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Dynamics

Reference:

• Senturia’s Book: Chapter 7

M. C. Wu 2 EE M250B / MAE M282 / BME M250B

Equivalent Circuit for 
Spring-Mass-Dashpot Systems

Connection rule for the equivalent circuit for e ���� V convention:
• Elements share a common Flow or Displacement ���� Connected in Series
• Elements share a common Effort ���� Connected in Parallel

(All 3 elements share the same displacement) Series Connection



M. C. Wu 3 EE M250B / MAE M282 / BME M250B

Dynamic Response from Equivalent Circuit

KVL: 0=+++− bmk eeeF
Dynamic Response ���� Laplace Transform
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Second-order system
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Linear Systems

xmxbxkF DDD ⋅+⋅+⋅=
Consider mass-spring-dashpot system:

The “state” of the system can be described by the position and velocity.

Define state variables:
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Matrix Formulation for Linear Systems
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Generalize:

x: state variable
u: system inputs
y: output vector
A,B,C,D: matrices constitute the system
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Numerical Solution (MathCAD Example)
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Dynamic Response
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Q and Frequency Response
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Fourier Transform
of Temporal Response
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Laplace Transform (Frequency Domain)
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)()(0 sBUsAX)x(sX(s) +=−
State equation:

))()0(()()( 1 sBUxAssX +−= −I
Solution:

Set U = 0: )0()()( 1 xAssX zir
−−= I Zero-input response

Set x(0) = 0: )()()( 1 sBUAssX zsr
−−= I Zero-state response
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Resonance

0=− AsIResonance:

0=− AsINatural Resonant Frequency:  the s-values at which 
(poles)

In Time Domain: tsietx ~)( where si are pole

Note si is complex:  
When Real [si] < 0 ���� Damped sinusoid
When Real [si] = 0 ���� Undamped sinusoid
When Real [si] > 0 ���� Unphysical
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Spring-Mass-Dashpot Example
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Spring-Mass-Dashpot Example (cont’d)
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Frequency Response of Spring-Mass-Dashpot
Parameters m 1:= k 1:= b 0.2:= F 1:=
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Frequency Response (Bode Plot)
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Nonlinear Dynamics:
Linearization about an Operating Point
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Transducer Model for Linearized Actuator
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Linearized Transducer Model
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