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SCHEMATIC DESIGN OF A VIBRATING TABLE PROTOTYPE FOR THE ANALYSIS AND
CHARACTERIZATION OF SCALE STRUCTURAL MODELS

DISENO ESQUEMATICO DE UN PROTOTIPO DE MESA VIBRATORIA PARA EL
ANALISIS Y CARACTERIZACION DE MODELOS ESTRUCTURALES A ESCALA

ABSTRACT

The design of low-cost shake tables is essential for strengthening teaching and research in seismic engineering at educational
institutions with limited resources. This paper presented the schematic design of a uniaxial shake table for the construction
laboratory at the Tecnoldgico de Estudios Superiores de Valle de Bravo in Mexico, with the goal of simulating seismic events on
scaled structural models. The research was conducted using a concurrent engineering approach in four phases: requirements
analysis, 3D modeling in SolidWorks, kinematic simulation in GeoGebra, and selection of electrical components. The results
defined a 600x400-millimeter (mm) platform with a displacement of +15 mm and a frequency of one to five hertz, driven by a
12-volt DC motor with a pulse-width modulation controller. A review of previous studies confirmed the technical feasibility of the
design and its alignment with educational parameters, although it acknowledges limitations due to the absence of experimental
validation and closed-loop control. It is concluded that the design constitutes a replicable, low-cost foundation for teaching
structural dynamics. Proposed future work includes building the prototype, conducting experimental validation, and
incorporating advanced control systems, thereby contributing to the practical training of engineers in highly seismic regions such
as Mexico.

Keywords: shake table, seismic engineering, low-cost design, engineering education

RESUMEN

El disefio de mesas vibratorias de bajo costo es fundamental para fortalecer la ensefianza y la investigacion en Ingenieria Sismica
en instituciones educativas con recursos limitados. Este trabajo presento el disefio esquematico de una mesa vibratoria uniaxial
para el laboratorio de construccion del Tecnoldgico de Estudios Superiores de Valle de Bravo, México, con el objetivo de simular
eventos sismicos en modelos estructurales a escala. La investigacion se desarrollé bajo un enfoque de ingenieria concurrente
en cuatro fases: analisis de requerimientos, modelado en tercera dimensién en SolidWorks, simulacidn cinematica en GeoGebra
y seleccion de componentes eléctricos. Los resultados definieron una plataforma de 600x400 milimetros (mm), desplazamiento
de £15 mm vy frecuencia de uno a cinco hercios, accionada por un motor de corriente continua de 12 voltios con controlador
de modulacién por ancho de pulso. La discusion con estudios previos confirmd la viabilidad técnica del disefio y su alineacion
con parametros educativos, aunque reconoce limitaciones por la ausencia de validacion experimental y control en lazo cerrado.
Se concluye que el disefio constituye una base replicable y de bajo costo para la ensefianza de dinamica estructural. Como
trabajos futuros se propone la construccion del prototipo, validacion experimental e incorporacion de sistemas de control
avanzados, contribuyendo a la formacion practica de ingenieros en contextos de alta sismicidad como México.

Palabras clave: mesa vibratoria, ingenieria sismica, disefio de bajo costo, educacion en ingenieria
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1. INTRODUCTION

The analysis of the dynamic behavior of structures subjected to seismic events is essential in Civil Engineering,
especially in regions with high seismic activity such as Mexico (Avila Guaman et al., 2024). Seismic Engineering has
advanced significantly in recent decades, as it has focused on understanding and mitigating the effects of
earthquakes on built structures. In this context, vibrating tables have become fundamental tools for simulating
telluric movements and studying the response of scale structural models under controlled conditions.

These platforms evaluate critical parameters such as resonance, damping, and stiffness, facilitating the
identification of vulnerabilities and the development of damage mitigation strategies (Gao et al., 2022). The
implementation of vibrating tables in academic settings offers multiple benefits. For example, they provide an
experimental platform for students to observe and understand, in a practical way, the principles of structural
dynamics and the seismic behavior of constructions; in addition, they foster applied research, allowing
experimentation with new materials, construction techniques, and vibration control systems. In this regard, the
Shaking Table Laboratory of the Institute of Engineering of the National Autonomous University of Mexico (UNAM)
has been fundamental in studies of the dynamic response of structural systems and the validation of analytical
models (Instituto de Ingenieria de la Universidad Nacional Auténoma de México [IIUNAM], 2024).

The Tecnoldgico de Estudios Superiores de Valle de Bravo (TESVB), Mexico, recognizes the importance of
integrating advanced experimental equipment into its academic programs to strengthen the practical training of its
students. In this context, the design of a vibrating table adapted to the needs of the construction laboratory is
presented as a key initiative to enhance teaching and research in structural dynamics. Recent research has explored
various methods for the design and construction of low-cost, high-efficiency vibrating tables. For example, Candeias
et al. (2023) proposed a three-degree-of-freedom vibrating table for seismic testing of scale civil structures,
emphasizing the importance of systems that accurately reproduce seismic movements to obtain reliable data in the
evaluation of structural behavior.

Likewise, studies such as that of Guerrero et al. (2018) have advanced the simulation of seismic effects
through vibrating platforms in university laboratories, highlighting the relevance of this equipment in the validation of
analytical and numerical models. On the other hand, Serea and Donciu (2023) presented the design of a low-cost
uniaxial vibrating table for testing earthquake early warning systems, highlighting the importance of precision in
displacement control to simulate real seismic movements. Furthermore, the development of vibrating tables has
incorporated emerging technologies to improve their performance and accessibility. For example, the use of low-
cost electronics has enabled the creation of more affordable systems without compromising the quality of the
simulations (Ukaegbu et al., 2024). These innovations facilitate the implementation of experimental equipment in
educational institutions with limited resources, expanding the opportunities for research and training in Seismic
Engineering.
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In this regard, projects developed in higher education institutions must generate knowledge to have a
positive impact on society, pursuing equity, solidarity, and respect for the environment, using appropriate strategies
in the management of science and technological innovation, being obliged to respond to the demands imposed by
the globalized environment. Likewise, Civil Engineering must respond to this, participating in the production of
knowledge and technologies that develop an academic and reproducible environment (Napoles Sayous et al.,
2007).

The main objective of the present study is the schematic design of a vibrating table that allows the analysis
and characterization of the dynamic behavior of scale structural models in the construction laboratory of the TESVB.
This design will consider technical aspects, based on mechanisms and a control system, ensuring its feasibility and
effectiveness in the academic context. It is expected that the implementation of this vibrating table will not only
enrich the educational experience of the students but also drive applied research projects, contributing to the
advancement of knowledge in the field of Structural Engineering and the mitigation of seismic risks.

2. RESEARCH METHOD

The present research was carried out under an applied and technological approach, following a design
methodology based on concurrent engineering (Figure 1). This approach is characterized by the parallel and
systematic integration of all stages of the product life cycle, from conceptual design to manufacturing, through
multidisciplinary teams working collaboratively from the initial phases of the project (Martinez Henao & Arzola de la
Pefia, 2020; Alvarez & Roibas-Millan, 2021).

Unlike the traditional sequential approach, where each stage is completed before starting the next,
generating rework and prolonged development times, concurrent engineering makes it possible to identify and solve
problems in early stages, reducing costs and optimizing the quality of the final product (Larrea Serna et al., 2024).
This approach has been adopted in the development of prototypes and experimental equipment in academic
environments, demonstrating its effectiveness for projects with budget and time constraints (Deininger et al., 2017).
From this perspective, the design process was structured into four main phases, aimed at developing a schematic
functional model of a single-degree-of-freedom vibrating table, intended for the simulation of scale seismic events
in an educational environment.
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Figure 1
Prototype implementation methodology
F2. Schematic design and 3D
Fl. Requirement analysis modeling
F3.Simulation of the motion F4. Selection of electrical
mechanism [ components

2.1. Phase 1: Requirements analysis and design criteria

An analysis was carried out of vibrating tables implemented in some academic institutions and research
centers, with the aim of determining the fundamental parameters for the design. Among these, the maximum load
capacity, the operating frequency range, the displacement amplitude, the type of motion (linear uniaxial), the force
transmission systems, and the incorporated safety measures stood out (Aztekin et al., 2019). In parallel, the specific
constraints of the TESVB laboratory were evaluated, including spatial, budgetary, and infrastructure factors. This
stage established the initial technical specifications of the prototype, ensuring its adaptability to the educational
context.

2.2. Phase 2: Schematic design and three-dimensional modeling

Based on the identified requirements, conceptual design and modeling were carried out using SolidWorks
software (Monchinger et al., 2021). Three critical components were detailed:

o Vibrating platform and support structure.
¢ Transmission mechanism.
e Linear guides and fastening elements.

The three-dimensional (3D) model incorporated materials that are easy to acquire locally and simplified
manufacturing criteria, ensuring technical feasibility. In addition, it facilitated the verification of tolerances, assembly,
and spatial distribution of the assembly.
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2.3. Phase 3: Simulation of the motion mechanism

To validate the behavior of the system, geometric simulations were performed using GeoGebra (Chivai et
al., 2022). These tests made it possible to identify potential resonances or mechanical interferences and to optimize
the transfer of motion from the rotor to the table. Their application confirmed the effectiveness of the proposed
design and guided adjustments to parameters.

2.4. Phase 4: Selection of electrical components

The electrical components necessary for the operation of the excitation system were selected: electric
motor, speed controller, and power supply (Gamazo-Real et al.,, 2020). The choice was based on criteria of
efficiency, economic limitations, availability in the national market, compatibility with the mechanical system, and
ease of control and maintenance. A basic connection and control scheme was designed.

3. RESULTS

For the analysis of requirements and design criteria, the functional and technical requirements essential for the
design of a uniaxial vibrating table for academic use were identified. Based on the documentary and technical
analysis, it was established as a priority that the equipment simulate controlled seismic accelerations in structural
models at a 1:100 scale, with a displacement amplitude of 15 millimeters (mm) and an operating frequency between
one and five hertz (Hz).

The design had to be compatible with the space available in the construction laboratory of the TESVB and
manufacturable with locally available materials. A simple, safe, reproducible, and low-cost drive system was
prioritized. These guidelines were systematized in a matrix of technical and functional requirements (Table 1).

Table 1
Morphological selection matrix
Requirement System
Option A Option B Option C

Actuation

Pneumatic cylinders Slider-crank mechanism Eccentric slider-crank
mechanism
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Table 1
Morphological selection matrix
Requirement System
9 Option A Option B Option C

Material Steel Wood Medium Density
Fibreboard (MDF)

Power system g oy r

Asynchronous motor Universal motor Stepper motor

In the schematic design and 3D modeling based on the established requirements, a detailed three-
dimensional model of the vibrating table was developed using Computer-Aided Design (CAD) software (Figure 2).
The final design consisted of a movable rectangular platform (600 mm x 400 mm) guided by linear rails and driven
by an eccentric system connected to an electric motor. The fixed base was reinforced with structural profiles to
ensure stability during operation.

Figure 2
Table assembly created in CAD

The connections between components were defined using removable bolts to facilitate the actuation of the
system, and the structure by welding. An exploded view of the general components that make up the system could
be observed (Figure 3 and Figure 4). This made it possible to visualize the interaction between components, verify
interferences, and adjust key dimensions for the construction of the prototype.
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Figure 3
Assembly with exploded view

N\

Figure 4

Main parts that make up the schematic model: base for models, motion mechanism, structural base with rails, and
table after a movement cycle

For the simulation of the motion mechanism, the dynamic simulation of the system was carried out in the
virtual environment, reproducing the oscillatory movement generated by the action of the eccentric system. The
results showed a stable periodic response of the platform, with consistent sinusoidal displacements within the
desired range (=15 mm).

It was observed that the system exhibited linear behavior at the selected operating frequencies, without
mechanical interferences or undesired ampilification (Figure 5). The simulation made it possible to validate the
transmission system. However, construction will allow the observation of phenomena related to tolerances and
friction of the system.
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Figure 5
Geometric motion sequence in “GeoGebra”
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During the selection among electrical and electronic components, the electrical components were chosen
considering primarily their effectiveness, since there is no optimized system, such as cost and compatibility with the
mechanical design. The drive system consisted of a direct current (DC) motor of 12 volts (V) with 150 revolutions
per minute (RPM), connected to a pulse-width modulation (PWM) controller to regulate the speed. A basic electrical
scheme and a power supply were designed.

4. DISCUSSION

The results obtained in the present study demonstrated the technical feasibility of a schematic design of a low-cost
uniaxial vibrating table for academic applications. The defined specifications are aligned with the parameters
reported in the literature for educational-scale equipment. The selected frequency range (one to five Hz) is adequate
to simulate seismic events in models at a 1:100 scale, considering that real earthquakes concentrate their energy
in the range of 0.1 to 10 Hz. Buckley (2024) reported the development of a vibrating table at the University of
Salerno, ltaly, with significantly higher capacities: a maximum displacement of +200 mm, a velocity of one meter
per second, and an acceleration of three m/s?, designed specifically for the evaluation of medium-scale seismic
isolators. Although these capabilities exceed the needs of an educational environment such as the TESVB,
Buckley's (2024) study validated the importance of defining clear specifications from the design phase, as was done
in the first phase of the research.

In contrast with commercial benchtop equipment, Buckley (2024) indicated that these are typically
designed for high accelerations with limited vertical load capacity. Therefore, this design prioritized reproducibility
and low cost without compromising the basic functionality for didactic demonstrations. This design philosophy was
supported by the work of Damerii et al. (2022), who demonstrated that it is possible to build an operational vibrating
table capable of generating real seismic movements for the evaluation of structural behavior at a moderate cost.
Their development, with a budget of less than 250,000 euros, sets an important precedent for institutions with
limited resources.

The adoption of concurrent engineering as a methodological framework distinguishes this work from
traditional sequential approaches. The European project Computer Experiments for Concurrent Engineering
highlighted that concurrent engineering addresses multiple aspects of the design simultaneously, leading to globally
optimal solutions. This principle was reflected in the four phases of the study, where the requirements analysis, CAD
modeling, kinematic simulation, and component selection were developed in parallel, allowing early adjustments
without costly rework (Bates et al., 1998).

D'Auria et al. (2025) demonstrated the effectiveness of this approach in academic environments, since the
concurrent engineering process led to continuous improvement and convergence of key parameters. Their study
with students from the European Space Agency confirmed that non-expert teams can achieve efficient results
through concurrent methodologies, which validates its application in the context of the TESVB.
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The kinematic simulation performed in GeoGebra constituted a preliminary validation stage, but it presents
inherent limitations. On the other hand, Buckley's (2024) study incorporated a more complete analysis through finite
element modeling in SAP2000, considering two critical load cases: a vertical load condition of 30 kilonewtons (kN)
and a horizontal load condition of three kN. This approach made it possible to verify that all structural components
remain within the elastic limits and to evaluate the stress distribution in the system.

In the present study, the simulation was limited to verifying the absence of mechanical interferences and
the stable periodic response, but it did not include structural analysis under loads. Future iterations of the design
should incorporate finite element simulations to ensure structural integrity under real load conditions, especially
considering that the model must support structural models of up to 10 kg according to the initial specifications.

The selection of a DC motor with a PWM controller responded to criteria of economy and simplicity, but it
entails limitations in the precision of the movement. Danish et al. (2019) developed a uniaxial table at the University
of Engineering and Technology of Taxila, Pakistan, operated by a three-HP servomotor coupled with an encoder
and a motion controller. This system allows a more faithful reproduction of recorded seismic movements by
incorporating position feedback. The authors noted that the precision to replicate earthquake waves constitutes
one of the main challenges in the design of vibrating tables.

The choice of a DC motor without an encoder in the present design prioritizes economic accessibility over
precision. This decision is defensible in a purely educational context, where the learning objectives focus on the
qualitative observation of resonance and damping phenomena. However, for research applications that require
precise quantification of structural responses, it would be necessary to incorporate closed-loop control systems
(Danish et al., 2019).

One aspect not addressed in this study was the similitude law for models at a 1:100 scale. The research
by Chen et al. (2025) addressed precisely this challenge in vibrating-table tests, proposing an innovative similitude
method through modification of the transverse dimensions of the structure. Their results showed that traditional
scale models predicted the hydrodynamic pressure with an error of approximately 50%, while the proposed model
reduced this error to approximately 10%.

This finding has important implications for future experiments at the TESVB. The validation of scale
structural models requires careful consideration of similitude laws to ensure that the results are representative of
full-scale behavior. The research by Rodriguez Burneo (2024) at the University of California, United States of
America, reinforced this observation, noting that geometric scaling presents similitude challenges and that the
availability of large-scale vibrating tables has made it possible to overcome the difficulties of scaling and similitude.
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The pedagogical value of vibrating tables in educational environments is widely documented. Buckley
(2024) emphasized that these systems play a valuable role in education, helping students understand the
fundamentals of earthquake-resistant design and the behavior of isolation systems. The proposed design, due to
its simplicity and low cost, can serve as a platform for multiple didactic experiences: identification of natural
frequencies, observation of resonance phenomena, evaluation of damping strategies, and qualitative validation of
analytical models.

In addition, research such as that of Danish et al. (2019) demonstrated that custom-designed uniaxial
vibrating tables can be used extensively in seismic research centers globally because they are the best available
apparatus to replicate the dynamic effects imposed by earthquakes on structures. This suggests that, with
improvements in the control system and the incorporation of sensors, the design could evolve into an applied
research platform.

The present study presented limitations that must be acknowledged. First, it is a schematic design that has
not been built or experimentally validated. The absence of a physical prototype prevents verification of the real
dynamic behavior, including unmodeled phenomena such as friction, hysteresis in the linear guides, and the
transient response of the motor to load changes. Second, the simulation was limited to kinematic aspects, without
considering structural analysis or fluid dynamics.

As future work, the following lines are proposed: 1) Construction of the prototype following the developed
specifications; 2) Experimental validation using accelerometers and displacement sensors; 3) Characterization of
the real frequency response of the system; 4) Incorporation of a data acquisition system for the quantification of
results; 5) Exploration of improvements in the control system, possibly with Arduino and an encoder for a closed
loop; and 6) Development of standardized laboratory practices for didactic use.

The study by Dameriji et al. (2022) demonstrated that it is feasible to develop operational vibrating tables
with moderate budgets. This finding was particularly relevant for institutions such as the TESVB, where budget
constraints limit access to commercial equipment. The design presented, with locally acquired materials and low-
cost electronic components, can serve as a replicable model for other educational institutions seeking to incorporate
experimentation in structural dynamics without high investments.

5. CONCLUSIONS

The present work addressed the schematic design of a low-cost uniaxial vibrating table for the construction
laboratory of the TESVB, with the purpose of strengthening teaching and research in structural dynamics and the
seismic behavior of scale models. A functional schematic design was developed that meets the technical
specifications defined from the requirements analysis: a 600x400 mm platform, a maximum displacement of +15
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mm, and an operating frequency range of one to five Hz. These capabilities proved adequate for the simulation of
seismic events in structural models at a 1:100 scale in an educational environment, allowing the qualitative
observation of phenomena such as resonance, damping, and basic dynamic response.

The main contribution of this research lay in the generation of a reference model for educational institutions
with limited resources that seek to incorporate experimentation in structural dynamics. The proposed design was
characterized by:

e Economic accessibility: The selected components (DC motor, PWM controller, locally
acquired structural profiles) keep the cost within affordable ranges for reduced
educational budgets.

e Reproducibility: The CAD model allows the replication of the design by other
institutions or research teams, at least in its basic morphology.

o Flexibility: The design admits progressive modifications and improvements, such as
the incorporation of more advanced control systems or sensors for data acquisition,
without requiring complete redesigns.

o Didactic value: The simplicity of the system facilitates its understanding by students,
who can directly visualize the relationship between the mechanical and electrical
components and the generated motion.

The validation of the design was carried out through kinematic simulation in GeoGebra and CAD modeling
in SolidWorks. These tools verified the absence of mechanical interferences, the stable periodic response of the
system, and the feasibility of the assembly. However, it is important to acknowledge the following limitations:

e Absence of experimental validation: Since a physical prototype was not built, it has
not been possible to characterize the real dynamic behavior of the system, including
phenomena such as friction in the linear guides, mechanical hysteresis, the transient
response of the motor to load variations, and possible unmodeled structural
resonances.

e Limited simulation: The analysis was restricted to kinematic aspects, without
considering finite element structural simulations that would allow evaluation of the
integrity of the components under maximum dynamic loads.

¢ Motion precision: The choice of a DC motor with a PWM controller in open loop limits
the ability to faithfully reproduce specific seismic accelerograms, restricting the
equipment to qualitative educational applications rather than quantitative research.

e Similitude laws: The validation of the similitude laws for models at a 1:100 scale was
not addressed in depth, a crucial aspect to ensure that the results obtained with scale
models are representative of the behavior of full-scale structures.

The planned implementation of this vibrating table in the construction laboratory of the TESVB will open
opportunities for strengthening practical teaching, as students will be able to experimentally observe theoretical
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concepts of structural dynamics, vibrations, and seismic behavior, complementing purely analytical training with
tangible experiences. In addition, it strengthens the development of integrative projects, as the equipment will serve
as a platform for advanced-semester students to develop design, instrumentation, and experimental validation
projects, integrating knowledge of mechanics, electronics, and structural engineering. Likewise, the results of
practices and projects may be disseminated in local and national academic forums, positioning the TESVB as an
institution that promotes educational innovation in seismic engineering. Based on the limitations identified and the
opportunities detected, the following lines of future work are proposed:

¢ Design and validation: Construction of the prototype and finite element analysis of
critical components to guarantee their resistance.

e Control and monitoring: Implementation of a closed-loop control system with
Arduino/Raspberry Pi and development of a real-time data acquisition system.

e Experimental validation: Comparison of results with similitude laws and reference
vibrating tables.

e Educational application: Creation of standardized practices and manuals for teaching
structural dynamics.

e Mechanical optimization: Exploration of improvements such as precision linear guides
and alternative transmission systems for greater versatility.

The schematic design of a vibrating table for the TESVB represents a concrete first step toward the
consolidation of an accessible structural dynamics laboratory oriented to the practical training of future civil
engineers. Although the development is at a preliminary stage and requires experimental validation, the established
foundations, based on principles of concurrent engineering, rational selection of components, and systematic
documentation, provide a solid basis for its physical materialization.

In a country with high seismic activity such as Mexico, the training of engineers with practical competencies
in the assessment of structural vulnerability and the dynamic behavior of constructions constitutes an unavoidable
social need. Initiatives such as the one presented here contribute, from the educational sphere, to training
professionals better prepared to face the challenges imposed by natural phenomena in communities exposed to
seismic risks. The replicability of the design and its adaptability to different institutional contexts amplify its potential
impact, allowing other educational institutions with similar limitations to benefit from this proposal.

Ultimately, this work aspires to be not only an academic design exercise but also a tangible contribution to
the democratization of experimental knowledge in seismic engineering, bringing technologies normally restricted to
advanced research centers into the classrooms of public universities committed to the educational quality and social
relevance of their programs.
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