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Fixing powder bed fusion (PBF) workpieces during
post-processing can be challenging owing to their com-
plex geometries and low stiffness. Despite recent re-
ports, fixture planning of PBF workpieces remains a
laborious and operator-dependent process. This study
proposes an adhesive-based dedicated fixture (ADF)
and its design method based on topology optimization.
ADF employs adhesives to fix the workpiece and is man-
ufactured by PBF. To verify the effectiveness and re-
veal potential challenges, a case study using the de-
signed ADF is presented. The proposed ADF offers a
fixture planning solution that does not require special-
ized knowledge and is applicable regardless of the ge-
ometry or stiffness of the workpiece.

Keywords: additive manufacturing, powder bed fusion,
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1. Introduction

Workpieces with low stiffness are important in indus-
tries where lightweight and flexible components are essen-
tial. During the machining processes of these workpieces,
chatter vibration and large workpiece deformation make it
challenging to ensure the accuracy of the machined sur-
face [1]. Extensive research has been conducted to un-
derstand the underlying physical phenomena and optimize
machining conditions and tool paths [2, 3].

Fixturing is another significant factor that influences the
quality of machined surfaces of workpieces with low stiff-
ness [4]. Several studies proposed methods for determin-
ing the optimal fixture points on a workpiece to improve
factors such as positioning accuracy and machining qual-
ity [5-7]. Although these studies provide comprehensive
theoretical and mathematical frameworks, they focus pri-
marily on fixturing points rather than on entire fixture plan-
ning [7]. Other studies adopt a more holistic approach
to optimize the overall fixture planning, typically employ-
ing either rule-based [8, 9] or statistical approaches utiliz-
ing known fixture plans [10, 11]. Rule-based approaches
are reliable methods based on experience and physical in-
sights; however, they often have constraints on their appli-

cability, such as requiring specific workpiece features or
adhering to a “3-2-1” fixturing principle. Statistical ap-
proaches can be highly effective for mass production pro-
cesses involving typical workpiece features but may not be
applicable to unique workpiece geometries that are not in-
cluded in the existing data. Moreover, neither approach
directly evaluates stiffness against cutting forces, which is
not ideal for workpieces with low stiffness. In summary,
although numerous fixture planning methods have been
proposed for specific situations or relatively simple work-
piece geometries, methods for optimizing fixture planning
for workpieces with low stiffness and complex geometries
are lacking.

The lack of fixture planning for such workpieces has be-
come evident with the increased adoption of additive man-
ufacturing (AM), particularly powder bed fusion (PBF).
PBF is a popular AM method because of its effectiveness in
producing thin-walled and complex geometries with higher
resolution than other AM methods [12—14]. The PBF pro-
cess chain frequently involves post-processing to ensure
the quality of printed workpieces, because the printed sur-
faces are relatively rough and the geometries have printing
errors owing to thermal distortions [15]. However, post-
processing in AM is generally expensive and requires spe-
cialized knowledge [16, 17]. In particular, fixing a PBF
workpiece for machining can be challenging and labori-
ous owing to its complexity and low stiffness [18]. Sev-
eral studies have addressed fixture planning for such work-
pieces, proposing solutions such as additional sacrificial
structures that can be fixed [19] and a matrix-like substrate
system that can be used as a fixture [20]. The fixturing
system proposed by De Meter et al. [21, 22], which uti-
lizes an adhesive cured and broken by light, allows for easy
fixation of workpieces with low stiffness. Although these
studies contribute to facilitating fixture planning for PBF
workpieces, they remain operator dependent because they
lack a clear methodology for placing the fixturing struc-
tures. Furthermore, the specialized equipment required in
some of these studies hinders their practical implementa-
tion.

To overcome the difficulties of fixturing PBF work-
pieces with low-stiffness and complex geometries, this
study introduces an adhesive-based dedicated fixture
(ADF) and its design method. An ADF is a dedicated
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Fig. 1. Schematic of the proposed ADF.

fixture manufactured using PBF for each workpiece, em-
ploying adhesives to fix the workpiece while applying a
low force. The ADF design method is based on topol-
ogy optimization (TO) and aims to achieve a non-operator-
dependent design process.

This paper first explains the concept of ADF and de-
scribes its design method. Second, a case study is pre-
sented following each step of the proposed ADF design
method. Finally, post-processing of the workpiece using
the designed ADF is described, and the challenges of ADF
are discussed. It was shown that, despite certain limi-
tations, ADF can be a fixture planning solution without
specialized knowledge regardless of workpiece geometry
or stiffness. This study contributes to the organization of
post-processing PBF workpieces while reducing the de-
pendency on operators.

2. Adhesive-Based Dedicated Fixture (ADF)
and Design Method

2.1. Concept of ADF

Figure 1 illustrates the concept of ADF. An ADF is de-
fined as a structure that connects the machine tool and tar-
get workpiece and is fixed to the machine tool by capturing
the ADF plate. This plate also served as a substrate for PBF
printing of ADF. The ADF structure was designed using
TO. The clamping force induced by the clampers securing
the plate was not directly applied to the main structure of
the ADF, indicating that ADF is particularly advantageous
for workpieces with low stiffness.

When selecting an adhesive to secure the workpiece, it
is crucial to consider its removal process after the machin-
ing process. Thermoplastic adhesives that lose their adhe-
sive strength under specific heat conditions are particularly
suitable for this application. Similarly, adhesives devel-
oped for machining such as light-activated adhesives are
preferable. Although residual adhesive may be present on
the workpiece after detachment from the ADF, it can be
removed during the subsequent blasting process, which is
commonly performed in the PBF process chains to improve
the surface quality.

The use of ADF instead of conventional fixtures may
require additional time for application and cleaning of the
adhesives. Therefore, the practical benefit of the ADF is
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its ability to machine workpieces that would otherwise be
impossible to machine using conventional fixtures. This
advantage can lower manufacturing constraints related to
post-processing, potentially enabling enhanced component
performance and weight reduction through improved de-
sign freedom.

2.2. Design Method of ADF

The ADF design method is illustrated in Fig. 2. Before
designing an ADF, it is necessary to define the target ma-
chining process, including the specifications of the target
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Table 1. Design requirements for ADF.

Design Detailed description

requirement

Adhesive The destruction of the adhesive layer

strength against the cutting forces should not

requirement occur.

Displacement The displacement of the workpiece

requirement against the cutting forces should be
lower than the tolerance value.

Weight The weight of the ADF should be

requirement lower than the tolerance value.

machining area, process parameters, tool path, and the ex-
pected location of the workpiece to be fixed. This informa-
tion serves as the foundation for the subsequent steps. The
following sections describe each step of the design method.

Step 1. Specifying the design requirements for ADF

As in normal design processes, the design requirements
for ADF are specified first. In particular, for ADF, the re-
quirements listed in Table 1 should be incorporated. The
adhesive strength and displacement requirements are nec-
essary to ensure successful machining. The weight re-
quirement is also important in addressing potentially high
manufacturing costs of ADF with PBF.

The positioning performance of the workpiece, which
is a typical design requirement for conventional fixtures,
does not need to be addressed in the design of the ADF.
This is because all the surface geometries of PBF work-
pieces inherently contain deviations from their ideal ge-
ometries, making it difficult to accurately locate the PBF
workpiece within an existing coordinate system. Further-
more, the manufacturability of ADF was ignored in this
study because PBF has a relatively lower manufacturing
constraint than other manufacturing methods, and the im-
plementation of PBF manufacturability in TO is not the
core focus of this study.

Step 2. Defining design domain

The ADF structure can be distributed within the design
domain that is defined in this step. The design domain
should be connected to the workpiece because contact be-
tween the ADF and workpiece is required. In addition, the
design domain should not interfere with the trajectories of
machine tool elements (e.g., tools and spindles) during the
target machining process.

Step 3. Obtaining the ADF structure via TO

TO is a method for designing structures by maximizing
or minimizing a specified objective function while satisfy-
ing prescribed constraints. In this study, for the simplicity
of implementation and computational efficiency, the TO
design of the ADF structure maximizes the static stiffness
under the weight requirement. Specifically, the objective
function is the mean compliance against multiple static
forces representing the expected cutting forces during the
target machining process. The minimization problem of

the mean compliance is then solved under the weight re-
quirement to obtain the ADF structure. A mathematical
description of TO used in this study is presented in Sec-
tion 2.4.

Step 4. Validating the ADF structure

This step involves verifying whether the design require-
ments that were not explicitly introduced in the previous
TO were satisfied. If the design requirements are not satis-
fied, either the parameters in the TO should be modified or
the design requirements should be revised, and the TO is
executed again. Although this iterative method of finding
an ADF structure that satisfies all the design requirements
may not be a truly intelligent approach, it should be more
practical than introducing all the design requirements into
TO simultaneously. Otherwise, the computation may not
converge or impractical structures may be generated be-
cause of the complexity of TO. Therefore, it is more effec-
tive to find an ADF structure that satisfies all the design
constraints by repeating the common TO with some of the
design constraints introduced.

The designed ADF is printed by PBF and assembled
with the workpiece to perform the target machining pro-
cess. For assembly, it is crucial to consider the influence
of shape accuracy, which arises from printing errors inher-
ent in PBF that may hinder proper assembly. One method
to ensure the assembly is to offset the adhesive surfaces of
the ADF to create a gap between the ADF and workpiece.
Because this gap is introduced to prevent undesired inter-
ference caused by printing errors, the offset value can be
set to the expected printing error value.

2.3. Practical Modification of the ADF Design
Method

As described in Section 2.2, once the target machin-
ing process is established, the ADF structure can be semi-
automatically designed using TO. However, the following
considerations must be made when using TO in the ADF
design.

The first consideration is the assembly process of the
workpiece and ADF. Because the ADF is designed via TO
under physical conditions during the target machining pro-
cess, the assembly process of the workpiece and ADF are
not considered during TO. Consequently, interference be-
tween the workpiece and ADF may occur, thereby hinder-
ing the assembly. To address this problem, the domain
along the movement path of the workpiece during assem-
bly should be excluded from the ADF design domain. In
this study, the movement path of the workpiece is prede-
termined, in addition to the input information of the target
machining process. It is generally better to assemble the
workpiece by inserting it from its narrower part to mini-
mize the domain to be excluded and increase the design
domain and adhesive area. The domain excluded from the
design domain is referred to as the workpiece passage do-
main.

The next important consideration is the trade-off rela-
tionship between the adhesive strength and weight require-
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ments. The weight requirement in TO restricts the adhe-
sion location and area between the workpiece and ADF,
which in turn affects the fulfillment of the adhesive strength
requirement. In general, the weight constraint in TO is
set uniformly across the entire design domain and cannot
handle this tradeoff relationship. To address this issue, as
shown in Fig. 3, the design domain is divided into a domain
close to the workpiece (workpiece-side design domain) and
the remaining design domain (main design domain). By
setting different weight constraints for each domain, the ad-
hesion location and area can be modified without changing
the overall weight of the ADF. This can contribute to the ef-
ficient determination of an ADF structure that satisfies both
requirements. The thickness of the workpiece-side design
domain was preferably small to ensure a large main design
domain, which contributed significantly to the overall stiff-
ness of the ADF. Specifically, a thickness of approximately
one to a few millimeters is advisable. Considering that the
difference in Young’s modulus between the metal and ad-
hesive is approximately 100 times, a thickness in this range
should provide sufficient relative stiffness to the adhesive
layer.

2.4. TO for Designing ADF Structure

The present method is based on the level-set method
using the reaction—diffusion equation (RDE), as demon-
strated by Yamada et al. [23] and Otomori et al. [24]. The
description overlapping with these studies are briefly dis-
cussed.

Figure 4 illustrates the design domains, boundary con-
ditions, and material domain of the TO. The adhesive be-
tween the workpiece and the ADF was ignored for simplic-
ity of implementation. In the level-set method, the mate-
rial boundaries within the design domain are represented
by iso-surface of level-set function ¢, as follows:

0<p(x)<1 VxeQ\Q
$(x) =0 Vx € 0Q .,
—1<p(x) <0 Vx€ (D UD,) Q
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where Q is the material domain, “\” represents the set dif-
ference, 0Q is the boundary of the material domain, Q,, is
the workpiece domain, D, is the workpiece-side design
domain, and D, is the main design domain. The value of
level-set function ¢ within Q, is always set to 1 because
Q,, is the given structure outside the design domains.

The objective function of TO is the average mean com-
pliance for each static-force case representing the expected
cutting force. By introducing the weight requirement of
the ADF (described as volume constraints), the optimiza-
tion problem for the ADF structure can be formulated as
follows:

. 1 «
min Flry) = . ;/E t - udl, 2
s.t. a (ui, l)) =), (3)
GWS <X¢) = / )(¢dQ - VmaxWS <0, “4)
G (2) = / 24092~V <0, (5)
D

m

where y, is the smoothed Heaviside function of ¢, m is the
total number of the force cases, t; is the static force vector
for each force case, u; is the displacement vector caused by
t;, G, and G, are volume constraints for D,  and D,,, re-

spectively, and V,, and V,,,, are the maximum volume
ws m
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of ADF structure in D, and D, respectively. Eq. (3) ex-
presses the weak form of the equilibrium equation for each
force case, and the notations in the equations are defined
as:

a (u;,v) :/QUD , e(u) 1 E:e@®)y,dQ. (6)

I (v)=/ t, - vdQ, @)
I

ti

where € is the linearized strain tensor, E is the elasticity
tensor, and v is the test function for the weak form. The op-
eration “:” in Eq. (6) represents the tensor product, where
the stress tensor o is expressed as 6 (v) = E : €(v). Egs. (6)
and (7) are also known as the principles of virtual work.
To obtain an optimal solution, the level-set function was

updated by solving the following RDE:

% - K (F’ - TV2¢) , 8)

where K is the coefficient of proportionality, F is the de-
sign sensitivity of the above optimization problem, and =
is the coefficient of regularization, which can be adjusted
to control the complexity of the shape. F can be derived
using the adjoint variable method.

A flowchart of TO for the ADF structure is shown in
Fig. 5. First, the level-set function is initialized. Second,
the equilibrium equations for each force case are solved to
obtain the displacement vectors. Subsequently, the design
sensitivity is calculated using the obtained displacement
vectors. The level-set function is then updated via the RDE
with the calculated sensitivity. The level-set function in-
side the workpiece domain , is set to 1, indicating the

' Unit: mm
—_

\\
i\

(96)

(b) Din{ensions

(a) Overview

Upper connecting surface  Lower connecting surface

AV

(c) Connecting surfaces to be machined

Fig. 6. Target workpiece and its connecting surfaces to be
machined in the post-process.

existence of material. Finally, the updated level-set func-
tion is compared with the previous one, and if the change
is larger than the convergence criterion, the same proce-
dure is repeated until the level-set function converges; oth-
erwise, the optimization is terminated. The structures in
the design domains D, and D,, are the final designs of the
ADF structure.

3. Case Study

3.1. Target Workpiece and Post-Process

The ADF design method was validated through a case
study of a manifold workpiece shown in Fig. 6. The top and
bottom surfaces of the workpiece shown in Fig. 6(c) were
finished by machining and are referred to as the upper and
lower connecting surfaces, respectively. Fig. 7 shows the
entire workpiece manufacturing process. First, the work-
piece was printed using PBF in the build orientation shown
in Fig. 7(a), using the printing method and powder materi-
als listed in Table 2. Post-processing involves the follow-
ing steps: (1) wire cutting to remove the substrate from the
printed workpiece, as shown in Fig. 7(b), and (2) machin-
ing of the contact surfaces of the workpiece, as shown in
Fig. 7(c). The machining process was performed using a
5-axis machining center. As the first step in the machining
process, the workpiece was fixed with its lower connect-
ing surface facing the front. Subsequently, the B- and C-
axes of the machining center were rotated, and the upper
connecting surface was machined. Subsequently, the C-
axis was rotated again, and the lower connecting surfaces
were machined. An ADF was designed using the proposed
design method to fix the workpiece during the machining

Int. J. of Automation Technology Vol.19 No.1, 2025



Workpiece

Wire cuttin
nsmstratc " ; gg

(a) Printing workpiece by PBF (b) Wire cutting

’ Expected workpiece

location k

Overview of machining center ~-------=--=======-=------- -
Semng up. for surface I"mshmg

Vise to

l Rotate B ax15 and C—ax15

Upper connecting !
surface

Finishing upper connecting surface
Jy ~ Rotate C-axis |

Lower conncctmg ‘
surface

K Finishing lower connecting surface /

(¢) Target machining process

Fig. 7. Post-processes for the target workpiece (an ADF
was designed for the finishing process of the connecting sur-
faces).

Table 2. Printing method and material of PBF powder used
in the case study.

Printing method
Material of PBF powder

Selective laser melting
SUS316L (JIS G 4303)

process.

The geometry of the workpiece presents a challenge for
its fixation. This is because the upper and lower surfaces
to be machined face each other, and the side surfaces have
geometries that are difficult to fix. It may be possible to
perform the target machining process using conventional
fixtures. However, considering the time required for fix-
ture design, manufacturing costs, and the need for design
experience, using ADF might be more efficient. Further-
more, the upper and lower connecting surfaces would be
normally machined under different setups with several fix-
tures. Therefore, the high degree of freedom offered by
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ADF in terms of the fixture location and orientation of the
workpiece allows the integration of machining processes
for the upper and lower connecting surfaces. This demon-
strates the potential of ADF to enhance the flexibility of the
machining process, thereby reducing the need for multiple
setups and fixtures.

3.2. Designing of the ADF Using the Proposed
Design Method

3.2.1. Input Information

Before designing the ADF, the input information was de-
fined as follows. First, a 100 x 100 mm SUS316L plate was
selected as the substrate for printing the ADF. Second, the
movement path of the workpiece relative to the ADF sub-
strate was determined, as shown in Fig. 8. The workpiece
was assembled in a straight line at a diagonal angle with
respect to the ADF substrate. In addition, the static force
cases representing the cutting forces during the target ma-
chining process were determined, as shown in Fig. 9 and
listed in Table 3. Four static force vectors were applied
individually to each of the five connecting surfaces. The
same static force vectors were applied to the four surfaces
of the lower connections. The forces applied to the lower
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Table 3. Static-force vectors representing the expected cut-
ting forces during the target machining process (these forces
were individually applied to the connecting surfaces in TO.
The axes of the vectors correspond to the XY Z axes in
Fig. 9).

(44, 33, 1"

Applied to lower connecting (=11, 33, 44)7
surfaces [N] (=44, 33, —11)T
(11, 33, —44)"

(—44, =33, 1T

Applied to upper connecting (11, -33, 44)"
surface [N] (44, =33, —11)T
(=11, =33, —44)T

Here, T denotes the transpose.

Table 4. Cutting conditions.

Tool RS 2-blade ball endmill
Feed rate [mm/min] 180

Spindle rotation speed [rpm] 2200

Axial depth of cut [mm] 0.25

Radial depth of cut [mm] 0.5

Table 5. Specifications of the adhesive.

Adhesive material Epoxy
Young’s modulus [GPa] 24
Tensile strength [MPa] 139

and upper connecting surfaces were symmetrical about the
X—-Z plane. The magnitudes and directions of the static
force vectors were based on the cutting forces measured
in a preliminary experiment under the cutting conditions
listed in Table 4. Finally, an adhesive with the specifica-
tions presented in Table 5 was selected to fix the workpiece
and the ADF.

3.2.2. Design Requirements for ADF

As discussed in Section 2.2, the ADF must satisfy the
adhesive strength, displacement, and weight requirements.
Each requirement was specified as follows. The adhesive
strength requirement was defined to ensure that the tensile
stress within the adhesive was below the tensile strength of
the adhesive. The displacement requirement was defined to
ensure that the magnitude of the maximum displacement
of the surface to be machined was < 2.0 um. The weight
requirement of ADF, excluding the substrate, was deter-
mined to be 970 g.

3.2.3. Design Domain Definition

The design domain was defined as shown in Fig. 10,
avoiding collisions with the tool trajectories and ensuring
the assembly process with the workpiece. Initially, the de-
sign domain was set as a cubic domain surrounding the
workpiece, with the same dimensions as the footprint of

10
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v
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(d) Determined design domain

Fig. 10. Definition flow of the design domain for the ADF.

the substrate, as shown in Fig. 10(a). To avoid tool colli-
sion, the domains around the upper and lower connecting
surfaces were excluded from the initial design domain to
obtain a 10 mm clearance from the surfaces, as shown in
Fig. 10(b). To ensure the assembly process, the workpiece
passage domain was excluded from the initial design do-
main, as illustrated by the red domain in Fig. 10(c). The
common part of both the updated design domains is the

Int. J. of Automation Technology Vol.19 No.1, 2025



- : Weight constraint 180 [g]
. : Weight constraint 790 [g]

Workpiece-side

Main design domain } ;
design domain

View A

(a) Overview

0.0
SRR
- {

(b) View A

£,

Fig. 11. Divided design domains and assigned weight con-
straints in TO.

(c) View B

final design domain, which is shown as a gray domain in
Fig. 10(d).

3.2.4. ADF Structure via TO

Asexplained in Section 2.3, the weight constraints in TO
were set separately for the two design domains. In this case
study, the thickness of the workpiece-side design domain is
4 mm, as illustrated in Fig. 11. The weight constraint for
the workpiece-side design domain was set to 180 g, and
that for the main design domain was set to 790 g, limiting
the entire weight of the ADF within the weight require-
ment.

The TO, which is defined in Section 2.4, was solved by
finite element method to design the ADF structure. The
resulting ADF structure is illustrated in Fig. 12.

3.2.5. Validation of the ADF Structure

The ADF structure was validated by checking whether
all the design requirements were satisfied. For the valida-
tion considering adhesive properties, adhesive layers with
the specifications in Table 5 were introduced between the
ADF and workpiece. The thicknesses of the adhesive lay-
ers were set to the expected PBF printing errors. Based
on a prior study that showed that PBF printing errors were
generally less than 1 mm [25], adhesive layers of thickness
1 mm were introduced between the ADF and workpiece.

The fulfillment of the adhesive strength requirement was
validated by comparing the tensile strength of the adhe-
sive with the tensile stress in the adhesive layer, which was
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Fig. 12. ADF Structure obtained by TO.

calculated through an additional structural analysis. The
calculated maximum tensile stress in the adhesive layers
was 2.40 MPa, which was smaller than the tensile strength
of the adhesive. Thus, the adhesive strength requirements
were satisfied. Similarly, the displacement requirement
was also verified. The workpiece displacement for the de-
fined force cases was calculated and the maximum dis-
placement of the machined surface across all force cases
was obtained. The calculated maximum displacement of
the machined surface was 1.58 um, which is below the dis-
placement requirement of 2.0 pm. Finally, because the
weight requirement is explicitly incorporated within the
TO, the resulting ADF structure inherently satisfies the
weight requirement. Consequently, the structure illustrated
in Fig. 12 was determined to be the final ADF structure.

4. Post-Processing with the Designed ADF
and Discussion

To validate the ADF designed using the proposed
method, post-processing with ADF was performed. The
workpiece and ADF were printed using PBF with the mate-
rials listed in Table 2. The workpiece and ADF were fixed
together using the adhesives specified in Table 5. Sub-
sequently, a cutting experiment was conducted under the
cutting conditions listed in Table 4.

Figure 13 shows an ADF printed using PBF. The
support structure was manually removed after printing.
Fig. 14 shows the ADF and the workpiece assembled using

11
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Fig. 15. Post-processes with the printed ADF.

the adhesive. Fig. 15 shows the post-processes involved
in finishing the upper and lower connecting surfaces. The
finished surfaces are shown in Fig. 16. The post-processes
were successfully accomplished without the destruction of
the adhesive. The case study confirmed that the proposed
design method can provide a practical ADF for machining
PBF workpieces without requiring special knowledge for
designing the fixtures. Although the case study focused on
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(a) Finished upper
connecting surface

(b) Finished lower connecting
surfaces

Fig. 16. Finished connecting surfaces.

a manifold workpiece, the proposed design method can be
applied to workpieces with different shapes.

However, the case study revealed several areas for im-
provement in the ADF design method and its manufac-
turing process. First, incorporating PBF manufacturing
constraints, such as a support-free constraint and an over-
heating prevention constraint, into TO is crucial for reduc-
ing the post-processes for PBF-manufactured ADFs, which
were ignored in this case study for simple implementation.
Second, more attention should be paid to the manufactur-
ing accuracy of PBF. A low PBF manufacturing accuracy
may hinder the assembly of the workpiece and ADF or cre-
ate excessive gaps between them. Although the adhesive
could tolerate these gaps to a certain extent and fix them
together, the stiffness of the assembled structure may dif-
fer from the predicted value. Furthermore, the use of ad-
hesives inevitably introduces additional time to fix and re-
work the process chain. However, the proposed method
has the potential to reduce the time required for fixture de-
sign. To accurately compare the time efficiency of the pro-
posed method with that of the traditional approach, further
research is required to conduct the same post-processes us-
ing both a fixture designed by an operator and an ADF de-
signed using the proposed method.

5. Conclusion

This study addressed the difficulty of fixturing PBF
workpieces with low stiffness and geometrical complex-
ity. To facilitate fixation, this study introduced an ADF
that uses adhesives to fix the workpiece and was manufac-
tured by PBF. To avoid laborious and operator-dependent
processes in the design of ADF, a design method based
on TO was proposed to satisfy the design requirements of
ADF. The design domain for TO was restricted to ensure
the assembly of the ADF and workpiece. Different weight
constraints were set for the divided design domains to ef-
ficiently satisfy the adhesive strength and weight require-
ments. A case study was conducted using a manifold work-
piece to validate the effectiveness of the proposed design
method.

In the case study, the ADF designed using the proposed
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method successfully enabled the fixation of the workpiece
in the target machining processes. However, the case study
revealed several areas for improvement in the design of
ADF and its manufacturing process, such as incorporat-
ing PBF manufacturing constraints into TO, investigating
the effect of PBF manufacturing accuracy on ADF per-
formance, and comparing the time efficiency of the pro-
posed method with that of traditional fixture design ap-
proaches. Addressing these aspects will refine the ADF
design method and provide a more robust and efficient so-
lution for post-processing PBF workpieces.

References:

[1] L. Lu, M. Sato, and H. Tanaka, “Experimental verification of
chatter-free ball end milling strategy,” Int. J. Automation Tech-
nol., Vol.7 No.1, pp. 45-51, 2013. https://doi.org/10.20965/ijat.
2013.p0045

[2] Y. Sun, M. Zheng, S. Jiang, D. Zhan, and R. Wang, “A State-of-
the-Art Review on Chatter Stability in Machining Thin-Walled
Parts,” Machines, Vol.11, No.3, Article No.359, 2023. https://doi.
org/10.3390/machines 11030359

[3] Y. Koike, A. Matsubara, S. Nishiwaki, K. Izui, and I. Yamaji,
“Cutting path design to minimize workpiece displacement at cut-
ting point: Milling of thin-walled parts,” Int. J. Automation Tech-
nol., Vol.6, No.5, pp. 638-647, 2012. https://doi.org/10.20965/
ijat.2012.p0638

[4] J. Zeng, K. Teramoto, and H. Matsumoto, “On-machine estima-
tion of workholding state for thin-walled parts,” Int. J. Automa-
tion Technol., Vol.15, No.6, pp. 860-867, 2021. https://doi.org/
10.20965/ijat.2021.p0860

[5] G. Moroni, S. Petro, and W. Polini, “Robust Design of Fixture
Configuration,” Procedia CIRP, Vol.21, pp. 189-194, 2014. https:
//doi.org/10.1016/j.procir.2014.03.120

[6] B. F. Wang and A. Y. C. Nee, “Robust fixture layout with the
multi-objective non-dominated ACO/GA approach,” CIRP Ann.,
Vol.60, No.1, pp. 183-186, 2011. https://doi.org/10.1016/j.cirp.
2011.03.006

[71 H. Wang, Y. (K.) Rong, H. Li, and P. Shaun, “Computer aided
fixture design: Recent research and trends,” Computer-Aided
Design, Vol.42, No.12, pp. 1085-1094, 2010. https://doi.org/10.
1016/j.cad.2010.07.003

[8] R. Attila, M. Stampfer, and S. Imre, “Fixture and Setup Plan-
ning and Fixture Configuration System,” Procedia CIRP, Vol.7,
pp. 228-233, 2013. https://doi.org/10.1016/j.procir.2013.05.039

[91 A. Senthil Kumar, J. Y. H. Fuh, and T. S. Kow, “An auto-
mated design and assembly of interference-free modular fixture
setup,” Computer-Aided Design, Vol.32, No.10, pp. 583-596,
2000. https://doi.org/10.1016/S0010-4485(00)00032-4

[10] H. Hashemi, A. M. Shaharoun, and I. Sudin, “A case-based rea-
soning approach for design of machining fixture,” Int. J. Adv.
Manuf. Technol., Vol.74, pp. 113-124, 2014. https://doi.org/10.
1007/s00170-014-5930-4

[11] I. M. Boyle, K. Rong, and D. C. Brown, “CAFixD: A Case-
Based Reasoning Fixture Design Method. Framework and Index-
ing Mechanisms,” J. Comput. Inf. Sci. Eng., Vol.6, No.1, pp. 40-
48, 2006. https://doi.org/10.1115/1.2161229

[12] M. Bhuvanesh Kumar and P. Sathiya, “Methods and materials for
additive manufacturing: A critical review on advancements and
challenges,” Thin-Walled Struct., Vol.159, Article No.107228,
2021. https://doi.org/10.1016/j.tws.2020.107228

[13] Y.Zhang, S. Yang, and Y. F. Zhao, “Manufacturability analysis of
metal laser-based powder bed fusion additive manufacturing—A
survey,” Int. J. Adv. Manuf. Technol., Vol.110, pp. 57-78, 2020.
https://doi.org/10.1007/s00170-020-05825-6

[14] A. Khorasani, I. Gibson, J. K. Veetil, and A. H. Ghasemi, “A re-
view of technological improvements in laser-based powder bed
fusion of metal printers,” Int. J. Adv. Manuf. Technol., Vol.108,
pp. 191-209, 2020. https://doi.org/10.1007/s00170-020-05361-3

[15] S.Chowdhury, N. Yadaiah, C. Prakash, S. Ramakrishna, S. Dixit,
L.R. Gupta, and D. Buddhi, “Laser powder bed fusion: a state-of-
the-art review of the technology, materials, properties & defects,
and numerical modelling,” J. of Materials Research and Technol-
ogy, Vol.20, pp. 2109-2172, 2022. https://doi.org/10.1016/j.jmrt.
2022.07.121

Int. J. of Automation Technology Vol.19 No.1, 2025

Design of a Fixture for Additively Manufactured Workpieces
Using Topology Optimization

[16] C. Grandvallet, M. M. Mbow, T. Mainwaring, F. Pourroy, F. Vig-
nat, and P. Marin, “Eight action rules for the orientation of addi-
tive manufacturing parts in powder bed fusion: An industry prac-
tice,” Int. J. Interact. Des. Manuf., Vol.14, pp. 1159-1170, 2020.
https://doi.org/10.1007/s12008-020-00692-7

[17] D. Deradjat and T. Minshall, “Implementation of rapid manu-
facturing for mass customisation,” J. Manuf. Technol. Manage.,
Vol.28, No.1, pp. 95-121, 2017. https://doi.org/10.1108/JMTM-
01-2016-0007

[18] J. Ferchow, D. Kilin, G. Englberger, M. Schliissel, C. Klahn, and
M. Meboldt, “Design and validation of integrated clamping inter-
faces for post-processing and robotic handling in additive manu-
facturing,” Int. J. Adv. Manuf. Technol., Vol.118, pp. 3761-3787,
2022. https://doi.org/10.1007/s00170-021-08065-4

[19] N. Chen, P. Barnawal, and M. C. Frank, “Automated post machin-
ing process planning for a new hybrid manufacturing method of
additive manufacturing and rapid machining,” Rapid Prototyping
J., Vol.24, No.7, pp. 1077-1090, 2018. https://doi.org/10.1108/
RPJ-04-2017-0057

[20] M. Wollbrink, S. Maslo, D. Zimmer, K. Abbas, K. Arntz, and T.
Bergs, “Clamping and substrate plate system for continuous addi-
tive build-up and post-processing of metal parts,” Procedia CIRP,
Vol.93, pp. 108-113, 2020. https://doi.org/10.1016/j.procir.2020.
04.015

[21] E. C. De Meter and J. Santhosh Kumar, “Assessment of photo-
activated adhesive workholding (PAW) technology for hold-
ing ‘hard-to-hold” workpieces for machining,” J. Manuf. Syst.,
Vol.29, No.l, pp. 19-28, 2010. https://doi.org/10.1016/j.jmsy.
2010.06.006

[22] E. C. De Meter, “Light activated adhesive gripper (LAAG)
workholding technology and process,” J. Manuf. Process., Vol.6,
No.2, pp. 201-214, 2004. https://doi.org/10.1016/s1526-6125(04)
70075-4

[23] T. Yamada, K. Izui, S. Nishiwaki, and A. Takezawa, “A topol-
ogy optimization method based on the level set method incor-
porating a fictitious interface energy,” Comput. Methods Appl.
Mech. Eng., Vol.199, Nos.45-48, pp. 2876-2891, 2010. https:
//doi.org/10.1016/j.cma.2010.05.013

[24] M. Otomori, T. Yamada, K. Izui, and S. Nishiwaki, “Matlab code
for a level set-based topology optimization method using a re-

action diffusion equation,” Struct. Multidiscip. Optim., Vol.51,
pp. 1159-1172, 2015. https://doi.org/10.1007/s00158-014-1190-
z

[25] J. Bushra, H. D. Budinoff, P. Luna Falcon, and M. Latypov, “En-
hancing design guidelines for metal powder bed fusion: Analyz-
ing geometric features to improve part quality,” Vol.5: 28th De-
sign for Manufacturing and the Life Cycle Conference (DFMLC),
VO005T05A011, 2023. https://doi.org/10.1115/detc2023-117019

Name:
Hayato Kitagawa

Affiliation:
Department of Micro Engineering, Kyoto
University

Address:

Room #c1N06, Building C3, Cluster C, Kyoto daigaku-katsura,
Nishikyo-ku, Kyoto 615-8540, Japan

Brief Biographical History:

2022- Master Course Student, Graduate School of Engineering, Kyoto
University

2024- Doctor Course Student, Graduate School of Engineering, Kyoto
University

Membership in Academic Societies:

e The Japan Society for Precision Engineering (JSPE)

o The Japan Society of Mechanical Engineers (JSME)

13



Kitagawa, H. et al.

Name:
Kozo Furuta

ORCID:
0000-0002-6198-0466

Affiliation:
Specified Assistant Professor, Department of
Micro Engineering, Kyoto University

Address:

B2S06, Building C3, Kyoto daigaku-katsura, Nisikyo-ku, Kyoto
615-8540, Japan

Brief Biographical History:

2018 Received Ph.D. degree from Kyoto University

2018- Research Fellow for Young Scientists of the JSPS (PD)
2019- Specific Researcher, Kyoto University

2020- Specific Assistant Professor, Kyoto University

Main Works:

o “Differential Evolution-based Topology Optimization using
Karhunen-Loeve Expansion,” Engineering Optimization, pp. 1-27,
2024.

e “Optimum design method for structural configuration and fiber
arrangement for fiber-reinforced composites,” Composites Part C: Open
Access, Vol.13, Article No.100432, 2024.

o “A level-set-based shape optimization method for thermoelectric
materials,” Int. J. for Numerical Methods in Engineering, Vol.123,
No.10, pp. 2338-2356, 2022.

Membership in Academic Societies:

e The Japan Society for Precision Engineering (JSPE)

o The Japan Society of Mechanical Engineers (JSME)

Name:
Yasuka Yoshida

Affiliation:

Senior Engineer, AM Department, DMG MORI Co., Ltd.
Address:

2-3-23 Shiomi, Koto-ku, Tokyo 135-0052, Japan

Brief Biographical History:

2015- DMG MORI Co., Ltd.

14

Name:
Iwao Yamaji

Affiliation:
Technician, Department of Micro Engineering,
Kyoto University

Address:

Room #c1S509, Building C3, Cluster C, Kyoto daigaku-katsura,
Nishikyo-ku, Kyoto 615-8540, Japan

Brief Biographical History:

1983- Engineer, Japan National Railways

1986- Technical Official, Kyoto University

2000- Chief Technical Official, Kyoto University

Main Works:

o On the removal of critical cutting regions by trochoidal grooving,”
Precision Engineering, Vol.34, No.3, pp. 467-473, 2010.
Membership in Academic Societies:

o The Japan Society for Precision Engineering (JSPE)

o The Japan Society for Abrasive Technology (JSAT)

o Society of Automotive Engineers of Japan (JSAE)

Name:
Daisuke Kono

Affiliation:
Associate Professor, Department of Micro
Engineering, Kyoto University

Address:

c1S08, C3, Kyoto daigaku-katsura, Nisikyo-ku, Kyoto 615-8540, Japan
Brief Biographical History:

2010 Received Ph.D. degree from Kyoto University

2010- Assistant Professor, Kyoto University

2017- Associate Professor, Kyoto University

Main Works:

® “A machine tool motorized spindle with hybrid structure of steel and
carbon fiber composite,” Annals of the CIRP, Vol.68, pp. 389-392,
2019.

o “Influence of rotary axis on tool-workpiece loop compliance for
five-axis machine tools,” Precision Engineering, Vol.49, pp. 278-286,
2017.

o “A method for stiffness tuning of machine tool supports considering
contact stiffness,” Int. J. of Machine Tools and Manufacture, Vol.90,
pp- 50-59, 2015.

Membership in Academic Societies:

e The Japan Society for Precision Engineering (JSPE)

o The Japan Society of Mechanical Engineers (JSME)

o The International Academy for Production Engineering (CIRP)

Int. J. of Automation Technology Vol.19 No.1, 2025



