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Undulator Systems

SASE1/2 SASE3

Ay [mm] 40 68
Operational Gap 10-20 10-25
Range [mm]
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
@ 85GeV [ 0.625-0.171 ((5.17-1.15
Number of Segments 35 21
System Length [m] 213.5 128.1
~1 ..

Electron energy sets
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Photon Energy Range

t 3 keV 12.4keV 20 keV
N 1s: 410 eV ! ! !
Carbon1s: ; O1s:543ev ' P1s:2145eV : :
284eV! L | S1s:2470ev | |
. !SASE3 i . SASE 1/2
17.5 GeV : -2 1.02- >3 keV 8.4 >25keV
: v P : !
I o
14.0 GeV | : ! 0.65- ~29keV 54— >20 keV
. : i 1 1 1 . ' :
12.0 GeV ! : : i il & : 40- > 15keV
8.5 GeV | 026- ~2kev i 30— > 15keV :
1 11 [ ETET | L L1 ol H 1 1 »>
200 eV 1keV 10 keV
SASE 1- 3 : Undulator Systems

European XFEL

Repetition rate:

< 27000 pulses/ sec
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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

BN |Laboratory visits, technical discussions

Bl Specifications

B Instructional documentation

Il Meetings organization

B Weekly videoconferences

BN Preparations for using Electronic Document Management System (EDMS)
B Documentation process introduction

= Archiving

] | European XFEL
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Undulators Production
Ordering Process Flow

Requirements
Specification

Technical
details
discussions

Production

plans setup

I BN W European XFEL

Company visit
and
familiarization

Call for Tender

Price
Negotiation

Company
selection

0 Prior to the start of serial production, production of
prototypes was ordered
i Serial production was started after confirmation of

compliance with the specification, as well as taking
into account all changes
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Production Process Flow

Control system: Magnets and
Ung%ﬁf&fgﬁme Cabinets + motors keepers
=g | ... T gierboxes yax Production

Mechanical Support + Motion

Control Integration

= Mechanics + Magnetics Integration +FAT VAV
XFEL

el \agnetic Measurements, Tuning, Calibration
Document Management System

I B Y European XFEL
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Serial Production of Undulator Segments:

External Production in Industry
Mechanical Support Systems

ol 1

Magnetic Structuress

Dec 2012 Nov 2012

I BN W European XFEL
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Production at European XFEL in Hall 5

New Undulator Segments

Assembly Area for [
Magnetic Structures™

Magnetic
Measurements

Measured and tuned
Segments

I BN W European XFEL

3 climatized Magnetic Labs

>

Incoming Magnetic
Structures from VAC

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

=9

Steps @ XFEL.EU:

» Mounting of magnetic
structures

m Local Control System
Commissioning

» Magnetic
Measurements &
Tuning

» Documentation,
Preparation for
Installation

Schedule:

m Total Time =~ 2 Years
(starting Oct/12)

m 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)

B8 Support Frame Quality, App, (Table 1)
B8 Support Frame with Drives, (Table 2)
B8 Girder Quality, (Tables 3 & 4)

B8 Final Test of Support System, (Table 5) g
B8 Undulator-Checklist: Flawless Operation ‘

gF - i
5 &
U @ Undulator-Basis-asm

D - D Undutator-Base-asm
“" SE000331378

Tabelle Nr. 5 / Table no. 5

Certificates and Dimensional Control documents
B Inspection Reports ) .
W Laser Tracker Reports R o [P S e s i

L J | European XFEL
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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:

B® Dimensional precision of the girder mounting

B Precision of the guiding system

BE 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:
BN Transverse girder position (z). Max offset: £ 0.25mm
B 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

B Longitudinal position. Max offset: + 0.1mm  longifudinal ~ Megnetfrager M7 transversal
YT 1 N
B _ g & Mtobenl L' L b= -
=@ )i [ < ‘
T Y K & LYEF
— Strah 4 g':f;:::ﬁ z
) A 1 A A FA P _ ] ’l'":kjini = - i_f'“'".: chre MMadule
J‘B &—b—0 O—& r-\"ﬂ‘f" ;'-j'—— t MModule
MT-unten LJ
_ - European XFEL gilt 1- fur :-g ”‘_;"g"’*;;I ‘T"'ii’?ﬁ ‘|




Management of undulators production and commissioning for the European XFEL

Quality Plan - Undulator Segments
Testing of Control Components

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

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

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

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

™ The hardware related errors was
about 5% of the system

I BN W European XFEL

Suren Karabekyan, ANL, October 14th, 2019
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Quality Plan for XFEL Undulator Segments
Documentation and Archiving
B EDMS schooling — upload rights of the documents to the companies

B Archiving all documents, protocols, certificates into the EDMS
B8 Supervising and controlling by the XFEL responsible

SASE 1 - XTD 2

10.10.2019 21:00:04 (CE(S)T)

XFEL Cell Regular SASE 1 Cello1.5A1 Cello2.5A1 Cello3.5A1 Celloa.5A1 Cell05.5A1 Cell06.5A1 Cello7.5A1 Cellos.SA1 Cell09.5A1 Cell10.5A1 Cell11.5A1 cell
~
7 i T i i i T fi T i — B f o 7 T

g S L e - O Ot - SO e - SOt O e - S e - O . e -
- ] ¢ B 4 ¢ B ] ¢ B ] ¢ B ] ¢ B ] ¢ B ] ¢ N ] ¢ B ] ! 5

Undulator U40 X069-K: X062-K022 X008-N X044-K004 X002-K002 X064-K024 X058-K X050-K010 X045-K00S5

XFEL Diagno« Undulator

XFEL-undulatorkammer XFEL-Undu-Kammer-010 lEFg ~Undu-Kammer-035 | XFEL-Undu-Kammer-019 .Erg -Und rgammgrrgﬂz.KFg -Undu-Kammer-062 | XFEL-Undy-Kammer-05 .EFE -Undy-Kammer-048 | XFEL-Und rﬁgmmgrrggg. XFEL-Undu-Kammer-049 | XFEL-Undu-Kammer-056 | XFEL-Undu-Kammer-061 | XFEL-\

| Aircoil Big SASE 1+3 | o102 0123 0132 | 0131 0130 0134 0133 0135 0125

| Aircoil Small [ | 0020 [ 0030 [ 0031 | 0032 | 0021 | 2022 | 2023 0024 0023

XEEL Intersaction Regular SASE 1086 102 15 1017 e85 1z g0 oss 163 1076 057

Phase Shifter ‘ PS070-1010 PS076-1016 PS063-1003 PS067-1007 PS071-1011 PS068-1008 PS074-1014 PS066-1006 PS0B5-1025

BLM: Beam Loss Monitor XFEL BLM 0089 |  XFEL BLM 0076 XFEL BLM 0121 |  XFEL BLM 0086 |  XFEL BLM 0096 |  XFEL BUM 0087 |  XFEL BLM 0077 |  XFEL BIM 0078 |  XFEL BLM 0088 XFEL BLM 0099 XFEL BLM 0089 XE

| BLM: Beam Loss Monitor | xFEL BIM 0160 | xFEL BIM 0081 XFEL BLM 0122 |  XFEL BLM 0091 |  XFEL BIM 0097 XFEL BLM 0092 XFEL BLM 0082 |  XFEL BLM 0083 |  XFEL BIM 0093 |  XFEL BIM 0098 |  XFEL BLM 0094 XE

XQA Quadrupole with Chamber A.2241.SA; QA.2247.5A1 QA.2253.5A1 QA.2259.5A1 QA.2266.5A1 A.2272.SA A.2278.5A QA.2284.5A1 QA.2290.5A1 QA.2296,5A1 QA.2302.5A1 <

| XQA Quadrupole Magnet | XQA084 XQA079 XQA016 XQA063 XQA096 | XQA060 XQA107 XQA062 XQA061 XQA031 XQA104

| Quadrupole Chamber ‘ I3 74 FEL VQ3 057 FEL VQ3 070 FEL VQ3 043 EEL VQ3 067 FEL VQ3 071 EEL_VQ3 066 FEL VQ3 05 FEL VQ3 054 ‘ FEL VQ3 07 ‘ FEL VQ3 050 E

BPM and Pumping Unit EMB 114 2013 PU EMB 037 2013 PU EMB 031 2013 PU EMB 034 2013 PU EMB 029 2013 PU EMB 024 2013 PU EMB 047 2013 PU EMB 050 2013 PU EMB 023 2013 PU EMB 019 2013 PU EMB 039 2013 PU EME

.BPMEi Beam Position Monitor E M 4 [ M 7 FMB 031 2013 FMB 034 201 FMB 029 201 FMB 024 201 EMB 047 | FMB 050 2013 | FMB 023 2013 FMB 0195 2013 FMB 039 2013 B

Pumping Unit EEL VU2 022 EEL VU2 001 FEL VU2 031 | EEL VU2 034 | EEL VU2 029 | EEL VU2 024 | EEL VU2 009 EEL VU2 010 EEL VU2 075 FEL VU2 019 EEL VU2 002 E

Ion getter pump 301266107 301266109 301266803 301268603 301266110 301268604 301266802 301268605 301268615 301268508 301267603

Quadrupole Mover Q032-R029 Q033-R030 Q092-H045 Q093-H046 Q014-RO11 Q015-RO12 Q037-R034 Q036-R033 Q042-R039 Q043-R040 Q087-H040

| BoM support ‘ MI47964 MI47911 MI47907 MI47960 MI47963 MI47920 MI47974 MI47971 MI47970 ‘ MI47972 ‘ MI47969

| -section Table | MI47889 MI47829 MI47820 MI47822 MI47890 | MI47884 MI47865 MI47893 MI47868 MI47881 MI47862

| Height Adjustment unit [+ Loro1 | otor | ot-01 HeightAdjust-Lot-01 HeightAdjust-Lot-01 HeightAdjust-1ot-01 HeightAdjust-1 ot-01 HeightAdjust-Lot-01 Heightadiust-Lot-01 | ¢ oror | 1 Lot-01 Heig

| Turn Bucide | TumBucke-lor01 TumBucke-Lot-01 TurnBuckle-Lot-01 TumBucke-lot-01 | TumPucke-lot-01 | ITumBucde-lot0l | Iun Lot TumBuckle-Lot-01 TumBuckle-Lot-01 TumBuckle-Lot-01 TumBucke-Lot-01 Tur

| Titt safety Device | Tmssferv-lor01 |  TitSaery-lor-01 | Tirsafery-Lot-o1 Tiltsafety-1ot-01 Tiltsafety-1ot-01 Titsafety-Lot-01 Tiltsafety-Lot-01 Titsafety-Lot-01 TtSafery-lor01 |  TitSafety-lor-01 |  TitSafety-Lor-01 I

| 1-Section pedestal | ISecedestal-Lot-01 ISecPedestal-Lot-01 ISecPedestal-Lot-01 | [Secedestal-Lot-01 | ISecPedestal-lot-01 | ISecPedestal-lot-01 | ISecPedestal-lot-01 ISec -Lot-01 ISec -Lot-01 ISec -Lot-01 ISec -Lot-01 1Sec

] | European XFEL
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Quality Plan - Undulator Segments
Documentation and Archiving

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

<« ¢ @ D& ter desy.de

@ Getting Started B Transiate [H] Duden Mentor

| t-‘3‘Falm'|;vulion Part , D00000000560137,A,1,1, Item Info ;: Summary

Properties
MName: Undulator U40
Aftaches Description
There are na attached files. Access Scheme in Use Project XFEL_WP71_MBOM
Partls Supplied By - 1 object Designated Access Scheme (Project) XFEL_WPT1_MBOM
Creator Eucker_Sike
— Work Status: Released
& DEUXFELHAMAIALL Purpose for praduction
Uses Fabrication Part - 2 objects Seileltoed?: Tne
Lot? Faise
Name
@  MagnetStructure 40A11
@@  UndulatorBasisA11 More Properties
Is Fabrication Part for WBS Element 1 object
Name
@& UnduiatorAll
Has Instances
Name
T MeKe2eA1]
= X075-K03SANY
= X0B0-KOS0A11
T KB4K0ssA1Y
more tems
i i e = Type (Instance cf)
tame = Undulator U40
El  Humbering Scheme for Unduiator Segments.C.1.1 — .
. =— Serial Number
s In Team Folder 1 object —
tame == X064-K024
& MBoM. —
—
Is used by Fabrication Part | 2 objects —
Name —]
—
® —
ry I
@  XEEL Cell Reguiar SASE2A 11 —
— EDMS-ID
o ’ cimmemarens =  D00000010851159

I BN W European XFEL
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Intersection

Undulator System
Group is responsible
for the following
components:

Suren Karabekyan, ANL, October 14th, 2019
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WP71

racks

Ciemalt

Beam Loss Monitors

Quadrupole Mover,
Phase Shifter, Air

o

Fi
|

[: _] WP17 PAUL SCHERRER INSTITUT i-
A 4 . \
Re-entrant Cavity -
BPMs+ Electronics
\ s
| WP19
ol Phvsies TNy =
‘Vacuum System

coils, Support
basies, Intersection
Control Racks,

9 companies were
producing the
intersection

Factory and Site
acceptance tests
have been requested

] | European XFEL

e WP71
XFEL

Air Coil
Correctors

e WP71{ :
XFEL {% O 0 o 4
S, S

Support Bases
Adjustors
Concrete Pillar

-

WP71
XFEL

> SRR IR Y HEEA
‘*- Institute of High Energy Pliysics
inese Academy of Seiences

A 50
Phase Shifters

fa®>
L ) WP12
e
_»\.O?I’r, Budker
Stockholm
University

Quadrupoles

WP71
E XFEL

mmmmmmm

Quadrupole Mover:
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Quality Plan - Intersection Components
In-Kind Contribution Case

I8 Quadrupole Movers and Intersection Control Racks have been produced in Spain

0 Collaborating institute - Ciemat

1 Ciemat organized the call for tenders in Spain

I8 For each product three companies were qualified

I Each company produced one prototype

0 After the comparison of the prototypes a vendor was selected

@ Documentation by Ciemat
Bl Technical specification
B Validation test
N EPLAN

Technical Specifications for
the Supply of the
Intersection Control Racks
(ICRs) for the European
XFEL

I Documentation for FAT

8 EDMS archiving

CIEMAT
Electrical Engineering Unit

I BN W European XFEL

* rev. - 2310722013

1/39

Validation test for the XFEL
Intersection Control Rack (ICR)

C1 L DN

€2 M v 9
C.3 PHASE SHIFTER DRIVER CONFIGURATION 9
C.4 AXES BRAK NTROL TEST 12
C.5 MOVER A ROL TES

Cristina Vazquez Vélez 25/07/2012

Draft v.05

INtroduction ... R

Validation Platform...

w

ICR Validation Proc@aUIe... .o i i s isssissasisoss sasssssnsosssssss sassenss siassbssssnassaseisnssass
A. Electrical tests: Power / Protections test. ...

B. PLC control signals not directly related to motion control...ccu v

N @ i B

C. PLC control signals directly related to motion control........
€.0 24VDC POWER SUPPLY CALIB
UREMENT (C(

t DRIVERS CONFI(

JN AND CALIBRATION

! 1S CC 13
C6 PH SHIFTER SCON 16
C.7 SIGNAL INTEGRITY TEST 19
D. Safe stop procedure under Emergency Stop and power failures............ 21
D.1 MOVER AXIS SAFE STOP TEST
D.2 PHASE SHIFTER AXIS SAFE STOP TEST
APPENDIX A: LVDT Cablibration Assembly Electrical Diagram ....uumimmssmmrmminni23

APPENDIX B: ICR Validation Protocol Tests Checklist............

APPENDIX C: EPLAN ICR Electrical Diagram (electronic)i. i nn 39
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Quality Plan - Intersection Components
In-Kind Contribution Case - SAT

=101 x|
FCL Corkrel  Configuration  Help
Air conditioned and thermo e I e e I
stabilized hutch (XFEL) i | § e L
weon J: 28 Got fught 1S
Infrastructure, granite stone, requesting T — i v
hardware (XFEL) P AR T == a e = < gl
. t g G T::::m ]c;:::““ !ﬁmm T::'m o — i General Statiss
Supervisory Control And Data Acquisition ERGRAE — oy
me ':HHM] Coere Posito [ Stels
(SCADA) program was created by Ciemat frm— zpemzs ' o E
o ofo B
After delivery to XFEL the SAT was organized ,—E—"
by Ciemat = |
(S TestLoaD N Testrin G TestERR | FLCRuming | | ADSSession [192.165.0.10.1.1: E01 ADS Address

ELECTRICAL DIAGRAM
INTERSECTION CONTROL RACK

IS BN 50 European XFEL e
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Pine

Usa e Ingeteam
DECLARACION DE CONFORMIDAD "CE"

Quality Plan - Intersection Components
In-Kind Contribution Case - EDMS e

Pol. Ugaldeguren Il, Pab.9 - |
AB1TO ZAMUDIO (VIZCAYA)

Declars por ta presents o équipss abajo relackonadcs han ko
dsehades, aMrmedw de 30uercto o las Directivas de aplcacion.
Horaty Sesiarate thal 1y Todowing Sgument has beor: dasigned. manutschursd and verdied

scconding ko application Diwciies.
Reception Report E;wo wosPocz
QAT —_— —_—
. . . . ICR ID. Ref: 1005-P003 m,";f cemens
Archiving of the documents in EDMS by Ciemat (e Jomunr
INSPECTION . INSTALACIN: | X-FEL EUROPED
N . INETALLATCN o
# Declaration of CE comformity T — s RO ——
Y [Check shock sensors imtegrity (When action | APPLED DeEGTIVES
M (he(lublehmesmewm-marwnmusﬂmutv |When action F0CAIDEICE  COMPATERUDAD
B Manufacture report e e R B e e
e i :
. . e e Mo e e e
B Calibration report DT B s
Person Fah\n::ha » ENSI04-1 SeCABTAL D8 LAS NAGUINAS kmi:!c mmwm
BT OF wcraey. ELbc

B Reception report - oot e

PREPARATION FOR RE\ * Revuamiro BLSCTAGTECHED DX ek Tl
B Validation test report Valkdation Report AL
Company: CIEMAT

ICR ID. Ref: I005-P003 Contact: (+34) 014962561

Zapasna A 20 0 ENERO DE 2014

Calibration Report
Company: PINE PREPARATION FOR VALIDATION PROCEDURE T mem

ICR ID. Ref: IODS-PDDEI Contact:  (+34) 944520565

[
ICR 1D reference check

Check ma aport for this KCR |s accepbed when action done

Switch on Beckhoff PLC Vihen action done

Al POWER SUPPLY CALIBRATION Switch on P CIEHAT When action done

Swith on Emerenc \¢ blfm utton (EMS) Platform and rearm EMS Button When action done

i {Annotatio ey Connect Wi [When action done

T . g [Nmatatin Rl Connect WO Ellvemﬂ Cable to Beckhaff PLC wm.u ncbon done

fust output DC [Cuitput DL Voltage (V) 24.24 Ko n s et egse

Print ICR.ID e in

Tape cables WO4-WO7 together & rr,mecr WO to Mover
vect WOS bo Mover

onnect WOG o Phase Shifter ihes

Connect W7 to Phase When action done
Disarm all HCB protections \\|I|- action d

Power up ICR action done
A2 POWER SUPPLY CALIBRATION [Reaem HCB protections in this order: Q1,Q2, F1, F2, F3, F4 & F5 \\meu action done
Fush EMS Button [Wihien action done
Action Checking /Annotation Frin “Vislidation_ICR.exe® on PC CIEMAT Whien action done
¥ (Adjust output DC voltage Output DC Valtage (V) 24.00 20 action dona
¥ Print ICR 1D reference on component 1D 1005 1
Person  COENRIGES |
Date  [EERE
Shan. AL

Ni LVTD DRIVER CALIBRATION [Pt I

th Checking [Annatation =
Adjust 112 pumpers Viten action done 63
| Adjust N1 to 12mA (Ch.1 disconnected) i i

Y

¥ Whien action dons: i 5
Y [Adjust ..mum-h-. position for 12mA (Ch.1 ummn.d} A1 (mm) 6.123 -
¥ [ Actjust v b 16ma, [ Tmem displacas Whan action dane 08 2
¥ | Adjust NJ [|> l?ll\l\ (Ch.2 disconnected) When action done 0K ~
¥ [Adjast micrometer position for 12 (Ch.2 connected) A1 (mm) 6220 -

¥ [Adjust V2 to 16mA (1 When action done [OK | |

¥ [Erink ICR 10 reference on component (o] 1005

] | European XFEL
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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

8 CCN communicates with the
undulator cells over optical
fibers

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

I |t was obvious that all components should be tested before installation in the tunnel
B An undulator system test setup with 4 cells was built in the undulator hall

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

I BN W European XFEL
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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

L J | European XFEL
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