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ABSTRACT

In the presented work, we make use of the strong reciprocity between kinematics and geometry to build
a geometrically nonlinear, shearable low order discrete shell model of Cosserat type defined on triangular
meshes, from which we deduce a rotation–free Kirchhoff type model with the triangle vertex positions as de-
grees of freedom. Both models behave physically plausible already on very coarse meshes, and show good
convergence properties on regular meshes. Moreover, from the theoretical side, this deduction provides a
common geometric framework for several existing models.

1 INTRODUCTION

By adopting a differential geometric view, we can reformulate very concisely the elastic energy of an in-
extensible one-director shell model as proposed by Simo et al. [4] in terms of differential entities of the
undeformed and deformed midsurfaces – the first fundamental forms, Ī and I , the generalized second fun-
damental forms, ĪI and II (which involve the directors), and a differential one-form σn, that accounts for
the shearing:

WCosserat =
1
2

∫
S̄

( t

4
∥I − Ī∥2

M︸ ︷︷ ︸
stretching

+
t3

12
∥IIn − ĪI∥2

M︸ ︷︷ ︸
bending

+ t∥σn∥2
Ms︸ ︷︷ ︸

shearing

)
dĀ . (1)

Here and throughout, barred quantities refer to the undeformed state, t is the thickness and ∥·∥M and ∥·∥Ms

are material-depending norms.

From this parametrization-free energy expression, we will first deduce a discrete shear-deformable shell
model for triangle meshes with piecewise constant membrane and bending strains, and treating shearing
as a discrete one-form in the sense of finite element exterior calculus [1]. This discrete model is then
successively reduced to a Kirchhoff model with an additional rotational degree of freedom on edges, and
subsequently to an even simpler model involving only the vertex positions of the mesh. Numerical tests for
both the discrete Cosserat shell (DCS) and the rotation-free discrete Koiter shell (DKS) model are presented
in the last section to illustrate the satisfactory behaviour of both models on coarse regular meshes.



2 SMOOTH COSSERAT ENERGY

Let S̄ = (S̄, n̄, t) be the undeformed configuration of a shell, where the undeformed director field, n̄, equals
the unit normal field of the undeformed midsurface, S̄. A deformation of S̄ is a map

Φ = (ϕ, n) : S̄ × [− t

2
,
t

2
] → R3 (2)

(x, ξ)S̄ 7→ ϕ(x) + ξn(x) ,

such that ϕ is a diffeomorphism onto its image and n : S̄ → S2 is a differentiable unit vector field (S2

denoting the unit sphere). The resulting deformed configuration is then given by S = (S := ϕ(S̄), n :=
n ◦ ϕ−1, t). Thus n is the pullback of the deformed director field n, to the undeformed midsurface.

Let v,w ∈ TS be tangent vector fields of a shell’s midsurface S. We recall the usual first fundamental
form I of S, and introduce a generalized second fundamental form with respect to the director field n on S:

I(v,w) = ⟨v,w⟩ , IIn(v,w) =
1
2

(⟨dn(v),w⟩ + ⟨v, dn(w)⟩) , (3)

where d denotes the (metric-free) Cartan outer derivative, and ⟨ , ⟩ stands for the usual inner product in
R3. We use the subscript n in order to underline that the second fundamental form is a generalization of its
classical counterparts of surface theory. Additionally, we define a one-form σn on the tangent space TS of
the surface S by

(σn)x : TxS → R , v 7→ ⟨n(x),v⟩ (4)

for all x ∈ S . Thus σn is the one-form associated with the projection of the director n to TS.

In order to derive a Cosserat shell model using these differential entities, it is convenient to consider them
on a fixed reference surface, which we chose to be the midsurface of the undeformed configuration. Specif-
ically, for a deformed shell S obtained by a deformation (ϕ, n), such that S = ϕ(S̄) and n = n ◦ ϕ−1, we
can consider the pullback to the undeformed surface

ϕ∗I = dϕT dϕ , ϕ∗IIn =
1
2

(
dnT dϕ + dϕT dn

)
, ϕ∗σn = σn ◦ dϕ ,

such that all the forms are defined on the reference configuration. In the following, as we will always
consider these pullbacks, we will abuse notation and omit the pullback operator ϕ∗. Additionally, for
simplicity, we will assume that the undeformed reference configuration is unsheared, i.e., that directors and
normals coincide.

Following Simo et al. [4], with respect to smallness assumptions and constitutive relations, we recover
the energy for isotropic, homogenous, and (transversally) inextensible one-director shells, expressed in a
compact, coordinate-free manner as

W(S) =
1
2

∫
S̄

( t

4
∥I − Ī∥2

M +
t3

12
∥IIn − ĪI∥2

M + tms∥σn∥2
)
dĀ . (5)

The norm ∥ · ∥M is a Frobenius norm weighted with a material tensor M , such that

∥ · ∥2
M =

E

(1 − ν2)
( ν tr(·)2 + (1 − ν) tr(·2) )

and ms = κ E
2(1+ν) is the shearing stiffness, both deduced by an asymptotic expansion of the three di-

mensional St. Venant-Kirchhoff model with respect to thickness. The material parameters E and ν denote
Young’s modulus and Poisson’s ratio, while κ is the shear correction factor often set to 5

6 in applications.

3 DISCRETE COSSERAT ENERGY

In the geometric formulation of the smooth energy (1), membrane and bending energies are described as first
and generalized second fundamental forms, and shearing as differential one-form. Relying on methods from
discrete differential geometry (DDG) [2, 10], we proceed by building the discrete geometric counterparts of
these differential entities.



3.1 Discrete quadratic forms
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Figure 1.

A symmetric quadratic form Q in R2 is uniquely defined by
its evaluation on a basis {v,w} of the tangent plane, i.e., by
Q(v,v), Q(w,w), Q(v,w). By means of polarization, it can alterna-
tively be determined by its evaluation in 3 non-parallel directions, for
example on the edges of a triangle {v,w, (v + w)} in the tangent plane
via: Q(v+w,v+w) = Q(v,v)+Q(w,w)+2 Q(v,w). This relation
makes it easy to define a piecewise constant discrete quadratic form Q on
a triangular mesh in the exact same way. If for each triangular face we
consider the corresponding plane as its tangent plane, Q can be defined
by prescribing its values along the triple of edge vectors ei, or similarly
along the in-plane edge normals e∗i , which are edges rotated by 90 de-
grees in the triangle plane (see Figure 1). Some algebraic manipulations
yield the closed form expression

Q = − 1
8A2

∑
(ijk)

(Qi − Qj − Qk)e∗i ⊗ e∗i = − 1
8A2

∑
(ijk)

(Q∗
i − Q∗

j − Q∗
k)ei ⊗ ei , (6)

for the quadratic form Q, depending on its values Qi := Q(ei, ei) and Q∗
i := Q(e∗i , e

∗
i ), with A being

the area of the triangle, (ijk) denoting a cyclic sum over edge indices and ⊗ being the dyadic product of
vectors. This approach was already used to define discrete stretching and bending energies in [10] with a
slightly different formula (i.e.: a missing numerical factor of − 1

2 ).

3.2 Discrete first and second fundamental forms

This very simple algebraic expression allows to build constant strain and moment triangles out of one-
dimensional directional strain quantities consistently. The smooth first fundamental form gives the squared
distance of a tangent vector. Considering edges as finite difference approximations of tangent vectors, we
define its discrete pendant in the analogous way, i.e.such that it assigns to each edge its squared length. This
gives the expressions

Ii := I(ēi) := ∥ei∥2 , Īi := Ī(ēi) := ∥ēi∥2 (7)

for the deformed and undeformed directional evaluations respectively. For the second fundamental form,
we need to measure the change of directors along the edge. As directors are not attached to vertices, we
make use of the particular geometry of triangles that the segment connecting edge midpoints of a triangle is
parallel to the third edge and has half its length (fig. 1). This allows again to define the discrete generalized
second fundamentel form along edges by a straight forward finite difference approach. We obtain:

IIi := IIe(ēi) := 2⟨nj − nk, ei⟩ , ĪIi := ĪI(ēi) := 2⟨n̄j − n̄k, ēi⟩ (8)

3.3 Discrete Shearing

We treat shearing as a discrete differential one-form in the sense of Arnold et al. [1]. We will denote
this discrete shear form by sn. Such a one-form is completely defined over a triangle by its edge values,
which in the Cosserat model represent the projection of the director to the discrete tangent plane. Instead
of prescibing this tangent plane completely, for example by averaging the neighboring triangle planes, we
will adopt an idea formulated in [2] and restrict it only partially by perceiving that on its midpoint, an edge
approximates a tangent vector, and thereby one direction of the corresponding tangent plane, up to second
order, independently of the shape of the triangles. This is a simple consequence of the approximation order
of central finite differences. Hence, following [2] we will attach edge normals to edge midpoints and merely
constrain them in edge direction, i.e., require them to stay orthogonal to their associated edge. This provides
a geometric motivation of the kinematic approach chosen for Morley’s constant moment triangle (see [7]).
Note that this construction of discrete normals can only be realized on edges. On faces as well as on vertices,
there is no distinguished direction that approximates the tangent plane more accurately then an other.
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Figure 2. Rotating normals on edges

In [2], this construction allows discrete normals to contribute to the
minimization of the bending energy. We generalize this idea by
introducing edge directors, which (i) contribute to reduce shearing
energy and thereby approximate edge normals, and (ii) minimize
bending energy governed by their differences. This brings us to
define a tangent plane on an edge ei as the plane that contains the
edge ei, and minimizes the tangential projection (ni)

tan of the edge
director ni. As a consequence, the position of the tangent plane de-
pends on the rotational state of the director. The minimal projection
of a director ni to all possible tangent planes is the projection

(ni)
tan := ⟨ni, êi⟩êi (9)

to the unit edge êi itself (Figure 2), which we use to define the edge
values of the discrete shear form sn.

3.4 Discrete Cosserat energy

Altogether, we obtain the total elastic energy of a discrete Cosserat shell model (DCS) for isotropic ho-
mogenous materials:

W(S) =
1
2

∑
T

AT(
t

4
∥IT − ĪT∥2

M︸ ︷︷ ︸
stretching

+
t3

12
∥IIn,T − ĪIT∥2

M︸ ︷︷ ︸
bending

) + tms

∫
T

∥sn∥2︸ ︷︷ ︸
shearing

 . (10)

The sum is over triangular faces T of the discrete triangulated surface and AT denotes the area of such a
face. The material norm ∥ · ∥2

M and the coefficient ms, as well as the extension to non-isotropic materials,
is the same as in the remarkably similar smooth energy (1).

In terms of standard linear FE, the stretching energy can be interpreted as a conformal piecewise linear
approximation of membrane strains and is equivalent to the popular constant strain triangle (CST). Our
bending energy results from a piecewise linear non-conformal (Crouzeix-Raviart) interpolation of the di-
rectors based on midpoints, and the shearing field is a lowest order Raviart-Thomas interpolation of the
directors’ projection onto the edges. DCS may thus be seen as a geometric reformulation of the shell el-
ement TLLL considered by Flores et al. [3], which is the nonlienar version of the Reissner-Mindlin plate
element presented in [8]. The latter element was analysed by Arnold and Falk [9] and proven to have a
convergence order of O(max h2, t2), where t is the thickness of the plate and h the average edge length.

4 DERIVATION OF A ROTATION–FREE DISCRETE KIRCHOFF SHELL

4.1 Derivation of a discrete Kirchhoff shell model

When shearing is constrained to vanish, DCS provides a shell model satisfying a discrete Kirchhoff hypoth-
esis. In this case, every director ni is forced to stay orthogonal to its corresponding edge ei and is thus left
with a single degree of freedom, which can be seen as a turning angle around the edge axis. This suggests
the close relation of the discrete Kirchhoff limit of the DCS model to the combination of CST and Morley’s
triangular element (see [7]).

Let T be a triangle of the discrete surface, N its surface normal, and let denote αi the angle between ni

and N (see Fig. 3). Then we may write the director as ni = cos(αi)N + sin(αi) ê∗i in terms of the normal
N, the normalized in–plane edge normal ê∗i := e∗i /li and the angle αi, where li = ∥e∗i ∥ = ∥e∗i ∥ denotes
the edge length. Inserting this angle representation into the definition (8) of the values of the discrete 2nd

fundamental form on edges, we get the expression IIi − IIj − IIk = −(8AT/li) sin(αi), which we need to
obtain II in closed form by the formula (6). Using the rescaled basis {l2i (ê∗i ⊗ ê∗i)}i=1,2,3 , we obtain the



Figure 3. Angle notation in the derivation of the discrete Kirchhoff model

following discrete Kirchhoff limit of our second fundamental form:

IIK :=
3∑

i=1

sin(αi)
hi/2

ê∗i ⊗ ê∗i . (11)

Here the height hi of the triangle appears through the geometric relation 2AT = lihi. This corresponds to
a modified version of the discrete midedge shape operator (MSO) derived in [2] in the course of defining
consistent discrete second fundamental forms on meshes. Indeed, if we denote by θi the hinge angle be-
tween the triangle normals adjacent to an edge ei, and require as compatibility condition over edges that
θi = αi + α̃i holds, we can write αi as αi = θi/2 + siϕi, with the half difference angle ϕi = 1

2 (αi − α̃i)
remaining as an independent variable per edge, and si = ±1. With this notation we may rewrite (11)
equivalently as

IIK =
3∑

i=1

1
ATli

sin(θi/2 + siϕi) ê∗i ⊗ ê∗i . (12)

This recovers the MSO expression proposed in [2] for small absolute values |αi| of the edge angles, as the
angle αi itself instead of sin(αi) was used there. As the hinge angle θi may take arbitrary values in the
open interval (−π, π), a close correspondence of the MSO expression and the Kirchhof limit IIK may be
expected for small deformations of shallow shells only.

Closely related to the Morley triangle — conceptually as well as analytically — are so-called rotation–
free shell elements, which determine the a priori free angle on edge midpoints by the vertex positions of the
neighboring triangles. Various types of models deduce a constant moment triangle by a linear superposition∑3

i=1 κi ê∗i ⊗ ê∗i of one-dimensional normal curvatures κi across edges. In the view of Gaerdsback and
Tibert [7], this superposition ansatz seems to be ad hoc, as they state that ". . . no exact relation exists . . . "
between scalar normal curvature quantities and 2D curvature tensors. However, the geometric perspective
of our construction not only provides the derivation of such a relation through (11), it also reveils that the
discrete Morley type curvature quantities κi = 2 sin (αi)/hi result from consistent finite difference expres-
sions evaluated between edge midpoints, i.e. along edge directions, not perpendicular to them. Moreover,
a discrete second fundamental form with normal curvatures {κ̃i}i=1,2,3 evaluated accross edges, i.e. along
the e∗i directions, would necessarily result in ĨIK = −1/(8AT)

∑
(ijk) (κi − κj − κk) êi ⊗ êi according to

(6), which is completely different from the previous expression.

4.2 Rotation–free approximation of the discrete Kirchhoff shell model

As the triangle normals N and Ñ adjacent to an edge ei, which both depend on the four vertices of the pair
of triangles sharing the edge only (see Fig. 3), implicitely determine the hinge angle θi via the relations
cos(θi) = ⟨N, Ñ⟩ and sin(|θi|) = ∥N× Ñ∥, the hinge angles depend on triangle vertices only. Therefore we
obtain a rotation–free approximation of the discrete Kirchhoff shell model derived in the previous subsection
as the Kirchhoff limit of the DCS model by eliminating the angle variable ϕi from (12) by an approximating
expression that likewise depends on adjecent vertices only.



One example of such a rotation–free approximation is the one proposed by Sabourin and Brunet [11] in the
derivation for their triangular S3 element, which turns out to be equivalent to postulate a difference angle
2ϕi ∼ θi proportional to the hinge angle, with the relative difference (AT − ÃT)/(AT + ÃT) = 2ϕi/θi

of adjacent triangle areas as proportionality factor. For well designed triangulations one may assume that
all triangles have approximately the same size, such that the proportionality factor becomes very small,
i.e.: |ϕi|/|θi| ≪ 1. Based on this assumption, we further simplify the approximation of [11] by setting all
difference angles ϕi exactly to zero, such that αi = α̃i = θi/2 holds, and we may substitute sin(αi) =
sin(θi/2) into (11). In the same way, the assumed approximate equality of triangle areas AT ≈ ÃT implies
the approximate equality of the corresponding heights hi ≈ h̃i, which we approximate by their arithmetic
mean h̄i := 1

2 (hi+h̃i) = (AT+ÃT)/li. Next we replace the hinge angle function 2 sin(|θi|/2) = ∥N−Ñ∥,
which remains bounded by its maximum value 2 even in the case |θi| = π corresponding to a degenerate
configuration, by the alternative expression 2 tan(|θi|/2) = 2∥N × Ñ∥/(1 + ⟨N, Ñ⟩).

Altogether, this yields the following rotation–free approximation of the discrete 2nd fundamental form (11),
which corresponds to a modified version of the triangle average shape operator introduced in [2]:

κ̃i := σi
2
h̄i

tan
(
|θ|i
2

)
−→ IIDKS :=

3∑
i=1

κ̃i ê∗i ⊗ ê∗i . (13)

Here σi = sgn(κ̃i) has to be defined consistently with the global choice of the orientation of all triangles
in the mesh. We denote the discrete Kirchhoff shell model obtained by using CST in combination with the
rotation–free approximation of the bending energy obtained from (13) as DKS model. Next we investigate
both the DCS and DKS model using classical benchmarks from Belytschko’s obstacle course.

5 BENCHMARKS

The models we used for static benchmarks are identical to those studied by Sze et al.[5] with ABAQUS’s
S4R elements, and we use their results as a reference solution for comparison. The static problems were
solved by minimising the elastic energy with the conjugate gradient method. The magnitude of the load was
gradually increased from zero to maximum usually with 5% steps providing deflection curves. Model and
load symmetry (where applicable) were not exploited, the whole model was simulated.

Two triangulation methods were used for the tests: regular and strongly irregular. A regular mesh with
triangles of similar size and vertices of equal valence, for example a quad mesh with diagonals in the same
direction Fig. 5(a), produces a mesh which is very favourable for the DKS model. If the diagonals are
not pointing in the same direction (randomised or alternated) or if there are other irregularities, the mesh
will become less favourable. A strongly irregular mesh with close to degenerate triangles Fig. 5(b) was
generated to test the DKS model under the most unfavourable conditions. The reason for that is to discover
the limits of the model and to see how well it behaves under the "worst case scenario" circumstances.

(a) Regular (favourable) (b) Strongly irregular (unfavourable)

Figure 4. Triangulation methods used for benchmark models.

We refer to the test results produced with a regular triangulation as favourable and present them with green
lines in the plots. Favourable meshes we used were of similar design but not identical to those in [5]. The
test results produced with an irregular triangulation are refered to as unfavourable and presented with red



lines. The numbers shown in the legends represent the numbers of DOF of the simulated model. However,
we note that most of the DCS d.o.f. are associated to the directors and not to the vertices, making the DCS
meshes appear coarser than the DKS meshes with a similar number of DOF.

5.1 Slit annular plate

Figure 5. Slit annular plate and its benchmark results.

The slit annular plate and its benchmark results are presented in Fig. 5. One end of the plate is fully clamped,
the other is subjected to a distributed vertical load. Vertical deflections of the corner vertices A and B of the
loaded end were measured. As we can see the DKS model provides good results even for coarser favourable
meshes. Results produced with finer meshes are comparable to those provided by the DCS with a similar
number of DOF (blue lines in the plots). The curves converge to the reference solution provided by Sze et
al. or into its neighbourhood. Unfavourable meshes act stiffer and judging by how close they are to each
other, there is little or no convergence to the reference solution.

5.2 Pinched hemisphere

In this test a shell in the form of a rotated 72◦ circular arc (hemisphere with 18◦ cutout) is pinched in one
direction and pulled in another. The model and its benchmark results are presented in Fig. 6. The deflections
of the pulled vertex A and the the pushed vertex B were measured. The results are similar to those of the slit
annular plate: favourable meshes perform reasonably well and comparable to the results of the DCS with
a similar number of DOF. Unfavourable meshes are stiffer, and in this example it can be clearly seen that
they are stiffer even for small deformations.



Figure 6. Pinched hemisphere and its benchmark results.

5.3 Cylinder radial pull-out

Fig. 7 presents a cylinder being pulled out by radial forces applied at vertex A and its opposite on the other
side. Once the deformation reaches a certain point the middle part of the cylinder buckles inwards. Vertical
deflection of vertex A and horizontal (radial) deflections of vertices B (middle) and C (edge) were measured.
The difference between B and C deflections shows the amount of buckling. First thing we notice looking at
the plots: even the coarsest favourable mesh produces good results before the buckling occurs. After that
coarse meshes simply cannot reproduces high local deformations and show quantitatively wrong results
(qualitatively they still follow the reference solution). A test with a very fine favourable mesh produces
results which almost coincide with the reference solution, successfully validating the model. Unfavourable
meshes act stiffer just as in the other examples.

5.4 Eigenfrequencies

The goal of this research is the simulation of large non-linear deformations. However for the sake of model
validation several experiments were undertaken to show how well the linearisation of the DKS corresponds
to the linear beam and plate theory. Three examples are presented here: simply supported Fig. 9(a) and
cantilever Fig. 9(b) beams, modeled with a thin triangle stripe, and a simply supported plate Fig. 9(c).

The resulting eigenfrequencies are given in Tables 1, 2 and 3, compared with the exact solution provided
by the corresponding shear-free continuous vibration theory. Both coarse and fine beam models produce
satisfactory results. The frequency deviation for the simply supported beam with 10 segments is less than
4%, for the beam with 100 segments it doesn’t exceed 0.5%. The frequency deviation for the cantilever
beam with 10 segments is about 15%, for the beam with 100 segments it is about 1.5%. The results of the
plate, just as those of static benchmarks, were influenced by the triangulation. The frequency deviation for
the tested favourable meshes is about 5-15%. For the unfavourable meshes it reaches 30%.

6 CONCLUSIONS

In the work presented, we derived low order discrete shell models of Cosserat (DCS) and Kirchhoff type
defined on triangular meshes by using geometric finite difference approximations of the basic fundamental
forms entering into the deformation energy of the shell configuration. In particular, we deduced a rotation–



Figure 7. Cylinder radial pull-out and its benchmark results.

(a) Simply supported beam, DKS 10 segments (b) Cantilever beam, DKS 10 segments

(c) Simply supported plate, second mode shape, DKS 6x12 segments

Figure 8. Free vibration mode shapes with DKS.

Table 1. Simply supported beam free vibration eigenfrequencies.

DKS 10 segments DKS 100 segments Euler-Bernoulli continuous
4.71 4.55 4.53
18.40 18.22 18.13
39.72 40.98 40.81

Table 2. Cantilever beam free vibration eigenfrequencies.

DKS 10 segments DKS 100 segments Euler-Bernoulli continuous
1.40 1.59 1.61
8.77 9.97 10.12
24.17 27.92 28.34

free approximation (DKS) of our discrete Kirchhoff model with the triangle vertex positions as degrees
of freedom. Both models behave physically plausible already on very coarse meshes, and show good
convergence properties on regular meshes. Moreover, from the theoretical side, this deduction provides



Table 3. Simply supported plate free vibration eigenfrequencies.

DKS 6x12 segments DKS 12x24 segments Kirchhoff-Love
favourable unfavourable favourable unfavourable continuous

25.91 29.32 24.43 27.72 22.67
42.06 48.15 39.44 45.59 36.27
66.43 74.03 63.50 72.81 58.94
80.33 84.11 80.65 87.91 77.08
97.33 102.97 96.22 108.84 90.69
97.55 118.89 96.23 110.75 90.69

a common geometric framework for several existing models. However, our numerical tests show that the
simulation quality can be deteriorated with an unfavourable triangulation, causing the shell to show up to
about 20% higher bending stiffness than the reference solution, stiffness increase arising probably due to
membrane locking. This is however not a critical flaw. It is much easier to make a favourable mesh than
an unfavourable, and chaotic triangulations in our experiments were explcitely designed to produce bad
results, showing the limits of the model. A typical triangulation produced by CAD or FEM software would
be much more favourable for the DKS model.
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inequalities, rate-independency, hysteresis, linear kine-
matic hardening, stop- and play-operator
(21 pages, 2006)

100. M. Speckert, K. Dreßler, H. Mauch
MBS Simulation of a hexapod based sus-
pension test rig
Keywords: Test rig, MBS simulation, suspension, 
hydraulics, controlling, design optimization
(12 pages, 2006)

101. S. Azizi Sultan, K.-H. Küfer
A dynamic algorithm for beam orientations 
in multicriteria IMRT planning
Keywords: radiotherapy planning, beam orientation 
optimization, dynamic approach, evolutionary algo-
rithm, global optimization
(14 pages, 2006)

102. T. Götz, A. Klar, N. Marheineke, R. Wegener
A Stochastic Model for the Fiber Lay-down 
Process in the Nonwoven Production
Keywords: fiber dynamics, stochastic Hamiltonian sys-
tem, stochastic averaging
(17 pages, 2006) 

103. Ph. Süss, K.-H. Küfer
Balancing control and simplicity: a variable 
aggregation method in intensity modulated 
radiation therapy planning
Keywords: IMRT planning, variable aggregation, clus-
tering methods 
(22 pages, 2006)

104. A. Beaudry, G. Laporte, T. Melo, S. Nickel
Dynamic transportation of patients in hos-
pitals
Keywords: in-house hospital transportation, dial-a-ride, 
dynamic mode, tabu search 
(37 pages, 2006)

105. Th. Hanne
Applying multiobjective evolutionary algo-
rithms in industrial projects
Keywords: multiobjective evolutionary algorithms, dis-
crete optimization, continuous optimization, electronic 
circuit design, semi-infinite programming, scheduling
(18 pages, 2006)

106. J. Franke, S. Halim
Wild bootstrap tests for comparing signals 
and images
Keywords: wild bootstrap test, texture classification, 
textile quality control, defect detection, kernel estimate, 
nonparametric regression
(13 pages, 2007)

107. Z. Drezner, S. Nickel
Solving the ordered one-median problem in 
the plane
Keywords: planar location, global optimization, ordered 
median, big triangle small triangle method, bounds, 
numerical experiments
(21 pages, 2007)

108. Th. Götz, A. Klar, A. Unterreiter,  
R. Wegener

Numerical evidance for the non- existing of 
solutions of the equations desribing rota-
tional fiber spinning
Keywords: rotational fiber spinning, viscous fibers, 
boundary value problem, existence of solutions
(11 pages, 2007)

109. Ph. Süss, K.-H. Küfer
Smooth intensity maps and the Bortfeld-
Boyer sequencer
Keywords: probabilistic analysis, intensity modulated 
radiotherapy treatment (IMRT), IMRT plan application, 
step-and-shoot sequencing
(8 pages, 2007)

110. E. Ivanov, O. Gluchshenko, H. Andrä,  
A. Kudryavtsev

Parallel software tool for decomposing and 
meshing of 3d structures
Keywords: a-priori domain decomposition, unstruc-
tured grid, Delaunay mesh generation
(14 pages, 2007)

111. O. Iliev, R. Lazarov, J. Willems
Numerical study of two-grid precondition-
ers for 1d elliptic problems with highly  
oscillating discontinuous coefficients
Keywords: two-grid algorithm, oscillating coefficients, 
preconditioner 
(20 pages, 2007)

112. L. Bonilla, T. Götz, A. Klar, N. Marheineke,  
R. Wegener

Hydrodynamic limit of the Fokker-Planck-
equation describing fiber lay-down pro-
cesses
Keywords: stochastic dierential equations, Fokker-
Planck equation, asymptotic expansion, Ornstein-
Uhlenbeck process
(17 pages, 2007)

113. S. Rief
Modeling and simulation of the pressing 
section of a paper machine
Keywords: paper machine, computational fluid dynam-
ics, porous media
(41 pages, 2007)

114. R. Ciegis, O. Iliev, Z. Lakdawala
On parallel numerical algorithms for simu-
lating industrial filtration problems
Keywords: Navier-Stokes-Brinkmann equations, finite 
volume discretization method, SIMPLE, parallel comput-
ing, data decomposition method 
(24 pages, 2007)

115. N. Marheineke, R. Wegener
Dynamics of curved viscous fibers with sur-
face tension
Keywords: Slender body theory, curved viscous bers 
with surface tension, free boundary value problem
(25 pages, 2007)

116. S. Feth, J. Franke, M. Speckert
Resampling-Methoden zur mse-Korrektur 
und Anwendungen in der Betriebsfestigkeit
Keywords: Weibull, Bootstrap, Maximum-Likelihood, 
Betriebsfestigkeit
(16 pages, 2007)

117. H. Knaf
Kernel Fisher discriminant functions – a con-
cise and rigorous introduction
Keywords: wild bootstrap test, texture classification, 
textile quality control, defect detection, kernel estimate, 
nonparametric regression
(30 pages, 2007)

118. O. Iliev, I. Rybak
On numerical upscaling for flows in hetero-
geneous porous media



Keywords: numerical upscaling, heterogeneous porous 
media, single phase flow, Darcy‘s law, multiscale prob-
lem, effective permeability, multipoint flux approxima-
tion, anisotropy
(17 pages, 2007)

119. O. Iliev, I. Rybak
On approximation property of multipoint 
flux approximation method
Keywords: Multipoint flux approximation, finite volume 
method, elliptic equation, discontinuous tensor coeffi-
cients, anisotropy
(15 pages, 2007)

120. O. Iliev, I. Rybak, J. Willems
On upscaling heat conductivity for a class of 
industrial problems
Keywords: Multiscale problems, effective heat conduc-
tivity, numerical upscaling, domain decomposition
(21 pages, 2007)

121. R. Ewing, O. Iliev, R. Lazarov, I. Rybak
On two-level preconditioners for flow in 
porous media
Keywords: Multiscale problem, Darcy‘s law, single 
phase flow, anisotropic heterogeneous porous media, 
numerical upscaling, multigrid, domain decomposition, 
efficient preconditioner
(18 pages, 2007)

122. M. Brickenstein, A. Dreyer
POLYBORI: A Gröbner basis framework 
for Boolean polynomials
Keywords: Gröbner basis, formal verification, Boolean 
polynomials, algebraic cryptoanalysis, satisfiability
(23 pages, 2007)

123. O. Wirjadi
Survey of 3d image segmentation methods
Keywords: image processing, 3d, image segmentation, 
binarization
(20 pages, 2007)

124. S. Zeytun, A. Gupta
A Comparative Study of the Vasicek and the 
CIR Model of the Short Rate
Keywords: interest rates, Vasicek model, CIR-model, 
calibration, parameter estimation
(17 pages, 2007)

125. G. Hanselmann, A. Sarishvili 
Heterogeneous redundancy in software 
quality prediction using a hybrid Bayesian 
approach
Keywords: reliability prediction, fault prediction, non-
homogeneous poisson process, Bayesian model aver-
aging
(17 pages, 2007)

126. V. Maag, M. Berger, A. Winterfeld, K.-H. 
Küfer 

A novel non-linear approach to minimal 
area rectangular packing
Keywords: rectangular packing, non-overlapping con-
straints, non-linear optimization, regularization, relax-
ation 
(18 pages, 2007)

127. M. Monz, K.-H. Küfer, T. Bortfeld, C. Thieke 
Pareto navigation – systematic multi-crite-
ria-based IMRT treatment plan determina-
tion
Keywords: convex, interactive multi-objective optimiza-
tion, intensity modulated radiotherapy planning
(15 pages, 2007)

128. M. Krause, A. Scherrer
On the role of modeling parameters in IMRT 
plan optimization
Keywords: intensity-modulated radiotherapy (IMRT), 
inverse IMRT planning, convex optimization, sensitiv-
ity analysis, elasticity, modeling parameters, equivalent 
uniform dose (EUD)
(18 pages, 2007)

129. A. Wiegmann
Computation of the  permeability of porous 
materials from their microstructure by FFF-
Stokes
Keywords: permeability, numerical homogenization, 
fast Stokes solver
(24 pages, 2007)

130. T. Melo, S. Nickel, F. Saldanha da Gama
Facility Location and Supply Chain Manage-
ment – A comprehensive review
Keywords: facility location, supply chain management, 
network design
(54 pages, 2007)

131. T. Hanne, T. Melo, S. Nickel
Bringing robustness to patient flow 
manage ment through optimized patient 
transports in hospitals
Keywords: Dial-a-Ride problem, online problem, case 
study, tabu search, hospital logistics 
(23 pages, 2007)

132. R. Ewing, O. Iliev, R. Lazarov, I. Rybak,  
J. Willems

An efficient approach for upscaling proper-
ties of composite materials with high con-
trast of coefficients
Keywords: effective heat conductivity, permeability of 
fractured porous media, numerical upscaling, fibrous 
insulation materials, metal foams
(16 pages, 2008)

133. S. Gelareh, S. Nickel
New approaches to hub location problems 
in public transport planning
Keywords: integer programming, hub location, trans-
portation, decomposition, heuristic
(25 pages, 2008)

134. G. Thömmes, J. Becker, M. Junk, A. K. Vai-
kuntam, D. Kehrwald, A. Klar, K. Steiner,  
A. Wiegmann

A Lattice Boltzmann Method for immiscible 
multiphase flow simulations using the  Level 
Set Method
Keywords: Lattice Boltzmann method, Level Set 
method, free surface, multiphase flow
(28 pages, 2008)

135. J. Orlik
Homogenization in elasto-plasticity
Keywords: multiscale structures, asymptotic homogeni-
zation, nonlinear energy 
(40 pages, 2008)

136. J. Almquist, H. Schmidt, P. Lang, J. Deitmer, 
M. Jirstrand, D. Prätzel-Wolters, H. Becker

Determination of interaction between 
MCT1 and CAII via a mathematical and 
physiological approach
Keywords: mathematical modeling; model reduction; 
electrophysiology; pH-sensitive microelectrodes; pro-
ton antenna 
(20 pages, 2008)

137. E. Savenkov, H. Andrä, O. Iliev∗
An analysis of one regularization approach 
for solution of pure Neumann problem
Keywords: pure Neumann problem, elasticity, regular-
ization, finite element method, condition number
(27 pages, 2008)

138. O. Berman, J. Kalcsics, D. Krass, S. Nickel
The ordered gradual covering location 
problem on a network
Keywords: gradual covering, ordered median function, 
network location
(32 pages, 2008)

139. S. Gelareh, S. Nickel
Multi-period public transport  design: A 
novel model and solution  approaches
Keywords: Integer programming, hub location, public 
transport, multi-period planning, heuristics
(31 pages, 2008)

140. T. Melo, S. Nickel, F. Saldanha-da-Gama
Network design decisions in supply chain
planning
Keywords: supply chain design, integer programming 
models, location models, heuristics
(20 pages, 2008)

141. C. Lautensack, A. Särkkä, J. Freitag,  
K. Schladitz

Anisotropy analysis of pressed point pro-
cesses
Keywords: estimation of compression, isotropy test, 
nearest neighbour distance, orientation analysis, polar 
ice, Ripley’s K function
(35 pages, 2008) 

142. O. Iliev, R. Lazarov, J. Willems
A Graph-Laplacian approach for calculating 
the effective thermal conductivity of com-
plicated fiber geometries
Keywords: graph laplacian, effective heat conductivity, 
numerical upscaling, fibrous materials
(14 pages, 2008)

143. J. Linn, T. Stephan, J. Carlsson, R. Bohlin
Fast simulation of quasistatic rod deforma-
tions for VR applications
Keywords: quasistatic deformations, geometrically 
exact rod models, variational formulation, energy min-
imization, finite differences, nonlinear conjugate gra-
dients
(7 pages, 2008)

144. J. Linn, T. Stephan
Simulation of quasistatic deformations us-
ing discrete rod models
Keywords: quasistatic deformations, geometrically 
exact rod models, variational formulation, energy min-
imization, finite differences, nonlinear conjugate gra-
dients
(9 pages, 2008)

145. J. Marburger, N. Marheineke, R. Pinnau
Adjoint based optimal control using mesh-
less discretizations
Keywords: Mesh-less methods, particle methods, Eul-
erian-Lagrangian formulation, optimization strategies, 
adjoint method, hyperbolic equations
(14 pages, 2008

146. S. Desmettre, J. Gould, A. Szimayer
Own-company stockholding and work effort 
preferences of an unconstrained executive
Keywords: optimal portfolio choice, executive compen-
sation
(33 pages, 2008)



147. M. Berger, M. Schröder, K.-H. Küfer
A constraint programming approach for the 
two-dimensional rectangular packing prob-
lem with orthogonal orientations
Keywords: rectangular packing, orthogonal orienta-
tions non-overlapping constraints, constraint propa-
gation
(13 pages, 2008)

148. K. Schladitz, C. Redenbach, T. Sych,  
M. Godehardt

Microstructural characterisation of open 
foams using 3d images
Keywords: virtual material design, image analysis, open 
foams
(30 pages, 2008)

149. E. Fernández, J. Kalcsics, S. Nickel,  
R. Ríos-Mercado

A novel territory design model arising in 
the implementation of the WEEE-Directive
Keywords: heuristics, optimization, logistics, recycling
(28 pages, 2008)

150. H. Lang, J. Linn
Lagrangian field theory in space-time for 
geometrically exact Cosserat rods
Keywords: Cosserat rods, geometrically exact rods, 
small strain, large deformation, deformable bodies, 
Lagrangian field theory, variational calculus
(19 pages, 2009)

151. K. Dreßler, M. Speckert, R. Müller,  
Ch. Weber

Customer loads correlation in truck engi-
neering
Keywords: Customer distribution, safety critical compo-
nents, quantile estimation, Monte-Carlo methods
(11 pages, 2009)

152. H. Lang, K. Dreßler
An improved multiaxial stress-strain correc-
tion model for elastic FE postprocessing
Keywords: Jiang’s model of elastoplasticity, stress-strain 
correction, parameter identification, automatic differ-
entiation, least-squares optimization, Coleman-Li algo-
rithm
(6 pages, 2009)

153. J. Kalcsics, S. Nickel, M. Schröder
A generic geometric approach to territory 
design and districting
Keywords: Territory design, districting, combinatorial 
optimization, heuristics, computational geometry
(32 pages, 2009)

154. Th. Fütterer, A. Klar, R. Wegener
An energy conserving numerical scheme for 
the dynamics of hyper elastic rods
Keywords: Cosserat rod, hyperealstic, energy conserva-
tion, finite differences
(16 pages, 2009)

155. A. Wiegmann, L. Cheng, E. Glatt, O. Iliev,  
S. Rief

Design of pleated filters by computer sim-
ulations
Keywords: Solid-gas separation, solid-liquid separation, 
pleated filter, design, simulation
(21 pages, 2009)

156. A. Klar, N. Marheineke, R. Wegener
Hierarchy of mathematical models for pro-
duction processes of technical textiles

166. J. I. Serna, M. Monz, K.-H. Küfer, C. Thieke
Trade-off bounds and their effect in multi-
criteria IMRT planning
Keywords: trade-off bounds, multi-criteria optimization, 
IMRT, Pareto surface
(15 pages, 2009)

167. W. Arne, N. Marheineke, A. Meister, R. We-
gener

Numerical analysis of Cosserat rod and 
string models for viscous jets in rotational 
spinning processes
Keywords: Rotational spinning process, curved viscous 
fibers, asymptotic Cosserat models, boundary value 
problem, existence of numerical solutions
(18 pages, 2009)

168. T. Melo, S. Nickel, F. Saldanha-da-Gama
An LP-rounding heuristic to solve a multi-
period facility relocation problem
Keywords: supply chain design, heuristic, linear pro-
gramming, rounding
(37 pages, 2009)

169. I. Correia, S. Nickel, F. Saldanha-da-Gama
Single-allocation hub location problems 
with capacity choices
Keywords: hub location, capacity decisions, MILP for-
mulations
(27 pages, 2009)

170. S. Acar, K. Natcheva-Acar
A guide on the implementation of the 
Heath-Jarrow-Morton Two-Factor Gaussian 
Short Rate Model (HJM-G2++)
Keywords: short rate model, two factor Gaussian, 
G2++, option pricing, calibration
(30 pages, 2009)

171. A. Szimayer, G. Dimitroff, S. Lorenz
A parsimonious multi-asset Heston model: 
calibration and derivative pricing
Keywords: Heston model, multi-asset, option pricing, 
calibration, correlation
(28 pages, 2009)

172. N. Marheineke, R. Wegener
Modeling and validation of a stochastic 
drag for fibers in turbulent flows
Keywords: fiber-fluid interactions, long slender fibers, 
turbulence modelling, aerodynamic drag, dimensional 
analysis, data interpolation, stochastic partial differen-
tial algebraic equation, numerical simulations, experi-
mental validations
(19 pages, 2009)

173. S. Nickel, M. Schröder, J. Steeg
Planning for home health care services
Keywords: home health care, route planning, meta-
heuristics, constraint programming
(23 pages, 2009)

174. G. Dimitroff, A. Szimayer, A. Wagner
Quanto option pricing in the parsimonious 
Heston model
Keywords: Heston model, multi asset, quanto options, 
option pricing
(14 pages, 2009) 174. G. Dimitroff, A. Szimayer, A. 
Wagner

175. S. Herkt, K. Dreßler, R. Pinnau
Model reduction of nonlinear problems in 
structural mechanics
Keywords: flexible bodies, FEM, nonlinear model reduc-
tion, POD
(13 pages, 2009)

Keywords: Fiber-fluid interaction, slender-body theory, 
turbulence modeling, model reduction, stochastic dif-
ferential equations, Fokker-Planck equation, asymptotic 
expansions, parameter identification
(21 pages, 2009)

157. E. Glatt, S. Rief, A. Wiegmann, M. Knefel,  
E. Wegenke

Structure and pressure drop of real and vir-
tual metal wire meshes
Keywords: metal wire mesh, structure simulation, 
model calibration, CFD simulation, pressure loss
(7 pages, 2009)

158. S. Kruse, M. Müller
Pricing American call options under the as-
sumption of stochastic dividends – An ap-
plication of the Korn-Rogers model
Keywords: option pricing, American options, dividends, 
dividend discount model, Black-Scholes model
(22 pages, 2009)

159. H. Lang, J. Linn, M. Arnold
Multibody dynamics simulation of geomet-
rically exact Cosserat rods
Keywords: flexible multibody dynamics, large deforma-
tions, finite rotations, constrained mechanical systems, 
structural dynamics
(20 pages, 2009)

160. P. Jung, S. Leyendecker, J. Linn, M. Ortiz
Discrete Lagrangian mechanics and geo-
metrically exact Cosserat rods
Keywords: special Cosserat rods, Lagrangian mechanics, 
Noether’s theorem, discrete mechanics, frame-indiffer-
ence, holonomic constraints
(14 pages, 2009)

161. M. Burger, K. Dreßler, A. Marquardt,  
M. Speckert

Calculating invariant loads for system simu-
lation in vehicle engineering
Keywords: iterative learning control, optimal control 
theory, differential algebraic equations (DAEs)
(18 pages, 2009)

162. M. Speckert, N. Ruf, K. Dreßler
Undesired drift of multibody models excit-
ed by measured accelerations or forces
Keywords: multibody simulation, full vehicle model, 
force-based simulation, drift due to noise
(19 pages, 2009)

163. A. Streit, K. Dreßler, M. Speckert, J. Lichter, 
T. Zenner, P. Bach

Anwendung statistischer Methoden zur  
Erstellung von Nutzungsprofilen für die  
Auslegung von Mobilbaggern
Keywords: Nutzungsvielfalt, Kundenbeanspruchung,
Bemessungsgrundlagen
(13 pages, 2009)

164. I. Correia, S. Nickel, F. Saldanha-da-Gama
The capacitated single-allocation hub loca-
tion problem revisited: A note on a classical 
formulation
Keywords: Capacitated Hub Location, MIP formulations
(10 pages, 2009)

165. F. Yaneva, T. Grebe, A. Scherrer
An alternative view on global radiotherapy 
optimization problems
Keywords: radiotherapy planning, path-connected sub-
levelsets, modified gradient projection method, improv-
ing and feasible directions
(14 pages, 2009)
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176. M. K. Ahmad, S. Didas, J. Iqbal
Using the Sharp Operator for edge detec-
tion and nonlinear diffusion
Keywords: maximal function, sharp function,image pro-
cessing, edge detection, nonlinear diffusion
(17 pages, 2009)

177. M. Speckert, N. Ruf, K. Dreßler, R. Müller,  
C. Weber, S. Weihe

Ein neuer Ansatz zur Ermittlung von Er-
probungslasten für sicherheitsrelevante 
Bauteile
Keywords: sicherheitsrelevante Bauteile, Kundenbean-
spruchung, Festigkeitsverteilung, Ausfallwahrschein-
lichkeit, Konfidenz, statistische Unsicherheit, Sicher-
heitsfaktoren
(16 pages, 2009)

178. J. Jegorovs
Wave based method: new applicability areas
Keywords: Elliptic boundary value problems, inho-
mogeneous Helmholtz type differential equations in 
bounded domains, numerical methods, wave based 
method, uniform B-splines
(10 pages, 2009)

179. H. Lang, M. Arnold
Numerical aspects in the dynamic simula-
tion of geometrically exact rods
Keywords: Kirchhoff and Cosserat rods, geometri-
cally exact rods, deformable bodies, multibody 
dynamics,artial differential algebraic equations, 
method of lines, time integration
(21 pages, 2009)

180. H. Lang
Comparison of quaternionic and rotation-
free null space formalisms for multibody 
dynamics
Keywords: Parametrisation of rotations, differential-
algebraic equations, multibody dynamics, con strained 
mechanical systems, Lagrangian mechanics 
(40 pages, 2010)

181. S. Nickel, F. Saldanha-da-Gama, H.-P. Ziegler
Stochastic programming approaches for risk 
aware supply chain network design problems
Keywords: Supply Chain Management, multi-stage sto-
chastic programming, financial decisions, risk 
(37 pages, 2010)

182. P. Ruckdeschel, N. Horbenko
Robustness properties of estimators in gen-
eralized Pareto Models
Keywords: global robustness, local robustness, finite 
sample breakdown point, generalized Pareto distribution 
(58 pages, 2010)

183. P. Jung, S. Leyendecker, J. Linn, M. Ortiz
A discrete mechanics approach to Cosserat 
rod theory – Part 1: static equilibria
Keywords: Special Cosserat rods; Lagrangian mechan-
ics; Noether’s theorem; discrete mechanics; frame-
indifference; holonomic constraints; variational formu-
lation
(35 pages, 2010)

184. R. Eymard, G. Printsypar
A proof of convergence of a finite volume 
scheme for modified steady Richards’ equa-
tion describing transport processes in the 
pressing section of a paper machine
Keywords: flow in porous media, steady Richards’ 
equation, finite volume methods, convergence of 
approximate solution
(14 pages, 2010)

185. P. Ruckdeschel
Optimally Robust Kalman Filtering
Keywords: robustness, Kalman Filter, innovation outlier, 
additive outlier
(42 pages, 2010)

186. S. Repke, N. Marheineke, R. Pinnau
On adjoint-based optimization of a free  
surface Stokes flow
Keywords: film casting process, thin films, free surface 
Stokes flow, optimal control, Lagrange formalism
(13 pages, 2010)

187. O. Iliev, R. Lazarov, J. Willems
Variational multiscale Finite Element 
 Method for flows in highly porous media
Keywords: numerical upscaling, flow in heterogeneous 
porous media, Brinkman equations, Darcy’s law, subgrid 
approximation, discontinuous Galerkin mixed FEM
(21 pages, 2010)

188. S. Desmettre, A. Szimayer
Work effort, consumption, and portfolio
selection: When the occupational choice
matters
Keywords: portfolio choice, work effort, consumption, 
occupational choice
(34 pages, 2010)

189. O. Iliev, Z. Lakdawala, V. Starikovicius
On a numerical subgrid upscaling algorithm 
for Stokes-Brinkman equations
Keywords: Stokes-Brinkman equations, subgrid 
approach, multiscale problems, numerical upscaling
(27 pages, 2010)

190. A. Latz, J. Zausch, O. Iliev
Modeling of species and charge transport in 
Li-Ion Batteries based on non-equilibrium 
thermodynamics
Keywords: lithium-ion battery, battery modeling, elec-
trochemical simulation, concentrated electrolyte, ion 
transport
(8 pages, 2010)

191. P. Popov, Y. Vutov, S. Margenov, O. Iliev
Finite volume discretization of equations
describing nonlinear diffusion in Li-Ion bat-
teries
Keywords: nonlinear diffusion, finite volume discretiza-
tion, Newton method, Li-Ion batteries
(9 pages, 2010)

192. W. Arne, N. Marheineke, R. Wegener
Asymptotic transition from Cosserat rod 
to string models for curved viscous iner-
tial jets
Keywords: rotational spinning processes; inertial and 
viscous-inertial fiber regimes; asymptotic limits; slender-
body theory; boundary value problems
(23 pages, 2010)

193. L. Engelhardt, M. Burger, G. Bitsch
Real-time simulation of multibody-systems 
for on-board applications
Keywords: multibody system simulation, real-time simu-
lation, on-board simulation, Rosenbrock methods
(10 pages, 2010)

194. M. Burger, M. Speckert, K. Dreßler
Optimal control methods for the calculation 
of invariant excitation signals for multibody 
systems
Keywords: optimal control, optimization, mbs simula-
tion, invariant excitation
(9 pages, 2010)

195. A. Latz, J. Zausch
Thermodynamic consistent transport theory 
of Li-Ion batteries
Keywords: Li-Ion batteries, nonequilibrium thermody-
namics, thermal transport, modeling
(18 pages, 2010)  

196. S. Desmettre
Optimal investment for executive
stockholders with exponential utility
Keywords: portfolio choice, executive stockholder, 
work effort, exponential utility
(24 pages, 2010) 

197. W. Arne, N. Marheineke, J. Schnebele,  
R. Wegener

Fluid-fiber-interactions in rotational spin-
ning process of glass wool production
Keywords: Rotational spinning process, viscous thermal 
jets, fluid-fiber-interactions, two-way coupling, slender-
body theory, Cosserat rods, drag models, boundary 
value problem, continuation method
(20 pages, 2010)

198. A. Klar, J. Maringer,  R. Wegener
A 3d model for fiber lay-down in nonwoven
production processes
Keywords: fiber dynamics, Fokker-Planck equations, 
diffusion limits
(15 pages, 2010)

199. Ch. Erlwein, M. Müller
A regime-switching regression model for 
hedge funds
Keywords: switching regression model, Hedge funds, 
optimal parameter estimation, filtering
(26 pages, 2011)

200. M. Dalheimer
Power to the people – Das Stromnetz der 
Zukunft
Keywords: Smart Grid, Stromnetz, Erneuerbare Ener-
gien, Demand-Side Management
(27 pages, 2011)

201. D. Stahl, J. Hauth
PF-MPC: Particle Filter-Model Predictive 
Control
Keywords: Model Predictive Control, Particle Fil-
ter, CSTR, Inverted Pendulum, Nonlinear Systems, 
 Sequential Monte Carlo
(40 pages, 2011)

202. G. Dimitroff, J. de Kock
Calibrating and completing the volatility 
cube in the SABR Model
Keywords: stochastic volatility, SABR, volatility cube, 
swaption
(12 pages, 2011)

203. J.-P. Kreiss, T. Zangmeister
Quantification of the effectiveness of a 
safety function in passenger vehicles on  
the basis of real-world accident data
Keywords: logistic regression, safety function, real-
world accident data, statistical modeling
(23 pages, 2011)

204. P. Ruckdeschel, T. Sayer, A. Szimayer
Pricing American options in the Heston 
model: a close look on incorporating corre-
lation
Keywords: Heston model, American options, moment 
matching, correlation, tree method 
(30 pages, 2011)
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205. H. Ackermann, H. Ewe, K.-H. Küfer,  
M. Schröder

Modeling profit sharing in combinatorial
exchanges by network flows
Keywords: Algorithmic game theory, profit sharing, 
combinatorial exchange, network flows, budget bal-
ance, core 
(17 pages, 2011)

206. O. Iliev, G. Printsypar, S. Rief
A one-dimensional model of the pressing 
section of a paper machine including dy-
namic capillary effects
Keywords: steady modified Richards’ equation, finite 
volume method, dynamic capillary pressure, pressing 
section of a paper machine 
(29 pages, 2011)

207. I. Vecchio, K. Schladitz, M. Godehardt,  
M. J. Heneka
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