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als Hilfsmittel beim Entwerfen von Teleskopstrukturen 

Thinking in Forces 

as a tool for the design of telescope structures 
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Telescope sites - worldwide 
Personal involvement 
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Some “own” Telescopes 
 Developed together with the MT Mechatronics engineering team in Mainz 

SOFIA 2002 LMT 2006 DKIST 2014 
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Galilei 1638 Statics  (28 years after the Sidereus  Nuncius) 
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Newton  1686 – Equilibrium! 



Astro Tech Talk 17.11.2017  

Haus der Astronomie Heidelberg  
Hans Jürgen Kärcher 

17.11.2017 6 telescopemechanics@hjkaercher.de 

Graphical Statics – Karl Culmann 1864  

James Clerk Maxwell 1867 Luigi Cremona 1872 

B. Maurer, „Karl Culmann und die graphische Statik“, GNT Verlag, Stuttgart 1998 
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What is a Force?  

1. Concepts of Space –  

The History of Theories of Space in Physics 

2. Concepts of Mass  

in Classical and Modern Physics 

3. Concepts of Force 

Books of Max Jammer:  
Dover Science Books, Mineola, New York 1961 

Hier strotzt die Backe voller Saft, 
Da hängt die Hand gefüllt mit Kraft; 
Die Kraft infolge der Erregung 
Verwandelt sich in Schwungbewegung; 
Bewegung, die mit schnellem Blitze 
Zur Backe eilt, wird hier zu Hitze. 
 Die Hitze aber durch Entzündung 
Der Nerven brennt als Schmerzempfindung 
Bis auf den tiefsten Seelenkern, 
Und dies Gefühl hat keiner gern. 
Ohrfeige nennt man diese Handlung 
Der Forscher nennt es Kraftverwandlung. 
 
Wilhelm Busch, Balduin Bählamm,  Bassermann, 1883 

Books of Karl-Eugen Kurrer:  

Ernst & Sohn, Berlin, 2016 

1. The History of Theory of Structures 

From Arch Analysis to Computational Mechanics 

2. Geschichte der Baustatik 

Auf der Suche nach dem Gleichgewicht 
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European Extreme Large Telescope E-ELT 

ESO Reference Design 2007 MTM Design Study 2008 

Outcome of „Structural Mechanics“  =>> 2000 tons of weight and related cost reduction 
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The Telescope and the Bridge  

Railway Bridge Mainz 1864 E-ELT  Design Study 2008 

H. J. Kärcher, „Das Teleskop und die Brücke“, Sterne und Weltraum 11, 2010, S. 44-55 
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Thinking in forces – understanding the “bridge” 

H. J. Kärcher, „Das Teleskop und die Brücke“, Sterne und Weltraum 11, 2010, S. 44-55 

Tilted bearings activate the arch thrust! 

Arch bridge 

Thrust bearing 

Beam bridge 
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Deutsches Groß-Teleskop 1988 

The beginning of the rocking chair mount 

H. J. Kärcher,  J. Kühn, H. Nicklas 
„An alternative concept to current alt-azimuthal 
mountings …“,  
ESOC…30, 1988, S. 157-167 
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39m E-ELT 

Actual ELT’s use all rocking chair mounts 

30m TMT 24.5m GMT 

https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-rfCcsL7XAhWMWhQKHVrGCpYQjRwIBw&url=https://de.wikipedia.org/wiki/Extremely_Large_Telescope&psig=AOvVaw3A1oE5djUauQb85X-im79B&ust=1510759596359608
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ELT projects other than rocking chair mounts 

50m Euro50 – University Lund 2003  

Not realized! 

30m GSMT – Aura Tucson 2005  

17.11.2017 telescopemechanics@hjkaercher.de 
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Large radio telescopes – the story of “homology” 

74m Lovell Telescope  Jodrell Bank UK   

Design Concept 1951 As built 1956 Today 

The first large radio telescope 
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Large radio telescopes – the story of “homology” 

Jodrell Bank 1956 Parkes 1957 Effelsberg  1972 

Reflector deformation principles 



Astro Tech Talk 17.11.2017  

Haus der Astronomie Heidelberg  
Hans Jürgen Kärcher 

74m Lovell Telescope 1956 100m Telescope Effelsberg 1972 

Backup Structure 

Alidade 

Primefocus 
Receivers 

Subreflector 

Gregorian 
Focus 
Receivers 

Elevation Axis 

Azimuth Axis 

Damping wheel 

Elevation Cradle 
 

Homology – Historical Development 
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Effelsberg – structural design principle 
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Effelsberg – interpretation of deformation patterns 

External Loads Internal Load paths Deformation Pattern

Reflector weight

Ballast weight

Reaction force to ELC

Load transfer in 
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Bending moment in BUS
MZ
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EL Bearing

EL Axis

4 Point Interface

Ring Girder (ELC)

σZ = 4,117µm rms 

σZ = 467µm rms 

4-point supports – MERLIN  

32m radio reflector in Cambridge UK 
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50-m Large Millimeter Telescope LMT/GTM  
Largest millimeter telescope worldwide – surface accuracy 70µm rms 

Cerro la Negra, Puebla, Mexico – 4600 m  
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4-point support and contour plots of the LMT 

Horizontal position 

σH = 415µm rms  

Zenith position 

σZ = 316µm rms  
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Iso-static subframes of the LMT reflector 
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SOFIA 
Stratospheric Observatory For Infrared Astronomy 

German Instrument GREAT 

Above the Mojave Desert 
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SOFIA 
Some impressions of the suspension assembly 
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The SOFIA Mirror 2.7m diameter 
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William Lassell 1842 Thomas Grubb 1845 Sebastian von Hoerner 1967 

Whiffle Tree A-static Levers Homology 

Design history of mirror supports 
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What is a whiffle tree? 

Historical examples 
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Historical examples 

28 telescopemechanics@hjkaercher.de 

H. J. Kärcher, „Die Kunst Linsen und Spiegel zu halten“  
Sterne und Weltraum 3, 2012, S. 52-63 
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2.7m  Sandwich Meniscus 

(SOFIA 2004) 
3.6m Thick Meniscus 

(Calar Alto 1982) 

Axial supports: hydraulic whiffle tree 

Lateral supports: a-static levers 

Axial supports: structural whiffle tree 

Lateral supports: 3-point flexures 

Axial supports: a-static levers 

Lateral supports: a-static levers 

1.8m Meniscus 

(MOA Telescope NZ 2002) 

Examples of different types of mirror supports 
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E-ELT M2 Unit Design status 2009 – mirror diameter 6.2m  
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H. J. Kärcher, „Die Kunst Linsen und Spiegel zu halten“, Sterne und Weltraum 3, 2012, S. 52-63 
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E-ELT M2 Unit 
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Design status 2009   

Mirror diameter 6.2m  

H. J. Kärcher,  
„Die Kunst Linsen und Spiegel zu halten“,  
Sterne und Weltraum 3, 2012, S. 52-63 
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Zenith position Horizontal position 13.6 nm RMS 

28.9 nm RMS 

Mirror deformations under gravity loads 

Edge disturbances 

17.11.2017 

E-ELT M2 Unit 

Design status 2009,  mirror diameter 6.2m  
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H. J. Kärcher, „Die Kunst Linsen und Spiegel zu halten“, Sterne und Weltraum 3, 2012, S. 52-63 
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Axial Support Lateral Support Air Vent

Positioning  Hexapod

Mirror Cell

Mirror

Load 
Spreaders

8m  spin casted honeycomb sandwich mirrors 
University of Arizona 

The rear of the mirror during assembly 
The interior of the mirror cell 

LBT, GMT 
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Large segmented mirrors 

Axial 
Whiffle Tree

Centrale Lateral-
Membrane

Keck, TMT, E-ELT 
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Telescope mechanics 300 years ago!    

17.11.2017 telescopemechanics@hjkaercher.de 
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William Herschel’s  Large Telescope

Bath, England ,1770
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Telescope mechanics  

200 years ago!    
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Telescope mechanics  
100 years ago!    

Telescope mechanics  
50 years ago!    
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