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Abstract
Bulk specimens with progressively increasing layer counts were fabricated using
laser solid forming, and the causes for the inward inclination of part vertical
outer walls were analyzed. Based on a method for reconstructing single-track
cladding cross-sectional profiles using powder accumulation height, an analytical
model describing the layer-by-layer evolution of vertical outer wall profiles was
constructed. This model was employed to reconstruct vertical outer wall profiles
under varying single-track cladding aspect ratios and effective laser beam inter-
action zones, and the effects of these two parameters were investigated. The
results demonstrate that during the layer-by-layer buildup process, previously
deposited cladding layers influence the formation of subsequent layers; due to
the arc-shaped cross-section of single-track claddings, the boundary melt pool
formed at the intersection with the laser beam contracts toward the part interior,
thereby inducing inward contraction of boundary single-track claddings and in-
ward inclination of vertical outer walls; as deposition height increases, this incli-
nation diminishes and gradually vanishes. With a constant initial single-track
cladding width, reducing the effective laser beam interaction zone facilitates
vertical alignment of the outer wall but increases its deviation; the influence of
single-track cladding aspect ratio on the outer wall is essentially negligible.
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Abstract

The vertical outside wall in laser solid forming (LSF) is prone to incline in-
ward, which deteriorates dimensional precision and process stability. To address
this problem, samples with varying numbers of deposited layers were prepared
to investigate the evolution of boundary single-track clad shape and the for-
mation mechanism of inward-inclining vertical walls. Based on a method for
reconstructing the cross-section profile of single-track clads using powder accu-
mulation height, an analytical model was developed to describe the evolution
of vertical outside walls during multilayer superimposition. Using this model,
vertical outside walls were reconstructed under different width-to-height ratios
of single-track clads and critical defocus distances to analyze their respective
influences.

Results indicate that deposited clads significantly influence the formation of
subsequent clads during layer-by-layer superimposition. Due to the arc-shaped
cross-section profile of single-track clads, the boundary molten pool intersect-
ing with the laser beam shrinks inward, causing the boundary single-track clad
edges to contract and the vertical outside wall to incline inward. However,
this inclination decreases with increasing deposition height and eventually dis-
appears. For an initial single-track clad with fixed width, reducing the critical
defocus distance helps the outside wall become more vertical but increases its
dimensional offset. The width-to-height ratio of single-track clads has almost
no effect on the outside wall profile.

Keywords: laser solid forming, vertical outside wall, inward inclination, ana-
lytical model

1. Introduction

Laser solid forming (LSF) integrates the freeform fabrication capability of rapid
prototyping with the high-performance cladding characteristics of synchronous
powder feeding laser cladding, representing an advanced digital additive manu-
facturing technology for metals [?]. LSF enables rapid fabrication and repair of
high-performance metal components and has found applications in aerospace,
energy, and power generation industries [?]. For LSF technology, ensuring
geometric accuracy and process stability represents a critical objective. LSF
constructs two-dimensional planes through lateral overlapping of single-track
clads, which are then stacked layer-by-layer to form three-dimensional compo-
nents. Consequently, the formation of single-track clads and their inter-track
and inter-layer overlapping fundamentally affect forming precision. Numerous
studies have investigated the effects of process parameters—including power,
scanning speed, powder feed rate, and spot size—on single-track clad shape [?]
and surface flatness [?], as well as the influence of overlap rate on surface quality
[?, ?].
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During layer-by-layer superimposition, boundary single-track clads constitute
the component’s outside wall, whose profile accuracy directly reflects the geo-
metric precision of the part. Deviation of the outside wall profile from the in-
tended shape not only reduces dimensional accuracy but can also cause process
instability and surface quality deterioration [?]. Depending on the deposition
path, outside wall formation in LSF can be categorized into three types: (1)
composed of single-track clad end faces; (2) composed of longitudinal side sur-
faces of single-track clads; and (3) alternating combinations of end faces and
longitudinal side surfaces. Bi et al. [?] and Tan et al. [?] reported and analyzed
the collapse of single-track clad ends and the resulting inward inclination of the
first wall type. Zhu et al. [?] studied the effects of laser beam and powder stream
defocusing on top surface flatness and process stability. However, in practical
LSF processes, the second wall type—composed of longitudinal side surfaces of
clads—frequently exhibits inward inclination, particularly pronounced in steel
components, yet the underlying mechanisms remain unreported.

This work investigates the inward inclination phenomenon of vertical outside
walls composed of longitudinal side surfaces of single-track clads in LSF. The
fundamental formation process and mechanism of inward inclination are an-
alyzed. Based on a method for reconstructing single-track clad cross-section
profiles using powder accumulation height, a theoretical model describing the
evolution of vertical outside walls is established. The influences of single-track
clad width-to-height ratio and laser beam effective range on wall evolution are
discussed.

2. Experimental Methods

To investigate the formation process of vertical outside walls, rectangular cross-
section samples with progressively increasing layer numbers were designed. To
reveal the complete contour of boundary clads, after depositing the predeter-
mined number of layers, the laser was elevated by one additional layer and an
extra track was deposited at the first track position, as shown in [Figure 1: see
original paper].

Experiments were conducted on a self-developed LSF-VI system at the State
Key Laboratory of Solidification Processing, Northwestern Polytechnical Uni-
versity. The system comprises a CO2 continuous laser, a five-axis four-linkage
CNC worktable, a high-precision powder feeder, and an atmosphere-controlled
glove box. The deposition material was 2Cr13 stainless steel powder prepared
by rotating electrode process, with particle sizes of 45–160 µm and chemical
composition (wt.%): C 0.24, Cr 12.47, Mn 0.6, Si 0.4, Ni 0.32, Fe balance. Sub-
strates were 2Cr13 stainless steel plates approximately 8 mm thick. Prior to
experiments, powder was dried at 120 °C in a vacuum oven to remove adsorbed
moisture. Substrate surfaces were ground to remove oxide layers and cleaned
with acetone. Process parameters were: laser power 2.8 kW, scanning speed
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600 mm/min, spot diameter ~2 mm, powder feed rate 7.38 g/min, overlap rate
45%, vertical increment 0.2 mm, using a unidirectional scanning path. Experi-
ments were performed under Ar protective atmosphere with O2 partial pressure
controlled during processing.

After deposition, samples were sectioned perpendicular to the laser scanning
direction. Cross-sections were mounted, ground, polished, and electrolytically
etched in 10% (mass fraction) ammonium persulfate aqueous solution at 6 V
for 120 s. The outside wall and boundary single-track clad morphologies were
examined using an OLS4000 laser confocal microscope.

3. Results and Analysis

[Figure 2: see original paper] shows cross-sectional morphologies of LSF samples
with 1, 7, 15, and 36 layers. The outside wall did not form the intended vertical
shape but inclined inward, making the cross-section approximately trapezoidal.
The inward inclination gradually decreased with increasing deposition height,
showing a tendency toward verticality. Since the outside wall composed of lon-
gitudinal side surfaces forms through layer-by-layer superimposition of boundary
single-track clads, its shape is determined by the geometry of these boundary
clads. Based on metallographic features reflecting solid/liquid and solid/gas in-
terfaces, the cross-section profiles of boundary clads can be traced, as shown in
[FIGURE:2b-d]. However, interlayer superimposition allows only the top clad
profile to be fully revealed. As samples were prepared under identical param-
eters, the shape of the additionally deposited top track reflects the shape of
boundary clads at corresponding layers during forming. Measured profiles of
these top boundary clads are presented in [Figure 3: see original paper], where
the outer edge of the initial single-track clad is defined as the coordinate origin,
and the x-coordinates of left edges represent their horizontal offset from the
origin.

[Figure 2: see original paper] and [Figure 3: see original paper] demonstrate that
boundary single-track clad shapes evolve progressively with deposition height:
(1) outer edges gradually shrink inward; (2) cross-section profiles deviate from
symmetry about the laser beam center axis, with inner edges rising relative to
outer edges and expanding inward; (3) the slope of the outer half-profile (from
outside to inside) gradually increases, making the outer half of boundary clads
steeper. This progressive inward contraction of outer edges creates the inward-
inclining outside wall during layer stacking. The mechanism behind this gradual
contraction is analyzed below.

Single-track clad formation involves powder accumulation, melting, and solidifi-
cation in the molten pool, with shape determined by substrate geometry, powder
accumulation, and deformation. In LSF, when process parameters are fixed, the
laser energy distribution and powder concentration distribution are constant,
but the substrate—the carrier for cladding—does not remain planar. During
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track overlapping and layer stacking, deposited clads become substrates for sub-
sequent clads. Substrate shape changes alter molten pool geometry, affecting
powder accumulation and deformation, thereby changing clad shape and ulti-
mately influencing component geometry.

For boundary clads, the influence of previously deposited material on subsequent
clads during superimposition is illustrated in [Figure 4: see original paper]. First,
single-track clads possess curved outer surfaces (determined by powder accumu-
lation height distribution in the molten pool) that rise gradually from outside to
inside ([Figure 4a: see original paper]). When serving as a substrate, the current
clad shape is determined by this substrate geometry plus powder accumulation
height, so the curved substrate features alter the current clad geometry. Second,
molten pool shape changes. Ignoring heat transfer effects, the molten pool can
be considered as the intersection line between the laser beam (within its effec-
tive range where critical energy density for melting is met) and the substrate.
For the initial clad on a planar substrate, the molten pool is circular. Typically,
the energy density at the substrate exceeds the minimum required for melting,
so melting can occur within a certain range below the substrate surface. Due to
the curved clad surface, the actual molten pool shape at increased deposition
heights appears as shown in [Figure 4a: see original paper].

Assuming ideal track and layer overlapping (i.e., minimal inter-track unevenness
approximated as planar, with layer increment equal to clad height), the actual
molten pool projection is shown by the solid line in [Figure 4b: see original
paper]. [Figure 4a: see original paper] and [Figure 4b: see original paper] reveal
that even with ideal overlapping, the outer half of the molten pool (outside
the laser beam center axis) undergoes changes compared to the initial planar
substrate case: (1) the outer edge of the molten pool (intersection of the critical-
energy-density spot with the substrate outer surface) shrinks inward relative to
the boundary clad serving as substrate; (2) the outer edge acquires a finite
length rather than being zero; (3) with large laser beam divergence angle, the
molten pool projection diverges in a “trumpet”shape from inside to outside,
approaching but always exceeding the initial pool size as the divergence angle
decreases.

These molten pool changes cause corresponding alterations in boundary clad
shape: (1) inward contraction of outer edges causes the outside wall to incline
inward as shown in [Figure 2: see original paper]; (2) the finite length of the
molten pool outer edge creates a“step”where powder accumulation height drops
to zero beyond the edge, making the boundary clad steeper at its outer edge
(though in reality, heat transfer and deformation smooth this step); (3) ignoring
pre-solidification deformation, when the molten pool projection approaches the
initial case, powder accumulation height within the current pool becomes con-
sistent with the initial condition, making the current boundary clad profile an
integer multiple superposition of the initial profile. Since the increment is typi-
cally set to the initial clad height (maximum height of the initial cross-section),
the slope of the outer half-profile increases ([FIGURE:4c, case I). As the molten
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pool projection enlarges, powder accumulation height exceeds the initial value,
gradually reducing the profile slope ([FIGURE:4c, case II). When the projection
becomes trumpet-shaped, all points in the outer half-pool approach the central
length, yielding powder accumulation heights near the initial clad height and
making the outer half-profile approach the initial shape ([FIGURE:4c, case III).
With further trumpet-shaped divergence, powder accumulation heights exceed
the initial clad height, reducing the slope below the initial case ([FIGURE:4c,
case IV). When powder accumulation height far exceeds the initial clad height,
the outer half-profile may even rise from inside to outside, opposite to the ini-
tial case ([FIGURE:4c, case V). Notably, corresponding to cases I–V, the“step”
at the outer edge gradually increases, enhancing outward flow deformation of
the boundary clad in its liquid stage and promoting verticality or even outward
expansion of the outside wall [?]. As shown in [Figure 4d: see original paper], a
sample’s outside wall remains nearly vertical in the middle-lower section while
expanding outward at the top.

Based on this analysis, during superimposition, the curved clad surface as sub-
strate causes inward shrinkage of the boundary molten pool, leading to pro-
gressive inward contraction of boundary clads. In practice, laser beams have
very small divergence angles, so boundary molten pool projections approach the
initial case. Combined with the finite length of the molten pool outer edge and
abrupt drop in powder accumulation beyond it, these factors increase the slope
of the outer half-profile. Given a fixed increment for the critical laser spot, the
inward shrinkage of the molten pool outer edge decreases layer by layer, causing
the outside wall inclination to diminish and approach verticality.

4. Model Development

Based on the above analysis, an analytical model was established to describe the
evolution of vertical outside wall profiles by constructing the outer half-profiles
of boundary single-track clads layer-by-layer using the powder accumulation
height method [?]. For model simplification, the following assumptions were
made:

1. The substrate is located below the laser beam focal point during forming.
2. Linear beam approximation: the laser beam below the focal point is

treated as a cone with its apex at the focal point, with uniform energy
density distribution within the spot.

3. In LSF, molten pool size is typically comparable to laser beam diameter;
thus, heat transfer effects are neglected and the molten pool shape is
defined as the intersection line between the laser beam within its effective
range and the substrate.

4. Powder concentration distribution within the powder stream is assumed
uniform, with all powder entering the molten pool being captured and
melted.
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5. Ideal track overlapping is assumed, making the clad surface planar except
for the outer half of boundary tracks.

6. The increment along the deposition direction equals the initial clad layer
height.

7. Liquid-phase flow deformation of clads is neglected.

As shown in [Figure 5: see original paper], a coordinate system is established
with the initial substrate surface as the x-y plane, the intersection point of
the laser beam center axis at the start position for the first clad as the origin,
and the scanning direction as the y-axis. Let the laser spot radius on the
substrate plane (i.e., the width of the initial single-track clad) be r, the half-
divergence angle of the laser beam be 𝛽, and the distance from the maximum
forming spot to the substrate plane within the effective range be H (larger H
indicates greater forming range). Under linear beam approximation, the laser
beam surface geometry is expressed as:

𝑦𝐿𝑖 − 𝑦∗ = cot 𝛽 ⋅ √(𝑥𝐿𝑖 − 𝑥∗)2 + (𝑧𝐿𝑖 − 𝑧∗)2

where 𝑥𝐿𝑖, 𝑦𝐿𝑖, 𝑧𝐿𝑖 are coordinates of the ith layer laser beam surface, 𝑥∗, 𝑦∗, 𝑧∗

are corresponding coordinates of the beam center axis, and 𝑧∗ = (𝑖 − 1)Δℎ is
the elevation of the ith layer.

Additionally:

𝑥𝐿𝑖 − 𝑥∗ = cot 𝛽 ⋅ (𝑧𝐿𝑖 − 𝑧∗)

Under ideal overlapping and the assumption that increment equals initial clad
height, for the sample cross-section shown in [Figure 1: see original paper],
the middle overlapping region is approximated as planar, with symmetric outer
half-profiles of left and right boundary clads. Only the left boundary clad is
considered herein.

Let the powder concentration at any point in the powder stream be m (g/(m2・
s)). The outer half-profile of the ith layer boundary clad is:

𝑧𝑖 = 𝑚 ⋅ 𝑦𝑖
𝜌 ⋅ 𝑣 + (𝑖 − 1)Δℎ

where 𝑥𝑖, 𝑦𝑖, 𝑧𝑖 are coordinates of the ith layer boundary clad cross-section pro-
file, 𝑦𝑖 is the molten pool length (m) at position 𝑥𝑖 (absolute difference between
𝑦𝐿𝑖 and 𝑦∗), v is scanning speed (m/s), and � is powder density (g/m3).

When depositing the ith layer, the boundary molten pool shape is the intersec-
tion line between the ith layer laser beam and the surface of the (i-1)th layer
boundary clad. From Eq.(1):

𝑦𝑖 = 2 ⋅ √[𝐻 − (𝑖 − 1)Δℎ]2 − (𝑥𝐿𝑖 − 𝑥∗)2
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where 𝑋𝑖 is the intersection point between the laser beam and the outer half-
profile of the ith single-track clad. 𝑋𝑖 is determined by |𝑧𝐿𝑖 − (𝑖 − 1)Δℎ| = 0
when 𝑧𝐿𝑖 − (𝑖 − 1)Δℎ ≥ 0, and by 𝑧𝑖 when 𝑧𝐿𝑖 − (𝑖 − 1)Δℎ < 0.

Considering the interior of the (i-1)th layer cross-section profile as a plane at
height (𝑖 − 1)Δℎ and neglecting the effect of solidified clad height at the rear of
the molten pool during scanning (due to small beam divergence and low clad
height), the boundary molten pool length is:

𝑦𝑖 = 2 ⋅ √[𝐻 − (𝑖 − 1)Δℎ]2 − (𝑥𝑖 − 𝑥∗)2 for 𝑥𝑖 ∈ [𝑥∗, 𝑋𝑖]

𝑦𝑖 = 2 ⋅ √[𝐻 − (𝑖 − 1)Δℎ]2 − (𝑋𝑖 − 𝑥∗)2 for 𝑥𝑖 ∈ [𝑋𝑖, 𝑟]

From Eqs.(3), (4), and (6), the ith layer boundary single-track clad cross-section
profile is:

𝑧𝑖 = 𝑚
𝜌 ⋅ 𝑣 ⋅ 2 ⋅ √[𝐻 − (𝑖 − 1)Δℎ]2 − (𝑥𝑖 − 𝑥∗)2 + (𝑖 − 1)Δℎ for 𝑥𝑖 ∈ [𝑥∗, 𝑋𝑖]

𝑧𝑖 = 𝑚
𝜌 ⋅ 𝑣 ⋅ 2 ⋅ √[𝐻 − (𝑖 − 1)Δℎ]2 − (𝑋𝑖 − 𝑥∗)2 + (𝑖 − 1)Δℎ for 𝑥𝑖 ∈ [𝑋𝑖, 𝑟]

4.1 Model Evaluation

Based on this model, single-track clad shape, laser beam divergence angle, and
effective range directly determine boundary clad shape evolution, with process
parameters acting through these factors. Using the model, vertical outside walls
were reconstructed for different initial single-track clad width-to-height ratios
and laser effective ranges. Parameters are listed in , where R denotes the initial
single-track clad width-to-height ratio. Results are shown in [Figure 6: see
original paper].

Comparison with experimental results shows the model correctly predicts: (1)
gradual inward contraction of boundary clad outer edges causing inward wall in-
clination; (2) decreasing inclination with increasing deposition height; (3) shape
evolution of boundary clads with increasing outer half-profile slope. This vali-
dates the proposed mechanism: during superimposition, the curved surface of
deposited boundary clads as substrate alters substrate height and molten pool
shape, progressively affecting subsequent clad shapes and outside wall forma-
tion.

However, single-track clad formation in LSF is complex, and model simplifica-
tions affect predictions: (1) The model equates clad cross-section profiles with
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powder accumulation on the substrate, neglecting pre-solidification deformation.
Song et al. [?] noted that under gravity, boundary clads bulge outward, which
can counteract inward contraction or even cause outward expansion. When
deformation is small (e.g., large width-to-height ratio, low superheat), powder-
accumulation-based profiles approximate reality. (2) Ideal track overlapping
assumes a horizontal interior surface, ignoring actual surface unevenness. Im-
proper overlap rates can create wavy or tilted interior surfaces [?], complicating
boundary clad formation. As shown in [Figure 3: see original paper], the gradual
elevation of inner edges relative to outer edges likely results from higher adja-
cent interior clads. However, optimized overlap rates minimize this effect. (3)
The model assumes equal increment and clad height growth, fixing the relative
position between laser beam and clad. In practice, these often differ, contin-
uously changing their relative position and affecting clad shape. The inward
expansion of right edges in [Figure 3: see original paper] likely relates to clad
growth being smaller than beam elevation, increasing beam-clad spacing. (4)
The model simplifies laser energy and powder concentration distributions. Laser
spot size varies nonlinearly with defocus, and absorptivity depends on substrate
morphology [?, ?], affecting the spatial shape of the effective laser range and
molten pool geometry. Powder concentration in the stream follows a Gaussian
distribution in planes perpendicular to the axis and diverges with distance from
the nozzle [?, ?], resulting in higher accumulation at the pool center and lower
at edges.

In summary, the model captures the essential physics of deposited boundary
clads influencing subsequent clad shapes. Despite simplifications causing some
deviation from reality, it reasonably reflects the layer-by-layer evolution of
boundary clads and outside walls. Further refinement incorporating these fac-
tors could enable investigation of their effects on geometric evolution.

4.2 Effects of Clad Shape and Laser Effective Range

Based on reconstruction results, the influences of initial single-track clad shape
and laser effective range on component geometry and dimensional accuracy were
further analyzed. As defined in [Figure 7: see original paper], 𝛼 represents the
interlayer angle and Δf denotes the dimensional offset between each boundary
clad outer edge and its preset position, with outer edge heights indicating wall
profile elevations. Angle 𝛼 reflects deviation from verticality and process sta-
bility; as 𝛼 approaches 90°, the wall becomes vertical and processing stabilizes.
Offset Δf reflects dimensional accuracy—positive values indicate oversizing, neg-
ative values undersizing, with larger absolute values indicating poorer precision.

[Figure 8: see original paper] shows interlayer angle evolution with layer num-
ber and deposition height. Results indicate that vertical outside walls gradually
approach verticality with increasing layers/height. At the same layer number,
smaller width-to-height ratios and smaller laser effective ranges produce larger
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interlayer angles. At the same deposition height, width-to-height ratio has neg-
ligible effect on 𝛼, while smaller laser effective ranges yield larger angles. The
initial dip followed by rise in 𝛼 occurs because when the critical forming spot
elevates above the original substrate, the distance between adjacent layers is
not the increment; when this distance is too small, the initial interlayer angle
becomes large.

[Figure 9: see original paper] shows dimensional offset evolution. The offset is
negative and its magnitude decreases with increasing layers/height, indicating
progressive inward shrinkage and final undersizing relative to preset dimensions.
At the same layer number, smaller width-to-height ratios and smaller laser ef-
fective ranges increase shrinkage. At the same height, width-to-height ratio has
negligible effect, while smaller laser effective ranges increase shrinkage. Some
positive initial offsets occur because the maximum forming radius increases as el-
evation proceeds above the substrate plane; once elevated beyond the substrate,
the beam intersects deposited material instead, after which inward shrinkage
begins.

5. Conclusions

1. During LSF layer-by-layer deposition, boundary single-track clad shapes
are significantly influenced by underlying deposited clads and cannot be
simplified as translations of the initial clad shape. Due to the arc-shaped
clad profile and finite laser beam effective range, the molten pool formed
by intersection of the laser beam with boundary clads progressively shrinks
inward with increasing deposition height, causing vertical outside walls to
incline inward.

2. An analytical model describing the layer-by-layer evolution of boundary
single-track clad cross-sections and vertical outside wall profiles was es-
tablished, accounting for the influence of deposited boundary clads as
substrates for subsequent clads.

3. Based on model reconstructions, the effects of laser beam effective range
and initial single-track clad shape on wall evolution were discussed. Re-
sults show that inward inclination decreases and walls approach verticality
with increasing deposition height. For a fixed initial clad width, reducing
laser effective range and clad width-to-height ratio helps walls become
more vertical but increases dimensional offset. At the same deposition
height, width-to-height ratio has negligible effect on wall profile.

References

[1] Huang W D, Lin X, Chen J, Liu Z X, Li Y M. Laser Solid Forming—The
Rapid and Free Fabricating of High Performance Metal Components. Xi’an:

chinarxiv.org/items/chinaxiv-202303.00610 Machine Translation

https://chinarxiv.org/items/chinaxiv-202303.00610


Northwestern Polytechnical University Press, 2007: 1

[2] Liu F, Lin X, Yang G, Song M, Chen J, Huang W. Opt Laser Technol, 2011;
43: 208

[3] Yang G, Lin X, Liu F, Hu Q, Ma L, Li J, Huang W. Intermetallics, 2012; 22:
110

[4] Cao J, Liu F, Lin X, Huang C, Chen J, Huang W. Opt Laser Technol, 2013;
45: 228

[5] Lin X, Cao Y, Wu X, Yang H, Chen J, Huang W. Mater Sci Eng, 2012; A553:
80

[6] Vrancken B, Thijs L, Kruth J P, Van Humbeeck J. Acta Mater, 2014; 68:
150

[7] Yang H O, Song M H, Yang D H, Lin X, Chen J, Huang W D. Appl Laser,
2011; 31: 384

[8] Xu Q D, Lin X, Song M H, Yang H O, Huang W D. Acta Metall Sin, 2013;
49: 605

[9] Huang W D, Lin X. Mater China, 2010; (6): 12

[10] Gu D D, Meiners W, Wissenbach K, Poprawe R. Int Mater Rev, 2012; 57:
133

[11] Li Y, Yang H, Lin X, Huang W, Li J, Zhou Y. Mater Sci Eng, 2003; A360:
18

[12] De Oliveira U, Ocelik V, De Hosson J T M. Surf Coat Technol, 2005; 197:
127

[13] Fallah V, Alimardani M, Corbin S F, Khajepour A. Comp Mater Sci, 2011;
50: 2124

[14] Zhu G X, Zhang A F, Li D C. Chin J Laser, 2010; (1): 296

[15] Kaplan A, Groboth G. J Manuf Sci Eng, 2001; 123: 609

[16] Aiyiti W, Zhao W, Lu B, Tang Y. Rapid Prototyping J, 2006; 12: 35

[17] Li Y, Ma J. Surf Coat Technol, 1997; 90: 1

[18] Song M, Lin X, Yang G, Cui X, Yang H, Huang W. J Mater Process Technol,
2014; 214: 701

[19] Bi G, Gasser A, Wissenbach K, Drenker A, Poprawe R. Surf Coat Technol,
2006; 201: 2676

[20] Tan H, Chen J, Zhang F, Lin X, Huang W. Int J Mach Tools Manuf, 2010;
50: 1

[21] Zhu G, Li D, Zhang A, Pi G, Tang Y. Opt Laser Technol, 2012; 44: 349

chinarxiv.org/items/chinaxiv-202303.00610 Machine Translation

https://chinarxiv.org/items/chinaxiv-202303.00610


[22] Liu J, Li L. Opt Laser Technol, 2005; 37: 478

[23] Liu J. Opt Laser Technol, 2007; 39: 1532

[24] Tan H, Chen J, Zhang F, Lin X, Huang W. Opt Laser Technol, 2010; 42:
47

[25] Picasso M, Marsden C F, Wagniere J D, Frenk A, Rappaz M. Metall Mater
Trans, 1994; 25B: 281

[26] Lin J, Hwang B C. Opt Laser Technol, 1999; 31: 571

[27] Tan H, Zhang F, Wen R, Chen J, Huang W. Opt Laser Eng, 2012; 50: 391

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202303.00610 Machine Translation

https://chinarxiv.org/items/chinaxiv-202303.00610

	Formation of Inward Tilt of Vertical Outer Walls in Laser Solid Forming Parts and Post-Print Model
	Abstract
	Full Text
	Formation and Modeling of Inward Inclination of Vertical Outside Walls in Laser Solid Forming
	Abstract
	1. Introduction
	2. Experimental Methods
	3. Results and Analysis
	4. Model Development
	4.1 Model Evaluation
	4.2 Effects of Clad Shape and Laser Effective Range
	5. Conclusions
	References



