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View on Paul Scherrer Institut

SwissFEL

Swiss Light Source

Proton Therapy '

Proton Beam Neutron Source

PSI Center for Accelerator Science and Engineering 13.06.2024



Ondulator?

(S ondulator $

H‘ /

y
//

Philips StyleCare onWulator d... & Produkt
cora.ro - Auf Lager

OAidulator BaByliss PRO 2469...
echstore.ro - Auf Lager

& Produk?

Ondujdtor ROWENTA Chopsti... & Produkt
altefiro - Auf Lager

Set Ondulator Par Profesiypal...
emag.ro - Auf Lager

PSI Center for Accelerator Science and Engineering

Undulatorfor LightSources
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Introduction: Functionof Undulator

Guidingthe electronbeamto a slalomwith magnetsto generate
sychrotronlight

Lasingat FreeElectron
Magnets Laser

ElectronBunch

Light

Intensityincreasidy
a factorof 108

v

PSI Center for Accelerator Science and Engineering 13.06.2024



Outline
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Undulator Types
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Undulator Types

PSI Center for Accelerator Science and Engineering 13.06.2024



AramisUndulator U15¢ main parts PSI

power and controls frame (mineral casi

columns i W =

gapmeasuring

system wedgedrive system
I-beamwith block-
keeper magnetsand
poles
camshaft mover (5DOF)

vacuumchamber

8 PSI Center for Accelerator Science and Engineering Medsi2016, Pirmin Bodhler 13.06.2024



Athos Undulatur UE38 Apple X

frame (iron cast)

vacuumchamber

9 PSI Center for Accelerator Science and Engineering 13.06.2024
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Frame: Standard DesignGShape

WeldedSteel Frame

Vacuum Chambeaeranbe
installedafter the installation
of the Undulator

Example UE44 at PSI

11 PSI Center for Accelerator Science and Engineering 13.06.2024
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Frame: New Design> ClosedFrame

Frame
OuterBea

Colum

InnerBeam

Magnetkeepe
with Magnets

Drive

PSI Center for Accelerator Science and Engineering

PSI

13.06.2024
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Frame: Materialof U15 PSI

Forthe U15 wiechoosedMineral Casbecause
A Costsavingsif you build a serie

A Nonmagnetic
A Bybondingthe blockstogetherwith glue, yourecievea massiv andgtiff block

A Possibilityto integreattubesfor cabeling

But
A Youhavethe designit massivbecauseof the low modulusof elasticity

- 40-45 KN/mn?
A Take caref thermalexpansion Atthe end,we hadto coolthe motorswith water

- 15*10%K

At the beginningof the Designyou haveto define the processof manufactoring

PSI Center for Accelerator Science and Engineering 13.06.2024
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Bondingof the upper plate

Adjustmentbefore bondig

PSI Center for Accelerator Science and Engineering

 PSI

Fixationduring
the bonding

Fillingof gluewith
peristalticpumpand
tubes

13.06.2024
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Framewith castiron

Thearragementof the linearguidesis very sensitivof thermal
expension Thereforewe decidedto designthe mainpart W|th the same
material: Cast iron -

Comparedo mineralcast

A Milling insteadof grinding
(costy

A Higheré 2 dzyhiddulas

A More freedomin the
design

Allthesepartsarein castiron

PSI Center for Accelerator Science and Engineering

} PSI

@DSI PARIS 106,204



Frame with cast iron

TopologyOptimization

AFirstimpressiorlooksstrange
but mainfindingwas,that arip
hasto be overeachlinearguide
for the gap

A Thisprinciplewastakenfor the
designof ironcastparts

AUpperandlower part identical

A Sidewallsdentical

AMain goalis stiftnesswith
changingorces No clearlimit,
but we wantedto reachless
then 20 micron

Slriris
16 PSI Center for Accelerator Science and Engineering @D 2018 13.06.2024



Newestgenerationfor SLS 2.0

- Wedgedrive

- compact
- ,odular

- Vacuumchambein
Aluminium

But
Magnetswith
Forcecompensation

17 PSI Center for Accelerator Science and Engineering

s PSI

13.06.2024
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Keeperfor Magnets

PSI Center for Accelerator Science and Engineering

PSI
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Keeperfor Magnets

Forthe U15 (4mlength), there are more then 500 pairsof magnets
that hasto be adjusted

Mechanicatolerances
Magneticaltolerances
Objectiveof precision: 10 Micron

In the past we optimizedby shimming(underlayor removevery
thin iron sheety

A Thatoptimizationcanlastseveralweeks
A ForSwissFEWe hadto build 12 unitsfor the first Beamline

PSI Center for Accelerator Science and Engineering

13.06.2024



Newidea Flexor,wedge screw

Magnetand
Pole

Flexor:Benefitfrom

/ elasticityof the material
g t s

‘ | ‘ | Screwfor
gppe SO NS o adjustment

’ \Keeperfor the magnet

(Aluminium)

20 PSI Center for Accelerator Science and Engineering
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Other Examplesof flexors

Highprecisionin endstations

PSI Center for Accelerator Science and Engineering

GirderPrototypefor SLS 2.0

 PSI

Flexordor roll Flexordor
(Steel) Height

13.06.2024
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Development in a Team

1stidea: Wire roded part

for the Keeper cutin pieces

|

2ndidea: extrudeasa profile and

Adjustmentby robot- 3rd idea keepthe profil and cut

system miR Video only slitsfor individualadjustments

PSI Center for Accelerator Science and Engineering

13.06.2024
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Blockkeeper Photos

PSI Center for Accelerator Science and Engineering

PSI

13.06.2024
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PreloadedFlexor

Magneticforce wantsto lift the stuctureup

Testingand
Loosethe contact simulationsin
A Limitedareaof adjustment +/- 0.05mm advance

PSI Center for Accelerator Science and Engineering 13.06.2024



Keeper DesignOptimazationsfor UE38

Differentialscrewthread
1/4 ¢ 28 UNF : 0.907 mm

M10x1 :1.0 mm

-> 0.1mm Movemenby
oneturn

Wedge:Bronce(CuSnl12
G-GC)with Dicronite
coating

Springto pull the keeperto the
wegde

25 PSI Center for Accelerator Science and Engineering

e




26

Keeper Design: Differentigbcrew

Nominal Position

Thestrokeof the screwis
around10xthe strokeof the
wedge

For0.5mmA 5 turnsof the screw

Attention: Thestartingpointof the threadisrandom
A Inworstcase youneedl0turns of the screwto cometo the nominal
position

PSI Center for Accelerator Science and Engineering

- PSI
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Differential Screw

Assemblingf the wedgewith e separanut

1. Step Wedge andcrew 2. Step
In correctposition Ad nut (tighten by hand)

— -

—~ o

Nothreadin
the keeper

PSI Center for Accelerator Science and Engineering

3. Step

Fixationof nut by two screws

‘i A

PSI

13.06.2024
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Keeper Design: Simulatioof forces

Simulationof variousgeometries. /

C: min Stellung
X Axis - Directional Deformation - 2. s

Main goal Smallesdeformation
In beamdirection
l gthax
Main findings o
w Flexurehasto be weak(thisis B
Important, if the flexorisin a Iif;
lower position)

w Springhasto be strong

w Displacements the other
directionsare not critical

w Flexuredhasto be symmetric

PSI Center for Accelerator Science and Engineering
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New Keeperdesignwith two degreesof freedom PSI
Force Magnetfor Flexor
Compensation the Beam
Limitationof
Stroke
Screwfor
adjustment

29 PSI Center for Accelerator Science and Engineering 13.06.2024
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Columns for in VacuumUndulatorsg

PSI Center for Accelerator Science and Engineering

PSI
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Columns: Design

Prototype Series

Additionalscrewnut to eliminatethe clearancegbacklash

31 PSI Center for Accelerator Science and Engineering 13.06.2024
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Column Adjustment

PSI Center for Accelerator Science and Engineering
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Columns:arrangement

At nominal GapBythe
adjustment

the magneticfield is perfectly
aligned

PSI Center for Accelerator Science and Engineering

SmallerGap

BiggerGap

Higher Force

LowerForce

- PSI

13.06.2024
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Reductionof number of columns PSI

Firstapproach Tworowsof 32 columns= 64columns
Firstoptimization Onlyonerow with 32 columns(increasingof the diameter)
2nd optimization Reductionto 20with anewarrangementA Gapremains

constant Beams not precicelyin the middle of the
magneticfield, butthis errorissmaller A Costsavingdor
hardware and assemblingadjustments

P T TP TTTE e

Optimizi'ngthe endis
a bit difficult

PSI Center for Accelerator Science and Engineering 13.06.2024



Drives
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Drivesfor Gapadjustment

PSI Center for Accelerator Science and Engineering

PSI

13.06.2024
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Drivewith roller screws

Verysmallslope(0.5mm per turn)
Verylittle backlash
Nogearrequired

SATELLITE ROLLER SCREWS

AL

- »wm--,uw\n\

| L p ROLLVIS®
p I swiss

' g
‘n\»w»‘m-mm

»

The RVD roller screw is ideally suited for high precision applications, when a high accuracy
is needed. Its specific designed and adjusted components allow extremely thin leads down to
0.05 mm or even 0.02 mm. Available strokes are relatively smaller for this type of roller screw.
RVD screw requires very specific tools and very high manufacturing accuracy to ensure an
extreme a high quality standard.

PSI Center for Accelerator Science and Engineering

PSI
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Mover : Principal

5 Motors

A 5 Degreesf Freedom

Fixidin Beamdirection

38 PSI Center for Accelerator Science and Engineering
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Prisma einfach

190

.54

85

Excenter

B-B

13.06.2024



39

Mover: Principal

Left¢ Rightof Frontside(alsoturning aroundZ-axig9

PSI Center for Accelerator Science and Engineering

PSI
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Mover: Principal

Up ¢ Downof Frontside(alsoturning around Y-axig9

PSI Center for Accelerator Science and Engineering

PSI
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Mover: Principal

Up ¢ Downof Backsidgalsoturning aroundY-axig

PSI Center for Accelerator Science and Engineering

A 4

PSI

13.06.2024
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Mover: Principal

Left¢ Rightof Backsiddalsoturning aroundZ-axig

PSI Center for Accelerator Science and Engineering

PSI
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