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Baugröße von Elektronspeicherringen
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Typischer Strahlengang am 
Freie Elektronen Laser (FEL)
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TypischeGenauikgeitsanforderungenan die Bewegungvon Spiegeln

movingdirection stroke reproducibility resolution

rotation X 2,4 mrad 10nrad 10nrad

translationX 2 mm 1 µm 0.06µm

rotation Y 4.3 mrad 50µrad 0,3 µrad

translationY 50mm 5 µm 1.5 µm

rotation Z 9 mrad 25µrad 0,3 µrad

translationZ - - -
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Was sind 10 nrad? 
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KinematischeLager

!Φ {ƭƻŎǳƳΥ αtǊŜŎƛǎƛƻƴ MachineDesign

W.B. Peatman: Momochromatorsfrom Bird & Tole

Reproduzierbarkeit kinematischer Lager 
ist Begrenzt auf ca. 1µm
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Random Error Motions
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Hexapod

advantages

Å DOF 6

Å high stiffness

Å low mass

disadvantages

Å six motor drives are always

necessary

Å not intuitively manually movable

Å crosstalk is extremly big

potential of improvements

Å Cartesian strut topology

Å Back - lash free joints

Å drives
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Parallelogramm

12
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Zirkulares Muster von doppelt gelenkigen Stäben
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Segment der zirkularen Stabanordnung 



Pg. 15Konstruktionsprinzipien für ultrapräzise Positionierungen: Tino Noll 27. Sept. 2018

ParallelogramStage

15

Trapezoid Stage

Combinationof a Parallelogramwith a Trapezoid

DOF 3
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Die drei möglichen Bewegungen im planaren Systen

x y z 
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Spatial topology with DOF6
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Rotation aroundthe X-axis
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Rotation aroundthe Y-axis
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Rotation aroundthe Z-axis
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Translation in X-direction
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Translation in Y-direction
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Translation in Z-direction
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driving 
strut

platform in displaced position

platform in zero position

main motion

parasitic motion

struts in zero position

struts in displaced position

Reproducibleparasiticmotion
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Parasitärbewegungbei Auslenkung 

parasitic motion
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Stepsof a rotation

zero position midle position endposition

P ,R0 0 R1 R2
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b Rn
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P = temporarypole 
R = theoreticalmirror midpoint

Geometricalcalculationin a parametricCAD-system
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Manuell intuitiv justierbare Platform
mit dem Freiheitsgrad 6
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Ein Beispiel für Anwendungen der 
Cartesischen Parallelkinematik: 
Die Spiegelkammern des European XFEL
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Innenaufbau der Spiegelsysteme des European XFEL
(Schnitt in der Horizontalebene)
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