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Abstract: Background: Topology optimization (TO) is widely adopted for lightweight structural design; however, its integration into
early-stage engineering workflows is often constrained by computational expense and long solution times associated with conventional
CPU-based solvers. The emergence of GPU-accelerated simulation environments offers the possibility of transforming topology
optimization into a more interactive and accessible design tool. Objective: This Technical Note evaluates a practical GPU-accelerated
workflow for topology optimization and examines its suitability for conceptual lightweight structural design using commercially
available sofiware. Methods: A compact triangular bracket was selected as a representative case study and analysed in ANSYS
Discovery Live. A static concentrated load of 100 N was applied at one mounting interface, while the remaining interfaces were
constrained using cylindrical supports to represent mechanically consistent boundary conditions. No dynamic or transient loading
effects were considered. The optimization problem was formulated as compliance minimization subject to a 50 % global volume
constraint. Material behaviour of AlSil0Mg was modelled as linear elastic and isotropic to ensure compatibility with the real-time
GPU solver. Mesh sensitivity analysis and supplementary simulation-based validation checks were performed to assess structural
consistency within a conceptual design framework. Results: The optimized configuration achieved approximately 50 % reduction in
material volume while maintaining stresses and deformations within conservative limits under the prescribed static loading condition.
Material redistribution followed principal load paths, and mesh refinement studies indicated stable topology convergence. The GPU-
based solver enabled continuous visualization of stress evolution and structural response throughout the optimization process.
Conclusions: The results demonstrate that GPU-accelerated topology optimization can provide mechanically interpretable and
computationally efficient support for early-stage structural exploration. While limited to a simulation-only scope, the proposed
workflow illustrates how interactive GPU-based tools can enhance structural insight and accelerate preliminary design decision-
making without requiring high-performance computing infrastructure.

Keywords: GPU-accelerated topology optimization, real-time simulation; digital mechanics; lightweight structural design; interactive
design workflows; additive manufacturing; conceptual design exploration, computational mechanics.

1. Introduction

Lightweight structural design remains a fundamen-
tal objective across aerospace, automotive, robotics, and
related engineering sectors, where reducing mass directly
improves performance, efficiency, and material utiliza-
tion. The rapid advancement of additive manufacturing
(AM) has further expanded design possibilities, allowing
engineers to fabricate complex load-bearing geometries
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that were previously difficult or impractical to produce us-
ing conventional methods. However, taking full advantage
of this expanded design freedom requires systematic strat-
egies that reduce material usage while maintaining struc-
tural integrity. Topology optimization (TO) has become
one of the most effective computational approaches for
achieving such material-efficient designs. By distributing
material within a predefined design space according to app-
lied loads and boundary conditions, TO enables the gene-
ration of lightweight yet mechanically sound structures.
Although the method is well established in research, its
routine adoption in everyday engineering workflows is of-
ten limited by computational cost and long solution times
associated with conventional CPU-based finite element
solvers. These constraints are particularly restrictive during
early-stage conceptual design, where rapid iteration and
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immediate visual feedback are highly valuable. Recent de-
velopments in GPU-accelerated simulation environments
offer a potential shift in this landscape. Real-time solvers
allow near-instantaneous updates of stress fields and mate-
rial redistribution, significantly reducing turnaround time
compared to traditional sequential workflows. This capa-
bility supports a more interactive form of computational
mechanics, where structural behaviour can be explored dy-
namically rather than evaluated only after lengthy offline
analyses. Within this context, the present Technical Note
introduces a GPU-accelerated topology optimization work-
flow implemented in ANSYS Discovery Live for a com-
pact triangular bracket. The aim is not to validate a specific
additive manufacturing component, but to examine how
real-time simulation can support conceptual lightweight
design. Emphasis is placed on solver responsiveness,
workflow practicality, and the mechanical trends observed
during optimization. By focusing on interactive computa-
tion within a clearly defined simulation scope, this study
seeks to demonstrate how GPU-based tools can enhance
the accessibility and usability of topology optimization in
practical engineering settings.

1.1. Literature Review

Topology optimization (TO) has been extensively
developed as a systematic framework for lightweight struc-
tural design. The foundational work of Bendsee and Sig-
mund [1] established the mathematical principles that go-
vern material distribution within a prescribed design do-
main while satisfying mechanical constraints. Since then,
TO has been widely applied across aerospace, automotive,
and mechanical engineering fields, particularly in applica-
tions where stiffness-to-weight efficiency is critical. The
rapid growth of additive manufacturing (AM) has further
streng-thened the relevance of topology optimization. Be-
cause AM enables fabrication of geometrically complex
components, it aligns naturally with the load-path-driven
geometries produced through TO. Researchers have there-
fore incorporated manufacturing considerations directly
into optimization strategies. Cheng et al. [2] and Mass and
Amir [3] introduced overhang and residual stress con-
straints to improve manufacturability, while Daynes [4]
and Ates et al. [5] demonstrated substantial weight reduc-
tion in aerospace bracket designs through integrated TO—
AM approaches. Additional studies have examined resi-
dual stress behaviour [12], support structure strategies [13],
[15], and build orientation optimization [16]. Together,
these works highlight the importance of connecting struc-
tural optimization with fabrication realities. Despite these
advances, most practical implementations of topology op-
timization still rely on conventional CPU-based finite ele-
ment solvers. Applications such as those reported by
Gokdag and Acar [6] and Xie et al. [7] followed traditional
sequential workflows, where computational time can be-
come significant. Gebisa and Lemu [8] noted that extended
solution times restrict iterative exploration, particularly
when multiple load cases or mesh refinements are required.

This limitation reduces interactivity, which is especially
important during early design stages. To overcome compu-
tational bottlenecks, researchers have investigated parallel
and GPU-based acceleration techniques. Georgescu et al.
[20] presented early work on GPU acceleration for FEM-
based structural analysis, demonstrating substantial perfor-
mance improvements in large-scale problems. More re-
cently, Herrero-Pérez and Martinez-Barbera [19] explored
multi-GPU strategies for structural mechanics applica-
tions. In the context of topology optimization, Mukherjee
et al. [21] reviewed state-of-the-art acceleration approa-
ches and emphasized that computational efficiency re-
mains a key factor in enabling large-scale or real-time ap-
plications. Real-time and learning-assisted optimization
strategies have also been explored; for example, Wang et
al. [22] proposed a deep-learning-based approach to accel-
erate topology optimization using moving morphable com-
ponents. Parallel to these developments, data-driven and
hybrid physics—Al approaches have gained increasing atten-
tion. Hong et al. [9] investigated neural-network-based ge-
ometry compensation in additive manufacturing, while re-
lated works [14], [17], [18] explored predictive modelling
of process—structure relationships. These contributions re-
flect a broader trend toward integrating structural mechan-
ics, manufacturing constraints, and intelligent computa-
tional tools. Although acceleration techniques and GPU-
based finite element methods have been studied, compara-
tively fewer works have examined the practical use of real-
time GPU-accelerated topology optimization within acces-
sible, commercially available design platforms for early-
stage concept development. In this context, the present
study evaluates a GPU-accelerated topology optimization
workflow implemented in ANSYS Discovery Live. Rather
than proposing a new optimization algorithm, the focus is
on understanding how real-time computation influences
usability, iteration speed, and structural insight during con-
ceptual lightweight design. Using a representative triangu-
lar bracket as a case study, the work aims to demonstrate
how interactive simulation can support structured and re-
producible concept development.

2. Methodology
2.1. Initial Design

A compact triangular bracket was selected as a rep-
resentative case study to evaluate the proposed GPU-acce-
lerated workflow. The geometry features three circular
mounting holes positioned at the vertices of a triangular
profile, reflecting common fastening interfaces found in
lightweight support components. The model was deve-
loped in a standard CAD environment and exported in
STEP format for direct import into ANSYS Discovery
Live. The choice of geometry was intentionally simple. By
selecting a configuration with clearly interpretable load-
transfer paths, the structural effects of topology optimiza-
tion could be observed without interference from applica-
tion-specific geometric details. This approach allows the
material redistribution process to be examined in a control-
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led and mechanically transparent manner. The initial
bracket configuration, shown in Fig. 1, serves as the base-
line model for subsequent structural analysis and topology
optimization.

Fig. 1. Initial triangular bracket geometry with

three mounting holes, used as the baseline for to-
pology optimization

ams [

2.2. Simulation Setup

A static structural analysis was performed in ANSYS
Discovery Live to establish the baseline mechanical re-
sponse of the initial bracket geometry. A static concen-
trated vertical load of 100 N was applied at one of the
mounting holes to represent a simplified service condition.
The remaining two mounting holes were constrained using
cylindrical supports, restricting radial displacement while
permitting realistic constraint behaviour at the fastener in-
terfaces. No dynamic, cyclic, or transient loading condi-

100 N (Static)

Fig. 2. Idealized static loading and boundary
condition scheme applied to the triangular
bracket. A concentrated vertical load of 100 N is
applied at the upper mounting hole, while the
two lower holes are constrained using cylindri-
cal supports

tions were considered in this study. The boundary condi-
tions were intentionally simplified to ensure clarity in in-
terpreting load transfer and stress redistribution during the
optimization process. The objective was not to replicate a
specific industrial application, but to define a controlled
and mechanically interpretable scenario suitable for evalu-
ating solver performance and topology evolution trends.
Material properties were assigned from the ANSYS mate-
rial library for A1Si10Mg and modelled as linear elastic and
isotropic. Although additively manufactured AlSilOMg
can exhibit anisotropy, porosity, and microstructural heter-
ogeneity, such effects were not incorporated in order to
maintain compatibility with the real-time GPU simulation
framework. The adopted material model therefore repre-
sents a practical approximation appropriate for conceptual-
stage structural assessment. The applied loading configura-
tion and boundary conditions are illustrated schematically in
Fig. 2.

2.3. Topology Optimization

The topology optimization problem was formulated
to maximize structural stiffness under a prescribed material
volume constraint. In compliance-based form, the objec-
tive can be written as:

minC = F u R

subject to:

14
—<0.5,

"
where C denotes structural compliance, F is the applied
load vector, u is the displacement vector, V' represents the
optimized material volume, and ¥, is the initial design do-

main volume. The imposed constraint restricts the final
material usage to 50 % of the original geometry. This for-
mulation seeks an efficient redistribution of material along
the primary load paths while maintaining the prescribed
volume fraction. As compliance is inversely related to
structural stiffness, minimizing compliance results in a
stiffer configuration for the allowed material volume.
Within the ANSYS Discovery Live environment, the to-
pology optimization routine operates within the GPU-ac-
celerated solver framework. The material density field
evolves iteratively, and stress and deformation responses
are updated continuously during the process. This enables
real-time observation of structural behaviour as the topo-
logy develops. Unlike conventional CPU-based work-
flows, where optimization proceeds in sequential solution
cycles and results are examined after convergence, the
GPU-based implementation provides immediate visual and
numerical feedback. This interactive capability allows
rapid evaluation of alternative structural configurations
and improves insight into load-path formation during
early-stage design exploration.

A schematic representation of the implemented op-
timization workflow is shown in Fig. 3.
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Fig. 3. Workflow schematic of GPU-accelerated
topology optimization in ANSY'S Discovery Live

2.3.1. Optimization Algorithm Framework

The topology optimization implemented in ANSY'S
Discovery Live follows a density-based material distribu-
tion approach consistent with the Solid Isotropic Material
with Penalization (SIMP) methodology widely adopted in
compliance-driven structural optimization. In this frame-
work, the design domain is discretized into finite elements,
and each element is assigned a relative density variable p

ranging between 0 (void) and 1 (solid). The effective
Young’s modulus of each element is interpolated accord-
ing to:

E(p)=p"E,,

where E is the Young’s modulus of the solid material and
p 1s a penalization factor introduced to discourage inter-

mediate density values. The penalization promotes conver-
gence toward a near black-and-white (solid—void) distribu-
tion, facilitating clear structural interpretation of the opti-
mized geometry. The optimization process iteratively up-
dates the density field to minimize structural compliance
under the prescribed volume constraint. Sensitivity infor-
mation derived from the finite element solution guides the
redistribution of material toward regions contributing most
effectively to stiffness. To reduce numerical instabilities
such as checkerboard patterns and mesh dependency, spa-
tial filtering techniques are applied during density updates.
Within the GPU-accelerated environment, this iterative
density evolution is coupled directly with real-time struc-
tural analysis. As the density field changes, stress and dis-
placement fields are recomputed continuously, allowing
the transition from the initial full design domain to the op-
timized load-path-driven configuration to be observed dy-
namically. Although the internal implementation details

are managed within the commercial solver framework, the
underlying procedure remains consistent with established
density-based topology optimization principles.

2.4. Digital Mechanics Framework

The proposed workflow can be interpreted within
the broader context of digital mechanics, where structural
analysis is integrated directly into interactive computa-
tional environments. Rather than treating simulation as a
separate verification step performed after geometry defini-
tion, real-time GPU-based solvers enable mechanical be-
haviour to be examined continuously throughout the design
process. In the present study, load transfer, stress redistri-
bution, and material removal patterns can be observed as
the topology evolves. This immediate visual and numerical
feedback provides clearer insight into how the structure re-
sponds to applied loads and boundary constraints. Instead
of waiting for post-processing after convergence, structural
trends become apparent during iteration, allowing the de-
signer to interpret and adjust decisions in real time. By
combining physics-based finite element modelling with
high-speed GPU computation, the workflow supports a
more responsive and exploratory design approach. Alt-
hough the underlying mechanical principles remain un-
changed, the accessibility and timing of structural feedback
are significantly improved. This shift is particularly rele-
vant during early development stages, where rapid iteration
and structural understanding are often more valuable than
high-fidelity certification-level analysis.

3. Results and Discussion

3.1. Stress and Deformation

The baseline bracket exhibited a relatively uniform
stress distribution, with several regions carrying low stress
levels, indicating inefficient material utilization. Following
topology optimization, material was redistributed along the
primary load paths, resulting in a more concentrated stress
pattern consistent with the applied boundary conditions. As
expected, localized von Mises stresses increased in the opti-
mized configuration due to the reduction in material volume.
However, the maximum stress remained below the con-
servative yield strength of AlSil0Mg under the prescribed
100 N load. This indicates that, within the limits of the
adopted linear elastic and isotropic material model, the opti-
mized geometry maintains structural adequacy for the con-
sidered loading scenario. Total deformation showed a mod-
erate increase compared to the baseline design, which is con-
sistent with stiffness reduction accompanying material re-
moval. Nevertheless, the displacement values remained
small in magnitude and mechanically reasonable for a light-
weight support-type structure under the applied load. Ove-
rall, the results indicate that a substantial reduction in mate-
rial volume can be achieved while preserving acceptable
structural performance at the conceptual design stage. The
comparative stress distributions are presented in Fig. 4, and
the corresponding deformation fields are shown in Fig. 5.
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Fig. 4. Von Mises stress distribution under a 100 N load: a — initial bracket showing uniform stress with underuti-
lized regions; b — optimized bracket with stresses aligned along principal load path
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Fig. 5. Total deformation under a 100 N load: a — initial bracket with minimal displacement; b — optimized bracket
showing slightly higher deformation due to reduced material volume
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3.2. Material Reduction

The topology optimization process resulted in an ap-
proximate 50 % reduction in material volume relative to
the initial bracket configuration, while maintaining stress
and deformation within conservative limits under the pre-
scribed static loading condition. This demonstrates that
substantial weight savings can be achieved without com-
promising structural adequacy within the adopted model-
ling assumptions. Beyond the quantitative reduction in ma-
terial usage, the results also illustrate the practical ad-
vantage of GPU-accelerated solvers in supporting rapid
and interactive design iteration. The ability to observe to-
pology evolution in real time allows multiple structural al-
ternatives to be explored efficiently, which is particularly
beneficial during conceptual development stages. Such re-
sponsiveness can assist engineers in refining structural lay-
outs before proceeding to more detailed validation or fab-
rication-oriented studies. The final optimized geometry is
shown in Fig. 6, and a comparison of baseline and opti-
mized performance metrics is summarized in Table 1.

Table 1 compares the structural response of the
bracket before and after topology optimization. The opti-
mized configuration achieved a 50 % reduction in material
volume while maintaining stresses and deformations
within acceptable limits under the same static loading and
boundary conditions. As expected, the reduction in material

led to higher stress and displacement values; however, these
remained within conservative bounds under the adopted lin-
ear elastic assumptions. The results indicate that meaningful
weight reduction can be achieved without compromising
structural adequacy within the defined simulation scope.

Mesh Resolution Study

To examine possible mesh dependency, the bracket
was analysed using three discretization levels: coarse (ap-
proximately 45.000 elements), medium (approximately
110.000 elements), and fine (approximately 180.000 ele-
ments). Across all mesh densities, the optimized layouts
converged toward similar load-path-driven configurations.
The main differences were observed in boundary smooth-
ness rather than in the overall structural mechanism. The
computed compliance values varied by less than 5 % be-
tween the medium and fine meshes, and the primary load-
carrying strut remained consistent in both orientation and
position. These observations suggest that, within the exam-
ined range, the GPU-based solver preserves the dominant
structural behaviour without requiring extremely fine dis-
cretization. Such mesh robustness is appropriate for con-
ceptual design studies, where rapid iteration and structural
insight are typically prioritized over geometric refinement
at boundary level.

0‘03(m) 2/&

0.0075

0.022 x

Fig. 6. Final topology-optimized bracket showing material redistribution along principal stress paths, resulting in

an efficient lightweight geometry

Table 1. Design Parameters Before and After Topology Optimization

Parameter Initial Bracket Optimized Bracket
Applied Load 100N 100N
Max. Equivalent Stress 4.08 x 107 Pa 8.23 x 107 Pa
Total Deformation 8.78 x 10°m 1.57 x10° m
Material Volume 100 % 50 %
Support Conditions Same Same
Manufacturing Suitability Moderate High (AM-friendly)
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Extended Validation

To further assess the mechanical consistency of the
workflow, additional simulation-based checks were per-
formed within the conceptual limits of the study. These
analyses are not presented as experimental validation, but
rather as numerical consistency evaluations. A supplemen-
tary multi-load-case scenario was considered by introduc-
ing a secondary lateral load alongside the primary vertical
load. Under combined loading, the optimized topology re-
distributed material toward fillet and web regions, forming
a configuration capable of supporting multiple load paths.
This behaviour aligns with established structural expecta-
tions for components subjected to multidirectional forces.
A compliance-based stiffness comparison was also carried
out within the solver environment. The optimized configu-
ration exhibited an approximate 32 % reduction in compli-
ance while using about 50 % less material than the baseline
geometry. Although these results are simulation-based and
dependent on the adopted modelling assumptions, they re-
flect the expected trade-off between stiffness and material
reduction inherent to compliance-driven topology optimi-
zation. The resulting geometry was further compared qual-
itatively with canonical truss-like patterns commonly re-
ported in SIMP-based and density-filter topology optimi-
zation studies. The similarity in principal load-path for-
mation suggests that the real-time GPU workflow repro-
duces structural tendencies consistent with established op-
timization frameworks, even though direct numerical
equivalence with high-fidelity CPU implementations is not
claimed. Overall, these supplementary evaluations indicate
that the GPU-accelerated approach produces mechanically
interpretable and internally consistent results within a simu-
lation-only, conceptual design context. The conclusions are
therefore intentionally limited to this defined scope.

4. Discussion

The results indicate that GPU-accelerated simulation
can substantially improve the responsiveness of topology
optimization during early-stage design. Unlike conven-
tional CPU-based workflows, which rely on sequential so-
lution cycles, the real-time solver allows stress evolution
and material redistribution to be observed continuously as
the optimization progresses. This immediacy encourages
faster iteration and makes it easier to compare alternative
structural configurations within a shorter time frame. A
practical strength of the workflow lies in its accessibility.
The implementation uses commercially available software
operating on standard workstation hardware, without re-
quiring high-performance computing infrastructure or spe-
cialized research codes. This lowers the barrier to integrat-
ing topology optimization into routine engineering prac-
tice, particularly during conceptual development, where
rapid structural assessment is often more valuable than
high-fidelity verification. At the same time, the scope of
the approach must remain clearly defined. Real-time GPU
solvers are best suited for conceptual exploration rather
than certification-level validation. They are effective for

identifying dominant load paths, revealing underutilized
material regions, and guiding preliminary structural deci-
sions. However, detailed design stages would still require
refined finite element modelling, manufacturing consider-
ations, and, where appropriate, experimental validation.
The primary contribution of the present study therefore ex-
tends beyond the optimized bracket geometry itself. It lies
in demonstrating how structural mechanics and real-time
computation can be meaningfully integrated within an in-
teractive workflow. By providing immediate feedback on
mechanical behaviour, the approach supports a more itera-
tive and insight-driven method of lightweight design. This
capability is particularly relevant in domains such as robo-
tics, aerospace, and automotive engineering, where re-
duced mass and accelerated development cycles are central
design drivers.

4.1. Digital Engineering and Computational Rel-
evance

The proposed workflow reflects the ongoing transi-
tion toward digital engineering, in which simulation be-
comes an active component of the design process rather
than a downstream verification step. GPU-accelerated
solvers provide immediate structural feedback, signifi-
cantly reducing iteration time and enabling efficient com-
parison of alternative configurations. From a computa-
tional perspective, the study demonstrates that modern
GPU hardware can deliver meaningful structural analysis
capability on standard engineering workstations, eliminat-
ing the need for dedicated high-performance computing in-
frastructure. Lightweight structural optimization also car-
ries broader sustainability implications through reduced
material consumption and potential operational energy
savings. By facilitating the early identification of mechan-
ically efficient layouts, the workflow may indirectly sup-
port resource-conscious engineering practices. However,
such benefits remain contingent on subsequent validation,
manufacturing feasibility assessment, and application-spe-
cific implementation.

4.2. Future Integration with AI-Driven Design

Although the present study focuses on physics-based
topology optimization, the workflow is compatible with
emerging Al-assisted design methodologies. Machine
learning models could be coupled with real-time solvers to
propose initial layouts, accelerate convergence, or assist in
parameter tuning. In this context, the GPU solver may
serve as a high-speed physics evaluation module within hy-
brid physics—Al frameworks. These possibilities are iden-
tified as future research directions rather than outcomes
demonstrated in the current work.

4.3. Broader Implications for Robotics and Intel-
ligent Systems

Lightweight and stiffness-efficient components are
particularly relevant in robotics and dynamic mechanical
systems, where mass directly influences performance, con-
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trol stability, and energy efficiency. Rapid evaluation of al-
ternative structural configurations can support the refine-
ment of frames, linkages, and load-bearing elements during
early development phases. While no specific robotic appli-
cation is investigated here, the demonstrated workflow il-
lustrates how real-time topology optimization may assist
such domains by accelerating preliminary structural as-
sessment.

4.4. Integration into Autonomous Design Sys-
tems

Beyond conventional engineering workflows, real-
time topology optimization may be embedded within auto-
mated or generative design environments. In such systems,
GPU-based solvers could function as physics-driven eval-
uation engines within larger computational pipelines, in-
cluding digital twin platforms or reinforcement learning
frameworks. The rapid solution capability enables evalua-
tion of multiple candidate geometries within practical
timeframes. Nevertheless, the realization of fully autono-
mous design systems would require additional algorithmic
development and validation beyond the scope of this study.

4.5. Sensitivity Analysis of Solver Parameters

A parameter-level sensitivity analysis was con-
ducted to assess the robustness of the GPU-accelerated
workflow. Target volume fractions of 40 %, 50 %, and 60 %,
along with filter radii of 1.0 mm and 1.5 mm, were exa-
mined. Across these variations, the optimized configura-
tions consistently preserved the dominant principal load
paths. Changes in filter radius primarily affected boundary
smoothness rather than global structural topology. These
results indicate that, within the investigated parameter
range, the solution trends are governed predominantly by
mechanical loading rather than numerical artifacts, sup-
porting the stability of the approach for conceptual design
exploration.

Initial Design

GPU-Based Optimization

Limitations

The present study is intentionally limited to a simu-
lation-based demonstration focused on evaluating the be-
haviour and practical usability of a GPU-accelerated topo-
logy optimization workflow. The objective is not to vali-
date a finalized engineering component, but rather to exa-
mine how real-time solvers can support conceptual light-
weight design exploration. To maintain compatibility with
the interactive GPU environment, a single representative
static load case was considered, and the material behaviour
of AlSi10Mg was modelled as linear elastic and isotropic
using the ANSYS Discovery Live material library. Conse-
quently, additive manufacturing (AM)-specific character-
ristics including anisotropy, porosity, microstructural hete-
rogeneity, residual stresses, and thermo-mechanical pro-
cess effects were not incorporated into the analysis. Simi-
larly, build-orientation optimization, support-structure mo-
delling, and experimental validation fall outside the scope
of the present work. These simplifications define the con-
ceptual boundaries of the study. The results should there-
fore be interpreted as solver-consistent structural trends
suitable for early-stage design assessment, rather than as
manufacturing-ready predictions. The workflow is in-
tended as a rapid and accessible exploratory tool, where ite-
ration speed and structural insight are prioritized over high-
fidelity physical modelling. Future research may extend
this framework by incorporating AM-specific constitutive
behaviour, process simulations, refined finite element ana-
lysis, and experimental validation in order to translate con-
ceptual findings into application-oriented engineering so-
lutions.

5. Conclusion
This Technical Note presented a GPU-accelerated

topology optimization workflow applied to a compact tri-
angular bracket using ANSY'S Discovery Live. Within the
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adopted linear elastic and isotropic material framework,
the optimized configuration achieved approximately 50 %
reduction in material volume while maintaining stresses
and deformations within conservative limits under the pre-
scribed static loading condition. The study was intention-
ally limited to a simulation-based, conceptual design con-
text. By employing a simplified load case and standard ma-
terial properties, the workflow remained fully compatible
with the real-time GPU environment. The results show that
commercially available GPU-accelerated tools can support
rapid structural exploration and enhance early-stage deci-
sion-making without requiring high-performance compu-
ting infrastructure. The primary contribution of this work
lies in demonstrating how interactive computation can be
effectively integrated with topology optimization to pro-
vide immediate structural insight. While the optimized ge-
ometry itself remains conceptual, the findings suggest that
real-time solvers can deliver mechanically consistent and
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interpretable results suitable for lightweight design explo-
ration. Future research may extend this framework by in-
corporating higher-fidelity modelling, additive manufac-
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Onrumizanis TOMOJI0rii KOMIAKTHOT0 KPOHIITEHHA B peajJibHOMY 4aci 3 mpuc-
kopeHHssM Ha GPU: nmiaxia Ha 0CHOBI MO/Ie/IIOBaHHA

Acgin Kapkagakarruia!
U Hezanexcnuii docnionux, Kacapazoo, Kepana, Inois

Anomauia. Ilepedymosu: Onmumizayis mononocii (TO) wupoxo 3acmoco8yemvcs 01 NPOEKMYBAHHA Ne2KUX KOHCMPYKYIU, 0OHAK it
inmezpayis 6 indicenepni poboui npoyecu Ha paHHix emanax 4acmo 06 MedxHCYEmvbCs OOUUCTIOBATLHUMU UMPAMAMU A MPUBATUM YACOM
BUpIWeHHs, NO8 I3aHuM i3 mpaduyitinumu obyucosansrumu cucmemamu na oasi L{I1. Ilosisa cepe0oguiy Mooenosants 3 R(PUCKOPEHHAM
Ha 6asi epagiunux npoyecopie (GPU) 8iokpusae modiciugicms nepemeopens onmumizayii mononoeii na 6inbut inmepakmugHuti ma 0oc-
mynnuti incmpymenm npoekmyeants. Mema: V yiti mexuiuniti 3anucyi oyiHIo€mbCa npakmuynuil podouuti npoyec 3 NPUCKOPEHHAM Ha
basi epaiunux npoyecopie 01 ONMUMIzaYii MONON02IT MA BUSHAEMBCA 11020 NPUOAMHICIb O KOHYENMYaIbHO20 NPOEKNYBAHHI NeSKUX
KOHCMPYKYIU 3 BUKOPUCMAHHAM KOMEPYILIHO O0CMYNHO20 npocpamno2o 3abesneuenis. Memoou: B sikocmi munogoco npukiady 0yio
00panO KOMNAKMHUL MPUKYMHULL KpOoHWmetH, skuti 6yno npoananizosarno 8 ANSYS Discovery Live. Ha 00un monmagicnuii inmepetic
6y10 npukiadero cmamuune 3ocepedicere nasanmaoicennsi 100 H, a pewuima inmepeiicie 0yno o6medsicero 3a 00nomMo2o10 YyuniHOpUHHUX
onop 01 8iOMEOPEHH MEXAHIYHO Y3200HCEHUX epAHuYHUX YyMo8. Junamiuni abo nepexioni epexmu HABaAHMANCEHHs. He 8PAXOBYBAUCS.
3aoaua onmumizayii 6yna cpopmynvosana ax minimizayis 6ionogionocmi 3 ypaxysauuam 50 % enobanvrozo oomedcenns 06 'emy. Iloge-
oinka mamepiany AlISil0Mg 6yna 3modenvosana sk MinitiHO-NPYiCHA ma i30mponna 0na 3abesneqenns cymicnocmi 3 GPU-po3s sizysauem
y peanvHomy uaci. byno nposedeno ananiz yvymaugocmi cimxu ma 000amxo8i nepegipKu Ha OCHO8L MOOEIOBAHHS OJisL OYIHKU CPYKIMYPHOT
V320004CEHOCE 8 PAMKAX KOHYENmyanibHo2o npoekmysanns. Pesynemamu: Onmumizosana kongicypayis doseonuna smenuumu 0o ’em
mamepiany npubnusno na 50 %, 36epicaiouu Hanpyscents ma oeopmayii  Meicax KOHCEPEaAmuUHUX 0OMeNCeHb 3a 3A0aHUX YMO8 CIA-
muyno2o Haganmasgicenss. Ilepepoznodin mamepiany 8i06yeascsi 6iON0GIOHO 00 OCHOBHUX UAIAXIE HABAHMAINCEHHS, A OOCNIONCEHHS 3
VMOUHEHHA CIMKU NOKA3anu cmadinbHy Koneepeenyito mononocii. Po3eé ’sa3yeay na 6asi GPU 3abe3neuus besnepepeny gizyanizayiro ego-
JHOYIT HANPYICeHHs ma CMPYKmMypHoi peakyii npomseom ycvoeo npoyecy onmumizayii. Bucnosxu: Pe3ynsmamu 0emoncmpyions, uwjo on-
mumizayis mononocii 3 npuckopennam na o6azi GPU mooice 3a6e3nequmu mexaniuno inmepnpemosany ma 0OuUcio8aIbHo ehekmusHy
RIOMPUMKY HA PAHHIX emanax 0ocaiodceHHs KOHCmpyKyii. Xoua 3anpononosanuti pobouuti npoyec 006MedHcyemvcs tuue MOOeTIO8aAHHM,
8in intocmpye, K inmepaxmueni incmpymenmu na 6asi GPU mooicyms nokpawumu po3yminHsa KOHCMpYKYii ma npuckopumu RpUtiHammsi
nonepeoHix NPoeKmHUX piuienb 6e3 HeoOXIOHOCMI BUKOPUCMANHA 6UCOKONPOOYKIMUSHOT 0O0YUCTIOBANbHOT IHhpacmpyKmypu.

Knrouogi cnosa: onmumizayia mononoeii 3 npuckopennam na GPU; mooeniosanns 6 peanvhomy uaci; yughposa mexanixa; npoekmy-
6AHHA JIe2KUX KOHCMPYKYIll, IHMepakmusHi poboui npoyecu nPpocKmy6ans, aoumughe upoOHUYmMeo,; 00CIIONCEHH ST KOHYEenmyaib-
HO20 NPOEKMYBAHHA, OOUUCTIOBANbHA MEXAHIKA.
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