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Abstract

Slice generation is a critical preprocessing step in Additive Manufacturing (AM) that transforms a
three-dimensional CAD model into a sequence of two-dimensional cross-sections for layer-wise
fabrication. For homogeneous objects manufactured from a single material, the slicing strategy
governs the trade-off between geometric accuracy, surface quality, build time, and material
consumption. This paper provides a detailed review of slice generation techniques relevant to rapid
manufacturing. The paper discusses the overall AM process chain, data preparation, part orientation,
and different slicing methodologies including uniform slicing, adaptive slicing, and direct slicing. The
influence of process parameters such as layer thickness, build orientation, and toolpath strategy is
examined. Key challenges such as stair-stepping error, computational complexity, support structure
generation, and data format limitations are analyzed. The review concludes that advancements in
slicing algorithms and software integration are essential for improving the efficiency and part quality

in rapid manufacturing of homogeneous components.
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1. INTRODUCTION

Manufacturing of physical parts from digital data without conventional tooling became possible with
the advent of Additive Manufacturing in the mid-1980s. AM builds parts by adding material layer by
layer according to cross-sectional data derived from a CAD model. When used for direct production of
functional components, this approach is termed Rapid Manufacturing. In the AM process chain,

slicing is the step that bridges CAD modeling and machine control. A 3D solid model is intersected by
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a series of parallel planes to generate 2D contours. These contours, along with toolpath information,

form the input to the AM machine. For homogeneous objects, the entire part is composed of a single
material with uniform properties. Therefore, slicing decisions are based primarily on geometry rather
than material distribution. The quality of slicing directly affects:

¢ Dimensional accuracy - deviation from CAD model

e Surface finish - roughness due to layer discretization

e Build time - proportional to number of layers and toolpath length

e Material usage - including support material
Early commercial systems such as SLA-1 by 3D Systems in 1987 used fixed layer thickness. By the
mid-1990s, researchers began investigating variable layer thickness and improved contour algorithms
to address the limitations of uniform slicing. This paper reviews slice generation methods and issues

reported in literature [1-2].

2. PROCESS CHAIN AND DATA PREPARATION

Regardless of AM technology, slice generation follows a common sequence:
2.1 CAD Modeling and STL Conversion
The part is first designed in a CAD system using solid or surface modeling. To ensure compatibility
across AM systems, the CAD model is tessellated and exported in STL format. STL represents the
surface as a mesh of triangular facets. The chordal error in tessellation determines how closely STL
approximates the original CAD. A finer mesh improves accuracy but increases file size and slicing
time [3]. Pre-processing of STL includes: checking for gaps, overlapping triangles, and non-manifold
edges. Software tools for STL repair became common in the late 1990s.
2.2 Part Orientation
Before slicing, the part must be oriented on the build platform. Orientation affects:

e Build height and thus number of layers

e Amount of support material required

e Surface quality on critical faces

e Mechanical properties due to anisotropy
For homogeneous parts, optimization criteria include minimizing build time, minimizing support

volume, and minimizing average cusp height [4].
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2.4 Slice Generation and Data Output

After orientation, the model is sliced at a specified layer thickness. Each slice yields one or more
closed contours. These contours are processed to generate toolpaths and are finally converted to

machine instructions, often in CLI or SLI format by 2005.

3. SLICING METHODOLOGIES

Three main slicing approaches were reported in the literature by the early 2000s. Uniform slicing was
the default method used in early SLA, SLS, and FDM systems. In this approach, a constant layer
thickness Az is maintained throughout the entire part. The main advantages are a simple slicing
algorithm, constant process parameters, and predictable build time. However, the major limitation is
the stair-step effect that occurs on inclined surfaces. To achieve an acceptable surface finish, very thin
layers must be used, which increases build time almost linearly. The cusp height on an inclined surface
can be approximated by h=Az-cos(0), where 0 is the surface inclination angle. Due to these
characteristics, uniform slicing was most suitable for mechanical parts with predominantly flat and
vertical surfaces [5]. To address the limitations of uniform slicing, adaptive slicing was proposed. This
method varies the layer thickness according to the local surface curvature of the model. Regions with
high curvature are sliced with thin layers to reduce stair-stepping, while flat regions use thicker layers
to reduce build time. The typical algorithm involves calculating surface normals and curvature directly
from the STL model, setting an allowable cusp height tolerance, and then assigning the appropriate
layer thickness to meet that tolerance. Compared to uniform slicing with the same average layer
thickness, adaptive slicing provides a significant reduction in both build time and surface error. The
disadvantages include more complex slicing software and the fact that varying layer thickness can
affect interlayer bonding and the resulting mechanical properties. Additionally, it requires AM systems
capable of depositing variable layer thickness, a capability that became available in some SLS and
FDM machines by the year 2000 [6-7]. The third approach, direct slicing from CAD data, was
developed to avoid geometric errors introduced by STL tessellation. Instead of using a faceted STL
file, this method intersects the original CAD representation, such as NURBS or B-rep models, directly
with slicing planes. The primary advantages are higher geometric accuracy, smaller data file size, and
elimination of faceting errors. The main drawbacks are high computational demand and the need for

direct access to the CAD kernel, which limited its commercial implementation. Research by Xu and
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Sachs in 1995 demonstrated the feasibility of direct slicing for SLA, paving the way for more accurate

data processing in additive manufacturing [8].

4. TOOLPATH GENERATION AND PROCESS PARAMETERS

Once the part contours for each layer are obtained from the slicing process, they must be converted
into machine toolpaths that guide the laser, nozzle, or beam. Two primary toolpath strategies
dominated AM systems: contour offset and raster fill. In the contour offset strategy, the tool follows
paths that are offset inward from the part boundary, which helps achieve good dimensional accuracy
and surface finish. In the raster fill strategy, the interior area is filled using back-and-forth hatching
patterns. For homogeneous parts, a combination of both approaches was commonly used, where 2 to 3
contour passes were applied along the boundary to improve surface quality, followed by a raster fill to
build the interior volume efficiently.

Layer thickness is the most critical process parameter controlling the accuracy and build time
of the part. Typical values reported in literature ranged from 0.1 mm to 0.4 mm for polymer processes
such as FDM and SLA, and from 50 pm to 100 pum for metal processes such as DMLS and SLM.
Reducing layer thickness improves Z-resolution and surface finish, but it also increases the total
number of layers, leading to longer build times and higher costs. Therefore, layer thickness selection
involves a trade-off between geometric accuracy and productivity.

Another important aspect is support structure generation. For features with overhangs beyond a
critical angle, typically 45°, support structures are necessary to prevent collapse during fabrication.
Slicing software generates support contours along with part contours, and for homogeneous
manufacturing these supports are made from the same material as the part. They are later removed
mechanically or through dissolution processes. By 1998, algorithms for automated support generation

had become well established in commercial AM software and were widely implemented [9].

5. CHALLENGES IN SLICE GENERATION

Despite advances in slicing algorithms, several challenges continued to affect the accuracy, efficiency,
and interoperability of the process. The most fundamental issue was stair-stepping and surface
roughness. Because AM builds parts in discrete layers, a cusp error is inherently produced, which is
most visible on shallow-sloped surfaces. To meet surface finish requirements, post-processing

operations such as sanding, machining, or chemical smoothing were often required after fabrication.
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Computational complexity was another major limitation. Large and complex components could

have STL files containing more than 1 million triangles. On the workstations available in the 1990s
and early 2000s, slicing such files could take several hours. To address this, researchers proposed
efficient data structures such as octrees and spatial partitioning techniques to accelerate the ray-
triangle intersection calculations during slicing.

Dimensional accuracy was also affected by error accumulation across multiple stages. These
included CAD-to-STL approximation error, discretization error during slicing, and positioning errors
of the AM machine itself. By 2005, many commercial slicing software packages began incorporating
compensation factors to offset shrinkage and machine inaccuracies and improve final part tolerances.

Finally, data format and interoperability posed significant practical problems. Prior to the
release of F2792, there was no universal standard for slice data. Each machine vendor used
proprietary formats such as SLC, CLI, or SLI. This lack of standardization made it difficult to transfer

jobs between different AM systems and hindered collaboration across platforms [2-10].

6. FUTURE DIRECTIONS

Based on research trends, several areas were identified for future work in slice generation and process
planning. One major focus was on improved adaptive slicing algorithms. Efforts were directed toward
developing faster methods for curvature calculation and achieving smoother control of thickness
transitions, with the goal of reducing stair-step error while avoiding weak interfaces caused by abrupt
changes in layer thickness.

Another key direction was direct CAD integration. Researchers aimed for tighter coupling of
slicing modules within CAD software to eliminate the need for STL conversion entirely and to enable
feature-based slicing directly from parametric or B-rep models. This was expected to improve
geometric accuracy and reduce data size.

Optimized toolpath planning also emerged as an important research area. Studies were underway
on new infill patterns designed to minimize warpage and residual stress in homogeneous polymers and
metals. Spiral filling and island-based scanning strategies were being investigated as alternatives to
conventional raster hatching to improve thermal distribution and mechanical performance.Finally,
standardization was anticipated to play a critical role. The formation of Committee was expected to

drive the development of standard data formats and benchmarking procedures for slicing and toolpath
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generation. Collectively, these developments were aimed at shifting additive manufacturing from a

prototyping technology to a viable process for end-use production [1-2].

7. CONCLUSION
Slice generation is a decisive step in the rapid manufacturing of homogeneous objects. The method of
slicing determines the balance between part quality and manufacturing time.

Uniform slicing remains the simplest and most widely used method in commercial systems.
Adaptive slicing offers a good compromise for parts with complex geometry. Direct slicing provides
the highest accuracy but was not yet mainstream. Key parameters including layer thickness,
orientation, and toolpath strategy must be selected carefully. Challenges such as stair-stepping, long
computation times, and lack of data standards were major focus areas in literature.As AM transitions
from rapid prototyping to rapid manufacturing, robust and efficient slicing algorithms will be essential.
Future work should focus on software improvements and standardization to fully exploit the potential

of AM for homogeneous components.
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