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Abstract Parting direction is one of the main parameters
that significantly affect mouldability and manufacturing
costs of a cast part. In conventional optimal design of cast
part, a parting direction is pre-selected by a designer and
fixed throughout the optimization. However, when the opti-
mization is performed with a different parting direction, the
resulting design will also be different, and more importantly
it will end up with different working performance. There-
fore, we take the parting direction as a design variable in the
optimization of a cast part so that the working performance
can be optimized as much as possible. With these goals,
a level set based method is proposed for the simultaneous
optimization of cast part and parting direction. In each iter-
ation, an optimal parting direction is first computed for the
current structure, then the boundary of the current structure
is updated by a design velocity that guarantees the design
be moldable with the optimal parting direction. Therefore,
although the parting direction may be changed during the
optimization, the structure will always be moldable in the
current parting direction. Numerical examples are provided
in 3D.
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1 Introduction

In casting process, molten liquid is poured into and
solidifies in a cavity enclosed by molds, and one obtains
the cast part when the molds are removed. An important
issue in the casting process is that a cast part should have
a proper geometry so that the molds can be removed, or
the so-called molding constraint can be satisfied. The mold-
ing constraint is an important manufacturing problem that
requires careful consideration in the design of a cast part,
since a structure should be designed in a way that it can be
easily manufactured via intended techniques. In fact, con-
sidering manufacturability early in the design cycle reduces
the costs of product development, shortens its development
time, and improves its quality.

Optimization is an effective tool for obtaining high per-
formance structures. During the past decades, size opti-
mization, shape optimization, and topology optimization
have been extensively developed. While the performance
of a structure can be improved via conventional structure
optimization, another aspect in the design of a structure—
manufacturing—should also be carefully treated. In other
word, the optimal design of a cast part should not only opti-
mize the performance of the cast part but should also ensure
the cast part have proper geometry that satisfies the molding
constraint.

Much effort has been made for integrating the mold-
ing constraint of casting process into structure optimiza-
tion. TopShape (Baumgartner et al. 1992; Mattheck 1990;
Harzheim and Graf 1995), a program developed at the
International Development Center of Adam Opel and based
on CAO (Computer Aided Optimization) and SKO (Soft
Kill Option) (Baumgartner et al. 1992; Mattheck 1990;
Harzheim and Graf 1995), is the first program that suc-
cessfully incorporated the molding constraint of casting



752 Q. Xia et al.

process into structure optimization (Harzheim and Graf
2002, 2005, 2006). Several topology control algorithms
(connectivity control, growth direction control, thickness
control, et al.) were introduced in the TopShape. Based on
the SIMP (Solid Isotropic Microstructure with Penalization)
method (Bendsøe 1989; Rozvany et al. 1992; Bendsøe and
Sigmund 2003), Zhou et al. proposed a mathematical for-
mulation of the molding constraint that ensure the material
densities in the lower positions along the parting direction
to be bigger than those in the upper positions (Zhou et al.
2001). This approach is available in OptiStruct (Altair Engi-
neering, Inc. 2002). Leiva et al. proposed a novel design
parametrization that explicitly incorporates parting direc-
tion into its design variables for the topology optimization
of cast part (Leiva et al. 2004a, b) and implemented it in
GENESIS (Leiva et al. 1999). Based on the level set method,
we proposed in our previous study a restricted motion
of boundary of structure for the optimization of cast part
(Xia et al. 2010).

The present paper extends the study of optimization of
cast part by simultaneously optimizing the parting direc-
tion. In conventional optimal design of cast part, the parting
direction is pre-selected by a designer and fixed throughout
the optimization. With such approach, when the optimiza-
tion is performed with a different parting direction, the
resulting design will also be different, and more impor-
tantly it will end up with different working performance.
In other word, the working performance depends on the
parting direction. Therefore, it will be better if we take the
parting direction as a design variable of optimization so that
the working performance of a cast part can be optimized as
much as possible.

The paper is organized as follows. In Section 2 the
level set method is briefly described. In Section 3 the cast-
ing process is briefly described, and the manufacturing
issue is analyzed. In Section 4 the problem of simulta-
neous optimization of cast part and parting direction is
defined. In Section 5, the numerical implementation is intro-
duced. Section 6 gives numerical examples and discussion.
Section 7 concludes this paper.

2 The level set method

Level set method, first introduced by Osher and Sethian
(1988), is a method for numerical simulation of motion of
interfaces in two or three dimensions. The level set method
is transparent to topological changes, which is significant
for topology optimization. With such transparent treatment
of topological change, the difficult topology optimization
problem can be transformed to a relatively easier shape opti-
mization problem. It has caught extensive attentions since

the seminal papers (Sethian and Wiegmann 2000; Osher
and Santosa 2001; Allaire et al. 2002, 2004; Wang et al.
2003).

Let � ⊆ R
d (d =2, 3) be the region occupied by a struc-

ture. The boundary of the region is represented implicitly
through a level set function �(x) as its zero isosurface or
zero level set, i.e., {x ∈ R

d | �(x) = 0} (d = 2 or 3), and
�(x) can be used to define the inside and outside regions
as follows

�(x) = 0 ⇐⇒ ∀ x ∈ ∂ � ∩ D
�(x) < 0 ⇐⇒ ∀ x ∈ �

�(x) > 0 ⇐⇒ ∀ x ∈ ( D\� )

where D is a fixed reference domain in which all admissible
shapes � are included, i.e. � ⊂ D. In the level set method,
the scalar function � can be specified in any specific form,
and it is often described in a discrete counterpart. In most
cases � is specified by a regular sampling on a rectilin-
ear grid and constructed to be a signed distance function
to the boundary. With such a signed distance function, i.e.,
|∇�| = 1, many geometric properties of the boundary can
be readily expressed, for instance the unit outward normal n
of the boundary is given by n = ∇�.

Propagation of free boundary of a structure during the
optimization is described by the Hamilton-Jacobi equation:

∂�

∂t
+ V · ∇� = 0 (1)

where V is the velocity vector defined on the boundary
�, as illustrated in Fig. 1. The velocity is an important
link between the level set method and an optimization

Γt

Γt+Δt

n
V

Fig. 1 The velocity and the propagation of a boundary
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algorithm (Wang et al. 2003), and it is usually called the
“design velocity”. The level set based structure optimization
method is a boundary variation method. During the course
of optimization, variation of boundary shape described by
the design velocity that improves the current design is
obtained as a result of shape sensitivity analysis. Then,
such boundary variation is treated as an advection veloc-
ity in the Hamilton-Jacobi equation of the level set method
for updating the boundary of a structure. In other words,
an optimization algorithm gives the desired variation of
the free boundary, while the Hamilton-Jacobi equation per-
forms the variation. A feature of the level set based method
is that it essentially maintains the 0-1 nature of topology
optimization (Xia and Wang 2008).

An important property of the Hamilton-Jacobi equation
Eq. 1 is that it satisfies the maximum principle, and as
a result voids can not be nucleated in the interior of a
structure (Allaire et al. 2004). This makes the level set
based topology optimization, especially in 2D, be sensi-
tive to initial design (Allaire et al. 2004). To overcome this
dependence much effort has been made to incorporate the
topological derivative (Sokolowski and Zochowski 1999;
Eschenauer et al. 1994; Céa et al. 2000) into the level set
based method (Allaire and Jouve 2006; Burger et al. 2004;
He et al. 2007). In 3D the situation is slightly different
where although a new void cannot be nucleated right in
the interior of a structure, a hole can be “tunneled" through
the material region in between two pieces of boundary (Xia
et al. 2010). Therefore, as compared to the situation in 2D,
the level set based optimization in 3D is topologically more
flexible and less sensitive to the initial design (Xia et al.
2010). However, in the context of optimization of a cast
part, since it is required that a cast part should not have
any interior void, the lack of void nucleation in the level
set based method actually appears as an advantage for this
specific application. Therefore, in the present study we use
the conventional level set based method without using the
topological derivative.

3 Parting direction and molding condition

In the present study, we consider the casting process that
uses two molds. Examples of the cases where the molds can
and cannot be removed are given in Fig. 2a and Fig. 2b,
respectively. In Fig. 2a, the upper mold can be removed in
the direction d and the lower one in the direction −d with-
out colliding with the cast part. In Fig. 2b, the lower mold
is stuck by a slot called undercut and cannot be removed
in the direction −d. Besides the undercut, another require-
ment is that there should exist no interior void, i.e., a region
completely contained in the interior of a structure.

The direction in which a mold is removed is called the
parting direction, and the surface where the two molds
contact each other is called the parting surface. Parting
direction, parting surface, and undercut constitute the main
parameters that significantly affects the mouldability and
the manufacturing costs of a cast part. For a designed
structure, the parting direction is usually obtained as the
solution to an optimization problem so that certain crite-
ria, e.g., number and volume of undercuts features, reach
the optima (Weinstein and Manoochehri 1996, 1997; Nee
et al. 1997; Fu et al. 1999), hence minimizing the man-
ufacturing costs. For the optimal design of a cast part in
our present study, the parting direction af fects not only the
manufacturing costs but also the working performance. In
conventional optimal design of a cast part, the parting direc-
tion is pre-selected by a designer and fixed throughout the
optimization. With such an approach, when the optimization
is performed with a different parting direction, the resulting
design will also be different, and more importantly it will
end up with different working performance. In other words,
the working performance depends on the parting direction.
Therefore, it will be better if we take the parting direction as
a design variable of the optimization of a cast part so that the
working performance can be optimized as much as possible.
The parting surface also needs careful consideration. Sim-
ple parting surface, preferably a plane, is often used because

Fig. 2 Examples of the cases
where the molds can be (a) and
cannot be removed (b)
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it reduces the costs of mold fabrication and the complexity
of mold operation.

Suppose that a plane parting surface separates the bound-
ary of a structure into two pieces(each piece staying in one
mold). For boundary piece �i (i = 1, 2), the molding con-
straint of casting process can be given as follows according
to Chen et al. (1993); Fu et al. (2002):

di · n(x) ≥ 0, ∀ x ∈ �i , i = 1, 2 (2)

where di is the parting direction; n is the outward normal
to the boundary. Equation 2 has an important role in the
optimization of a cast part. On one hand, Eq. 2 gives an
admissible set of parting direction for a fixed cast part, i.e.,
there may exist many admissible parting directions. On the
other hand, Eq. 2 also gives a constraint on the shape of the
boundary of a structure for a fixed parting direction.

Suppose that the optimization of a cast part starts with
an initial design and an initial parting direction that sat-
isfy the molding constraint Eq. 2. During the optimization,
the boundary (hence the normal vector n) and the part-
ing direction d will be changed. But how can we ensure
the resulting structure and parting direction still satisfy
the molding constraint Eq. 2? This is the question to be
answered.

Let us first see a molding condition on the design veloc-
ity. Suppose that a parting surface separates the boundary of
a structure into two pieces �i , i = 1, 2, and the mold for
�i can be parted in direction di . When the boundary of a
moldable structure(i.e., the molding constraint Eq. 2 is sat-
isfied) is to be updated by a design velocity V, the updated
structure will be guaranteed to be moldable in direction di

if the design velocity has the following form:

V(x) = λ(x) di , ∀x ∈ �i , i = 1, 2 (3)

where λ is a scalar field along the boundary.
Equation 3 is the molding condition on the design veloc-

ity. According to Eq. 3 any point on the boundary of a
structure is made to move in the parting direction di (when
λ(x) > 0) or −di (when λ(x) < 0), and when λ = 0 the
point does not move. Therefore, the motion of any point
on the structure boundary is restricted to have no compo-
nents in the directions orthogonal to the parting direction,
thus it can not change a point that is visible from the parting
directions to be invisible, which would make the structure
unmoldable. According to Eq. 2, the molding condition
on the design velocity is a sufficient (but not essentially a
necessary) constraint.

According to the molding condition on the design veloc-
ity of the level set based structure optimization, we need to
look for a scalar field λ and parting directions di in each
iteration of the optimization, which is described in the next
section.

4 Optimization of a cast part

In this section we take compliance as an example of
the working performance of a cast part and present the
definition of the optimization problem and its solution.

A shape � ⊂ R
d (d = 2 or 3) is an open bounded

set occupied by isotropic linear elastic solid material. The
Lipschitz continuous boundary of � consists of three dis-
joint parts

∂� = �D ∪ �N ∪ �H

where a Dirichlet boundary condition is imposed on �D , a
Neumann boundary condition on �N , and a homogeneous
Neumann boundary condition, i.e., traction free, on �H . In
the present study, �H is the only part subject to optimization
and is free to move during the course of optimization.

The state equation of an elastic structure is

⎧
⎨

⎩

−div (σ (u)) = −f in �,

u = 0 on �D,

σ (u) n = t on �N .

(4)

where u is the displacement filed; σ(u) = A e(u) is the
stress tensor; A describes the Hooke’s law; e(u) is the strain
tensor; f is the body force; t is the traction force; and n is
the unit outward normal to the boundary. The weak form of
Eq. 4 is given by

a(u, v) = �(v), ∀v ∈ U

where U denotes the space of kinematically admissible
displacement fields, and

a(u, v) = ∫

�
A e(u) · e(v) d�

�(v) = ∫

�
f · vd� + ∫

�N
t · vd�

The minimum compliance optimization problem for a
cast part is defined as:

min
�,d

�(u)

s.t. a(u, v) = �(v), ∀v ∈ U
∫

�
d� − V ≤ 0

(5)

where V is the upper bound of the volume of material
allowed for the structure. The design variables in this opti-
mization problem comprise the boundary shape of the cast
part and the parting direction.

Assuming there exists no body force, i.e., f = 0, and
noticing that the only part of a structure’s boundary subject
to optimization is the traction free boundary �H , the shape
derivative is given by Allaire et al. (2004):

J ′ =
∫

�H

G n · V d�, G = l − A e(u) · e(u) (6)
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where Gn is the so-called shape gradient; G is the shape
gradient density; l is a positive Lagrange multiplier. In the
present work, we employ the augmented Lagrange multi-
plier method Nocedal and Wright (1999) to determine l.
Substituting the molding condition on the design velocity
Eq. 3 into Eq. 6, we get

J ′ =
2∑

i=1

∫

�i
H

G n · (λ di ) d� (7)

In order to minimize the objective function J , we need to
choose a scalar field λ and parting directions di such that
J ′ ≤ 0. In fact, there are infinitely many choices of λ and
di . Among these choices, the simplest one is described as
follows.

For the scalar field λ, it can be easily observed in Eq. 7
that if

λ = −G (8)

we get

J ′ = −
2∑

i=1

∫

�i
H

G2 n · di d� (9)

Since the parting direction di satisfy the molding constraint
Eq. 2, the derivative J ′ is non-positive, i.e., J ′ ≤ 0.

After choosing λ according to Eq. 8, we need to find part-
ing directions d1 and d2 that simultaneously satisfies the
molding constraint Eq. 2 and ensures J ′ given by Eq. 9 be
non-positive. For this purpose, the steepest descent method
is employed. The idea is to find a parting direction that
induces the biggest descent of J , i.e., the smallest J ′. In
other word, the parting direction di is the solution to another
optimization problem

min
di

J ′ = −
[∫

�i
H

G2 n d�
]

· di

s.t. di · n(x) ≥ 0, ∀ x ∈ �i
H−1 ≤ di

x , di
y, di

z ≤ 1

(10)

Problem (Eq. 10) is a liner optimization problem with
three design variables di

x , di
y, di

z (the component of parting
direction di along axis x, y, z) and a lot of inequality con-
straints. In the present work, since the level set function �

is specified by a regular sampling on a rectilinear grid, we
can compute a normal vector and impose an inequality con-
straint di · n(x) ≥ 0 on each cell of the grid cut by the free
boundary �H .

The inequality constraint di · n(x) ≥ 0 in Eq. 10 is just a
reminiscent of the molding constraint Eq. 2 and defines an
admissible set of parting direction for the current structure.
However, these inequalities only constrain the direction of

vector di , and the length of vector di is not constrained.
Therefore, the space depicted by di · n(x) ≥ 0 is indeed
unbounded, which would make the optimization problem
Eq. 10 have no solution. To overcome this problem, the
inequality constraint −1 ≤ di

x , di
y, di

z ≤ 1 is added to the
optimization to make sure the admissible set of the vector
di be bounded. Other inequality constraints can also be used

for this purpose, for instance
√

(di
x )

2 + (di
y)

2 + (di
z)

2 ≤ 1,

as long as the direction of the vector di is not constrained
by it but the length of di is bounded by it. In our view, the
length constraint in Eq. 10 is the simplest one.

Moreover, there also exist other choices of λ. For exam-
ple, one may choose λ = −Gn · di which is the steepest
descent direction of λ. But such choice will lead to a nonlin-
ear objective function − ∫

�i
H

[
G n · di

]2 d� for optimizing

di , which is much more complicated than the linear one
given by Eq. 10. Therefore, in the present work, we choose
λ and di according to Eqs. 8 and 10.

Now, we can see how the simultaneous optimization of
cast part and parting direction works. In each iteration,
an optimal parting direction is first computed for the cur-
rent structure, then the boundary of the current structure is
updated by a design velocity that guarantees the updated
design be moldable with the optimal parting direction.
Therefore, although the parting direction may be changed
during the optimization, the structure will be always mold-
able in the current parting direction. After the optimization,
the parting surface of the cast part can be selected to be a
plane that is perpendicular to the parting direction or can
be computed by the methods developed for computer aided
mold design, and the reader is refereed to Li (2007) and the
references therein.

5 Numerical implementation

5.1 Implementation of level set

It should be noted that in the level set based method the
design velocity V defined on the free boundary of a struc-
ture must be extended to the whole design domain D or a
narrow band around the free boundary (Osher and Sethian
1988; Sethian 1999). In the optimization of continuum
structures, since a fixed finite element mesh is used for the
finite element analysis, and voids are mimicked by artificial
weak material, the design velocity is naturally extended
to the entire design domain D as Ve = V, ∀x ∈ D.
This extended velocity, however, will introduce discontinu-
ity of the velocity at the neighborhood of the traction free
boundary since the strain field is not continuous across the
boundary. To guarantee a smooth propagation of the free
boundary, this discontinuity should be eliminated. Hence,
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a smoothing operation is often introduced for the velocity
extension (Burger 2003; Wang and Wang 2005; Gournay
2006), and in the present work we use the method presented
in Wang and Wang (2005).

The HJ Eq. 1 is a hyperbolic type of PDE (Sethian 1999;
Osher and Fedkiw 2002). A variety of spatial and time
discretization schemes were devised to solve this type of
PDE. In the present study, the first order upwind spatial
differencing and forward Euler time differencing are uti-
lized. Finally, since the level set function � often becomes
too flat or too steep during optimization which leads to
increasing numerical error, a reinitialization procedure is
periodically performed to restore � to a signed distance
function to the structural boundary, i.e., to restore |∇�|=1.
More details of the numerical computations of level set can
be found in Sethian (1999); Osher and Fedkiw (2002).

5.2 Finite element method

In the present study, an Eulerian-type method employing a
fixed mesh and artificial weak material is adopted as the
finite element analysis (FEA) tool(Allaire et al. 2004; Wang
et al. 2003). In this method, instead of solving the state
equation on structure �, we solve it on the entire design
domain D with the void D\� being represented by weak
material. The material properties of the weak material is tai-
lored so that the results of FEA obtained on the entire design
domain D is consistent to that obtained on the structure
� ⊂ D.

5.3 Optimization procedure

A detail description of our optimization procedure is given
below:

Step 1: Initialize the level set function �. Initialize all the
parameters.

Step 2: Solve the linear elastic equation and compute the
shape gradient density G.

Step 3: Optimize the parting direction.
Step 4: Update � according to Hamilton-Jacobi equation

for several time steps. Reinitialize �.
Step 5: Update Lagrange multiplier �.
Step 6: Check whether the optimization converges. If not,

repeat Steps 2 through 5 till convergence.

6 Numerical examples

In this section the proposed level set based method is applied
to several examples in three dimensions. In these examples,
it is assumed that the solid material has a Young’s modulus
E = 1 and Poisson’s ratio ν = 0.3, the weak material has

1

1

1

F

x y
z

Fig. 3 Design problem of a short cantilever beam

a Young’s modulus E = 0.001 and Poisson’s ratio ν = 0.3.
Moreover, only one parting direction is optimized in these
examples, and the other parting direction is selected to be
opposite to the optimized one.

6.1 Example 1

The optimal design problem is shown in Fig. 3. The whole
design domain D is a cube of size 1×1×1 with the three
fixed corners. A point load F = (1, 1, 0) is applied at a
corner. The volume allowed for the structure is 20% of the
design domain.

First, the design problem is solved without consider-
ing molding constraint. Second, it is solved using the
method proposed in our previous study Xia et al. (2010)
that integrated the molding constraint into the structure opti-
mization. Finally, the design problem is solved using the
method proposed in the present study that simultaneously
optimize a cast part and parting direction. In the last opti-
mization, the initial � is a signed distance function to three
faces (whose normal direction is along the positive direction
of corresponding axis) of the design domain. In other word,
although the other faces are indeed a boundary of the ini-
tial design, it is not considered as the zero level set of the
initial �.

The results are shown in Fig. 4. We can see that the struc-
ture obtained by the simultaneous optimization is similar to
the one obtained without considering the molding constraint
and is quite different to the one obtained with pre-selected
and fixed parting direction. In fact, the simultaneous opti-
mization is more flexible as compared to the optimization
with fixed parting direction. The convergence history of the
simultaneous optimization is shown in Fig. 5 from which
we can see that of optimization converges smoothly.

From the results shown in the caption of Fig. 4, we
can see that the compliance of the structure obtained with-
out considering molding constraint is the smallest, and
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(a) (b) (c)

Fig. 4 The optimal structures. a without considering molding con-
straint, the compliance is 452; b with molding constraint (parting
direction is pre-selected to be along z axis, parting surface is pre-
selected to be the bottom of the cube), the compliance is 502; c with

molding constraint (parting direction is not pre-selected but simul-
taneously optimized), the compliance is 500, the optimized parting
direction is (0.6, 0.6, 0.5)

that the compliance obtained by simultaneous optimization
is slightly smaller than that obtained with fixed parting
direction. In fact, the compliance of the optimal structure
increases due to the molding constraints. When the molding
constraint is incorporated into the structural optimization,
whether it is solved via the SIMP method or the level
set method, the flexibility for delivering topology changes
during the optimization will be reduced. In other word,
the molding constraint shrinks the design space and may
exclude the optimal solution that would be obtained with-
out the molding constraint. In this context the topologies
are generally different from that obtained without molding
constraint.

There also exist disadvantages of the present level set
based method. As we can see from the examples, the
optimization appears as a shape optimization because the
design velocity has to comply with the molding condition.
It is known that void can not be nucleated by the level set
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Fig. 5 Convergence history of simultaneous optimization

method during the course of optimization. This fact moti-
vated the integration of topological derivative (Sokolowski
and Zochowski 1999) into the level set based topology opti-
mization (Allaire and Jouve 2006; Burger et al. 2004; He
et al. 2007). With such integration, the optimization can
introduce voids at the positions indicated by topological
derivative to decrease the objective function. If the topo-
logical derivative is not used, one usually starts the level
set-based optimization with an initial design having a lot of
voids. These voids can gradually be removed by the level set
method, and this case is also a topology optimization. How-
ever, in the present level set based optimization of cast part,
since it does not integrate the topological derivative, neither
allow the initial design to have internal voids, it is actually
a shape optimization, and the results obtained are only local
optima.

x
y

z

F 1

0.
25   

Fig. 6 Design problem of example 2
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(a) (b) (c)

Fig. 7 The optimal structures. a without considering molding con-
straint, the compliance is 258; b with molding constraint (parting
direction is pre-selected to be along z axis, parting surface is pre-
selected to be the bottom of the spherical cap), the compliance is

430; c with molding constraint (parting direction is not pre-selected
but simultaneously optimized), the compliance is 456, the optimized
parting direction is (0.44, 0.00, 0.89)

6.2 Example 2

The optimal design problem is shown in Fig. 6. The whole
design domain D is a spherical cap; the radius of the sphere
is 1 and the height of the cap is 0.75. Three points (0.96,
0, 0), (0,0.96,0), (0,−0.96,0) in the bottom face are fixed,
and the neighborhood around these points are treated as
non-designable domain. A point load F = (−1, 0, 1) is
applied at a point (0.707, 0, 0.457) on the sphere. The
volume allowed for the structure is 20% of the design
domain.

First, the design problem is solved without consider-
ing molding constraint. Second, it is solved using the
method proposed in our previous study (Xia et al. 2010)
that integrated the molding constraint into the structure opti-
mization. Finally, the design problem is solved using the
method proposed in the present study that simultaneously
optimize a cast part and parting direction. In the last two
optimizations, the initial � is a signed distance function
to the spherical face of the design domain. In other words,
although the bottom face is indeed a boundary of the initial
design, it is not considered as the zero level set of the initial
�. Moreover, in the last optimization, due to the symme-
try of the design domain, the y-component in the parting
direction is not considered in the optimization of parting
direction. The results are shown in Fig. 7. We can see that
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Fig. 8 Convergence history of simultaneous optimization

the structure obtained by the simultaneous optimization is
similar to the one obtained with pre-selected and fixed part-
ing direction, but with larger compliance. In our view, this is
because the optimal parting direction depends on the initial
design. The convergence history of the simultaneous opti-
mization is shown in Fig. 8 from which we can see that
of optimization converges smoothly. The bump in the plot
of convergence history is because the augmented Lagrange
multiplier method is applied after the 200-th iteration.

7 Conclusion

This paper presents a level set based method for the simul-
taneous optimization of cast part and parting direction. In
each iteration, an optimal parting direction is first computed
for the current structure, then the boundary of the current
structure is updated by a design velocity that guarantees
the design be moldable with the optimal parting direction.
Therefore, although the parting direction may be changed
during the optimization, the structure will be always mold-
able in the current parting direction. Numerical examples
are provided in 3D.
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