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ABSTRACT

The demand for customized products has increased to suite various needs which could be
easily developed using 3D printing technology. Most of the products require optimization for
weight minimization which could be done using topological optimization tool. Topology
optimization offers conceptual design for lighter and stiffer structures and helps to reach to
efficient and aesthetic designs in lesser time. Topological optimization has shown its
effectiveness is in improving design of structures with the help of high configuration and fast
computing processors. With the use of FEA, the topologically optimized design can be tested
which enables to determine design feasibility for different loads and boundary conditions. The
current research investigates the application of topological optimization tool in weight
minimization of support bracket. The generic design of supporting bracket is developed in
Creo design software and structural analysis is conducted using techniques of Finite Element
Method. The topological optimization tool enabled to reduce nearly 32% mass without much
increase in deformation and stresses. The increase in deformation was found to be 5.6% and
is profound in the regions of cylindrical support structure.

Key words: Support bracket; design; additive manufacturing; topological optimization; finite

element analysis.
INTRODUCTION

The additive manufacturing process involves layer by layer addition of material whereas
subtractive manufacturing refers to removal of material by various machining processes. These
machining process may include finishing, knurling, tapering, milling etc. The layers of

materials added in additive manufacturing ranges from .06mm to .04mm thick and may take
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time. The quality of produced object depends upon various factors. Out of which the 3D
printing method, layer thickness and structure are most significant. Some of the widely used
3D printing technologies are Digital Light Processing (DLP) and Fused Deposition Modelling
(FDM) (Anon n.d.). Al-ahmari, Mian, and Ameen (2021) have conducted researchto identify
various sources of errors that contribute to the poor accuracy of Fused deposition modeling
(FDM) fabricated parts. A standard part comprised of a variety of contours, characteristics,
and geometries, was used for the evaluation of the FDM process & provided the valuable

information.

One of the important advantages of AM is its capability to produce complex geometries
without any need of dies. The desired dimensions of component can be attained without any
need for machining (Ullen, Hasak, and Dirikolu, 2020).

Another important advantage of AM has shorter lead time and less wastage of material as
compared to conventional subtractive manufacturing (Ngo et al., 2018). Hu and Zhao (2020)

studied the alternative path scheme on structural nonlinear dynamic history analysis and 3-D .

Finite element modelling was done for steel composite frame structure with considering the
contribution of the composite behavior. The most commonly used material for 3D printing is
maraging steel (Casalino et al., 2015), austenitic stainless steel (Carlton et al., 2016), stainless
steels (Murr et al. 2012) and tool steels (Mazumder et al., 1997). Sen, Yilmaz, and Yildiz
(2020) have performed the finite element analysis to determine the degree of spring back of
six different sheet metal thickness along with other properties taking into consideration the

mechanical properties as per ASTM standards.

Zhong et al. (2017) has worked on 3D printing of Portland cement free concrete using nano-
graphene oxide. The strength of concrete was found to be 30MPa and electrical conductivity
was high. The finer resolution of concrete was printed using polyvinyl alcohol (PVA)
composite. Zhu et al. (2017) has 3D printed cementitious mortar using SAC which is Sulpho-
Aluminate Cement and Ordinary Portland cement (OPC). The findings have shown that
Sulpho-aluminate cement (SAC) is better than Ordinary Portland cement (OPC) due to shorter
setting time and higher early strength. For 3D printing, the faster setting time is desirableas it
allows “bottom layer to develop good strength in order to support top layers”. Li et al. (2020)
has found that nozzle shape, material, speed, and feed are important printing parameters which
determine the quality of printed product. Zareiyan and Khoshnevis (2017) has investigated the
factors affecting bond strength between layers of 3D printed concrete. The results have shown

that aggregate size and layer thickness have significant effect on quality and strength of 3D
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printed concrete. Kazemian etal. (2017) has worked on shape stability of 3D printed paste and
found that use of silicafume along with nano clay can significantly enhance stability. Xiaand
Sanjayan (2016) has investigated 3D printing using the geopolymer material. The material
comprises of alkali activator, furnace slag and liquid binder consists of pyrrolidone. The 3D
printed cubes have lower strength and subsequently treated with alkali solution which
augmented strength by 15.9MPa.
In the current research, the mass of support bracket (used in hydraulic cylinder) is reduced
using techniques of topological optimization. The static structural analysis is conducted on
generic and optimized design (topological optimized) using techniques of finite element
method. The software used for static structural analysis is ANSYS and comparison is made
for generic design, topologically optimized design on the parameters of deformation and
equivalent stress generated.

METHODOLOGY
The FEA analysis is conducted on generic design of support bracket using ANSYS FEA
software which involves 3 stages i.e., preprocessing, solution and postprocessing. The
developed CAD model is analyzed using ANSYS FEA software (Agarwal and Pitso, 2020).
Using Creo design software, the first generic design of support braket is developed using
extrude, round tool as shown in figure 1.

Figure 1 CAD model of generic design of support bracket
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The FEA analysis procedure involves importing CAD model in figure 2 shows meshing,
applying loads and boundary conditions. The discretized model of support bracket is shown in

figure 3 while load and boundary conditions are shown in figure 4.

Figure 2 Imported CAD model

Figure 3 Meshed model of support bracket
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Figure 4 Loads and boundary condition.

Due to complexity of structure tetrahedral element type is used for meshing. The element type
is tetrahedral, (Agarwal and Letsatsi, 2020) and number of elements generated is 118695 and
number of nodes generated is 182358. The model is subjected to static loading conditions with
fixed support on bottom face and 10000N load on cylindrical surface. After applying loads
and boundary condition, the simulation is run using “sparse matrix solver which involves
matrix formulation, matrix multiplications and inversions. The material used for analysis is
ABS plastics. The results are calculated at nodes and interpolated for entire element edge
length (Kentli, 2020). In the current research density based topological optimization technique
isused. The general form of topological optimization problem s given by (Dems 1991; Querin
etal., 2017)

Minimize pF = F(u(p), p) =JQ f (u (p), p) dV: Subject to Go(p) = [opdV — Vo
Gj(u(p),p)<0Owithj=1,....m (1)

The problem statement includes the following:

* An objective function F (u(p), p)

* material distribution. p(u)

* The design Ospace u(p)

Such optimization is “most commonly done using the finite element method since these

equations do not have a known analytical solution (Casalino et al., 2015).

RESULT AND DISCUSSION
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After performing preprocessing operations and running the simulation, the equivalent stress,
deformation plots are obtained for generic design and topologically optimized design. The

deformation plot is obtained for generic design as shown in figure 5.
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Figure 5 Deformation plot

The deformation is maximum on cylindrical region (load application) and reduces towards

base. The maximum deformation obtained in generic design is 8.5mm. The equivalent stress

plot is obtained as shown in figure 6. The plot shows higher equivalent stress on regions

between vertical support features. The stresses on these locations are nearly 53MPa.
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Figure 6 Equivalent stress plot
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The topologically optimized support bracket isshown in figure 7. The maximum mass removal
location is observed at the vicinity of top cylindrical region and regions just below it. The

deformation plot is obtained for topologically optimized design as shown in figure 8.
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Figure 7 Topological density plot
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Figure 8 Deformation plot

The deformation plot shows similar pattern as in generic design i.e., the deformation is
maximum on cylindrical region (load application) and reduces towards base.

The maximum deformation obtained in topologically optimized design is 8.9mm which is

.4Amm higher than generic design.
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C’-optimized bracket results
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Figure 9 Equivalent stress plot

For topologically optimized design, the location of maximum equivalent stress changed as

compared from generic design as shown in figure 9. The location of maximum equivalent

stress is observed at one end of support feature with magnitude of 246 MPa nearly. Results of

optimization performed are shown in Table 1.

Table 1 Results of optimization

Cases Generic Design Topological Optimized Design
Equivalent Stress (MPa) 159.75 246
Deformation(mm) 8.52 8.97
Mass (Kg) 3.16 2.17

The mass comparison plot is shown in figure 10. The plot shows 31.32% lower mass for

topologically optimized design as compared to generic design.
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Figure 10 Mass comparison plot

The comparison plot of equivalent stress (figure 11) shows topologically optimized support

bracket has higher equivalent stress as compared to generic design.
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Figure 11 Equivalent stress plot
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Similarly, the deformation plot as shown in figure 12, also shows higher deformation for
topological optimized bracket. The deformation obtained in topological optimized design is

8.97mm and equivalent stress generated in topologically optimized design is 246 MPa.
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Figure 12 Deformation comparison plot
CONCLUSION

The topological optimization enabled to achieve significant mass reduction of support bracket
and identified zone of mass reduction. The optimized design of support bracket has higher
deformation and stress. The location of maximum stress also changed in topologically
optimized design of support bracket. Different region of support bracket has different mass
removal rate. The bottom regions of support feature have higher mass removal rate and side

regions has marginal removal rate.
1. The mass reduction obtained using topological optimization is nearly 32 percent.

2. The equivalent stress generated for topologically optimized bracket is 53.4% higher than

generic design bracket.

3. The deformation obtained for topologically optimized bracket is 5.6% higher than generic

design.

10
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The topological optimization tool can be used in other components used in automobiles and
aerospace. The FEA has proved to be viable tool and topologically optimized component can

be used intested using FEA.
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