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RESUMEN DEL PROYECTO

En este Trabajo Fin de Grado se ha disefiado, redisefiado e impreso un rodete de bomba
centrifuga mediante diferentes tecnologias de fabricacion aditiva. Se ha aplicado ingenieria
inversa a un rodete fisico para obtener su geometria digital y adaptarla a impresion 3D. El
estudio compara tecnologias como SLA, FDM, MJF y CFR, analizando resultados técnicos
y econdmicos.

Palabras clave: Rodete, Bomba centrifuga, Fabricacion aditiva, Ingenieria inversa

1. Introduccion

El avance de la fabricacion aditiva ha permitido aplicar nuevas soluciones de disefio en
componentes hidraulicos que tradicionalmente se fabricaban por métodos sustractivos o
fundicion. Entre estos componentes, el rodete de una bomba centrifuga destaca por su
complejidad geométrica y su impacto directo en la eficiencia energética del sistema.

Este proyecto se enmarca en el contexto de modernizacioén de procesos de prototipado y
reparacion de maquinaria hidraulica, explorando el potencial de las tecnologias 3D en
entornos industriales y docentes.

2. Definicion del proyecto

El objetivo principal del proyecto es disefiar e imprimir un rodete funcional de bomba
centrifuga aplicando diferentes tecnologias de impresion 3D, evaluando tanto la calidad
técnica como la viabilidad econémica. Para ello, se escanca un rodete existente mediante
un sistema de digitalizacion 3D con VXElements, y se reconstruye su geometria con
herramientas CAD (Solid Edge).

A continuacion, se adapta el disefio para impresion, considerando las restricciones
geométricas y materiales propios de cada tecnologia: SLA (resina fotopolimerizable),
FDM (filamento termoplastico), MJF (polvo fusionado con agente de fusion) y CFR
(refuerzo continuo de fibra). Finalmente, se imprimen los prototipos y se analizan en
laboratorio su acabado, precision dimensional y posibles defectos.



3. Descripcion del modelo/sistema/herramienta

El modelo estudiado es un rodete centrifugo de impulsion hidraulica, empleado
habitualmente en sistemas de bombeo industrial. La fabricacién y la investigacion de un
rodete se ha llevado a cabo por su compleja geometria y las dificultades encontradas en
su produccioén [1]. En consecuencia, se emplea un escaner laser portatil HandySCAN 3D
SILVER Series (Creaform), que proporciona nubes de puntos de alta precision para su
posterior tratamiento.

Figura 1 Rodete a estudiar

Las herramientas software principales utilizadas son VXelements para la digitalizacion
y postprocesado inicial, y Solid Edge para la reconstruccion paramétrica y adaptacion
CAD del rodete escaneado. Estos softwares permiten un procedimiento mas sencillo para
obtener el formato de archivo .stl y exportar directamente el modelo de malla desde el
software integrado [2].

Para la fabricacion aditiva se emplean diferentes tecnologias:

- SLA: Utiliza resina fotopolimerizable, proporcionando alta precision y detalle
superficial.

- FDM: Emplea filamento termoplastico fundido, adecuado para prototipos
funcionales.

- MIJF: Basada en la fusion de polvo polimérico mediante agentes especificos,
produce piezas robustas.

- CFR: Reforzamiento de piezas FDM con fibra continua para aplicaciones
estructurales.

Se emplean softwares especificos de laminado: PreForm (SLA), Ultimaker Cura (FDM,
CFR) y HP SmartStream 3D Build Manager (MJF). Finalmente, los rodetes impresos se
someten a pruebas de rendimiento y precision dimensional en un laboratorio de fluidos.



4. Resultados

El anélisis experimental muestra diferencias significativas entre tecnologias en precision
dimensional, resistencia estructural y eficiencia hidraulica. Los resultados indican que el
material ABS (FDM) posee el mejor rendimiento total y, por el contrario, el material
RIGID (SLA) consigue una altura mayor.
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5. Conclusiones

El proyecto confirma la viabilidad técnica y econdémica de todos los procesos de la
fabricacion aditiva para producir rodetes centrifugos funcionales. Se demuestra un
proceso claro y conciso sobre los aspectos mas utiles en una aplicacion donde se
requieren geometrias complejas y tiempos de produccion reducidos.



6. Referencias

[1] O. Babayigit, S. Sefaci, and M. Sahbaz, “Usage of 3D printing technology in centrifugal
pumps and material selection,” Proceedings of the Institution of Mechanical Engineers
Part C Journal of Mechanical Engineering Science, vol. 238, no. 3, pp. 837-848, May
2023, doi: 10.1177/09544062231175789.

[2] V. Szalai, A. Stratan, A. Ciutina, A. D. Clepe, and A. Ene, “Procedure for Generation of
Finite Element Models of Steel Members from 3D Scanned Data,” in Lecture notes in civil

engineering, 2024, pp. 154-164. doi: 10.1007/978-3-031-57800-7 14.






STUDY OF THE APPLICATION OF DIFFERENT 3D PRINTING
TECHNOLOGIES IN THE DESIGN AND MANUFACTURE OF A
CENTRIFUGAL PUMP IMPELLER

Author: de Blas Sanz, Alejandro.

Directors: Mariano Jiménez Calzado and

Eva Maria Arenas Pinilla

Collaborating Entity: ICAI — Universidad Pontificia Comillas

ABSTRACT

In this Final Degree Project, a centrifugal pump impeller has been designed, redesigned
and printed using different additive manufacturing technologies. A physical impeller has
been reverse-engineered to obtain its digital geometry and adapt it to 3D printing. The
study compares technologies such as SLA, FDM, MJF and CFR, analyzing technical and
economic results.
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1. Introduction

The advancement of additive manufacturing has made it possible to apply new design
solutions to hydraulic components that were traditionally manufactured by subtractive
methods or casting. Among these components, the impeller of a centrifugal pump stands
out for its geometric complexity and its direct impact on the energy efficiency of the
system.

This project is framed in the context of modernization of prototyping and repair
processes of hydraulic machinery, exploring the potential of 3D technologies in
industrial and educational environments.

2. Project definition

The main objective of the project is to design and print a functional centrifugal pump
impeller by applying different 3D printing technologies, evaluating both technical
quality and economic feasibility. To do this, an existing impeller is scanned using a 3D
digitization system with VXElements, and its geometry is reconstructed with CAD
(Solid Edge) tools.

Next, the design is adapted for printing, considering the geometric and material
constraints of each technology: SLA (photopolymerizable resin), FDM (thermoplastic
filament), MJF (powder fused with fusion agent) and CFR (continuous fiber
reinforcement). Finally, the prototypes are printed, and their finish, dimensional
accuracy and possible defects are analyzed in the laboratory.



3. Manufacturing processes

The model studied is a centrifugal impeller with hydraulic drive, commonly used in
industrial pumping systems. The manufacture and research of a impeller has been carried
out due to its complex geometry and the difficulties encountered in its production [1].
Consequently, a HandySCAN 3D SILVER Series (Creaform) handheld laser scanner is
employed, which provides high-precision point clouds for further processing.

Figura 4 Impeller studied

The main software tools used are VXelements for initial scanning and post-processing,
and Solid Edge for parametric reconstruction and CAD adaptation of the scanned
impeller. These softwares allow a simpler procedure to obtain the .stl file format and
directly export the mesh model from the integrated software [2].

Different technologies are used for additive manufacturing:

- SLA: Uses light-curing resin, providing high precision and surface detail.

- FDM: Employs fused thermoplastic filament, suitable for functional prototypes.

- MIJF: Based on the fusion of polymer powder using specific agents, it produces
robust parts.

- CFR: FDM Part Reinforcement with Continuous Fiber for Structural Applications.

Specific laminating software is used: PreForm (SLA), Ultimaker Cura (FDM, CFR) and
HP SmartStream 3D Build Manager (MJF). Finally, the printed impellers are tested for
performance and dimensional accuracy in the Fluids Laboratory.

4. Results

The experimental analysis shows significant differences between technologies in
dimensional accuracy, structural strength and hydraulic efficiency. The results indicate
that ABS (FDM) material has the best overall performance and, on the contrary, RIGID
(SLA) material achieves a higher height.
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5. Conclusions

The project confirms the technical and economic feasibility of all additive manufacturing
processes to produce functional centrifugal impellers. A clear and concise process is
demonstrated on the most useful aspects in an application where complex geometries
and reduced production times are required.
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