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Outline

1. Vibration isolation

2. Rotor dynamics
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Last lecture

A tuned mass damper is an additional 

mass aimed at protecting the structure.

Vibration isolation rather aims at designing 

the interface between the structure and its 

environment.
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Motivation for vibration isolation

https://www.youtube.com/watch?v=SRbFxgezAX0
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Real-life examples



6

Vibration isolation: mathematically
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Vibration isolation: graphically

Isolation if 𝜔 > 2𝜔𝑛
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Role of stiffness

Isolation if 𝜔 > 2𝑘/𝑚

Usually 𝜔 and m are given  choose k as low as possible.

However, k should respect the static constraints.
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Role of damping

High damping reduces isolation performance but increases attenuation at 

resonance (there are transients !)

Low damping increases isolation performance but decreases attenuation

at resonance.

Ideally, frequency-dependent damping (rubber and elastomers).
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Railway example
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Rotating machines

Intensity
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Rotating machines

BEFORE
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Rotating machines

* Not valid

when ksi=0
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Vibration isolation (base excitation)

Earthquake protection

Satellite protection

Car suspension
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Motivation

https://www.youtube.com/watch?v=ntV6LQF1GxA
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Mathematically



17

Graphically
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Isolation of a microscope

https://www.youtube.com/watch?v=YPAOZXc33gE
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Outline

1. Vibration isolation

2. Rotor dynamics
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Machines with rotor
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Simplified model: Jeffcott rotor without damping

massless

elastic

shaft

rigid

disk m

rotation

geometric

center

gravity

center

eccentricity
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Newton’s second law at gravity center

centrifugal

force

spring force
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Complex coordinates
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Free whirling
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Unbalance response

𝑟𝐶0 → −𝜀𝑟𝐶0 → 0
𝑟𝐶0 → ∞

Dynamic amplification



26

Video
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Damping models
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Jeffcott rotor with damping

To be multiplied

by𝑹−1
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Jeffcott rotor with damping: complex notations
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Jeffcott rotor with damping: free whirling

Unlike the undamped case, 2 different

backward anf forward frequencies
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Jeffcott rotor with damping: free whirling

𝜎2

𝜎1

is always negative: OK !

can be positive: KO ! Stable if 

𝜔2 is always negative (backward).

𝜔1 is always positive (forward).
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Jeffcott rotor with damping: free whirling



33

Jeffcott rotor with damping: free whirling
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Jeffcott rotor with damping: unbalance response

𝑐𝑟 disappears
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Questions for the exam (L2)
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Questions for the exam (L3)
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Questions for the exam (L4)


