows which include participants at different loca-
tions.

The solution was essential in identifying and clarifying
responsibilities and interfaces. In particular, the MBOM
helped to describe in an organized way which parts will
be provided by what partner.
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Figure 3: Workflow for handling non-conformities.

CONCLUSION

The described parts management solution has become a
valuable contribution to the production of large series of
accelerator components in the XFEL project. It supports
collaboration in distributed manufacturing environments,
including suppliers and sub-contractors outside the pro-
ject, and helps managing production quality. It is routine-
ly used in several XFEL work packages.
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Figure 4: Example physical part record of a coupler dur-
ing assembly to an accelerator module.
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