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ABSTRACT

This study investigates the fundamentals of the simultaneous coating and roller burnishing process as a novel approach for improving the surface
and subsurface properties of EHLA-deposited material. The combination of EHLA and roller burnishing yields significant improvements in surface
roughness, microhardness, and residual stress distribution. The residual heat from the EHLA process was observed to increase surface plasticity
during simultaneous processing, significantly influencing the effectiveness of roller burnishing as a function of the tool center point (TCP) offset
parameter Az. Surface finish is most favorably affected at a moderate Az of 4 mm, suggesting the existence of an optimal thermal window for surface
smoothing. The highest hardness was achieved at the smallest offset (Az=1mm), potentially due to precold deformation effects and stress-assisted
martensitic transformation. In terms of residual stress modification, all burnishing strategies succeeded in transforming high subsurface tensile
stresses into beneficial compressive stresses, which are expected to enhance bending fatigue performance. The TCP offset further allowed directional
stress control, enabling differentiated axial and circumferential stress profiles. Further studies are required to explore the relationship between the
observed residual stress profiles and the corresponding fatigue resistance of repaired components under service-relevant loading conditions.
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1. INTRODUCTION recent years. A notable example is the simultaneous machining and
coating (SMaC) process, developed by Fraunhofer ILT, which com-
bines EHLA and turning into a single step, demonstrating
improved productivity and surface quality alongside reduced tool
wear.” Another compelling yet unresearched method is the combi-

Extreme high-speed laser material deposition (EHLA) is rec-
ognized as a highly productive and resource-efficient advancement
over conventional laser material deposition (LMD or DED-LB),
used for coating, repair, and additive manufacturing of compo-

nents.”” Although EHLA achieves notable surface quality com- nation of EHLA with simultaneous roller burnishing. In this
pared to LMD, mechanical postprocessing of the deposited layers approach, the roller burnishing tool interacts with the component
often remains necessary, representing a considerable time and cost during the EHLA coating process, maintaining a predetermined
constraint. In this context, the combination of additive and subtrac- horizontal offset between the tool center points (TCPs), denoted as
tive manufacturing processes has gained growing attention in Az (Fig. 1). By employing plastic deformation rather than material
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FIG. 1. Operating principle of SCaRB and definition of TCP offset Az.

removal, this technique not only has the potential to enhance the
surface quality but also influences the microstructure, residual
stress, and mechanical properties of the deposited and surrounding
material.

Roller burnishing and deep rolling, among other surface treat-
ment methods like shot peening, hammering, and ultrasonic
impact treatments, enhance surface properties by applying a spe-
cific pressure on the surface of a component, causing a controlled
deformation, strain hardening, and inducing controlled residual
stresses.”” The combination of elastic and plastic deformation
mechanisms results in improved surface roughness, surface densifi-
cation, and the induction of beneficial residual compressive stresses.
While deep rolling primarily aims to enhance fatigue strength and
component lifetime by introducing stresses at depths reaching up
to 4mm or more,” roller burnishing is primarily employed to
refine surface properties, with its mechanical effects typically
limited to a depth of a few hundred micrometers.”

Despite its primary function in surface smoothing and
enhancing wear and corrosion resistance, roller burnishing also
modifies the near-surface residual stress profile, which can enhance
fatigue performance and inhibit crack initiation and propagation.®
Common applications of roller burnishing include crankshafts,
train axles, and landing gear components.””'' For many of these
applications, dedicated deep rolling or burnishing machines is typi-
cally employed in industrial settings. However, roller burnishing
tools can also be adapted for use on conventional computer
numerical control lathes, offering increased process flexibility.

In a recent study, Liu et al.'” explored the parallelization of
conventional LMD and plastic deformation by rolling, applying the
approach to the deposition of a high-entropy alloy on a flat steel
substrate. The study revealed that in situ rolling (ISR) significantly
alters microstructural evolution, refining the columnar grain mor-
phology into equiaxed grains and reducing grain size by up to 68%.
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Comprehensive analysis of the processed coatings revealed that ISR
could reduce porosity, while enhancing surface quality and micro-
hardness, leading to improved resistance to adhesive and abrasive
wear.

Landing gear systems are among the most highly stressed
structural components of an aircraft, enduring high mechanical
loads and harsh environmental conditions throughout the aircraft
service cycle. These components are highly cost-intensive due to
the use of specialized aerospace-grade materials, the complexity of
involved manufacturing processes, and the requirement for
advanced surface treatments to ensure their wear and corrosion
resistance. Despite all the efforts made to meet the requirements,
regular inspections repeatedly reveal worn and/or damaged areas
that need to be repaired.''* Unscheduled replacement with new
parts is impractical due to high lead times and costs involved.
While SAE AIR 5885'” outlines standard procedures for maintain-
ing and repair of landing gear components, it does not yet address
additive repair techniques, such as LMD or EHLA, for the restora-
tion of worn or corroded material.

For repair procedures outside the scope of the SAE guide,
comprehensive validation and substantiation are required.
Establishing reliable additive repair methods for high-strength
alloys like 300M is crucial to enable extended repair capabilities in
landing gear applications. EHLA has emerged as a particularly
favorable technique for this purpose due to its ability to produce
dense, metallurgically bonded coatings with minimal thermal
impact on the workpiece. However, any laser-based deposition
process is accompanied by a change in the microstructure of the
substrate and residual stress conditions, which can have a negative
effect on the mechanical properties, such as fatigue behavior, and,
thus, entail the risk of premature failure.

The combination of EHLA with simultaneous roller burnish-

ing presents a promising approach for mitigating detrimental resid- ;
ual tensile stresses and modifying the dendritic structures in :

deposited material. Ultimately, this process combination may offer
a viable pathway for the repair of worn or corroded areas on
landing gear components, enabling restoration to their original
specifications or even enhancing their properties beyond initial
state. This would significantly enhance sustainability, cost-
efficiency, and operational resilience by enabling the reuse of highly
stressed, safety-critical aerospace components, while also aligning
with the European circular economy action plan.

In this study, the novel simultaneous coating and roller bur-
nishing (SCaRB) process is investigated as a method to modify the
surface and mechanical properties of EHLA depositions, focusing
on the coating and repair of aircraft landing gear components.
SCaRB utilizes residual heat from laser deposition to enhance
plastic deformation during burnishing while allowing control over
induced stresses through adjustment of the tool offset and variation
of roller tool radius. In analogy to the SMaC approach, this combi-
nation is achievable due to the close alignment of surface velocities
between the two processes. This work focuses on the parallelization
of the two subprocesses and the evaluation of surface pressure
exerted by the burnishing tool, along with TCP offset, as key
parameters influencing the mechanical properties and surface
quality of the deposited material. The suggested method offers
potential in mitigating tensile stresses induced through the
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deposition process'® which are particularly challenging for aero-
space components subjected to bending loads.

Il. MATERIALS AND METHODS
A. Handling system

Simultaneous processing requires a customized system capable
of integrating EHLA and roller burnishing within a single setup. A
machine fulfilling these criteria was developed through a collabora-
tion between the Fraunhofer Institute for Laser Technology ILT
and J.G. Weisser Sohne, based on the Weisser ARTERY M-2 TM
mill-turn center (Fig. 2).

The beam source utilized for the EHLA process is a Laserline
LDF 8000-30 diode laser with a maximum output power of 8.7 kW
and a beam quality of 30 mm x mrad. The beam is focused on the
workpiece surface by a Laserline OTZ-5 zoom optic, which gener-
ates a circular top-hat profile with a variable spot diameter between
1.4 and 4.6 mm. Powder is supplied using an Oerlikon Metco Twin
150 volumetric feeder, delivering the material through a HighNo
4.0 continuous coaxial EHLA nozzle from HD Sonderoptiken. The
machine’s main spindle achieves rotation speeds up to 5700 rpm
and is capable of handling workpieces with lengths up to 1000 mm.

A bespoke roller burnishing tool, developed by Hegenscheidt-
Mfd, was implemented into the modified ARTERY M-2 platform
using the machine turret’s BMT 65 interface to enable mechanical
surface processing. In the existing configuration, the TCP of the
roller burnishing tool is positioned opposite to that of the laser
TCP, relative to the component’s rotational axis. The roller bur-
nishing tool assembly incorporates an internal disk spring stack.
The applied burnishing force is altered by adjusting the number
and configuration of these springs. Exchangeable rollers with a
roller diameter of ~65mm and varying roller edge radii
(R=3.5mm and R=7.5mm) allow for controlled adjustment of
the contact area and the resulting Hertzian pressure.

B. Substrate and powder material

300M tubes in hardened condition with dimensions of
240 mm in length, 80 mm in outer diameter, and 15mm wall

EHLA
Deposition Head

ARTICLE pubs.aip.org/lia/jla

TABLE I. Chemical composition of the substrate and powder materials used in the
experimental work.

Material Fe Ni Cr Si Mn Mo C
300M substrate Bal. 1.8 0.82 1.6 0.8 0.4 0.42
AISI 4340 Bal. 1.9 0.9 0.3 0.8 0.2 0.41

thickness served as substrate material in the experiments. To repli-
cate the operational surface condition of landing gear components,
the substrates underwent shot peening followed by precision grind-
ing. Commercially available AISI 4340 powder with a particle size
distribution of 15-53um (GKN Hoeganaes) was selected as the
EHLA feedstock material. With 300M being a modified variant of
AISI 4340, the chemical makeup of both materials is comparable.
Nominal compositions are detailed in Table 1.

C. Experimental approach

To systematically study the influence of simultaneous and
sequential roller burnishing on surface quality, induced residual
stress, and resulting microhardness, a total of 15 SCaRB experi-
ments were carried out. The experimental matrix included varia-
tions of the following parameters:

- Number of deposited EHLA layers (N=0; N=1; N=3).

- Burnishing strategy (no burnishing; simultaneous at Az =1 mmy;
simultaneous at Az =4 mm; sequential burnishing).

- Roller edge radius of the burnishing tool (R=3.5mm;
R=7.5mm).

EHLA process parameters were held constant across all trials.

The corresponding parameter set was iteratively developed prior to ;
the main experimental campaign and is summarized in Table II. ;

To minimize the risk of systematic errors, the sequence of experi-
ments was randomized. To prevent contamination of the coating
surface due to powder adhesion prior to roller burnishing, the
EHLA deposition head was inclined by 15° in the feed direction. A
uniform burnishing force of 4.5 kN was maintained across all bur-
nishing strategies and for both tool radii, with the setup controlled
via a dial gauge and monitored using a load cell. In all experiments,
the feed rate of the roller burnishing process was matched to that
of the EHLA deposition process at 0.3 mm/rev. The length of each
deposited and/or burnished segment was fixed at 25 mm. In the
sequential roller burnishing strategy, a dwell time was introduced
between the coating and burnishing steps to allow the deposited

TABLE II. EHLA process parameters for the experimental trials.

Z1:S¥'20 G20T 48900 LT

. Parameter Unit Value
| Tool feed direction .
! Surface speed m/min 50
' Laser power w 3480
Laser spot @ mm 2.43
FIG. 2. Experimental setup for SCaRB on a modified Weisser ARTERY M-2 Powder mass flow kg/h 1.65
™. Feed rate mm/rev 0.3
J. Laser Appl. 37, 042026 (2025); doi: 10.2351/7.0001861 37, 042026-3
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material to cool below 50 °C under ambient conditions prior to
further processing, verified with a thermocouple. The same dwell
time was applied between each deposition pass in the multilayer
experiments. Each layer in the multilayer experiments was sub-
jected to a roller burnishing step, both in simultaneous and sequen-
tial processing strategies.

D. Evaluation methodology

The evaluation of fabricated samples included acquisition of
residual stress profiles, metallographic analysis, and microhardness
measurement, as well as optical surface characterization.

Residual stress was quantified using x-ray diffraction analysis
of anisotropic lattice deformation in accordance with DIN EN
15305. Measurements were performed at the center of the coated
and burnished region on unsectioned samples, using nominal
depth increments of 50 um to a maximum depth of 750 um below
the surface. The defined measurement depths were achieved
through controlled electrolytic etching and subsequently verified
using a calibrated dial gauge. The process yields a consistent mea-
surement uncertainty of 3 um across the evaluated depth profile.
An Xstress DR45 diffractometer and Xstress Studio software was
used for the analysis applying the sin®y method with CrK,, radia-
tion (A =0.2291 nm). Residual stress measurements were conducted
in both the circumferential and axial directions.

Following residual stress characterization, the samples were
mechanically sectioned, mounted in resin, ground, etched with
Nital, and analyzed via light microscopy. HV0.2 microhardness
profiles were acquired using a QATM Qness 60 A+ Vickers hard-
ness tester along the cross section.

The roughness of deposited and/or roller burnished surfaces
was measured by white light interferometry using a Zygo Ametek
NX2 system. Curvature correction was performed via cylindrical
fitting using Zvco Mx 7.3 software, with further data analysis
carried out in MountainsMap 7.4. The roughness values were
extracted from roughness profiles according to DIN EN ISO
4288:1998 and DIN EN ISO 4287. To obtain statistically represen-
tative results, five surface profiles were acquired per sample.

Ill. RESULTS
A. Microstructure and surface roughness

Representative cross sections of AISI 4340 coatings depos-
ited on 300M substrates are shown in Fig. 3. While all coatings
exhibit localized small-scale lack-of-fusion defects, the optical
analysis reveals no indications of cracking, delamination, or sig-
nificant pore formation. Single-layer coatings have an average
thickness of 160+ 30 um, increasing to 470 +50 um for three
layers. The heat-affected zone (HAZ) remains uniform at
approximately 100 um across all samples. Notably, a tempered
microstructure is observed in the lower part of multilayer coat-
ings, indicative of cumulative thermal cycling during successive
deposition passes.

A top view of selected single-layer EHLA coatings is provided
in Fig. 4. Figure 4(a) illustrates a coating in the “as deposited” state,
showing a characteristic waviness profile without an apparent peri-
odic structure along the rotational axis, confirming the absence of

ARTICLE pubs.aip.org/lia/jla

FIG. 3. Cross-sectional microscopy of etched substrate and “as deposited”

J. Laser Appl. 37, 042026 (2025); doi: 10.2351/7.0001861
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coatings: (a) uncoated substrate, (b) single-layer EHLA deposition, and (c) N
three-layer EHLA deposition. o)
5

roller burnishing post-treatment. Figure 4(b) illustrates a coating o
subjected to sequential roller burnishing. While an overall smooth- %
ing of the surface is evident, the characteristic morphological fea-
tures of the EHLA process are clearly retained. In contrast, Fig. 4(c)
presents a SCaRB coating generated with a tool offset of
Az =1 mm. This surface exhibits distinct, fine axial rifling, with the
periodicity of the features corresponding to the axial feed of the
roller burnishing tool. The typical surface topography associated

FIG. 4. Images of single-layer AISI 4340 EHLA coatings: (a) as deposited, (b)

coating after sequential burnishing, and (c) simultaneous burnishing with

Az=1mm.

37, 042026-4
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FIG. 5. Surface roughness of three-layer coatings subjected to simultaneous
(Az=1mm and Az=4mm), sequential, and no roller burnishing (“as
deposited”).

with EHLA is no longer observable and indicates an enhanced
plastic deformation of the surface due to residual heat from the
coating process. These initial qualitative observations are supported
by surface roughness data obtained through white light interferom-
etry, as illustrated in Fig. 5.

ARTICLE pubs.aip.org/lia/jla

simultaneous strategies, with the Az=4mm configuration even
reaching reductions of 85.2% in Ra and 86.7% in Rz.

B. Microhardness

Figure 6 displays the microhardness depth profiles for the
three-layer AISI 4340 coatings achieved under different roller bur-
nishing conditions using the R=3.5mm tool. The surface-near
region (0-300 um) consistently demonstrates the highest and most
uniform hardness values. In the “as deposited” state, this section of
the EHLA coating shows an average hardness of 644 HV.
Application of roller burnishing, regardless of strategy, results in
a significant increase in near-surface microhardness. The most
substantial increase is observed with simultaneous burnishing
conducted at a TCP offset of Az=1mm, reaching up to
722HV—a ~12% improvement over the “as deposited” state.
With sequential burnishing strategy, a ~6.5% increase in hard-
ness was achieved. Below this near-surface region, a steep gradi-
ent is evident, with hardness declining to 400-500 HV at a depth
of ~350 um. This drop is attributed to the thermal cycling effects
inherent in the multilayer deposition process, which induces
partial tempering of the heat-affected and previously deposited
layers and aligns with findings from previous work from Li et al.
on EHLA of AISI 4340."°

C. Residual stress

Figure 7 illustrates the influence of different burnishing strate-

© Author(s) 2025

The surface roughness of the three-layer “as deposited” gies and varying tool roller radii on the circumferential and axial n
coating, characterized by average roughness Ra=8.16um and residual stress profiles of three-layer AISI 4340 repair coatings. A 9
mean roughness depth Rz =60.08 um, aligns well with previously distinct contrast is observed between the “as deposited” condition g
published data.™” As expected, a noticeable improvement in and the roller burnished states. In the untreated EHLA coating, a n
surface roughness is observed for EHLA coatings undergoing a shallow compressive residual stress zone is present in the upper 5
roller burnishing treatment. The sequential strategy yielded a 72.5% 300 um, followed by a sharp transition to high tensile stresses at X

o
decrease in Rz and 60.7% in Ra compared to the unprocessed con- greater depths. Peak tensile stress values reach approximately 3
dition. Even greater improvements were achieved using both 1200 MPa in the circumferential direction and 800 MPa in the axial

800 T T T T T T T T T T T 800

—*— as deposited
——Az=1mm

722 HV +AZ=4’tT"‘I" {700

————————————— *— sequentia
o~ o~

5 700+ 5
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FIG. 6. Comparison of Vickers hardness depth profiles in multilayer EHLA coatings under “as deposited,” simultaneous burnishing (Az=1mm and Az=4 mm), and
sequential burnishing conditions.
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FIG. 7. Comparison of residual stress profiles in multilayer EHLA coatings under “as deposited,” simultaneous (Az =1 mm and Az =4 mm), and sequential burnishing con-
ditions for different burnishing roller edge radii (R =3.5mm and R =7.5 mm).
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direction. The presence of critical tensile residual stresses beneath
the surface of the deposited material significantly compromises the
bending fatigue strength of the component and poses a challenge
for the intended repair application. Under high bending load,
damage initiation has been shown to occur in this subsurface
region, as demonstrated by Li et al.'®

Under the selected processing parameters, sequential burnish-
ing applied to cooled coating samples effectively shifts the entire
residual stress profile into a compressive domain across both mea-
sured directions. Axial and circumferential compressive residual
stresses peak at values beyond —800 and —1200 MPa, respectively.
This approach not only neutralizes the tensile stresses associated
with EHLA deposition but also moderates the stress gradient,
reducing the risk of damage from abrupt subsurface stress
transitions.

The residual stress profiles generated with roller burnishing
tools with R=3.5mm and R =7.5 mm exhibit a similar characteristic
pattern, although peak values differ notably. The samples processed
with the larger-radius tool (R=7.5mm) consistently exhibit lower
peak compressive residual stresses and reduced surface hardness.
This outcome is consistent with theoretical expectations. Given the
identical burnishing force, a larger tool radius results in a greater

Circumferential stress, R = 3.5 mm
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contact area and a lower Hertzian contact pressure, which in turn
induces less plastic deformation, reduced dislocation density, and
consequently leads to lower residual stresses and hardness."

As evident from the superimposed profiles in Fig. 8, the
sequential burnishing strategy consistently results in the highest
compressive residual stresses near surface, independent of the roller
edge radius employed. This is followed by the simultaneous bur-
nishing strategy with a TCP offset of Az=4 mm. In contrast, when
the TCP offset is reduced to Az =1 mm, placing the burnishing tool
in immediate proximity to the EHLA deposition zone, the resulting
circumferential stress profile extends horizontally alongside the
neutral stress axis (0 + 200 MPa). This behavior is attributed to the
influence of residual heat from the EHLA process, which appears
to facilitate localized stress relief, effectively neutralizing both com-
pressive and tensile components.

A distinctive feature of the simultaneous burnishing process
emerges in the axial residual stress profiles. Whereas the circumfer-
ential and axial residual stress distributions in both the “as depos-
ited” and sequentially burnished coatings remain largely consistent
throughout the measured depth (see Fig. 7), the axial stress profile
of the simultaneously burnished repair volumes follows this trend
only down to approximately 300 um, beyond which it exhibits a

Circumferential stress, R = 7.5 mm
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FIG. 8. Compiled overview of EHLA and SCaRB stress profiles categorized by circumferential and axial stress directions.
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pronounced transition into the compressive regime. Although axial
stress amplitude can be adjusted via axial feed variation, the ability
to decouple axial and circumferential stress evolution while main-
taining a constant feed appears to be a distinctive characteristic of
the simultaneous burnishing method employed in this work.
Although further research is necessary to provide a complete under-
standing of the governing mechanisms, a preliminary explanatory
hypothesis can be proposed based on experimental observations.

As shown in Fig. 7, a distinct shift in both microhardness and
axial residual stress profiles consistently occurs at a depth of
~300um across all analyzed samples. The observed discontinuity
cannot be linked to the coating-substrate interface, given that it lies
entirely within the deposited region in multilayer samples, and
within the substrate in single-layer coatings. This location invariance
points to a process-driven cause rather than a material boundary.
Additionally, the fact that this anomaly occurs independently of the
roller radius and is present even in “as deposited” (nonburnished)
samples effectively rules out mechanical factors such as Hertzian
contact pressure as the primary cause. The only shared factor across
all trials is the thermal history imposed by the EHLA process. It is,
therefore, concluded that cyclic reheating, induced by the rotational
motion during deposition, facilitates near-surface stress relaxation
and local microstructural evolution. This explains the neutral stress
profile observed in the upper 300 um, while the sharp reappearance
of compressive stresses beyond this depth is attributed to the resid-
ual mechanical effect of simultaneous burnishing. The etched cross
section in Fig. 3(c) provides a brief visual indication of the micro-
structural change happening at ~300um depth attributed to this
secondary HAZ. Remarkably, simultaneous burnishing promotes
slightly deeper compressive stress penetration than sequential treat-
ment, pointing toward an enhanced thermal-mechanical coupling
effect unique to the simultaneous process suggested by the authors.
The reason this discontinuity appears exclusively in the axial resid-
ual stress profile, while being absent in the circumferential direction,
remains unclear. Further study is required to explain this behavior.

IV. CONCLUSION

Within this study, the feasibility of the SCaRB process as a
method of enhancing surface and subsurface properties of
EHLA-deposited material was successfully demonstrated. Across the
investigated parameter range, significant improvements were
observed in surface finish, microhardness, and residual stress distri-
bution. The integration of roller burnishing into the EHLA process
introduces an additional degree of process control, above all
through variation of the TCP offset Az, enabling tailored adjustment
of material properties to meet specific performance requirements.

With regard to surface finish, the presence of residual heat
during simultaneous processing contributes to improved surface
plasticity, enhancing the effectiveness of roller burnishing in
reducing surface roughness. Interestingly, the most favorable
results—both visually and as quantified by white light interferom-
etry, were achieved at a moderate tool offset of Az=4 mm. This
suggests that an optimal thermal window exists, beyond which
excessive heat may reduce the effectiveness of surface smoothing.

The authors were surprised to discover that the largest increase
in surface hardness was achieved through simultaneous roller

ARTICLE pubs.aip.org/lia/jla

burnishing at the lowest tool offset (Az =1 mm), significantly outper-
forming the other evaluated strategies. This enhancement may result
from precold deformation effects, wherein mechanically induced
strain facilitates grain refinement and cementite redistribution prior
to thermal exposure, a phenomenon supported by research from
Jia et al,”® that was shown to improve hardness and wear resistance
of martensitic steel while maintaining its toughness. Furthermore,
the interaction between deformation and elevated temperature may
induce partial stress-induced transformation to martensite even
above the Mg temperature, leading to a higher final martensite
content after rapid cooling.”' In summary, the demonstrated effects
open new opportunities for optimizing the surface integrity of EHLA
coatings, particularly in terms of hardness and wear resistance, by
leveraging simultaneous mechanical treatment during deposition.

In the context of landing gear repair, the ability of SCaRB to
modify EHLA-induced residual stress states is of particular rele-
vance. The results demonstrate that, while “as deposited” EHLA
repair volumes exhibit pronounced tensile residual stresses
beneath the surface—conditions known to compromise fatigue
performance—all applied roller burnishing strategies successfully
mitigated these stresses. Several processing conditions resulted in
a complete transformation of tensile into compressive residual
stresses, a modification that is well-documented to improve the
bending fatigue performance of structural components.'
Previous studies’” have shown that compressive residual stresses
introduced at elevated temperatures, particularly in the range of
250-300 °C, exhibit increased thermal and mechanical stability and
contribute to enhanced fatigue strength and component longevity.
Given that the residual heat from the EHLA process falls within a
comparable temperature range, it is reasonable to anticipate similar
beneficial effects when simultaneous roller burnishing strategies are
employed.

As a proxy for residual thermal input from the EHLA process,
the TCP offset proves to be a key parameter, enabling control over :

both the magnitude and depth distribution of compressive residual
stresses, while also enabling intentional differentiation between
axial and circumferential stress states. Such control supports strate-
gic engineering of stress profiles to enhance structural integrity and
fatigue performance. As such, the proposed SCaRB method pre-
sents an opportunity to optimize performance and safety in
repaired components, with the potential to not only restore but
enhance mechanical integrity beyond original specifications. Future
research will be essential to fully exploit these capabilities.

V. OUTLOOK

This study represents an initial investigation into the funda-
mental principles of simultaneous coating and roller burnishing.
To provide further understanding of the complex process mechan-
ics and to enable its practical adoption in the repair of safety-
critical components and other demanding industrial applications,
further systematic investigations are necessary.

In addition to the selected key parameters evaluated in this
study, several other factors are expected to have a significant effect
on the material properties after SCaRB processing. These include
the applied burnishing force, the rotational speed of the workpiece,
and the axial feed rate of both burnishing and EHLA tools.

Z1:S¥'20 G20T 48900 LT

J. Laser Appl. 37, 042026 (2025); doi: 10.2351/7.0001861 37, 042026-8

© Author(s) 2025


https://pubs.aip.org/lia/jla

Journal of

Laser Applications

Moreover, the current investigation was limited to two discrete
values of TCP offset. To develop a more comprehensive under-
standing of the process behavior and the interaction between
thermal and mechanical effects, future studies should explore a
broader range of offset distances with finer gradation. In this
context, a more detailed investigation of microstructural evolution
under varying process conditions is essential. Electron backscatter
diffraction analysis can be used to evaluate grain morphology, crys-
tallographic texture, and phase transformations associated with
simultaneous processing.

A key future step involves linking the various stress profiles
generated by SCaRB to actual fatigue performance. This requires a
dedicated fatigue testing campaign using test specimens processed
with distinct burnishing strategies. The resulting data set would
help identify optimal residual stress states and validate whether
compressive stresses introduced during simultaneous processing
deliver improved mechanical stability under servicelike conditions.
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