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Abstract

Both weight optimization and casting as a manufacturing method is widely used in the in-
dustry today. Topology optimization, as a weight optimization approach, is used to design
lighter and more competitive components. Meanwhile, casting is a time and cost-e [cieht
manufacturing method with the capacity to create complex shapes. Today, castability
is not taken into account until the end of the development process. When the design is
adjusted to become feasible to cast, mass is added which does not necessarily contribute
to improve the structural strength. Thus, the structure is no longer optimized. Casting
simulations assist in evaluating castability, but generally require animations and pictures
to be analyzed manually.

At Volvo Cars and within the Re-OPTIC project founded via LIGHTer, there is an interest
in finding methods to evaluate castability in the early phase of the development process.
The purpose of this thesis is therefore to find a way of evaluating castability numerically,
in order to be able to compare design concepts in the early phase of the development
process. A process where optimization results can be casting-simulated, without manually
realizing the design using CAD, is also presented in this thesis. Furthermore, the topology
optimization manufacturing constraints member size control and draw direction are evalu-
ated from a weight perspective, as well as a discretization improvement tool and the usage
of two design spaces. This thesis is only considering the casting solidification process. The
topology optimization work is carried out in the commercial software OptiStruct. The
casting simulations is obtained using the commercial software Click2Cast.

Keywords: Weight Topology Optimization Casting Castability Solidification Simulation
Development Process
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1| Introduction
1.1 Background

Both weight optimization and casting as a manufacturing method is widely used in the
industry today. Weight optimization is used by design engineers in the development pro-
cess to produce lighter and more competitive components. Meanwhile, casting is a time
and cost-e cient manufacturing method which o ers the opportunity to create complex
shapes with relatively simple tools [1].

Today, design engineers are not fully taking into account the cast manufacturing require-
ments and restrictions in the development process [1]. The casting simulation tools are
mainly used by the foundry engineers to predict the castability of a component. The
foundry engineers usually have to add material to make the weight-optimized component
feasible to cast. The added mass only bene ts the casting process and does not improve
the structural strength of the component [2].

A schematic owchart of today's development process is illustrated in Figure 1.1. As
shown, there is no iteration between the weight optimization and cast optimization pro-
cesses.

Figure 1.1: Schematic owchart of the current development process of weight
optimized casted components.

Topology optimization is one of the structural optimization approaches that can be used
for weight optimization (see Section 2.1). In particular topology-optimized results become
di cult to cast since the topology-optimized structure becomes very complex, especially
if no manufacturing constraints are considered.

This master thesis is based on a previous master thesis "Methodology for Topology and
Shape Optimization: Application to a Rear Lower Control Arm (RLCA)" by Robin Lars-
son [2]. The RLCA is one of the parts in the rear wheel suspension of a Volvo car. The
RLCA is today manufactured using casting with a sand core and about ve casting in-
gates and are made in aluminum [2]. More information about the current development
process of the RLCA can be found in Robins thesis [2]. The Optimized Design became
22:5% lighter compared to the Current RLCA (see Figure 1.2).

Figure 1.2: Picture of the Optimized Design (left) and the Current RLCA (right).
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However, in order to make the Optimized Design feasible to cast, the foundry engineers
needed to add additional material to the component which increased the total mass to 4

kg.

In an ordinary casting process this kind of problem are reduced by having a design engineer,
a tools engineer and a foundry engineer working together to reach an acceptable result
[20]. Though, since large industries most commonly does not pick their foundry until
the development process already is accomplished, i.e. when the component already is
designed, new strategies have to be developed.

Several previous studies have been done to understand which factors that are a ecting the
castability [3]. There also exist a lot of di erent methods of how to examine a casting to
evaluate the performance and to understand what should be changed to improve the result
[4][5]. While there are hardly any studies of how to evaluate castability in a numerical
way using casting simulations.

Yet, there is no automated process to convert a topology result into a CAD-maodel. This
problem is further described in [6][7]. Interested readers are also referred to the doctoral
thesis "Finite element methods for surface problems" where Cenanovic aim to solve this
problem with a di erent and very interesting approach [8], which di ers from the element
density theory that is used in OptiStruct.

1.2 Purpose and aim

The purpose of this master thesis is to nd an e cient development process for topology
optimized casted components, where casting simulations and manufacturing constraints
will be integrated in the early phase of the ordinary optimization process.

As illustrated in Figure 1.3, the aim is to nd an iterative process where the design
engineers can use casting simulation as a tool to evaluate the castability, without having
to realize the topology result. Since the realization process is very time consuming due to
the manual modelling of creating a CAD model out of the topology result, lead times can
be reduced by avoiding the realization part in the iterative process. It is also of interest
to nd a way to sort among a large variety of dierent design concepts by evaluating
castability in a numerical way.

Figure 1.3. Preferred development process of weight optimized casted components.

The work has been carried out with Altair and Volvo Cars as a part of the Re-OPTIC
project by LIGHTER. An existing product, a rear lower control arm, is used throughout
the project. The results are expected to be generic and applicable on other components
and in other industries.

Software provided by Altiar has been used during this master thesis project. HyperMesh
2017.2 has been used for pre-processing the nite element (FE) models. The nite el-
ement analysis (FEA) and optimization problem has been solved by OptiStruct 2017.2.
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The casting simulations have been solved and post-processed using Click2Cast 4.1 (C2C).
HyperView 2017.2 has been used for post-processing both optimization results, FE-results
and casting simulation results.

1.3 Limitations

Casting simulations are divided into two parts, form lling simulation and solidi cation

simulation. Only solidi cation simulations will be considered during this project due to
the large amount of input data that are required to run a form lling simulation and
due to the fact that the form lling simulation require the casting method to be pre-
speci ed. Furthermore, in order to narrow down the work, neither gas porosity, di erent
mold materials nor the shakeout time is considered in this thesis work.

Not all of the topology optimization results is investigated from a casting point of view,
due to the time frame of this thesis. Only the unconstrained topology optimization and
one of the topology optimization results using manufacturing constraints are investigated
with respect to castability.

No particular cost aspects is considered apart from minimizing the usage of casting tools
(such as in-gates, chillers, feeders etc [9]) and lead times which indirectly will cut down
the developing and production costs.

Only linear static structural analysis is performed in this thesis. Neither eigenfrequencies
nor fatigue is considered.
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2| Theory

The relevant theory of the thesis is presented in this chapter. Firstly, a brief explanation of
structural optimization is presented followed by the theory behind topology optimization.
Secondly the theory behind casting, casting simulation and its application in HyperWorks
is presented.

2.1 Introduction to Structural Optimization

A structural optimization problem is composed of an objective function (f), design vari-
ables () and state variables (y). The objective function represents the objective to be
either minimized or maximized during the optimization. For example, the objective func-
tion f could be measuring weight, e ective stress or displacement in a given direction.
The design variables can be both functions or vectors that describe the design, usually
the geometry which are varied during the optimization until the optimal set of the design
variables is found and yields the optimal value of the objective function.[10]

A general expression of the structural optimization problem can be stated as follows:

¢m|n f(x,y) with respect to x and y

¢ constraints on Yy

“opte ;. 2.1
P subject to,. constraints on x 1)

'g gequmbnum constraint

There are three types of structural optimization problems: sizing optimization, shape
optimization and topology optimization. This report will focus on topology optimization.
For further reading about size and shape optimization see [10].

2.1.1 Topology Optimization

The theory in this chapter describes topology optimization in general terms and how it
is applied in OptiStruct. Topology optimization is about nding the optimal placement
of the material within a speci ed region to reduce weight without violating the structural
requirements.

2.1.1.1 Problem formulation and FE-discretization

The pre-de ned region ( ) to be optimized is usually called the design domain, design
volume or design space, meanwhile 5 is the sought optimal subset of the design volume
. To solve the topology optimization problem numerically, a discretization of the problem

using the nite element (FE) method is required. The optimization, Egs. (2.2-2.4), aims
to nd the minimum mass, subjected to the equilibrium constraint, Eq. (2.4), and an
upper boundary constraint C,. on the compliance, Eq. (2.3). The expressions are stated
in the general discrete problem formulation [11]:

mng ed vol" ma* B (2.2)
in order that
C" ¢ fTuBCy (2.3)
S.t
K™ eeu f (2.4)

5
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where u contains the displacement degrees-of-freedom for each nodejs the load vector
and fu is the compliance C which is the inverse of the stiness. K in the equilibrium
equation (2.4) is the global stiness matrix. The stiness matrix K depends on the
densities ¢ in each elemente wheree 1;:::;;N and N is the total number of elements of
the meshed design space. The sti ness matriXX is de ned as:

N
K QK¢ e (2.5)
el

Where the element densities ¢ can vary between 0 and 1. For ¢ 1 the element is lled
whereas ¢ O represents a void element [2].

To solve the topology optimization problem a penalization method known as the SIMP
(Solid Isotropic Material with Penalization) method is used. SIMP is a structural op-
timization density method based on the nite element method. It is used to solve the
binary density problem by modelling the densities, through interpolation, with continuous
functions so that the densities can vary between 1 and 0 [2][6][10][21]. This is done by
applying a so called pseudo density parameter (penalization parameter) to each element
of the FE-mesh. The density function can be expresses as:

K™ e QKJ e> emin:;l; pAl (2.6)

where K represents the penalized sti ness matrix, K the real stiness matrix, ¢ the
element density andp the penalization factor which is always greater than 1 [2][6][10][21]
and usually takes a value between 2.0 and 4.0 [15]. For further reading about the SIMP-
methodology, see [6].

2.2 Casting

Casting is a manufacturing process where lique ed metal is poured into a mold and there-
after solidi ed into a solid metal piece with the same shape as the hollow cavity of the
mold. The solidi ed piece, also known as the casting, is then recovered from the mold.
There are a lot of di erent casting methods such as gravity casting, die casting, high
and low-pressure casting, investment casting etc. For further information about casting
methods see [1][22].

The casting system can be rigged in several di erent ways. Mainly depending on the
particular component design and its features, but also depending on the foundry since
each foundry usually have their own preferences. Some of the most essential components
of a casting system are the mold (cope and drag), sprue, runner, risers (also known as
feeders) and core, illustrated in Figure 2.1. A core can be used to create an interior shape
of the model and are commonly used in sand casting [9]. Very complex sand casting molds
and cores can today be produced using 3D printing. Furthermore, both molds and the
castings can be made of di erent materials.

Large castings usually require a gating system (Figure 2.2) with multiple in-gates to be
properly fed. The main purpose of a gating system is to ensure that enough liquid metal
reaches the mold cavity, but gating systems are also used to control shrinkage and can
also be designed to minimize turbulence during the lling [22]. For more details about the
casting system see [9][22].

6
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Figure 2.1: Rigging system for casting. Figure 2.2: Gating system [22]

The variation of the microstructure yields worse mechanical properties of a casting com-
pared to products manufactured using extrusion, rolling or forging, where the machining
work re nes the microstructure which improves the mechanical properties [3]. There are
many parameters that a ect the mechanical properties of a casting. Apart from reduced
casting defects, a fast solidi cation for example leads to improved mechanical properties
due to the fact that a ner dendrite structure are produced during the solidi cation, which
are further described in [3][12][17][18]. Though, it is not the total solidi cation time that
matters physically, but the local solidi cation rate. A restricted amount of casting de-
fects, i.e. worsen mechanical properties, can permitted as long as the defects does not
occur within stress intense zones in the structure. Today design engineers mark critical
stress zones and send it to the foundries in order to inform the foundry engineers where
casting defect has to be restricted.

2.2.1 Cast shrinkage defects

Casting defects are mainly controlled by uid ow, heat transfer and thermal stresses. Gas
porosity, shrinkage defects, mold material defects, pouring metal defects and metallurgical
defects are ve of the casting defect categories [22]. The shrinkage defects can be divided
into: solidi cation shrinkage, liquid shrinkage and patternmaker's shrinkage [22]. This
project will mainly focus on the solidi cation shrinkage defects.

Solidi cation shrinkage occurs due to the fact that metals are less dense in the liquid
phase compared to their solid state [22]. As a consequence, liquid metal will shrink during
the solidi cation. Unless more liquid is provided, so called shrinkage porosity will arise.
Shrinkage defects are usually divided into the two di erent categories: closed shrinkage
defects and open shrinkage defects [13]. Open shrinkage defects appear on the surface of
the casting meanwhile the closed shrinkage defects also known as shrinkage porosity are
formed within the casting. Shrinkage porosity can be predicted in so-called hot spots. Hot
spots are regions where lique ed metal becomes isolated within already solid material.

2.2.2 Castability

Castability describes the ability of producing a casting without any defects. Today there is
no de nite and accurate way to quantify castability. Furthermore, there is only a limited
number of ways to evaluate a geometry numerically from a casting point of view. The
Equations (2.7) - (2.9) can be used as indicators of whether a geometry is feasible to cast.
The design of a component, or more speci ¢, the volume, the surface area and the number
of features are used to evaluate castability, where a large value oo, ¢, and c3 implies
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good castability.

Ve

v 2.7)

C1
Here V. is the volume of the casting,V,, is the volume of the smallest box that the casting
can tin and A is the surface area of the casting.

6"VC.2~3
c ——— 2.8
e 28)

ns is the number of features of the casting, i.e. nhumber of holes, ribs, slots, pockets etc.

1

—_— 2.9
T (2.9)

C3

Even though there is no straightforward and general approach of how to quantify casta-
bility, there is a lot of recommendations and rules of how a component should be designed
to make it feasible to cast. For example, a casting should be designed in such way so
that it induces a suitable directional solidi cation with respect to the in-gates. This is
called directional solidi cation and implicates that the solidi cation works its way to-
wards the in-gate from the farthest end of the casting [23]. A taped design will bene t
the directional solidi cation due to the fact that the solidi cation moves from thin to
thicker regions [20][1]. This can be proved and explained by the Chvorinov's rule (Eq.
2.10). Chvorinov's rule declare the relation between the solidi cation time ts and the
solidi cation modulus M (Eq. 2.11), where the solidi cation modulus is a function of the
geometry as the volume-to-surface-area ratio [12]. Chvorinov's rule is based on the 1D
heat transport across the material and mold interface [12].

\V; 2
- (2.10)

Chvorinov's rule: tg C «

Where C is a constant and depends on the mold and material properties [24].

e Y,
Solidi cation Modulus: M SA (2.11)

Furthermore, a casting should be designed in such way that it can be properly fed. For
example, the minimum member size of an aluminum alloy casting is 5 mm according to
[18]. Abrupt changes of the wall thickness a ect the castability negatively since it leads
to turbulence during lling. This can be avoided by adding a radius on all corners and
edges, i.e. to use so-called llets [22]. Thin sections should not be placed in-between thick
sections and adjacent to entrances of risers [1]. It is also of importance to avoid isolated
thick sections that are di cult to feed [1]. There are several casting design rules presented
in [1], where for example relations between the thicknesses in a junction are stated (Figure
2.3).

It has been observed that porosity can be minimized by keeping the temperature gradient
as low as possible over the structure [3][12]. Unfortunately there is yet no critical threshold

value for the temperature gradient[3], besides a proposed "geometric" model for a plate by
Sigworth and Wang (1993) [12].

8
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a) X-section. b) L-junction. c) T- versus Y-junction.

Figure 2.3: Models of di erent junctions [1]. Casting design rules.

2.2.3 Solidi cation simulation

Casting simulations allow engineers to make virtual castings instead of using trial and
error methods, by actually making the casting, to nd the optimal processing parameters
[3]. Casting simulations are divided into form lling simulation and solidi cation simula-
tion. When both lling simulation and solidi cation simulation are calculated in C2C, the
temperature distribution from the end of the lling simulation is used as the starting tem-
perature of the solidi cation analysis [9]. Whereas only the solidi cation is calculated, the
simulation assumes that the mold is perfectly lled and will use a homogeneous starting
temperature at the beginning of the solidi cation process [1][9]. It should be taken into
account that this simpli cation can be a crucial source of errors [12]. In C2C it is required
to pick an inlet regardless of the simulation type. Only the di erences of the heat coe -
cient at the inlet area will a ect the solidi cation result, i.e. a small inlet will a ect the
result less than a large inlet. The solidi cation simulation in C2C does not consider the
gravity e ect. The solidi cation simulation generates results such as temperature, liquid
fraction, solidi cation time, Niyama values, solidi cation modulus, porosity percentage,
porosity, etc.

Liquid fraction gives the possibility to predict where shrinkage porosity will occur by an-
alyzing the animation and track areas where liquid spots becomes isolated within already
solid material, so called hot spots. Liquid fraction is based on the temperature gradi-
ents which are determined by the direction of the temperature change and are therefore
commonly used by foundry engineers to control directional solidi cation.

Niyama is a porosity criterion used by foundry engineers to detect solidi cation shrinkage
defects [9]. The Niyama function expresses the pressure drop in the mushy region as a
function of G~R'? at the end of the solidi cation [3], where the local cooling rate R and
the local temperature gradient G are determined according to equation (2.12) and (2.13)
respectively.

, T
Cooling Rate, R — (2.12)
S
Ya
Temperature Gradient, G~ G§, Gj, G§, (2.13)
1" T .
Gox —Q —; where i 1;2;3:: (2.14)
n 1 X|
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Figure 2.4. Schematic gure of how the temperature gradient is calculated based on
the neighboring nodes.

Figure 2.5 shows when during the end of the solidi cation time the temperature gradient
G and the cooling rate R can be calculated. The critical Niyama range are di erent for
di erent materials. For Aluminum it stretches from 0 to 0.3, where a lower value indicates
higher probability of shrinkage [9].

Figure 2.5: Thermal parameters during the solidi cation used for the Niyama criteria
function [3].

As mentioned in Subsection 2.2.2 the solidi cation modulus, also known as the geometrical
modulus, is a function of the geometry as the volume-to-surface-area ratio (Eq. 2.11). The
total solidi cation modulus is easily calculated using the total volume divided by the total
surface area. The solidi cation modulus within the structure on the other hand would
be far more dicult to determine without the Chvorinov's equation (2.10). C2C uses
Chvorinov's equation by extracting the solidi cation modulus M and make it a function
of the nal solidi cation time in each node (Eq. 2.15).

Yo

R t
M “tge ES (2.15)
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Pre-literature studies were carried out in order to achieve a general understanding and
knowledge within the subject. Hence, the project was divided into four sub parts:
Topology optimization (3.1)

Topology result into casting simulation (3.2)

Evaluating castability (3.3)

Re-optimization

~
A~

The re-optimization refers to the situation when the most optimal design concept has
been found but still has to be slightly modi ed. Further investigations has to be done
to determine how these modi cations should be performed in order to still maintain an
optimal design from both a strength and a castability point of view.

This master thesis has been focusing on the rst three parts, which are presented and
further described in each of the following Sections 3.1-3.3. The method of how the results
from Section 3.1-3.3 was concluded is described in Section 3.4. An overall working proce-
dure of the development process for topology optimized casted components was nalizing
this project and is presented in Chapter 7.

3.1 Topology Optimization

3.1.1 Topology optimization in OptiStruct

When the topology optimization problem in OptiStruct was de ned, the rst step was

to specify the design space (DS), the so-called none design space and the loads. The
prede ned design space that has been used in this project is shown in Figure 3.1. The
darker parts in Figure 3.1 are the non design spaces where the loads were connected.

Figure 3.1. Design space, which is a solid volume. The dark regions are were the loads
and constraints are connected.

The load cases were provided by Volvo Cars and have been generated by Multi Body
Simulations (MBS) of a full vehicle. The load cases describe di erent events such as drive
over curb (DOC), skid against curb (SAC), brake in pothole (BIP) and rearwards driving
over curb (ROC). In total 21 di erent load cases were used. For more information about
the load cases, see [2].

The objective function was set to minimizing the total mass and an upper bounds was

applied on the compliance for each load case. These compliance bounds were implemented
as displacement constraints derived from the stress analysis of the Current RLCA. Thus,
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for each load case, the displacements of the load introduction points were obtained in the
stress analysis of the Current RLCA and then used as upper bounds in the optimization.
Thus, the mass will be minimized meanwhile the structural sti ness will be conserved in
relation to the Current RLCA. All topology optimization in this thesis will have the same
objective function and constraints.

Within OptiStruct one have the ability to de ne di erent manufacturing constraints, such
as stamping, extrusion, symmetry, draw direction etc. Although, one initially use to run an
optimization without any manufacturing constraints, a so called unconstrained topology
optimization.

In addition to running an unconstrained topology optimization, which would result in
the lightest and most optimal design from a strength perspective, it was also of interest
to investigate which optimization controls and manufacturing constraints that could be
used to get a feasible design from a casting point of view. The manufacturing constraints
member size control MINDIM and draw directions, with or without holes, as well as the
optimization control TOPDISC were investigated. Furthermore, the usage of two design
spaces, to illustrate a core and to get a cavity in the middle of the casting, was studied
(see Figure 3.2 for a total summary).

Figure 3.2: Manufacturing constraints that will be investigated during this project.

As explained in the limitation (Section 1.3), all of the topology optimization results were
not evaluated from a casting point of view in this project due to the time frame of this
master thesis. Only the unconstrained topology optimization together with one of the
candidates using manufacturing constraints were further investigated.

3.1.2 Mesh dependence

Figure 3.3 shows that a ner mesh, i.e. a mesh with a lot of small elements, results in
thinner walls compared to a coarse mesh with fewer and larger elements. A ner mesh will
capture more details and will also result in a lower total mass. On the other hand, much
faster calculations can be done when using a coarse mesh and is therefore recommended
to be used for experimental optimization runs. A ner mesh is recommended to be used
for nal results.
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Figure 3.3: Mesh dependence.
Coarse meshx = 6 mm (left) compared to a ne mesh x =3 mm (right).

Element size [mm] 6 3
Weight [kg] 8.34 5.13

Nr of elements 600 851 | 8 320 344
Computation time [hh:mm:ss] | 00:37:00| 24:45:00
RAM [MB] 129 092 | 775 491
Nr of CPUs 24 24
Iterations 32 39

Table 3.1: Dierences between a coarse mesh and a ne mesh.

Table 3.1 presents the di erences in computation time of the models shown in Figure
3.3. As can be seen, the ner mesh gives far more elements which results in much longer
computation time.

3.1.3 Draw direction applied in OptiStruct

A draw direction control can be used in OptiStruct in order to constrain the topology
optimization with the purpose to allow the die to slide in a given direction. Either a single
draw option or a split draw option can be used, see Figure 3.4single draw represents one
die sliding in a given direction meanwhile thesplit draw option implies that two dies are
splitting apart in the given direction. The splitting line, i.e. the so called parting line, is
optimized during the optimization [15].

Figure 3.4: Optimization results when using di erent draw direction options: single
and split.

3.1.4 MINDIM - Member size control applied in OptiStruct

MINDIM is an optimization control which provides an opportunity to specify the mini-
mum diameter of the members formed in the topology optimization. It is mainly used to
eliminate small members in the topology result, but can also be used to eliminate checker-
board results. MINDIM is required to take a value at least three times greater than the
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average element sizeX) and no greater than twelve times the average element sizex|.[15]

31x @MINDIM @121 X (3.1)

where x is the element size and the average element sizefor 3D elements is calculated
as the average of the cubic root of the volume of the elements.

o

N » __ 3V_
X Q 3VI___N tot
N 1

(3.2
N is the total amount of elements andV; is the volume for elementi wherei 1;::;N.

If the structure contains members which are slightly smaller than the speci ed MINDIM,
but are very important for the load transmission, then these member-diameters will not be
reduced. If a user-de ned MINDIM value is greater than 12 times the average element size
then MINDIM will be reset to be equal to 12 times the average element size. When draw
direction constraints are activated, user-de ned MINDIM values that are smaller than 3
times the average element size will be replaced by a MINDIM value of 3 times the average
element size. Furthermore, even though no member size control are set, a MINDIM value
of 2 times the average element size will be enforced if TOPDISC are activated.

3.1.5 TOPDISC - Discretization control applied in OptiStruct

When activating the TOPDISC optimization control an improved discrete formulation are
applied with the purpose to produce more discrete results for all topology optimization
runs including manufacturing constraints. This means that less semi-dense elements will
be produced when using TOPDISC.[16]

3.1.6 Post processing in HyperWorks

The topology optimization generates a lot of di erent result les. The ones used in this
project are described in this section, as well as the post processing tools OSSmooth, iso
averaging method and Shrink Wrap.

The FEA and optimization problem formulations are stated in a text le (.fem) which are
used as an input le to the OptiStruct solver. The .out, .sh, .h3d and .tcl le are some of
the output les generated by OptiStruct. The .sh le is a shape le containing the densities
of all elements from the last iteration. The OptiStruct out- le contains all information
about the optimization set-up and the optimization run, including information such as
number of iterations, computation time, error messages etc. The h3d-le is a binary
OptiStruct result le. The tcl- le contains all elements organized in 10 sets with respect
to the element density (i.e. in steps of 0.1). A .stl le (Standard Triangle Language)
describes a triangulated surface where the triangles are de ned by the unit normal and
the vertices [25].

The OSSmooth tool in HyperMesh as well as the iso-surface export in HyperView gives
the opportunity to generate an iso-surface which furthermore can be exported as a .stl
le. The iso-surface can be treated with an averaging-method before the export from

HyperView. As the name indicates, the averaging method calculates a nodal averaging of
the element-based results. The averaging method can be applied on both contours plots
and iso plots. Figure 3.5 presents the di erence between a contour plot and an iso plot,
with and without averaging method.

The OSSmooth is generally used for re-analysis. OSSmooth makes it possible to import the
optimization result into the initial model, as a relatively smooth volume mesh, meanwhile
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a) Contour: b) Contour: c) Iso: d) Iso:
Non averaging. Averaging. Non averaging. Averaging.

Figure 3.5 Averaging method examples.

it keeps the connectivity to all loads. Before running the OSSmooth import, the user can
specify a desired density threshold value (default=0.3).

Shrink Wrap (SW) is a tool in HyperMesh which generates an enclosed solid or volume
based on a selected geometry. Shrink Wrap is usually used to simplify an existing model.
Either a tight or loose Shrink Wrap can be used. Theloose Shrink Wrap simpli es the
geometry to a greater degree than thetight Shrink Wrap. The user has to specify the
desired element size of the generated surface or solid mesh. Di erent setting combinations
as well as using Shrink Wrap more than once were investigated.

3.2 Topology result into casting simulation

As mentioned in Section 1.2, the aim is to nd a suitable method to get the topology result
into the casting simulation without realizing the geometry by using CAD. As a matter of
fact, the casting simulation does not actually require a CAD-model but needs a surface
mesh as input. This makes it at least possible to postpone the CAD modelling to the
end of the development process, i.e. when the nal design has been selected, so that the
realization only has to be done once. Nevertheless, the problem that still remains is that
the topology optimization result is represented by volume elements with a rough surface
meanwhile the casting simulation software needs a smooth surface mesh as input.

The HyperMesh tools Shrink Wrap and OSSmooth will be investigated, as well as the
ISO-surface averaging method in HyperView.

3.3 Evaluating castability

It is necessary to nd a way of analyzing and drawing conclusions from the cast results.
Preferably in a numerical way since evaluations from neither pictures nor animations are
as e cient or su ciently consistent as when using numerical values.

To begin with, the Optimized Design and the Current RLCA were compared. This was
done to get a better understanding of which conclusions that can be drawn from the
simulation results, since it is already known that the Optimized Design was not feasible to
cast. Hence, this was expected to be con rmed by using C2C. The same parameters were
used in both cases so that the results could be compared equally. A detailed speci cation
of the casting parameters are presented in Appendix A.

Extreme values are not necessary something bad when evaluating castability. Instead it
is more about where di erent values occur and how it changes over the structure that
can tell if the geometry is feasible to cast or not. Also the amount of critical areas are
of bigger importance compared to the magnitude of the most critical value. For example,
when looking at stresses, the maximum stress should not exceed the allowable stress limit,
e.g. the yield limit. The focus will then be to decrease the maximum stress meanwhile
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