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Facility overview
Osdorfer

Born

 Electron beam to 
photon beamlines

 Undulator systems 
begin

Schenefeld

 Experiment hall
 Laboratories
 Offices 

DESY-
Bahrenfeld

 Electron source
 Linear accelerator 

begins
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Undulator Systems

SC Accelerator
Dogleg

SwitchyardSASE 1

SASE 2

SASE 3 Dumps

Injector

Accelerator Layout

SASE 1- 3 : Undulator Systems

W. Decking

SASE1/2 SASE3
u [mm] 40 68
Operational Gap
Range [mm]

10-20 10‐25

K‐Range 3.9–1.65 9.3‐4
Radiation Wavelength Range [nm]

@ 17.5 GeV 0.147-0.040 1.22‐0.27

@ 14.0 GeV 0.230-0.063 1.90‐0.42
@ 12.0 GeV 0.310‐0.0828 2.44‐0.621
@   8.5 GeV 0.625-0.171 5.17‐1.15

Number of Segments 35 21
System Length [m] 213.5 128.1

Repetition rate: < 27000 pulses/ sec

Photon Energy Range
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Undulators Production
Project Planning

12 countries are participating in the European XFEL project

Looking for the possibility of in-kind contribution

Selection of partners 

Project coordination
Laboratory visits, technical discussions
Specifications 
Instructional documentation
Meetings organization
Weekly videoconferences
Preparations for using Electronic Document Management System (EDMS)
Documentation process introduction
Archiving
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Undulators Production
Ordering Process Flow

Requirements
Specification

Call for Tender
Company visit 

and 
familiarization

Price 
Negotiation

Company 
selection

Technical 
details 

discussions

Production 
plans setup

Prior to the start of serial production, production of 
prototypes was ordered
Serial production was started after confirmation of 
compliance with the specification, as well as taking 
into account all changes



7Management of undulators production and commissioning for the European XFEL Suren Karabekyan,  ANL, October 14th, 2019

Production Process Flow

Mechanics + Magnetics Integration +FAT
Magnetic Measurements, Tuning, Calibration

Document Management System

Mechanical Support + Motion 
Control Integration

SAT

Undulator frame 
production

Control system: 
Cabinets + motors 

+ gierboxes

Magnets and 
keepers 

production
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Serial Production of Undulator Segments:
External  Production in Industry

July 2012

Dec 2012

Local Control Systems

Magnetic Structuress

Mechanical Support Systems

Dec 2012

July 2012

Nov 2012

Nov 2012
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Production at European XFEL in Hall 5

3 climatized Magnetic Labs 

Incoming Magnetic 
Structures from VAC

Assembly Area for 
Magnetic Structures

New Undulator Segments 

Segments waiting for 
Magnetic 
Measurements 

Measured and tuned 
Segments

Hall 5 was rapidly filled up. Assembled and tuned undulators were stored in a hall, outside of DESY premises .

Steps @ XFEL.EU:
 Mounting of magnetic 

structures
 Local Control System

Commissioning
 Magnetic 

Measurements & 
Tuning

 Documentation, 
Preparation for 
Installation 

Schedule: 
 Total Time  2 Years

(starting Oct/12)
 Scheduled End: 

Oct / End 2014
  3 Magnetic Labs 

needed running in 
parallel

 3 Weeks/Undulator
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Quality Plan - Undulator Segments 
Process Specification - FAT

Test of welding seams

Surface Treatment documentation

Non-Conformance, Change Management

Factory Acceptance Test (FAT)
Support Frame Quality, App, (Table 1)
Support Frame with Drives, (Table 2)
Girder Quality, (Tables 3 & 4)
Final Test of Support System, (Table 5)
Undulator-Checklist: Flawless Operation

Certificates and Dimensional Control documents
Inspection Reports
Laser Tracker Reports

Load Test during production of the Undulator Pre-series Prototypes
or for 5%
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Quality Plan - Undulator Segments
Process Specification – SAT

The SAT should demonstrate the full operability of the support structure under full magnetic 
forces. This includes: 

Dimensional precision of the girder mounting 
Precision of the guiding system 
Angular alignment and distortion of the girders on the basis of the reference surfaces when 
subject to magnetic forces 

These measurements are a proof of the final state. The following measurements need to be done 
as a function of the gap: 

Transverse girder position (z). Max offset: ± 0.25mm 
Girder inclination on both ends on the Top and bottom girders using a precise frame spirit level
► Max. Tilt of a magnet girder without magnet structure: ± 0.11mrad
► Max. Tilt of a magnet girder with magnet structure: ± 0.20mrad
Longitudinal position. Max offset: ± 0.1mm 
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Quality Plan - Undulator Segments
Testing of Control Components

For the magnetic commissioning of 
the undulator it was necessary to 
bring it into the magnetic 
measurement hutch.

Control of all undulators introduced 
to the hutch can be carried out 
using the same rack

It was decided to commission the 
undulator with the assigned control 
rack. 

During this commissioning, a 
complete set of tests was carried 
out. 

The hardware related errors was 
about 5% of the system
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Quality Plan for XFEL Undulator Segments
Documentation and Archiving

EDMS schooling → upload rights of the documents to the companies
Archiving all documents, protocols, certificates into the EDMS
Supervising and controlling by the XFEL responsible
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Quality Plan - Undulator Segments
Documentation and Archiving

All Related Items are linked
Easy access to the database and all related items using QR code 
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Intersection

WP71

Quadrupole Movers

WP71

Phase Shifters

Re-entrant Cavity 
BPMs+ Electronics

WP17

WP71

Support Bases
Adjustors
Concrete Pillars

WP71

Air Coil
Correctors

Beam Loss Monitors

WP17

WP19
Vacuum System

WP12

Quadrupoles

 Undulator System 
Group is responsible 
for the following 
components: 
Quadrupole Mover, 
Phase Shifter, Air 
coils, Support 
basies, Intersection 
Control Racks,

 9 companies were 
producing the 
intersection

 Factory and Site 
acceptance tests 
have been requested

WP71

Intersection control 
racks
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Quality Plan - Intersection Components
In-Kind Contribution Case 

Quadrupole Movers and Intersection Control Racks have been produced in Spain

Collaborating institute - Ciemat

Ciemat organized the call for tenders in Spain

For each product three companies were qualified

Each company produced one prototype

After the comparison of the prototypes a vendor was selected

Documentation by Ciemat
Technical specification
Validation test
EPLAN

Documentation for FAT

EDMS archiving
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Quality Plan - Intersection Components
In-Kind Contribution Case - SAT

Air conditioned and thermo
stabilized hutch (XFEL)

Infrastructure, granite stone, requesting 
hardware (XFEL)

Supervisory Control And Data Acquisition
(SCADA) program was created by Ciemat

After delivery to XFEL the SAT was organized 
by Ciemat
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Quality Plan - Intersection Components
In-Kind Contribution Case - EDMS

Archiving of the documents in EDMS by Ciemat
Declaration of CE comformity
Manufacture report
Calibration report
Reception report
Validation test report
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Quality Plan - Undulator System
Undulator system test setup

The system is controlled by a 
central control node (CCN), 
which is located about 1 km 
away from the undulator system

CCN communicates with the 
undulator cells over optical 
fibers

Media converter racks are used 
to convert signals from copper 
carriers to optical fiber carriers 
and vice versa

It was obvious that all components should be tested before installation in the tunnel

An undulator system test setup with 4 cells was built in the undulator hall

It was used for developing the global control system software three years ahead of the installation of 
the system in the tunnel.
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Lessons learned

Beckhoff control system integration in companies

Wiring on the undulator frame

Male types plug  for the phase shifter stepping motor

Cabling issues in the tunnel

Every piece of hardware must be tested before installation in the tunnel 


