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1. Kinematic Tradition at TU Vienna

Geometry has always constituted an area of
strength in the history of TU Vienna through a
connection of pure research with applications in
science and technology.

Therefore also kinematics, the science of motion,
has a long standing tradition at this university, as
it proves the theoretical basis for the analysis and
synthesis of mechanisms.

In this context the following heads of the Chair/
Institute for Geometry should be pointed out
[1]:
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1. Kinematic Tradition at TU Vienna

• 1902–1927 Emil A. Müller (1861b–1927d)

Müller E., Kruppa E.: Vorlesungen über Dar-
stellende Geometrie, I. Leipzig-Wien, 1923

Section 3 is devoted to the kinematic mapping of
Blaschke & Grünwald
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1. Kinematic Tradition at TU Vienna

• 1939–1945 & 1957–1969
Josef Krames (1897b–1986d)

Krames J.: Darstellende und Kinematische
Geometrie für Maschinenbauer. Wien, 1947

Section 7 and 8 are devoted to planar and
spatial kinematics, respectively.

13 single-authored kinematic publications;
most of them are in the context
of line-symmetric motions (Symmetrische
Schrotung in German) [2].
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1. Kinematic Tradition at TU Vienna

• 1946–1980 Walter Wunderlich (1910b–1998d)

Wunderlich W.: Ebene Kinematik. Mannheim,
1970

Up to 70 single-authored kinematic publications
[3,4,5] ranging from kinematic generated curves/
surfaces over gearing applications to the kinematic
flexibility of (overconstrained) structures.

International breakthrough as a kinematician; e.g.:

– Visiting professor for kinematics at the
Washington State University in 1970

– Honorary editor of the IFToMM Journal
Mechanism and Machine Theory
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1. Kinematic Tradition at TU Vienna

• 1980–2011 Hellmuth Stachel (1942b)

More than 70 single-authored kinematic pub-
lications [6]; mostly dealing with the theory of
gearing or flexibility of structures; e.g.:

Stachel H.: Zur Einzigkeit der Bricardschen
Oktaeder. J. Geom. 28, 1987

• 1991–2018 Helmut Pottmann (1959b)

More than 40 kinematic publications [7] incl.
the exhaustive survey article (363 references):

Pottmann H.: Kinematische Geometrie. In:
Geometrie und ihre Anwendungen, 1994 Hellmuth Stachel (2012)
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1. Kinematic Tradition at TU Vienna

Further faculty member’s working in the field of kinematics [8,9]:

⋆ 1927–1938 Anton Ernst Mayer (1903b–1942d)

Beside a few publications in the context of milling
he wrote following theses:

Mayer A.E.: Die kinematische Abbildung. Diss-
ertation, 1930 (Referees: E. Kruppa, L. Eckhart)

Moreover his habilitation (thesis, 1938) based on

Mayer A.E.: Koppelkurven mit drei Spitzen und
spezielle Koppelkurvenbüschel. Math. Z. 43, 1937

was deprived by the National-Socialists [10,11].
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1. Kinematic Tradition at TU Vienna

⋆ 1927–1941 & 1948–1957
Rudolf Bereis (1903b–1966d)

During his time in Vienna he published 7 kinematic
articles; i.e.

Bereis R.: Aufbau einer Theorie der ebenen
Bewegungen mit Verwendung komplexer Zahlen,
Österr. Ing. Arch. 5, 1951

which was inspired by Wunderlich [12]. In
1957 he became Professor for Geometry at TU
Dresden and he took the so-called Gummi-
fadendoppelkegelrotor model with him [13]. Photos by courtesy of

D. Lordick [13]
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1. Kinematic Tradition at TU Vienna

⋆ 1927–1942 Karl Strubecker (1904b–1991d)

During his time in Vienna he published a dozen of
single-authored kinematic articles dealing with

– Study’s representation of Euclidean motions (incl.
applications)

– Non-Euclidean kinematics and associated
kinematic surfaces; e.g.:

Strubecker K.: Über Flächen mit zweigliedriger
nichteuklidischer Bewegungsgrupppe. Mh. Math.
Phys. 44, 1936

In 1942 he became Professor in Strasbourg [14].
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1. Kinematic Tradition at TU Vienna

⋆ 1951–1989 Wilhelm Fuhs (1924b–2016d)

Wunderlich’s Chief Assistant was responsible for
the planing of the kinematic showcase [15] and he
published one kinematic article.

⋆ 1949–1990 Wolfgang Ströher (1925b–2018d)

One kinematic publication and the following
unpublished kinematic book (announced in the
preface of Wunderlich’s kinematic book):

Ströher W.: Sphärische und Räumliche
Kinematik. 1973
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1. Kinematic Tradition at TU Vienna

⋆ 1949–1979 Walter Kautny (1927b–1979d): Two kinematic publications; e.g.:

Kautny W.: Zur Geometrie des harmonischen Umschwungs. Monatsh. Math.
60, 1956

⋆ 1967–2004 Walther Jank (1939b–2016d): 9 kinematic publications [16]; e.g.:

Jank W.: Zur Kinematik des Kniegelenks. Ber. math. stat. Sektion Graz
148, 1980

⋆ 1979–2006 Wolfgang Rath (1955b–2006d): 12 kinematic publications [17];
e.g.:

Rath W.: Darboux Motions in Threedimensional Projective Space,
Sitzungsber. Österr. Akad. Wiss. Math.-Natur. Kl. II 201, 1992
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2. Types of Kinematic Flexibility

Due to this long standing kinematic
tradition at TU Vienna, the Institute
of Discrete Mathematics and Geometry
possesses an extensive collection of
kinematic models.

Its highest increase was recorded during
the professorship of Walter Wunderlich.

One of the main foci of cataloguing was
the model’s classifcation concerning their
type of kinematic flexibility. Walter Wunderlich [3]
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2. Types of Kinematic Flexibility

The borderline between continuous flexibility and rigidity of structures (frameworks
or polyhedra) is not strict, as there can be different levels of flexibility [18,19].

For the study of the flexibility of a structure, one computes the solutions of a
system of equations, which describes how the elements of the structure (bars or
faces) can be assembled. The following four cases can be distinguished:
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2. Types of Kinematic Flexibility

• One solution or more incongruent solutions, which are
far enough away from each other

The resulting structure is called rigid: Whether there exist
one/more solution/s it is called globally/locally rigid.

• Incongruent solutions, which are close enough to each
other

Due to non-destructive deformations of material and/or joint
clearances the physical models can snap/flip between these
solutions. These structures are also called multi-stable.
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2. Types of Kinematic Flexibility

• Solution with a multiplicity of n > 1

The corresponding configuration of the structure is called
shaky or infinitesimal flexible of order (n − 1). Due to
imprecision and slight bending of the material these physical
models have a flexion, which is limited within a certain
neighborhood (size depends on the order; cf. [20]).

• Infinitely many incongruent solutions

The structure is called mobile or continuous flexible.

The following two examples should demonstrate that the
determination of the type of flexibility can be very tricky.
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2. Types of Kinematic Flexibility

Example 1: Four-horn (Vierhorn in German)
This polyhedron, presented by Caspar Schwabe at the science
exposition Phänomena 1984 in Zürich, was falsely claimed to
be continuous flexible. However, it is only snapping between
one spatial pose and two planar ones which are shaky in
addition [19,21,22]. This phenomenon is known also as model
flexibility.

Remark: Due to the bellows conjecture (proven by I.Kh. Sabitov [23] in

1996) it can easily be seen that the four-horn is not continuous flexible.

Moreover, the four-horn demonstrate that a model can poses
different types of flexibility simultaneously.
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2. Types of Kinematic Flexibility

In this context also the phenomenon of kinematotropy [24]
should be explained on the basis of the next example.

Example 2: Wunderlich’s 12-bar mechanism
In detail, one can distinguish 5 motion modes (labeled by
Roman numerals according to [25]), which have either a
1-dim or 2-dim mobility.

• Upper figure: Assembly mode I (0 anti-parallelograms;
2-dim mobility)

• Lower figure: Transition configuration between assembly
mode IV (4 anti-parallelograms; 1-dim mobility) and V
(6 anti-parallelograms; 2-dim mobility).
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3. Existing Registers/Catalogues

The online-catalogues of the planar/spatial kinematic models were based on the
following existing registers/catalogues:

Inventory registers Model-catalogues
I, II, III

Online-catalogue of
mathematical models
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3. Existing Registers/Catalogues

Inventory registers
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3. Existing Registers/Catalogues

Model-catalogues I, II, III (Wilhelm Fuhs et al by order of Walter Wunderlich)
In these three A4 ring binders the mathematical models are listed with respect
to different geometric areas (e.g. projective/differential/kinematic geometry). This
card index is not complete (e.g. both flexible Voss surfaces are not included) and
the entries differ in the level of information.
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3. Existing Registers/Catalogues

Online-catalogue of mathematical models

In 2008 Hellmuth Stachel initialized a new inventory
of the collection of mathematical models, which was
executed by Michael Rottmann.
This scientific revision focusing on the plaster-, string-
and wire-models resulted in an online-catalogue with 127
entries available under:

www.geometrie.tuwien.ac.at/modelle

This online-catalogue also served as a template for the
online presentation of the kinematic models.
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3. Existing Registers/Catalogues

Missing kinematic models

The missing of kinematic models was
detected by the inventory; e.g.:

• two flexible Kokosakis’ meshes
evidenced by a photo [3],

• two removable models of the
kinematic showcase, evidenced by
the model-catalogues I, II, III.

Walter Wunderlich [3]
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4. The Kinematic Showcase

In 1967 the kinematic showcase was put into operation based on an idea of Walter
Wunderlich, who was inspired by impressions received during visits to the Technical
Universities of Berlin and Dresden. It was motivated as follows [15]:

”. . .An introduction to this important discipline
(kinematic) forms the basis of the various practical
applications of the science of mechanisms. Such
introduction has for a long time been given to the
students of mechanical engineering . . . as part of
the lectures and tutorials in descriptive geometry.
In view of the fact that the students in these classes
are in their first year, there is a definite need for
visual demonstration material.”
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4. The Kinematic Showcase

The kinematic showcase,
which was built by the
Wiener Schwachstromwerke
based on plans of Wilhelm
Fuhs, is very well documented
[15].

It should be noted that the showcase can be rearranged due to the removability of
the models. The 20 compartments of the showcase can be filled by an arbitrary
selection of the existing 29 model elements (beside the two missing elements).
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4. The Kinematic Showcase

The following four models have been on exhibition in the Austrian Pavilion of the
World Exhibition 1967 in Montreal [15].

Approximate

straight-line

mechanism

Approximation

of a square

Elliptical movement Robert’s Theorem
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4. The Kinematic Showcase
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4. The Kinematic Showcase
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4. The Kinematic Showcase
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5. Online-Catalogues of Kinematic Models

The online-catalogue of mathematical models served as a template for the online
presentation of the models in the field of planar and spatial kinematics, respectively.

The database of all online-
catalogues is based on
Access-files, where the
information about the
models (rows) is collected
with respect to different
categories (columns).
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5. Online-Catalogues of Kinematic Models

The categories were adapted to the need of
kinematic models by adding a column on the type
of kinematic flexibility.

The online-catalogues of kinematic models were
also written in German, but a category with the
English model name was added.

Moreover an extra column was provided for the
registration numbers of similar models.

For the planar-kinematic models also the intended
use was specified (e.g. showcase model, overhead
projector model, blackboard model).
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Legend for the planar/spatial kinematic models
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5. Online-Catalogues of Kinematic Models

The online-catalogues of the planar/spatial kinematic models can be entered under:

www.geometrie.tuwien.ac.at/kinmodelle

TYPE OF KINEMATIC FLEXIBILITY

• 127 models on planar kinematics

# 3 rigid
# 3 snapping
# 8 shaky
# 113 continuous flexible

• 107 models on spatial kinematics

# 5 rigid
# 12 snapping
# 22 shaky
# 68 continuous flexible
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5. Online-Catalogues of Kinematic Models

Example: Siamese Dicone

This model was neither listed in one of the existing registers/catalogues nor any
reference was found within the scientific literature. Clearly, this model is related to
the Siamese Dipyramids, where models of the trigonal and pentagonal type exist.

Trigonal Siamese Dipyramid

shaky [26]

Pentagonal Siamese Dipyramid

model flexibility [26,27]

Siamese Dicone

kinematic flexibility: ?
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5. Online-Catalogues of Kinematic Models

Example: Siamese Dicone

In order to determine the type of kinematic
flexibility the geometric dimensions of the model
were measured. Based on this data the problem
was formulated mathematically (in Maple).
It turns out that configurations of this structure
correspond to the common points of two planar
curves (red and green curve).

In a certain interval these two curves are extremely close to each other and intersect
3 times. This results in a model flexibility (snapping between three configuration).
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5. Online-Catalogues of Kinematic Models

Example: Siamese Dicone
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5. Online-Catalogues of Kinematic Models

MATERIAL, USAGE & PRODUCER OF KINEMATIC MODELS

• Material: cardboard, paper, metal, wood, plastic,
acrylic glass, wire, fabric, strings, drinking straws and
different types of glue and adhesive tapes.

• Usage: Kinematic models were not only used for
teaching but also for the demonstration of research
results; e.g.:

Wunderlich W.: Zur Differenzengeometrie der Flä-
chen konstanter negativer Krümmung. Sitzungsber.
Österr. Akad. Wiss. Math.-Natur. Kl. II 160, 1951
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5. Online-Catalogues of Kinematic Models
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• Producer: planar-kinematic models

# 43 unknown
# 26 Wiener Schwachstromwerke
# 15 Fa. Martin Schilling
# 15 Christian Dieckmann
# 12 Karl Wanka
# 3 Wilhelm Fuhs
# 3 Hellmuth Stachel
# 2 O. Leuner
# 2 Fa. Cyclo Getriebebau
# 1 B.G. Teubner
# 1 Fa. Tecnostyl
# 1 Fa. Volkswagen
# 1 HTL Mödling
# 1 Walther Jank
# 1 Theresa Trnka

• Producer: spatial-kinematic models

# 71 unknown
# 13 Karl Wanka
# 6 Georg Nawratil
# 3 Walther Jank
# 3 Erich Frisch
# 2 Atelier/Caspar Schwabe
# 2 Kurt Naef
# 1 Fa. Martin Schilling
# 1 Fa. Gay
# 1 Hexyflex Inc.
# 1 Hellmuth Stachel
# 1 Otto Röschel
# 1 Günther Repp
# 1 Wilhelm Fuhs

Remark: It is reported that the 13 drinking

straw models were produced by W. Wunderlich.
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5. Online-Catalogues of Kinematic Models

There are only six
overlaps with the
online-catalogue of
mathematical models.
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6. Concluding Remarks

The kinematic models are still used as demonstration objects
within the lectures on kinematics. Clearly, the continuous
flexibility of structures can also be shown by computer
animations; especially for planar frameworks this is a good
alternative. For visualizing the mobility of spatial structures
the application of virtual reality seems to be beneficial.

The physical perception of phenomenons like e.g. shakiness (of
different order) or snapping (model flexibility) is an important
experience improving the understanding of these types of
flexibility.
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6. Concluding Remarks

Recent technical developments like the rapid
progress in 3D printing also raised the interest
of the computational design community into
physical mechanical models.

In addition the traditional Japanese art of
folding is experiencing a revival and yields to
new kinematic models in the field of rigid origami.

Moreover kinematic models also show up as
prototypes in the design process of transformable
structures, especially in the context of kinetic
architecture/art.

Wunderlich’s kinematic book
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