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NEW METHOD OF REPRESENTING THE TRIPLE ORTHOGONAL PROJECTION

OF A LINE USING FDM

Abstract: This study presents the design and fabrication of a physical model for the triple orthogonal
projection and the draught of a line using 3D printing technology. In this paper, an educational model is
presented that aims to provide a better understanding of the representation of the triple orthogonal projection
of a line in space and in the draught. To create the physical model, three plates were manufactured that
symbolise the three projection planes and a series of flexible cylindrical elements that embody a spatial line
and its projections. The plates are articulated two by two so that they can be folded to obtain the draught.
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1. INTRODUCTION

3D printing is an additive manufacturing technology
that produces 3D parts with various shapes. 3D printing
uses Fused Deposition Modelling technology. This
manufacturing method is based on the deposition of
material, as opposed to conventional technologies that
remove material. The plastic filament is heated by the
extrusion head and deposited on the base plate to produce
parts. (Figure 1). Parts are produced by depositing layers
of material on top of each other until the part is built. 3D
printing allows to produce conceptual parts, functional
parts, but also the manufacture of multiple parts
simultaneously, obtaining assemblies [1-2].
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Figure 1 FDM principle [3].

The triple orthogonal projection of a line is a method
in descriptive geometry by which a spatial line is
projected onto three projection planes: the horizontal

plane (H), the vertical plane (V) and the lateral plane (L),
forming a projection trihedron. This representation
allows the determination of the position of the line D1 in
space and its projections onto the three projection planes:
the projection d1 onto H, the projection d2 onto V and
the projection d3 onto L (Figure 2) [4], [5].
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Figure 2 Spatial representation of a line located in the first
trihedron [5].

The draught results from rotating the horizontal plane
around the OX axis (H-V intersection) until it overlaps
the vertical plane V, and rotating the lateral plane around
the OY axis (L-V intersection) until it overlaps the
vertical plane (Figure 3). This technique, introduced in
descriptive geometry, ensures a correspondence between
the straight line in space and its projections on each
projection plane, facilitating geometric constructions in
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engineering [6], [7].

In a didactic context, understanding the triple
projection and the draught remains a challenge for
students, due to the abstract nature of three-dimensional
space, which motivates the development of interactive
physical models such as the one in this paper. The study
proposes a method for representing the triple orthogonal
projection of the line by manufacturing an educational
model with a 3D FDM printer, using articulated plates
symbolising the projection planes and flexible cylindrical
elements for the line and its projections.
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Figure 3 Draught representation of a line located in the first
trihedron [8].

2. MATERIALS AND METHODS

2.1 Equipment

The physical model was made using FDM 3D
printing technology, using the Ender 3 V3 SE printer
from Creality, equipped with a 0.4 mm nozzle and heated
bed (Figure 4). The 3D printer was chosen due to its
simplicity in operation, low acquisition and maintenance
costs, printing accuracy, and printing volume of
220x220x250 mm.

The material chosen was Polylactic Acid (PLA), due
to its mechanical properties, low printing temperature,
between 180°C and 220°C, but also its economic
accessibility for educational applications. The printing
parameters were set in the Cura slicer: printing speed 50
mm/s, extruder temperature 210°C, build plate at 60°C,
layer height 0.2 mm, infill 20% for optimal rigidity.

In didactic use, the model facilitates the
understanding of the positions of the line, unlike
traditional static 2D representations. The flexible
cylindrical elements maintain geometric precision during
repeated rotations, with no significant deformations
observed in the tests performed.

CREALITY

Figure 4 Creality Ender-3 V3 SE 3D printer [9].

2.2 Obtaining the educational model

Using SolidEdge, a 3D model was created to
represent the triple projection of a line in space. Three
flat plates were modelled, interconnected through three
articulation points, enabling them to be positioned at 90°
angles to one another or folded completely into
alignment with each other. Each plate features a set of
aligned holes designed to accommodate cylinders
representing the line's positions across the three
projection planes (Figure 5).

Figure 5 Digital design of triple orthogonal projection of a line
in the first trihedron.

By rotating plate H 90° around OX (over V) and plate
L 90° around OY (over V), the plates align to produce
the draught - conventional 2D engineering drawing
where projections d1, d2, d3 superimpose, revealing their
true geometric relationships (Figure 6).
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Figure 6 Model folded into draught configuration.

The physical model consists of three plates, 5 mm
thick, 210 mm long and 210 mm wide, representing the
projection planes H, V and L. The cylindrical elements
with a diameter of 3 mm, variable length 80-120 mm,
simulate the spatial line and its projections: a main
cylinder for the line in space and six projections attached
perpendicularly to the plates (Figure 7). The articulation
of the plates allows their rotation around the ox and oy
axes, reproducing the operation of obtaining the draught.

Figure 7 Obtaining the physical model.

2.3 Obtaining the draught

The model supports a structured laboratory activity
for first-year engineering students in descriptive
geometry courses, lasting 20-30 minutes per group of 3—
4 students. Key steps include: Assemble plates in first

trihedron and insert flexible cylinders to position
arbitrary line D in space, observing projections d1 (H),
d2 (V), d3 (L); Verify collinearity of points and
perpendicularity via physical alignment; Rotate H plate
90° around OX (over V) and L plate 90° around OY
(over V) to obtain draught (Figure 8).

Figure 8 Draught representation of line with the educational
model obtained.

3. RESULTS AND DISCUSSION

The model faithfully reproduces the triple orthogonal
projection of the line in general position in first
trihedron, highlighting its projections: d1, d2 and d3 on
the H, V and L. The flexible cylindrical elements ensure
precise perpendicularity to each projection plate while
maintaining structural integrity during manipulation.
Rotating the plates around the projection axes OX
(H—V) and OY (L—V) allows direct observation of the
transition from trihedron to draught, clarifying the
geometric relationship between the spatial line D1 and its
superimposed projections d1, d2, d3 in the conventional
2D engineering drawing.

Compared to classic 2D models or static wireframe
representations, the 3D printed version offers superior
interactivity through physical articulation of the
projection trihedron. CAD parameterization enables easy
customization through hole pattern repositioning,
adapting to various spatial configurations of lines from
general position to special. This flexibility surpasses
traditional didactic materials requiring manual redrawing
for each configuration.

The main limitations include the sensitivity of PLA
material to humidity and temperatures exceeding 50°C,
progressive  wear of articulation points after
approximately 200 rotation cycles, and the need for a flat
50x50 cm surface ensuring model stability during student
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demonstrations. Despite these constraints, the model
demonstrates excellent durability for typical 15-20
session semester use in first-year descriptive geometry
laboratories.

4. CONCLUSIONS

The proposed educational model represents a method
for visualizing the triple orthogonal projection of the line
in the first trihedron and its draught configuration,
through three articulated plates and flexible cylindrical
elements manufactured with the Ender 3 V3 SE FDM 3D
printer using PLA filament. The model's design faithfully
reproduces the geometric relationships between spatial
line D1 and its orthogonal projections d1, d2, d3 across
planes H, V, L, while enabling physical demonstration of
the 90° rotations around OX/OY axes that generate
conventional engineering draughts.

The main contribution consists in facilitating
interactive physical manipulation of the projection
trihedron, which clarifies the one-to-one correspondence
between spatial line position and projection
configuration. This kinesthetic approach significantly
improves comprehension of abstract descriptive
geometry  concepts compared to static 2D
representations, particularly for first-year engineering
students struggling with mental spatial reconstruction.

The model's CAD parameterization allows rapid
adaptation to various line positions — general, frontal,
level, or vertical — through hole pattern modification and
reprinting cycles under 4 hours, offering a cost-effective
alternative to traditional didactic materials. The low
fabrication cost and semester reusability enhance its
practicality for laboratory instruction.

Future developments may include extending the
representation methodology to planes, surfaces, and
inter-section configurations, as well as incorporating
modular magnetic bases for improved classroom stability
and handling.
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