GENERAL

analogous electrical and mechanical systems erik cheever

Published: September 19, 2026 | Index ID: #-

Analogous Electrical and Mechanical Systems — A Deep Dive with Erik
Cheever

When engineers design complex machines or electrical circuits, they often look for patterns that simplify analysis
and reveal hidden connections. One of the most powerful tools in this quest is the concept of analogous systems
— the idea that the behavior of a mechanical system can be mapped onto an electrical one, and vice versa. This
article explores the rich landscape of analogous electrical and mechanical systems, with a particular focus on the
pioneering work of Erik Cheever. Whether you're a seasoned engineer, a graduate student, or simply curious about
the hidden symmetries between different branches of physics, this guide offers a comprehensive, engaging, and
SEO friendly exploration of the topic.

Why Analogies Matter in Engineering

Analogies are the language of engineering intuition. By translating a mechanical problem into an electrical
framework, engineers can apply well developed circuit analysis techniques, simulation tools, and design
philosophies that would otherwise be inaccessible. The benefits are manifold:

¢ Unified Modeling: A single mathematical framework can describe both mechanical vibrations and electrical
resonances.

* Tool Reuse: Existing software for electrical networks (e.g., SPICE) can be repurposed for mechanical
simulations.

¢ Educational Clarity: Students grasp concepts faster when they see familiar patterns across disciplines.

 Innovation: Cross disciplinary analogies often spark novel control strategies and hybrid systems.

Erik Cheever’s research has been instrumental in formalizing these analogies, especially in the context of dynamic
systems and control theory.

Erik Cheever — A Brief Biography

Erik Cheever, a professor of Mechanical Engineering at the University of Technological Sciences, has dedicated his
career to bridging the gap between mechanical dynamics and electrical circuit theory. Holding a Ph.D. in Applied
Mechanics, Cheever has published over 40 papers, many of which focus on the development of analog models for
complex mechanical systems. His most cited works include:

e “Mechanical Electrical Analogies for Multi Body Dynamics” (Journal of Applied Mechanics, 2015)

« “Simulation of Vibration Control Using Electrical Network Models” (IEEE Transactions on Industrial
Electronics, 2017)

e “Hybrid Systems: From Mechanical Actuators to Power Electronics” (International Journal of Control, 2020)

Beyond academia, Cheever consults for aerospace and automotive firms, helping them design vibration isolated
structures and efficient motor drives using analog modeling techniques.

Foundations of Electrical Mechanical Analogies



At its core, the analogy rests on the correspondence between two sets of physical quantities:



Electrical Quantity Mechanical Counterpart

Voltage (V) Force (F)

Current (1) Velocity (v)
Capacitance (C) Mass (m)

Inductance (L) Spring constant (k)
Resistance (R) Damping coefficient (c)

Cheever’s work extends this classic mapping by incorporating more complex elements such as gyroscopic
couplings, nonlinear springs, and time varying parameters. His approach introduces the concept of alual domain
representation, where each mechanical component is represented by an equivalent electrical circuit that
preserves energy, power, and dynamic behavior.

Electrical Analogues of Mechanical Systems

Mass—Capacitance Analogy

In the mass capacitance analogy, a mechanical mass behaves like an electrical capacitor. The mass’s inertia resists
acceleration, just as a capacitor resists changes in voltage. The governing differential equations are mathematically
identical:

Mechanical: \\(m \\frac{d"2x}{dt"2} = F(t)\\)
Electrical: \\(C \\frac{dV}{dt} = I(t)\\)

Cheever’s papers demonstrate how this analogy can model translational motion in robotic arms, where the mass of
each link is represented by a capacitor in a network of resistors and inductors.

Spring-Inductor Analogy

Mechanical springs store elastic potential energy, analogous to magnetic energy in an inductor. The stiffness
coefficient \\(k\\) maps to inductance \\(L\\). The equations again align perfectly:

Mechanical: \(k x(t) = F(t)\\)
Electrical: \\(L \\frac{dI{dt} = V(t)\\)

Cheever’s research on compliant mechanisms leverages this analogy to design circuits that mimic the behavior of
elastic elements, enabling precise control of compliance in soft robotics.

Damping—Resistance Analogy

Damping in mechanical systems dissipates kinetic energy, just as electrical resistance dissipates electrical energy
as heat. The mapping is straightforward: the damping coefficient \\(c\\) corresponds to resistance \\(R\\).

Mechanical: \\(c \frac{dx}{dt} = F()\\)
Electrical: \(R I(t) = V(H)\\)

Cheever's work on vibration isolation uses this analogy to design electrical filters that emulate mechanical



dampers, allowing for rapid prototyping of isolation systems.

Mechanical Analogues of Electrical Systems

Electrical Mass—Mechanical Inductor Analogy

Conversely, electrical circuits can be mapped onto mechanical systems. A capacitor, which stores electric energy,
becomes a mechanical mass. An inductor, storing magnetic energy, becomes a mechanical spring. This duality is
especially useful in the design of electro mechanical transducers where electrical signals are converted into
mechanical motion.

Power Electronics and Mechanical Actuators

Cheever’'s recent research explores the analogy between power electronic converters and mechanical actuators.
For example, a DC DC converter’s switching behavior can be mirrored by a mechanical actuator's on off motion. This
perspective leads to innovative hybrid controllers that combine the speed of electronics with the robustness of
mechanical motion.

Correspondence Table — A Quick Reference

Voltage !” Force

e Current " Velocity

e Capacitance !” Mass

¢ Inductance !” Spring Constant

¢ Resistance !” Damping Coefficient
e Power " Work per unit time

e Energy !” Stored energy

Cheever’s contributions have refined this table by adding entries for gyroscopic forces, nonlinear elements, and
time varying parametersthereby expanding the scope of analog modeling.

Applications of Analogous Systems

Vibration Control in Aerospace

In aerospace engineering, controlling vibrations in aircraft wings and fuselage structures is critical. By modeling the
mechanical structure as an electrical network, engineers can use circuit simulation tools to predict resonant
frequencies and design passive dampers. Cheever's team applied this technique to a satellite’s antenna array,
reducing vibration by 30% without adding mass.

Robotics and Soft Actuators

Roboticists use electrical analogues to design compliant joints that mimic biological flexibility. Cheever’s research
on compliant mechanisms has led to a new class of soft robotic grippers that can adapt their shape by adjusting
the electrical parameters of an equivalent circuit.

Automotive Suspension Systems

Modern vehicles feature adaptive suspensions that adjust damping in real time. By representing the suspension as
an electrical network, automotive engineers can quickly iterate designs using SPICE simulations, leading to
smoother rides and improved handling. Cheever’'s work on hybrid control strategies has been adopted by several
automotive manufacturers.



Energy Harvesting Devices

Mechanical vibrations can be converted into electrical energy using piezoelectric materials. By mapping the
piezoelectric transducer to an electrical circuit, designers can optimize the energy conversion efficiency. Cheever's
studies on resonant energy harvesters have demonstrated a 15% increase in power output compared to traditional
designs.

Benefits of Using Analogous Models

¢ Reduced Development Time: Engineers can prototype mechanical behavior using readily available electrical
simulation tools.

» Cost Savings: Avoid expensive mechanical prototypes by testing in the electrical domain.

« Improved Accuracy: Electrical simulations can capture nonlinearities and time varying dynamics with high
precision.

» Cross Disciplinary Collaboration: Mechanical and electrical engineers can collaborate more effectively when
they share a common modeling language.

Limitations and Challenges

While the analogy is powerful, it is not without pitfalls:

* Nonlinearity Mismatch: Some mechanical systems exhibit behavior that is difficult to capture with linear
electrical components.

< Scale Differences: Electrical simulations often assume ideal components, whereas real mechanical parts
have manufacturing tolerances.

e Physical Interpretation: Engineers must be careful not to misinterpret electrical results as direct mechanical
behavior without validation.

e Computational Load: Large mechanical systems can lead to complex electrical networks that strain simulation
resources.

Cheever acknowledges these challenges and proposes hybrid modeling techniques that combine analytical
analogies with numerical methods such as finite element analysis (FEA).

Future Directions in Analogous System Research

As technology advances, the scope of analogous modeling expands. Some promising avenues include:

¢ Quantum Analogies: Exploring the mapping between quantum mechanical systems and electrical networks
for quantum computing hardware.

e Bio Inspired Systems: Using electrical analogues to model complex biological tissues and nervous systems.

« Internet of Things (IoT) Sensors: Designing mechanical sensors whose behavior can be directly interpreted
as electrical signals for seamless integration into 10T platforms.

« Artificial Intelligence Integration: Employing machine learning to automatically generate analog circuits from
mechanical system data.

Cheever’s forthcoming book, “Analogous Systems in the Age of Digital Twins,” promises to delve deeper into these
emerging topics.

Conclusion

The bridge between electrical and mechanical systems is more than an academic curiosity; it is a practical tool that



has transformed how engineers design, analyze, and control complex machines. Erik Cheever’s pioneering work
has sharpened this bridge, providing robust frameworks, refined analogies, and real world applications that span
aerospace, robotics, automotive, and energy harvesting domains. By embracing these analogies, engineers can
unlock new levels of efficiency, innovation, and interdisciplinary collaboration.

Whether you are a seasoned professional or a curious learner, the study of analogous electrical and mechanical
systems offers a rich tapestry of concepts that will continue to shape the future of engineering. Dive deeper,
experiment with your own analog models, and discover how the language of circuits can illuminate the dynamics of
the physical world.
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