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Overview

European XFEL facility overview
B Undulator system

Undulator Segments

B8 Serial Production of Undulator Segments:
» External Production in Industry
* XFEL.EU — WP71 Part

I Representative Results

Intersection Components
Controls

Undulator Systems
I Installation

B Commissioning
BE Maintenance
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Facility overview
~ Schenefeld “ Osdorfer

= Experiment haIIM ; v
= Laboratories <~
= Offices

= Electron beam to
photon beamlines

= Electron source
= Linear accelerator
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Undulator Systems
Photon Energy Range

SASE1/2 SASE3 t 3 keV 12.4 keV 20 keV

A, [mm] 40 68 N 1s: 410 eV ! ! !
Operational Gap 10-20 10-25 Carbon1s: ; O1s:543ev ! P1s:2145eV : :
Range [mm] 284eV! L ! S1s:2470eV |
K-Range 3.9-1.65 9.3-4 ! ' | SASE 3 D! | |
. o SASE 1/2
Radiation Wavelength Range [nm] ﬁ : : ! P! E 2'
@17.5GeV | 0.147.0.040 122-0.27 5| 172 CeV | 1 RS N
@14.0GeV |  0.230-0.063 1.90-0.42 $ | 14.0 Gev . ! 065-~29kev 54->20keV
@ 12.0GeV | 0.310-0.0828 2.44-0.621 S ! — — 1 :
@ 85GeV | 06250171 | (5.17-1.15 g|120Gev ! e : s
: .625-0. A7 ks : ! v ; :
Number of Segments 35 21 “1 8.5Gev 0.26 — ~2 keV . B0 i
1 11 L1 -1l P! ' L1l X I 1
System Length [m] 2135 128.1 200 eV 1 kv 10 kev
| \,’ e, SASE 1- 3: Undulator Systems
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High repetition rate: < 27000 pulses/ sec
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Production Cycle
External Production in Industry and XFEL.EU — WP71 Part

Synergistic R&D together with DESY until 2008
Industry Involvement

» Mechanical Support System : 2 Suppliers , KINKELE
= Magnetic Structure  VAX
- Local Motion Control

Work done @ XFEL.EU

= Mechanics + Magnetics Integration @ XFEL.EU VAX
= Commissioning @XFEL.EU

= Magnetic Measurement & Tuning

= Document Management System

] | European XFEL
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Serial Production of Undulator Segments:
External Production in Industry

Mechanical Support Systems

e R
137

Magnetic Structuress VA‘

NORTEMECANICA, SA.

Nov 2012

Dec 2012
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Production at European XFEL in Hall 5

Steps @ XFEL.EU:

Mounting of magnetic

New Undulator Segments 3 climatized Magnetic Labs
structures

= Local Control System
Commissioning

Assembly Area for [

Magnetic Structures = | » Magnetic

Measurements &
Tuning

:'._‘:\_7, \
Segments waiting for \t
Magnetic i |
Measurements

= Documentation,
Preparation for
Installation

Schedule:

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

= Scheduled End:
Oct / End 2014

= - 3 Magnetic Labs
needed running in

Incoming Magnetic parallel
Structures from VAC = 3 Weeks/Undulator

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

Measured and tuned
Segments : >
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Magnetic Measurements:
Field Error Correction by Pole Height and Tilt Adjustment

Tuning Screws

Adjustment Range:
Pole Height : & 0.3mm

Pole Tilt : &= 4mrad

~+ 4mrad \,

Locking Screws

Bipolar Field Corrections

No Shims are used

All errors are tuned by moving Poles

L J | European XFEL
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Undulators: Representative Magnetic Results: U40-X046
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Re-Measurement Campaign

Reasons:

60% of the Undulator Segments were
stored outside up to 2 %2 years with
no temperature control (8-30° C)
Check prior to installation requested!

Improve accuracy of Hall Probe
measurements and transferability
between the labs to AK/K =2 x 104
using new high stability, low drift, low
noise probes (SENIS H3A-0YJO2F-
BO2TOK5K)

Apply exactly the same specs and
procedures to all segments.

Precision Air Coll settings for
Entrance/Exit Kicks using the Long
Moving Wire Method rather than Hall
Probes.

] | European XFEL

K-K, JK,_*10"

APS Seminar
May 2, Argonne National Laboratory

Results:

10

Only minor changes observed (entrance/exit kicks)

Phase Jitter, straightness unchanged

Probe data are much more stable

AK/K-Measurements on Reference Undulator U40-X057

in Hutches 1-3
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Message: Accuracy Limit, AK/K £ £2.0x10*
during the whole re-measurement campaign
Fall 2014 — September 2016
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APS Seminar
May 2, Argonne National Laboratory

Measurement of Entrance and Exit Kick using the Moving

Wire

Moveable
stages

A A
y y
T T | -7
Ay o 1Ay NI
rL/Z\Y LIZY\ . -UZ\Y UZ\Y XV
| L | |
I I e

A L/2
L 12 = A/y —{Adp — Adpyp)

D. Zangrando, R.P. Walker, Nucl. Instr. And Meth, A376 (1996), 275
I B W European XFEL
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Intersection

Undulator
System Group
(WP71) is
responsible for
the following
components:
Quadrupole
Mover, Phase

Shifter, Air coils,

Support basies,
Intersection
Control Racks,

9 companies
were producing
the intersection
components for
WP71

APS Seminar

May 2, Argonne National Laboratory

'gE:sﬁ_ WP17 L)

Re-entrant Cavity

DESY

Beam Loss Monitors

12

WP71
XFEL

BPMs+ Electronics

® . IBuﬂJl(!r
Institute
[/)Eg}§ Wplg or

Nuclear

® | Phvsics TNy

Vacuum System

European XFEL

s WP71
XFEL

Air Coil
Correctors

N P71 2%
FEL 9

Support Bases
Adjustors
Concrete Pillar

-n

s
Chinese A
B R

A 50

I N

G ‘flrﬂi#%?fimﬁifﬂm‘fq

titute of High Energy Physics
cadenty of Sciences

Phase Shifters

-

5%

o0 WP12
& L "rs e
;:mw.%:;a :: ﬂl:)smule
KAy Py
Stockholm
University

Quadrupoles

Europoa WP71
XFE!

Quadrupole Moversg




Horizontal Field Integral (Gecm)

Undulator

Manufacturing for the European XFEL

Suren Karabekyan, Undulator Systems Group

APS Seminar

May 2, Argonne National Laboratory

Phase Shifters with very low 1st Field Intergral errors:

Rep

resentative Results

Period length: 55mm

Gap range: 10.5 to ~>100mm
Max. Phase Integral

@ gap 10.5mm : >23400 T?2mm3
1st Hor/Ver Field Integral

Tolerance: +0.004 Tmm

Dynamic Operation without retuning!
2" Hor/Ver Field

Integral Tolerance: +67 Tmm?
- Min. Gap precision for 5° SASE1/2  +15um
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15t Field Integrals: Important for independent operation,

100

Y. Li, J. Pflueger, Phys. Rev.
STAB 18, 030703 (2015)

27

no corrections required (31 Phase Shifters , Huihua Lu, Lingling Gong, Yajun Sun, IHEP)
I B W European XFEL
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Intersection

Factory acceptance tests (FAT) have been requested: Documentation stored
in the EDMS

All necessary hardware for the FAT have been provided by European XFEL

After delivery of all components to European XFEL, site acceptance tests
were arranged.

If any of the components didn’t match the specifications, this component was
sent back to the manufacturer

Our experience has demonstrated that Mean Value for Repeatability  _ e —spersaion
after the SAT only 1% of the delivered
QMs and PSs needed to be returned. T
E o4 14 TN, T TTTTTTTY

- - R THE I R W Y il
Approximately the same failure rate has :” ngﬁﬂ'wﬁﬁ B “'3".,51_ L TTERES
been observed for ICRs | I R K eV P

L 02 AR VI L

No returns for Air coils and .
Support bases Q0 10 20 30 4;MSE“:IUNumbE(:U i &0 a0 100

] | European XFEL
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Documentation Database in EDMS

15

Drawings Magnetic data of all Undulator Segments, Phase

Shifters, Air Coils

£ [ ftem Information X W —— -

Pr <« C O | & Secure | https;/teamcenter.desy.de/TC
% Apps Y Bookmarks (5 Google

mBkkadam--mpprdusr

Advanced Search Suren Karabekyan

|
Classification & item Reports History History Current Lifecycle More Actions...
|

wFabrlcaﬂon Part, D00000000560137,A,1,1, Item Info : Summary

Work Lists » Summary MBOM Related Items Next Steps Classification Configuration
My Lists » Promote States ]| All Versions

My Teams » Related Items Properties Preview Image(s)
2 Name: Undulator U40
178 Create - Attaches Description:
There are no attached files Access Scheme in  Project:
P 3
ol d Is Fabrication Part for WBS Element : 1 object =% XEEL_WRZE MBOM
Documents 3 Designated
Name Access Scheme XFEL_WP71_MBOM
Others .. @@ UndulatorA1.1 (Project):
Creator: Eucker_Silke
 Is In Team Folder : 1 object . Released
ﬂ | ) Work Status: Relsad
Name Purpose: for production
E] Prefer " L @ MBOM.. Serialized?: True
S Lot?: False
My Preferences Has Instances
Change Password Name

More Properties ...

b |
s X025-NO23A11

Change User Data

Bl Loge T wrssnall
; i
- TR X076-K036.A1.1
B service L T X084-K044A11
= ... more items
@"ﬂ' Uses Fabrication Part : 2 objects
= B Name
EDMS-FAQ
EDMS-Info + § Maanet Structure 40 A 1.1
p r @ Undulator Basis A.1.1
System Status: - 1 items in the Attached Files List.
OK 2 items in the Attached Files List.

A( - & Search > Home Exit DESY

a
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Undulator Controls System

Machine Control Experiment Control °>",
@©
—
J‘E
| Ethernet | ko)
! O
DOOCS server |

APS Seminar
May 2, Argonne National Laboratory

Central Control Node

Beckhoff Programmable Logic Controller (PLC)

TwinCAT System Manager

Virtual axis #1; 2 QM axes;
PS axis; AMFC; 3-way valve;

Virtual axis #N; 2 QM axes;
PS axis; AMFC; 3-way valve;

% JL Al i1
® 00915 .7 96D
PP e WPPP K
\
EtherCAT - -
/- N\ )
e Local Drive \ / Local Dri
([ @ Axes and Motion [ @ Axes and Ohc/laoti;ve
parameters that Control of parameters that Control of
are coupled to a undtlll'atm are coupled to a undulator
virtual axis selli virtual axis cell #N

TIL,

4 undulator axes

4

2 quadrupole
mover axes

B

TITIK

4 undulator axes |2 quadrupole

J;]- % mover axes

N B

1 phase shiftrer axis AMFC 1 phase shiftrer axis AMFC
|4 air coil correctors 3-way valve | |4 air coil correctors 3-way valve |
\\\% /// LN ] \\,,, ///

I B W European XFEL

Middle Layer

x1
CCN in Balcony
Room in XHEXP

The undulator
control system is
based on industrial
components
produced by
Beckhoff company
and a PLC
implemented in the
TwinCAT system.

LCN in SASE1
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Undulator Local Controls System:
Commissioning in the Labs

Magnetic measurements
» Alignment of the undulator relative to the magnetic measurement bench
» Magnetic measurements and field fine tuning
» Final measurements and documentation of magnetic properties of undulator

Control system commissioning )
» Installation and adjustment of the linear encoders to reach an accuracy of
+1um.
» Adjustment of the tilt angles of the undulator girders to better than +150urad
» Evaluation of the feedforward correction coefficients for the rotary encoders
» Calibration of the temperature sensors

S}98aM G'Z ~ uoleinq

f

—

Without automation of the control system commissioning 3 Weeks/Undulator production
speed will be inposible

] | European XFEL

S)99M G'Z ~ uoneinq

palewoine-lwas

pajewolne Jou ala/\\
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Evaluation of the feedforward correction coefficients

Rotary

Linear

Rotary

I B W European XFEL

encoder

encoder

F_~150kN

encoder

I Strong magnetic forces cause an elastic

deformation of the undulator support frame
at small gaps

Thus cause deviations between the linear
and the rotary encoder readings

The rotary encoder reading needs to be
corrected for deformation effects

Since deformation is elastic,
a feedforward correction can be applied

The Gauss—Newton least-squares algorithm
was used to fit the nonlinear function f(c,x)
with parameters

¢ = (¢4, Cy, ..., cy) to the measured data

(xl-,yl- )(l =1,2,.. ,m).

B A fitting function f(c,x) = ¢, + ¢, *

_ (x—xg)
e ¢ was selected and is used in the

program
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Evaluation of the feedforward correction coefficients

The program sequentially changes the
gap and calculates the deviation between

jotepad =] &3
. Fle Edt Format Wew Help
linear and rotary encoders |
; format is:
H Jeft_top: x0 y0 Al Tl
5 Teft_bottom: x0 y0 A1 t1
g right_top: x0 y0 A1 t1
H right_bottom: x0 ¥0 Al Tl
Evaluation of the correction curves : 59___ _!(_)__ __E_ ___Ei
n 5 n n left_top: 5.00000 0.04353 0.38177 2.80027
mgy D S5 REEhr Bell) U A BENERRACY CHbcs T Teft botton: 5200000 0.04353 0.38177 2.80627
3 A 7 r ; right_top: 5. 00000 -0.00458 0.35378 2.62273
# Calculation of Correction Coe 0.40 T. iEFunction right_bottom: 5.00000 _0.00458 0.35378 2.62273
¥ w Measure Data
~Serial Numbers For Undulatar 0.35 t
Undulator S Left Encoder SN Right Encoder 5 0,30 n _'LI
4 »
HO44-KOD4 | 388352487 390961007 0.25 1‘ -
0.20 ‘a
[~ Setting Parameter k
0.15
¥ 5
.10 % Measurement data for Unulator SN X044-K004
Measurement Yalues 0.05 e S o0 S 00000 :¢ 280827 :v0 004353
Ty - - oS
—etruncton
SetGap(mm) 10 ActualGap(mm) 10.00006 0.00 040 = ton,
0.0 10.0 20.0 30.0 40.0 s0.0 60.0 700 80.0 0.0 100 0.3
Left Encoder(rm) | 3.14463 Right Encoder(mm) | 9-29444 Ratary/2 mm o
Evvaluation of the correction curves .z
i 0.42772 it
Left Devation(m) Richt Diviation{mm) | 0.35251 0,40 Diff mm A1 035378 %0 500000 it 2,62273;v0 -0.00458 I s
08
Setting Parameters 0.35 —FitFunction | 040
) a Measure Data
& 1. Run-TimesSystem (PORT 801) 2. Run-TimeSystem (PORT 811) . 08
t 0.0
Canfiguration File IC:\Puhl\c\(nr’r’(ﬂefFGen\v1‘1lCnrractmnCurvathimasE 0.25 00 B0 F0 WO d00 WO K0 0 W0 e e
0.20 t
Save File Ic:\xu44-|<uu4,2015.1U.Ugjuh06‘33".txt t e e
015 z 30 S.00000 it 262273150 0.
t 0.5 —FitFunction
0.0 - & Measure Data
| Start | Stop | Fit | o
0.05 )
020
Informatlon:|PLc Wersion: 31 Revision: 0 Build: 26 The IDis: 10,0,1.2,1.1 0.00 = - - 0
-0.05 |
0.0 10,0 20.0 30,0 40.0 50.0 60,0 70.0 80,0 Q0.0 10c =
Rotary/2 mm foane
005
0.0 10.0 200 300 40.0 0.0 0.0 0.0 0.0 90.0 10
Create coeffidents.txt file Cancel Fotaryj2 mm
SeGIP AciGa LeMLC RQHLC LeMDevistion RighDeviaion
ik ane soarsn

L J | European XFEL

2000 19950714 20000731 004845 000363
1600 18000006 17990634 18000908 004561 000451
1600 16000006 15090996 16001129 00505  .0.00E

1400 14000008 13991182 14001247 004412 00020
1200 12000008 11891364 1 oozt avoror
1000 10000008 9991135 10001242 _0.084C 0081
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20 6 7891336 8012 3 o
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Software for commissioning of an undulator system

APS Seminar
May 2, Argonne National Laboratory

Image Deployment Automation Components

I A specific feature of undulator systems for free-electron lasers is the large number of repeating

elements.

I The software running on each LCN must be identical, although each cell component has its

individual settings

I The other aspect is the need to have possibilities to update the version of the TwinCAT software

as well as specific firmware.

I These arguments lead to the decision to develop software which will automate this process

I B W European XFEL

s

| ORACLE |

Central Control Node

Storage

Local
Control
Node

20
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Image Deployment Automation:

Components
Central Control Node

Transfers data between

) S,
’ DB and Client

DB Proxy

Image User application to control
- Manager imaging and parametrization

Tiny Linux, which loads on

A
Tiny Li Dist ’ Client to read/write image
Ny HinUX Istro from/to CFast

Image
Storage

All images are stored on CCN

I B W European XFEL

21

Local Control Node

Performs all
operations on
Operating
System, TwinCAT
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Image Deployment Automation
BJ0J0 Hi oo tamaer o202

Undula
Syster
Datab:c

I [ o3
Cells | Settings |
I Cell |IPMcI'm |M.Acndc|-ess | Version |Slitus| Pin.g| Operation Last Status N
1 101011 N/A [x] Mo Action
C 2 101012 N/A (%] Mo Action
M3 101013 000105128202 ] ] Done. rebaoting. . 29-Sep-15 3:13:33 PM
4 101014 0001050FE396 % 07-0ct-15 11:18:32 AM
7 5 101015 000105116466 v @ 07-0ct-15 10:25:30 AM
W5 101018 D001050DEC44 07-0ct-15 10:27:
7 101017 N/A vy 9 23-Sep-15 5:09:26 PM
C 2 101018 N/A [ %] Mo Action
s 101019 N/A (] Mo Action
10 1010110 N/A (] Mo Action
- 1 1010111 N/A (%] Mo Action
12 1010112 N/A (] Mo Action
13 1010113 N/A (%] Mo Action
M 14 1010114 N/A [ %] Mo Action
[T 15 1010115 N/A (%] Mo Action
T 16 1010116 N/A (%] Mo Action
17 110117 N/A [x] Mo Action
18 1010118 N/A (%] Mo Action
19 1010119 N/A [x] Mo Action
20 1010120 0001050DEC54 & 9 06-0ct-15 9:31:49 PM
21 w112 N/A (] Mo Action
2 1010122 N/A (%] Mo Action
M 23 1010123 N/A (] Mo Action
M 24 1010124 N/A (%] Mo Action
[T 25 1010135 %] Mo Action
[ 26 1010126 (%] Mo Action
C 27 1010127 %] No Action | |
[ 28 1010128 (%] Mo Action
M 29 1010129 %] Mo Action
T 30 1010130 (%] Mo Action
C 31 1010131 %] Mo Action
32 101013 (%] Mo Action [
— Operations
Update Params | Update Image | Refresh Versions Refresh Status | Refresh Ping Make Master Fitter
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Image Deployment Automation

[ | N — N
OJ 0] @i Hamsger —versiom 202075 =l
Cells | Settings |
|_CeII|IPAdcl'm |MNI.HM&E$ | Version |.‘itz-tus| Ping| Operation Last Status | -
1 101011 N/A [] No Action
C 2 101012 N/A (%] No Action
M3 101013 000105128202 /] ] Done, rebaoting.. 29-5ep-15 3:12:33 PM
4 101014 0001050FE396 & 9 07-0ct-15 11:18:32 AM
75 101015 000105116466 v 0 07-0ct-15 10:25:30 AWM
Ws 101016 0001050DEC44 07-Oct-15 10:27:16 |
7 11017 N/A v 23-8ep-15 5:09:26 PM
s 101018 N/A [ ] No Action
s 101019 N/A [ No Action
10 1010110 N/A (] No Action
1 w1n NAA & No Action
[ 12 1010112 N/A [ ] No Action
13 1010113 N/A %] No Action
T 14 1010114 N/A [ x] No Action
M1 1010115 N/A %] No Action
[ 16 10.10.1.16 N/A (] No Action
17 110117 N/A %] No Action
18 1010118 N/A (] No Action
™19 1010119 N/A (%] No Action
U I 20 1010120 0001050DEC54 & 9 06-0ct-15 5:31:48 PM

21 101012 N/A ] No Action

( M 22 1010122 NAA [ ¢ No Action

: r 10.10.1.22 N/A (%] No Action

|: 24 1010124 N/A (%] No Action
I N/A (] No Action
r N/A (] Mo Action

E I N/A [ ] No Action
r N/A (%] Mo Action =
I N/A (] No Action
r N/A (%] No Action
I N/A [ ] No Action
r N/A (%] No Action Bl
Update Params | Update Image | Refresh Versions Refresh Status | Refresh Ping Make Master Fitter

ode
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Undulator System Tester

The next step after putting the undulator system into operation is the commissioning of all control
components that belong to it

This task could be time consuming because several hundred values per system must be
examined.

This was a motivation to create a supervisory control and data acquisition (SCADA) program.
This program is running on the CCN and is sending commands to the LCNSs.
After the execution of the commands, the program receives a feedback value.

If the value is inside of an expected range, then the test is accepted; otherwise the test is marked
as not successful.

] | European XFEL
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Suren Karabekyan, Undulator Systems Group

Undulator System Tester

APS Seminar
May 2, Argonne National Laboratory

SASE Tester =] B3
% Cells |Tests I I:Iptiu:unsl
™ Cell | IF Address | State | Status | =
1 101011 & IDLE
w2 nimE - ol
Mz 101013 & IDLE
w2 jnimls - ol
M s 101015 & IDLE
m s ujmls - el
r 7 101017 & IDLE
m o Jnmls - ol
M s 101018 & IDLE
| o nindan - TolE
11 100011 & IDLE
T e
™ 13 1010113 & IDLE
| jTamgae - s |
™ 15 1010115 & IDLE
O e e
™ 17 1010117 & IDLE
[0 18 1010118 @9 IDLE
™ 19 1010119 & IDLE
m o jnmlEn - olE
I 2 1000121 & IDLE
| 2 jnimdee - ol
™ 23 1010123 & IDLE
| | Anini 24 J:F'N 1INl E LI

Start |

European XFEL
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Temperature Distribution in SASE1 System
measured Sep.3 — Oct. 3 (Holidays)

SASE1 Undulator System
—
Electron Beam Direction Air Direction
[ | [ 1 ] ] ] mm B | ] I . D
ul cell #1 RI cell 52 RI cell #3 RI cell 74 RI oell #5 R e Rl celr #36 RI cel #37 DI PKG
Upstream Intersection (Ul}: Concrete Pillar, Adjustable Granite Base Plate : Need: 1
Regular Intersection [Rl}; Need: 22
I Downstream Intersection (DI): R but without Phase Shifter; Need: 1
[ ] Undulator Segment
[———1 Empty Undulator Installation Space, Intersection Control Mode needed for Intersection Control Rack
SASE1 PKG Temperature along SASE 1 Time Dependence at Cells 3, 19,37
i ; i i i 1 1 ! 1 ! |
Cell 37
213 I
o \\u['k‘in the Tunnel
2 |
T | -
@ | A |
& 0] e - e Cell 19
ks : —— Oct4 FAN D : -
| - | | Oct3
| | —— Oct 2
I Oct 1 Cell 3
19 H ! i | B Pannels opened I
T A B B B B 19 T T T T T T T T T T T
10 15 20 25 30 35 30 Sep 1 Okt 2 Okt 3 Okt 4 Okt 5 Okt 6 Okt

5
I BN W European XFI Cell Date
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Hardware Management in Tunnel:
Reference Gap Measurement Device

I Gap measurement principal
» 4 Micro-Epsilon calibrated

capacitive sensors -
» @ constant gap and thickness )fé ::
of vacuum chamber } is n
constant )
» Holder fixed using magnetic
force

» Sub micrometer measurements
reproducibility

» Measurements are
independent from the
temperature of the holder and
guasi-independent from the
temperature of the sensors

» With non magnetic gauge can
be used without vacuum
chamber

I B W European XFEL
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Undulator Systems Instalation in the Tunnel
Status of SASE1 & SASE3 May 2017

Status

B Undulator Hardware installed: Quadrupoles, Quadrupole Movers,
Magnet Power, Cooling Water, Phase Shifters,

B Undulator Control System commissioned, operational
B Undulator System aligned with SLRS

0 Interlocks installed

B0 Air Conditioning System installed & commissioned

I SASE1 System “Ready for Beam* since March, 2017

I SASE3 System “Ready for Beam* since April 14, 2017

Thank you for your
attention!

I B W European XFEL

Enclosure closed

- ket
.
T,
e
£ 4

Enclosures opened for
SLRS alignment
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APS Seminar
May 2, Argonne National Laboratory
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Adjustment of the linear encoders

I The installation of a profiled
linear guideway has to be
validated in order to ensure
the requirements of the gap
measurement accuracy

I B W European XFEL
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Adjustment of the linear encoders

The program sequentially changes the
gap and reads the value of linear
encoders and reference gauges i oo

]

o.
[
o
0.
o
[
Undulator Hysteresis Mesurement H= &
8
—Setial Murnbers For Undulator Deviation of Linear Encorder 32496757 from Gauge 365242260 For left encader g;
Udulator SH Left Encader SN Right Encoder SN | eft Gauge SN Right Gauge SN 0.00535 Maximal Hysterisis + 0.895 um; Maximal deviation £ 2,664 T S
o
w09z-1001 32496757N 32496755N 365242280 365242310 ‘ —Increasing g.
I I I I 0.005; e xR =——Decreasing | b
00045 &
~Tolerances B0, 00002 o
0,003 79, 0000E [
Hysteresis{rm) = I 0.0z Deeviation{mm) 0.01 7 G o -
0,00 T o
- Measurement Yalues 0.0026 L H) B
100 ActualGapmnm) 99,99998 0,001
SetGap(mm) : -
| o0t Measurement data for Unulator SN X092-1001
Left Encader{mm) 100.05851 Right Encaderimm) |99.QEDEQ r - p—
0.0006 = i PR 4 0P s g T £ A
Left Gauge(mm) 100.05862 Right Gauge(mm) |99.QED47 0.00001 - ‘ Bps20 ik
— 0.0 12.0 24.0 36.0 48.0 60.0 720 B84.0 96.0 108.0 120 BLOOMEE:
Left Deviation{mm} 0.00011 Right Diviation{mm} I'D‘Dnm2 B
- Deviation of Linear Encorder 32496755 from Gauge 365242310 for right encoder A,
Left State I Right State 0,000 Mascimal Hysterisis & 0,811 um; Maximal devistion & 4,438 um i
Rooe
-0.0001
i~ Setting Parameters easing e
E B.omoes
1+ 1. Run-TimeSystem (PORT 801) (™ 2. Run-TimeSystem (PORT 8113 0.001z Lo
-0,00 [ an 2o Tte %o wme  ean  Te om0 mew ame i
ND 267 IP Address | 169.254.1.2 -0.0034
Configuration File I C:\Commissioninglconfig_lang_Lmm,ucf -0.0044 ]
-0,0055 ey
Save File I C\X092-1001_2012,04,20_1She4'09" txt o
-0.0066 ¥ oo
-0.0077 s
Er
Skart | Stop | Graph | Final state -0, 0085 L0085
0.0 1Z2.0 . 1 A 60.0 72,0 84.0 96.0 108.0 12C Lo nodad
007
o o
Infurmat\un:l PLC Version: 31 Revision: 0 Build: 26 The IDis: 10,0.1,92.1.1 Cancel L
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Adjustment of the tilt angle of the girders

8 Due to magnetic force between upper
and lower magnet structures the
undulator frame bends and the girder tilt
angle changes as a function of the
undulator gap typically by +250urad

I The magnet girders of an undulator have
a rotational degree of freedom

B To minimize the influence on the
magnetic field the girder tilt should be
adjusted symmetrically around the
vertical position

I B W European XFEL
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Adjustment of the tilt angle of the girders

; 1) S il Y ‘ M WYLER'’s BlueLEVEL high precision
el ST T RN electronic inclination measuring
e, eI  rorara o el instruments are used to measure
] s e o P — the angles on four machined
reference surfaces of the girders
(T]
H , . 1 G I The program runs on a separate PC

I B W European XFEL
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Adjustment of the tilt angle of the girders

The program sequentially changes the B

File Edit Faormat Yiew Help
2013/01/28 22:51:55

undulator gap value and reads the tilt angle ; g s i

200.0 -0.114000 0.099000 -0, 082000 0.099000
H 150.0 -0.113000 0.100000 -0. 075000 0.107000
Of undUIator glrder 1000 —0.112000 0.102000 0. 070000 0.112000
50.0 -0.113000 0.101000 -0, 070000 0.112000
40.0 -0.114000 0.100000 -0, 070000 0.112000
35.0 ~0.115000 0. 095000 ~0. 065000 0. 113000
30.0 ~0. 118000 0. 096000 -0, 065000 0.117000
25.0 -0.126000 0. 091000 -0, 059000 0.121000
22.0 -0.129000 0. 086000 -0, 049000 0.132000
20.0 ~0.136000 0. 080000 ~0. 040000 0. 1340000
15.0 ~0.145000 0. 072000 -0. 026000 0.154000
3 18.0 -0.150000 0. 067000 -0. 023000 0.157000
BlueSPIRIT; 3 17.0 -0.156000 0.062000 -0, 015000 0.161000
— 16.0 -0.164000 0.055000 ~0. 013000 0.163000
Unclulator Parameters 15.0 ~0.173000 0. 047000 ~0. 024000 0.154000
Tilt Angle of the X044-K004 girder 14.0 -0.183000 0. 037000 -0. 037000 0.141000
13.0 -0.194000 0.027000 -0, 046000 0.120000
Undulatar Serial NO. | X044-k004 G T A o 12.0 -0. 208000 0. 014000 -0, 050000 0.126000
: T 11.0 ~0. 3224000 0. 000000 ~0. 045000 0.125000
—E oG 10.0 -0. 247000 -0. 019000 -0, 037000 0.134000
AMS ‘ 10.0.1.2.1.1 0.03 i .
— E ==H
Configuration File : | f/r(
(o] |C“.DDcuments and SettingsiLAB-NO | 0.00 } £
" Single Measurement + Double Measurement -0.03 [4

Set Gap 10,000 Real Gap 9,096 -0.06

o Tilt Angle of Unulator SN X055 - KO15Girder
Elue Level Value Gl e = o m
Jangle of tha X035« K013 girder
-0.12 0.35 Tit Angle mmfm
COM PORT MO POSITION TILT ANGLE
—E &G
-0.15 0.30 1 1 1 1 ! | 1 |
,—_| | J |—U‘El4 =F [ #=H
018 p2s
0.
| J | 0.015 am Gap mm s I = T
0 20 40 60 a0 100 120 140 1a0 180 200 b.15 u
Graph ‘ Stop | | Cancel _
Cancel 0.10
pOs |
0.00
HE
HO.10 ! | ! 1 ! 1 Gap mm
0 2D 4 0 =W 00 120 140 160 180 200
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