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ABSTRACT

Development of an Adjustable Spring-Mass-Damper Prototype with Real-Time
Digital Overshoot Monitoring

By

Alfred Cesar Agus Kristianto
Dr. Yunita Umniyati S.Si. M.Sc, Advisor
Dr. Ir. Eka Budiarto ST M.Sc, Co-Advisor

SWISS GERMAN UNIVERSITY

The research develops a modular prototype with real-time digital monitoring
capabilities to address critical deficiencies in the existing Spring-Mass-Damper system
at Swiss German University. The current laboratory system requires both adjustable
damping coefficients and proper spring stiffness, and automatic actuation systems for
complete control system testing. The horizontal mechanical configuration was built
with a Glued Laminated wood frame, which provides both dimensional stability and
vibration damping, and includes precision linear bearing guides that deliver frictionless
movement and 3D-printed modular components, which allow for fast system changes.
The system uses customized spring and damper assemblies, which can be adjusted to
create different response patterns, including underdamped, critically damped, and
overdamped behavior. The system enables users to visualize transient response
characteristics through MATLAB, which displays overshoot percentage, settling time,
and natural frequency data. The experimental validation process demonstrated
successful differentiation of damping states while the modular design proved effective
for educational demonstrations. The prototype functions as an effective educational
resource that connects theoretical second-order system dynamics with hands-on
mechatronics experiments while providing the Swiss German University's
Mechatronics program access to a cost-effective modular laboratory resource.

Keywords: Spring-Mass-Damper System, Spring Stiffness, Damping Coefficient,
Damping Ratio, Second-Order Differential Dynamics, Transient Response,

Mechatronics Education.
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