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Swiss Light Source

SwissFEL

Proton Beam Neutron Source

Proton Therapy

View on Paul Scherrer Institut
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Undulatorfor Light Sources

Ondulator?
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Introduction: Functionof Undulator

Guiding the electronbeamto a slalomwith magnetsto generate
sychrotronlight

Magnets

ElectronBunch

Light

Lasingat Free Electron

Laser

Intensityincreasisby

a  factor of 108
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Frame

Overview: 

Undulator-Types

Drive

Mover

Keeper for

Magnets

Columns

Outline



13.06.2024PSI Center for Accelerator Science and Engineering6

Undulator Types

Planar

- Variable Gap: Exp. U15

- Fix Gap

Apple Design

- Standard Design

- Apple X: Exp. UE38
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Undulator Types

In Vacuum

Out of Vacuum

Other Types(not in this

presentation):

Å El. Magnets

Å Kryocooledmagnets
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AramisUndulator U15 ςmain parts

camshaft mover (5DOF)

frame (mineralcast)

wedgedrive system

outer beam
columns

vacuumchamber

i-beam with block-

keeper, magnetsand

poles

gapmeasuring

system

power andcontrols

Medsi2016, Pirmin Böhler
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Athos Undulatur UE38 Apple X

frame (iron cast)

vacuumchamber

camshaft mover (5DOF)
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FRAME

High Forces

High Stiffness

High Precision

Costs
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Frame: Standard Design ςC-Shape

Example: UE44 at PSI

WeldedSteel Frame

Vacuum Chamber canbe

installedafter the installation

of the Undulator
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Frame: New Design  -> ClosedFrame

Frame

Column

OuterBeam

InnerBeam

Magnetkeeper

with Magnets

Drive
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Frame: Material of U15

Forthe U15 wie choosedMineral Cast because:

Å Costsavings, if youbuild a serie

Å Non magnetic

Å By bondingthe blockstogetherwith glue, yourecievea massiv and stiff block

Å Possibilityto integreattubesfor cabeling

But

Å Youhavethe design it massiv, becauseof the low modulusof elasticity

-40-45 kN/mm2

Å Take care of thermal expansion: At the end, we hadto cool the motorswith water

-15 * 10-6/K 

At the beginningof the Design, you haveto define the processof manufactoring
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Bondingof the upper plate

Fixation during

the bonding

Fillingof gluewith

peristalticpumpand

tubes

Adjustmentbeforebondig
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Frame with castiron

The arragementof the linear guidesisvery sensitiv of thermal 
expension. Thereforewe decidedto design the mainpart with the same 
material: Cast iron

Comparedto mineralcast:

Å Milling insteadof grinding

(costs)

Å Higher ȅƻǳƴƎΩǎmodulus

Å More freedomin the

design

All thesepartsare in castiron
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TopologyOptimization:

ÅFirst impressionlooksstrange, 

but mainfindingwas, that a rip

hasto be overeachlinear guide

for the gap

ÅThis principlewas takenfor the

design of ironcastparts

ÅUpperandlower part identical

ÅSidewallsidentical

ÅMain goalisstiftnesswith

changingforces. Noclearlimit, 

but we wantedto reachless

then 20 micron

ribs

Linear guides

Frame with cast iron
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Newestgenerationfor SLS 2.0

- Wedgedrive
- compact
- ,odular
- Vacuumchamberin          
Aluminium

But
Magnets with
Forcecompensation
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Keeper for Magnets
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Keeper for Magnets

Forthe U15 (4m length), there aremorethen 500 pairsof magnets, 
that hasto beadjusted

Mechanicaltolerances

Magneticaltolerances

Objectiveof precision: 10 Micron

In the past, we optimizedby shimming(underlayor removevery
thin iron sheets)

Ą Thatoptimizationcanlast severalweeks

Ą ForSwissFELwe hadto build 12 units for the first Beamline
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New idea: Flexor, wedge, screw

Magnet and

Pole

Flexor: Benefitfrom

elasticityof the material

Screwfor

adjustment

Keeper for the magnet

(Aluminium)
Wedge
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Other Examplesof flexors

Flexors for

Height

Flexors for roll  

(Steel)

GirderPrototype for SLS 2.0High precisionin endstations
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Development in a Team

1st idea: Wire rodedpart

for the Keeper
2nd idea: extrudeasa profile and

cut in pieces

3rd idea: keepthe profil andcut

onlyslitsfor individual adjustments

Adjustmentby robot-

system
Video
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Blockkeeper: Photos
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PreloadedFlexor

Magneticforcewantsto lift the stuctureup

Loose the contact:

Ą Limited areaof adjustment +/- 0.05mm

Testingand

simulationsin 

advance
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Keeper Design: Optimazationsfor UE38

Spring to pull the keeperto the

wegde

Differential screwthread

1/4 ς28 UNF : 0.907 mm

M10 x 1 : 1.0 mm

-> 0.1mm Movement by
oneturn

Wedge: Bronce(CuSn12-
C-GC) with Dicronite
coating
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Keeper Design: Differential Screw

Nominal Position

For0.5mm Ą 5 turnsof the screw

Attention: The startingpointof the threadis random

Ą In worst case, youneed10 turnsof the screwto cometo the nominal 

position

The strokeof the screwis
around10x the strokeof the
wedge
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Differential Screw:

Assembling of the wedgewith e separat nut

1. Step:    Wedge and screw

In correctposition

2. Step:

Ad nut (tighten by hand)

3. Step: 

Fixation of nut by two screws

Nothreadin 

the keeper
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Keeper Design: Simulation of forces

Simulation of variousgeometries.

Main goal: Smallestdeformation
in beam direction

Main findings: 

ωFlexurehasto beweak(this is
important, if the flexor is in a 
lower position)

ωSpring hasto bestrong

ωDisplacementsin the other
directionsarenot critical

ωFlexureshasto besymmetric

Fx=80N



Flexor
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New Keeperdesignwith two degreesof freedom

Screwfor
adjustment

Limitation of
Stroke

Force

Compensation

Magnet for

the Beam
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Columns (for in VacuumUndulators)

Connection between

drivesand

inner beams

Manuel adjustment
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Columns: Design

Additional screwnut to eliminatethe clearance(backlash)

Prototype Series
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Column: Adjustment
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Columns: arrangement

At nominal Gap: Bythe

adjustment,

the magneticfield isperfectly

aligned

SmallerGap

BiggerGap

Higher Force

LowerForce
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Reductionof numberof columns

First approach: Tworowsof 32 columns= 64 columns

First optimization: Onlyonerow with 32 columns(increasingof the diameter)

2nd optimization: Reductionto 20 with a newarrangementĄGap remains
constant. Beam isnot precicelyin the middleof the

magneticfield, but this error issmaller ĄCostsavingsfor
hardwareandassembling/adjustments

Optimizingthe end is

a bit difficult
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Drives

Big Forces 

> 20kN

High Precision

< 10 micron
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Drives for Gapadjustment
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Drive with roller screws

Verysmallslope(0.5mm per turn)

Verylittle backlash

Nogearrequired
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Mover : Principal

5 Motors

Ą 5 Degreesof Freedom

Fixidin Beamdirection

Excenter
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Mover: Principal

LeftςRightof Frontside(also turning aroundZ-axis)

Z

Y

X



13.06.2024PSI Center for Accelerator Science and Engineering40

Mover: Principal

Z

Y

X

UpςDown of Frontside(also turning aroundY-axis)
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Mover: Principal

Z

Y

X

UpςDown of Backside(also turning aroundY-axis)
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Mover: Principal

Z

Y

X

LeftςRightof Backside(also turning aroundZ-axis)


