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TEINIOEHEPTETUYHE BUJAJIEHHS 3A/IMPOK 3 BUKOPUCTAHHAM
3EJEHOI'O BOJIHIO

AHoTamisi: Y cTaTTi JIOCHDKYEThCS MPOIEC TEPMIYHOTO BHAAICHHS 3aJUPOK 3a
JIOTIOMOTOIO 3€JICHOTO BOJHIO, 3 aKIIEHTOM Ha MOTpedy aBiAKOCMIYHOI IMPOMMCIIOBOCTI Y JIETKUX,
MIIHUX TMOJMIMEPHHX MaTepialiax 3 BHCOKOI SIKICTIO MoOBepxHi. Mertong mnependayae
KOHTPOJIbOBAHUM BUOYX CyMillli BOJHIO Ta KHUCHIO JUISI YCYHEHHS 3aJUPOK HA TIIACTUKOBUX
KOMIIOHEHTAX, IMOE€JIHYIOUYH TEIJIOBUM 1 TACKOBUM BIUIMBHU JI1 OOpOOKH MOBEpXHL Y AOCTIHKEHHI
MOJICTIOIOTHCS  CKIAJHI B3a€EMOJI MiI Yac Mpollecy BHUJANCHHS 3aJUPOK 1B BUKOPUCTAHHSIM
nporpamHoro 3abesnedenHss LS-DYNA ta wmeromy [-SPG. PoGora nemonctpye edexruBHE
BUJAICHHS 3aJMPOK 1 3IMIQDKyBaHHS IOBEPXHI, ajie TaKOXK IMIIKPECIIOE HEOOXITHICTh YTOUHCHHS
MOYATKOBUX TMMapaMeTpiB 1 MPOBENCHHS IMMOBHOMACHITAOHUX EKCIIEPUMEHTIB Ui MiABUIICHHS
TOYHOCTI Ta HaAIMHOCTI YMCEILHOT0 MOIEIIOBAHHS.

Kuarwuogi cioBa: TepmiuHe BUIAICHHS 3aIUPOK, 3€JIEHUN BOACHB, 00pOOKA TTOBEPXHI, TIJIABICHHS
nnactuky, LS-DYNA.

THERMAL ENERGY DEBURRING WITH GREEN HYDROGEN COM BUSTION

Abstract: This article investigates the process of thermal energy deburring using green
hydrogen combustion, with a focus on the aerospace industry’s need for lightweight, durable plastic
meterials with high surface quality. The method involves a controlled explosion of a hydrogen-
oxygen mixture to remove burrs from plastic components, combining heat and pressure effects for
suface finishing. Utillizng LS-DYNA software and the [-SPG method, the study models the
complex interactions during the deburring process. The research demonstrates effective burr
removal and surface smoothing, but also emphasizes the need for further refinement of initial
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parameters and full-scale experimental validation to improve the accuracy and reliability of the
numerical simulations.
Keywords: Thermal deburring, green hydrogen, surface finishing, plastic meiting, LS-DYNA.

In the modern aerospace industry, polymers and plastic materials play a crucia role due to
thelr lightweight, strength, and resstance to aggressive environments. The incorporation of these
materials not only reduces the weight of aircraft but also enhances their operational performance. A
key aspect of the manufacturing process is the surface treatment of plastic components, which
improves thelr physico-mechanical properties and durability. High-quality surface treatment,
including mechanical, thermal, and chemical methods, helps eliminate defects, improve adhesion,
and ensure the reliability of components critical for the safety and efficiency of aerospace
technology. The integration of innovative technologies such as 3D printing and laser processing
opens up new possibilities for advancing and raising the quality standards within the industry.

This report presents the process of deburring using green hydrogen combustion from a solid
mechanics perspective. This is an innovative technique that leverages a controlled explosion of
hydrogen-oxygen mixtures to remove burrs from manufactured parts in a sustainable, efficient way.

In the process of thermal deburring in a specidized chamber, rapid combustion of hydrogen
occurs, creating an environment with high temperature and pressure. This sequence of events begins
with the ignition of a carefully balanced mixture of hydrogen and oxygen (or dried air), which
intiates a highly exothermic combustion reaction. The combustion process releases significant heat
energy, rapidly increasing the temperature within the chamber. The production of water vapor as a
byproduct of hydrogen combustion further drives asharp rise in pressure asthe gases expand.

The rapid release of energy creates a pressure wave that propagates through the chamber and
impacts the workpiece, targeting burrs on its surface. These burrs, due to their small size and thin
structure, absorb heat much more quickly than the bulk meterial, reaching high temperatures amost
instartly. This leads to their softening and eventual meting, with some burrs  undergoing
vaporization or oxidation depending on the process conditions. Simultaneoudly, the pressure wave
exerts a mechanical force on the burrs, aiding in their removal or reintegration into the workpiece's
surface. The gases produced, primerily water vapor in the case of hydrogen combustion, are then
expelled from the chamber asthe system cools, preparing for the next cycle.

This method is believed to efficiently remove surface imperfections without dameging the
underlying material, relying on thermodynamic principles of rapid gas expansion, heat transfer, and
mechanical displacement to achieve precise results. Our work is aimed at selecting such parameters
of this process, in which burrs are ether removed or smoothed on the surface of the part, which
improves the overall quality of the workpiece.
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When processing the surface of a part with a thermal wave, it is obvious that at a minimum
the surface of the part will heat up and the burrs will be fully or partialy heated, which will lead to
uneven thermal expansion of the sample. While this expansion tends to be uniform in the bulk of
the material, smeller features such as burrs are more affected due to thelr size and geometry. Burrs,
being thin and sharp, are particularly susceptible to heat because ther small mass allows them to
absorb heat more rapidly than the surrounding bulk meaterial.

The rate of heat absorption is largely determined by the thermal conductivity of the materia,
and in metas, this leads to localized softening or even melting of the burrs. Because the burrs have
a lower heat capacity compared to the larger mass of the workpiece, they reach critical temperatures
more quickly, causing them to lose their mechanical strength. This localized weakening alows for
easer removal or reintegration of the burrs into the surface without compromising the structural
integrity of the main body of the meterial.

In essence, heat reduces the yield strength of the burrs by promoting thermal expansion and
softening, making it easier to remove them. This process, combined with the potertial for oxidation
a high temperatures, facilitates burr elimination while minmizing damage to the rest of the
meterial.

An illustrative example of the thermal effects on burrs (fig. 1) can be observed through a
numerical model designed for thermal analysis using ANSYS environment [1]. In this model, the
geometry of the polyethelene sample consists of two pyramidal structures representing hypothetical
burrs or surface roughness. The initial height of the burrs is set at 2 mm, providing a baseline for

comparison.

a) b)
Fig. 1. Heat problem statement: a) sanmple geometry: b) boundary conditions

During the thermal processing of a thermoplastic part, the surface layer, including the burrs,
enters a molten state, while the bulk of the material remains solid (fig. 2). The depth of burr melting
has been found to vary between 0.5 mm and 1.6 mm, highlighting the localized effect of heat on the
burrs compared to the rest of the part.
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Fig. 2. Temperature field in the sample with burrs

The pressure wave generated by the combustion process exerts a substantial mechanical
effect on the material, particularly in areas of surface roughness. The rapid, high-pressure loading
from the pressure wave causes the burrs to undergo plastic deformetion. As natural experiments
have shown, due to their softened state from the preceding heat, the burrs thicken and integrate into
the main part rather than breaking or shearing off. This leads to the redistribution and fusion of burr
material into the surface, effectively smoothing it. Additionally, the high strain rates induced by the
pressure wave enhance materia flow, particularly in the molten or softened regions of the burrs.
Under such conditions, plastics tend to exhibit more ductile, fluid behavior, alowing for the
absorption of burr material into the main body rather than detachment. This behavior resuts in a
thickened, smoothed surface layer where the materid is evenly redistributed, significantly
improving the surface integrity of the part.

During the thermal deburring process, the workpiece may temporarily exist in two distinct
phase states. the surface layer, including the burrs, becomes nolten, while the core remains solid.
This digtinction is crucial for ensuring that only the surface materidl and burrs are affected,
preserving the structural integrity of the core. To accurately model this two-phase state, advanced
simulation tools are necessary, particularly for capturing the dynamic interactions between fluid and
solid phases. In this context, the LS-DYNA [2] dymamic solver is employed, which effectively
models fluid-solid interactions within a Lagrangian formulation and is able to capture the complex
interactions that occur when the workpiece transitions between solid and molten states during
processing.

The combined effects of heat and pressure wave during hydrogen-based thermal deburring
are centra to this analysis. The initial condition assumes thet the part is first heated, followed by the
application of pressure resuiting from the detonation of a hydrogen-oxygen mixture. However,
dternative scenarios where the pressure is applied before the part is sufficiently heated warrant
further investigation. In such cases, the material would retain a higher degree of rigidity, as it has
not yet undergone sufficient thermal softening. For instance, in an unheated state, a pressure of 3
atmospheres may not be adequate to induce substantial deformation, particularly in meaterials with
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higher stiffnress. Here, the material remains predominantly solid, limiting the mechanical effects to
the static excess pressure within the chamber.

For a brief period, the materiadl may exist in two distinct phase dtates. a heated, softened
suface layer and a cooler, more rigd core. The chalenge lies in accurately simuating and
understanding this dual-phase behavior. To do so, we propose using the Incompressible Smoothed
Particle Galerkin method (1-SPG) within the Lagrangan framework. This approach is particularly
suited for modeling multi-phase interactions and provides the ability to account for both the thermal
and mechanical effects on the material without altering the underlying formulation.

The I-SPG method offers a balance between computational efficiency and accuracy. By
incorporating both heat and pressure effects into a singe model, we can minimize labor costs and
maximize productivity. This method alows us to simulate the complex interaction of the pressure
wave and the part’s surface i a realistic, industrial context, while maintaming the simplicity of the
traditional Lagrangian formulation. This method, which combines Smoothed Particle
Hydrodynamics and Galerkin finite element techniques, is particularly useful in handling large
deformations and muiti-phase material interactions. It is also mesh-free, avoiding the complications
that arise with traditional mesh-based methods in scenarios with high deformation. 1-SPG was
developed in [3-6].

The primary advantages of this method include its ability to accurately model both thermeal
expansion and pressure effects during the deburring process. Additionally, it provides enhanced
simulation fidelity, particularly in capturing phase transitions from solid to molten states, which are
critical during thermal processing. Furthermore, the method ensures mass conservation and flud
dynamics are accurately represented, without the limitations imposed by traditional mesh-based
approaches.

As numerical experiments have shown, |-SPG is more suitable than another widely used
calculation method, ALE (Arbitrary Lagrangian-Eulerian) due to its robustness in handling large
deformations, phase transtions, and its ability to model dynamic interfaces more efficiently in a
Lagrangian context, making it ideal for hydrogen-based deburring processes.

The next numerical experiment involves the consideration of two models shown in the fig. 3
within the LS-DYNA environment. These models simulate two-phase dates, liquid and solid, using
a Lagrangian formulation. In the solid phase, conventional thermo-mechanical properties are
applied to represent the materid's behavior, while the properties of the liqud phase are detailed
separately, as shown in the accompanying data. In the first model, only the burrs are subjected to
heating, while in the second model, the surface layer of the part itself is aso heated.
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Fig. 3. Burr modelling in LS-DYNA

The resuits of surface finishing for two samples are presented. In the first case the effect of
surface tension on the spreading of molten meaterial across the part's surface is demonstrated in the
fig. 4. In this case, only the effect of temperature is considered in addition to the surface tension. In
the second case the combined effects of heat and pressure in addition to the surface tension are
examined, resulting in deformation of both the part and its surface, as shown in the fig. 5. Both
samples exhibit a dgnificant reduction in surface roughness, with decreases of at least 1.7 mm

observed.
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Fig. 4. Deformed state of model 1:
a) time 0.5 sec; b) time 1.0 sec; ¢) time 1.5 sec; d) time 2.0 sec

In concluson, the dsimulation of the thermal energy deburring process utilizing green
hydrogen combustion can be effectively achieved through the LS-DYNA software, which
incorporates the 1-SPG method. However, to enhance the accuracy and reliability of the results, it is
essential to refine the initidl parameters. This includes obtaining precise measurements of the actual
surface roughness and defects present on thermoplastic components, as well as a comprehensive

understanding of the meteria properties within the temperature range of 0 to 250 degrees Celsius,
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both prior to and following the melting point. Additionally, now we are conducting full-scale
experiments that are necessary to validate the numerical model and ensure its applicability in

practical scenarios.

Fig. 5. Deformed state of model 2:
a) time 0.25 sec; b) time 0.5 sec; ¢) time 0.75 sec; d) time 1.0 sec
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