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Logistics

• Homework
• Exam 2

• Released 4/22
• Due 4/29
• Everything except last week
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Vibrations

•What?
•Why?
•Sound?
•How to measure and prevent?
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Sound

• Sound
• oscillating pressure wave
• Requires a medium

λ = v × T

f =
1

T
=

v

λ

Byjus.com



https://www.happyearshearing.com/anatomy-of-the-ear/
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Sound Pressure Level (SPL)

• Sound intensity is measured by sound pressure level
• Ratio of sound pressure and reference pressure
• Decibels (dB)

SPL = 10× log10

(

p

po

)2

= 20× log10
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po = 20× 10
−6

Pa
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NIOSH Sound Level Meter App

*iOS only :(
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Decibel Addition

Ltotal = 10× log10
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L1
10 + 10

L2
10

)

Ltotal = 10× log10
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Analytical addition
Graphical addition
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Sound Frequency

• Unimpaired hearing: 20 Hz to 20,000 Hz
• Play https://onlinetonegenerator.com/

https://unison.audio/frequency-range/

https://onlinetonegenerator.com/
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Loudness

• Nonlinear function of both 
intensity and frequency

The level phons is the sound 
pressure level at 1,000 Hz.
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Frequency weighted sound levels

• Standard filter networks are used 
for measuring sound pressure 
levels. These networks are called A 
weighting scales, and they're based 
on the frequency hearing 
characteristics of humans. There 
are also B and C weighting scales, 
but these are not matched to human 
hearing frequency characteristics. 
The common sound level 
measurement is the A weighted 
scale and deemphasizes 
frequencies that are below 1,000 Hz 
and above 1,000 Hz.



Sound level Meter
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Occupational noise hazards quantification
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Daily Noise Exposure Limit
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Noise Dosage

• Ti = duration
• LT =  recommended exposure level
• D>1 hazardous

D =

∑

(

Ti

LT

)

T (Hr) =
8

2(L−90)/5

TWA(dB) =
1∑
Ti

∑
LiTi

TWA(dB) = 16.1× logD + 90

Time Weighted Average (TWA)
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Countermeasures

Important to keep using the hearing protectionDecibel reduction =
NRR− 7

2
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What is human vibration?

• Humans are exposed to vibration when they ride 
in vehicles or operate machinery or tools that 
make rapid movements, like a reciprocating 
sander.

• Whole body vibration
• Hand and arm vibration

Accelerometers
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Displacement, velocity, acc/n

s =

∫
v dt

v =

∫
a dt

v =
a

2πf
=

∫
a dt

s =
a

4π2f2
=

∫
v dt

If the vibration is sinusoidal
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Spectral analysis
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Fun with signals!

• https://www.arduino.cc/education/science-journal
• https://github.com/nimRobotics/fft-demo

Science Journal FFT demo

https://www.arduino.cc/education/science-journal
https://github.com/nimRobotics/fft-demo
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How much whole body vibration exposure is safe?

• Mass-spring-damper model

fn =
1

2π

√

k

M

nimrobotics.com/fft-demo/

https://nimrobotics.com/fft-demo/






Aakash (@nimrobotics) Occupational Noise and Vibration April 15, 2024 26

Resonance

Excitation frequency = natural frequency
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Model human
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Whole Body Vibration Exposure Guidelines
SittingStanding
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What is hand and arm vibration?

Coordinate systems
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Control

• Source control
• Equipment design
• Substitute equipment
• Tool and equipment maintenance

• Path control
• Transmissibility and Isolation
• Damping



Lecture slides available at
nimRobotics.com/x

















Thanks
Questions?

@nimrobotics




