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Centrifugal force produced by a 
rotating object:

: Unbalance mass
: Distance of the unbalance mass to the centre of rotation



Equation of motion:

Substituting:

*Assume only vertical motion
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Low frequency:

! ⌧ !n ) |MX/me| ⇡ 0

At resonance:

High frequency:
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FRF Graph

Increase damping, ⇣



Ch-47 Ground Test



An electric motor has an eccentric mass of 10 kg (i.e. 10% of the total mass) and is 
set on two identical springs with k = 3200 N/m. The motor runs at 1,750 RPM and 
the mass eccentricity is 100 mm from the center. Neglect the damping and 
determine the maximum velocity of the vertical vibration.  

Example 4.3

x(t)

<latexit sha1_base64="oZ+bu6HKppzQqgpUZmzRX/Qjob4=">AAACLnicbZBNS8NAEIY3flu/6sfNS7AI9VISKSieBC8eFawVmlAmm4ld3N2E3YlaQv+CV/0Z/hrBg3j1Z5jWClZ9YeHhnZkd5o0yKSx53qszNT0zOze/sFhZWl5ZXauub1zaNDccWzyVqbmKwKIUGlskSOJVZhBUJLEd3ZwM6+1bNFak+oL6GYYKrrVIBAcaWvd12utWa17DG8n9C/4Yamyss+66sxXEKc8VauISrO34XkZhAYYElzioBAY13vFUKdBxESSghOzHmEAuaVAENvnmSpBbzIDfwDV2StSg0IbF6KyBu1s6sZukpnya3JH7c6IAZW1fRWWnAurZ37Wh+V+tk1NyGBZCZzmh5l+Lkly6lLrDjNxYGOQk+yUAN6K8yuU9MMCpTHLiJ67CwiajRZUyR/93an/hcr/hNxvN82bt+Gic6ALbZjusznx2wI7ZKTtjLcZZjz2wR/bkPDsvzpvz/tU65YxnNtmEnI9PTeKpJg==</latexit>

k

<latexit sha1_base64="2p00VEMriYYNYieqqgJXGcF3Juw=">AAACK3icbZDLSsNAFIYn9VbrrV52boJFcFUSKSiuBDcuW7BaaIKcTE506MwkzEyUEvoEbvUxfBpXilvfw2kbwVZ/GPj4zzlzOH+UcaaN5707lYXFpeWV6mptbX1jc6u+vXOt01xR7NKUp6oXgUbOJHYNMxx7mUIQEcebaHAxrt88oNIslVdmmGEo4E6yhFEw1uoMbusNr+lN5P4Fv4QGKdW+3Xb2gjiluUBpKAet+76XmbAAZRjlOKoFCiU+0lQIkHERJCAYH8aYQM7NqAh08sO1INeYAR3AHfYtShCow2Jy08g9tE7sJqmyTxp34v6eKEBoPRSR7RRg7vV8bWz+V+vnJjkNCyaz3KCk00VJzl2TuuOA3JgppIYPLQBVzF7l0ntQQI2NceYnKsJCJ5NFNZujP5/aX7g+bvqtZqvTapyflYlWyT45IEfEJyfknFySNukSSpA8kWfy4rw6b86H8zltrTjlzC6ZkfP1DWbfqDY=</latexit>

k

<latexit sha1_base64="2p00VEMriYYNYieqqgJXGcF3Juw=">AAACK3icbZDLSsNAFIYn9VbrrV52boJFcFUSKSiuBDcuW7BaaIKcTE506MwkzEyUEvoEbvUxfBpXilvfw2kbwVZ/GPj4zzlzOH+UcaaN5707lYXFpeWV6mptbX1jc6u+vXOt01xR7NKUp6oXgUbOJHYNMxx7mUIQEcebaHAxrt88oNIslVdmmGEo4E6yhFEw1uoMbusNr+lN5P4Fv4QGKdW+3Xb2gjiluUBpKAet+76XmbAAZRjlOKoFCiU+0lQIkHERJCAYH8aYQM7NqAh08sO1INeYAR3AHfYtShCow2Jy08g9tE7sJqmyTxp34v6eKEBoPRSR7RRg7vV8bWz+V+vnJjkNCyaz3KCk00VJzl2TuuOA3JgppIYPLQBVzF7l0ntQQI2NceYnKsJCJ5NFNZujP5/aX7g+bvqtZqvTapyflYlWyT45IEfEJyfknFySNukSSpA8kWfy4rw6b86H8zltrTjlzC6ZkfP1DWbfqDY=</latexit>

m

<latexit sha1_base64="7jcRo0OS/9+JfSnIh2QoJPvrClw=">AAACK3icbZDLSsNAFIYn9V7vl52bYBFclUQKiivBjcsWrC00oZxMTtqhM5MwM1FK6BO41cfwaVwpbn0Pp7WCbf1h4OM/58zh/FHGmTae9+6UlpZXVtfWN8qbW9s7u3v7B/c6zRXFJk15qtoRaORMYtMww7GdKQQRcWxFg5txvfWASrNU3plhhqGAnmQJo2Cs1RDdvYpX9SZyF8GfQoVMVe/uO0dBnNJcoDSUg9Yd38tMWIAyjHIclQOFEh9pKgTIuAgSEIwPY0wg52ZUBDr55XKQa8yADqCHHYsSBOqwmNw0ck+tE7tJquyTxp24fycKEFoPRWQ7BZi+nq+Nzf9qndwkl2HBZJYblPRnUZJz16TuOCA3Zgqp4UMLQBWzV7m0DwqosTHO/ERFWOhksqhsc/TnU1uE+/OqX6vWGrXK9dU00XVyTE7IGfHJBbkmt6ROmoQSJE/kmbw4r86b8+F8/rSWnOnMIZmR8/UNam2oOA==</latexit>

e

<latexit sha1_base64="pOT9+8xYqnCVjhaWgYN9Wu2fDB4=">AAACK3icbZDLSsNAFIYn9V7vl52bYBFclUQKiivBjcsWrC00oZxMTtqhM5MwM1FK6BO41cfwaVwpbn0Pp7WCbf1h4OM/58zh/FHGmTae9+6UlpZXVtfWN8qbW9s7u3v7B/c6zRXFJk15qtoRaORMYtMww7GdKQQRcWxFg5txvfWASrNU3plhhqGAnmQJo2Cs1cDuXsWrehO5i+BPoUKmqnf3naMgTmkuUBrKQeuO72UmLEAZRjmOyoFCiY80FQJkXAQJCMaHMSaQczMqAp38cjnINWZAB9DDjkUJAnVYTG4auafWid0kVfZJ407cvxMFCK2HIrKdAkxfz9fG5n+1Tm6Sy7BgMssNSvqzKMm5a1J3HJAbM4XU8KEFoIrZq1zaBwXU2BhnfqIiLHQyWVS2OfrzqS3C/XnVr1VrjVrl+mqa6Do5JifkjPjkglyTW1InTUIJkifyTF6cV+fN+XA+f1pLznTmkMzI+foGXDWoMA==</latexit>

M

<latexit sha1_base64="cwQN2Fpo7KtaflETQ/yhc4EwlXY="></latexit>

Solution

Known

m = 0.1M

<latexit sha1_base64="X1eOzp1nMY9URIVcu3N8R+QL5B0=">AAACMHicbZDPSsNAEMY39X/916o3L8EieCqJFBRBELx4ERRsFZpQJptJu3Z3E3Y3Sgl9B6/6GD6NnsSrT+G2VlDrBws/vpnZYb4o40wbz3t1SjOzc/MLi0vl5ZXVtfVKdaOl01xRbNKUp+omAo2cSWwaZjjeZApBRByvo/7pqH59h0qzVF6ZQYahgK5kCaNgrNUSx17dP+9Ual7dG8udBn8CNTLRRafqbAVxSnOB0lAOWrd9LzNhAcowynFYDhRKvKepECDjIkhAMD6IMYGcm2ER6OSby0GuMQPahy62LUoQqMNifNjQ3bVO7Capsk8ad+z+nChAaD0Qke0UYHr6b21k/ldr5yY5DAsms9ygpF+Lkpy7JnVHKbkxU0gNH1gAqpi9yqU9UECNzfLXT1SEhU7Gi8o2R/9vatPQ2q/7jXrjslE7OZokuki2yQ7ZIz45ICfkjFyQJqHkljyQR/LkPDsvzpvz/tVaciYzm+SXnI9PHBKpgw==</latexit>

k = 3200 N/m

<latexit sha1_base64="nizcZIJ2CZjcaMkiLwDb5Xi+LAI="></latexit>

e = 0.1 m

<latexit sha1_base64="jDW6KyYQx8OJxflc48aP076d5Vk="></latexit>

! = 2⇡(1750/60) = 29.2 rad/s

<latexit sha1_base64="HYfO6uvBx4WYceL9P34DeYePoyw="></latexit>



From the equation with neglected damping:
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<latexit sha1_base64="GOUIyizjAkaamK95IwVOusVZYQw="></latexit>
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<latexit sha1_base64="Pq1+Jh/Yh9bgKj1bAddrVsSQpxw="></latexit>

!2
n = 2k/M = 2(3200)/100 = 64 rad2/s2

<latexit sha1_base64="OzYbrx5a6ZkjAvRlA9PuUpaDh2Q="></latexit>
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= 7.5⇥ 10�4m = 0.75 mm

<latexit sha1_base64="rNFIxcAQRcGRBMmHvOuqu6fNZQc="></latexit>

The magnitude of displacement is:

The maximum velocity is therefore: vmax = !|X | = 29.2(0.75) = 22 mm/s

<latexit sha1_base64="X87XiNy57zladvLNOVrBifj9RLw="></latexit>



Example 4.4

A 30 kg fan is installed on a cantilever, massless steel beam with stiffness 6 x 105 N/ has 
rotating unbalance of 0.15 kg-m.  

As the speed of the fan is varied, it is observed that it has maximum amplitude of 10 mm.  

a. Draw the mass-spring-damper system. 
b. What is the magnitude of velocity if the fan is operated at 500 RPM?  

x(t)

<latexit sha1_base64="oZ+bu6HKppzQqgpUZmzRX/Qjob4=">AAACLnicbZBNS8NAEIY3flu/6sfNS7AI9VISKSieBC8eFawVmlAmm4ld3N2E3YlaQv+CV/0Z/hrBg3j1Z5jWClZ9YeHhnZkd5o0yKSx53qszNT0zOze/sFhZWl5ZXauub1zaNDccWzyVqbmKwKIUGlskSOJVZhBUJLEd3ZwM6+1bNFak+oL6GYYKrrVIBAcaWvd12utWa17DG8n9C/4Yamyss+66sxXEKc8VauISrO34XkZhAYYElzioBAY13vFUKdBxESSghOzHmEAuaVAENvnmSpBbzIDfwDV2StSg0IbF6KyBu1s6sZukpnya3JH7c6IAZW1fRWWnAurZ37Wh+V+tk1NyGBZCZzmh5l+Lkly6lLrDjNxYGOQk+yUAN6K8yuU9MMCpTHLiJ67CwiajRZUyR/93an/hcr/hNxvN82bt+Gic6ALbZjusznx2wI7ZKTtjLcZZjz2wR/bkPDsvzpvz/tU65YxnNtmEnI9PTeKpJg==</latexit>



Solution

a.  Mass-spring-damper system

m

<latexit sha1_base64="wGs14PZ/PwbX3XqS7iG4mU+b7vY="></latexit>

k

<latexit sha1_base64="2p00VEMriYYNYieqqgJXGcF3Juw=">AAACK3icbZDLSsNAFIYn9VbrrV52boJFcFUSKSiuBDcuW7BaaIKcTE506MwkzEyUEvoEbvUxfBpXilvfw2kbwVZ/GPj4zzlzOH+UcaaN5707lYXFpeWV6mptbX1jc6u+vXOt01xR7NKUp6oXgUbOJHYNMxx7mUIQEcebaHAxrt88oNIslVdmmGEo4E6yhFEw1uoMbusNr+lN5P4Fv4QGKdW+3Xb2gjiluUBpKAet+76XmbAAZRjlOKoFCiU+0lQIkHERJCAYH8aYQM7NqAh08sO1INeYAR3AHfYtShCow2Jy08g9tE7sJqmyTxp34v6eKEBoPRSR7RRg7vV8bWz+V+vnJjkNCyaz3KCk00VJzl2TuuOA3JgppIYPLQBVzF7l0ntQQI2NceYnKsJCJ5NFNZujP5/aX7g+bvqtZqvTapyflYlWyT45IEfEJyfknFySNukSSpA8kWfy4rw6b86H8zltrTjlzC6ZkfP1DWbfqDY=</latexit>

c

<latexit sha1_base64="N5MgIe4GM4sEdsU7I4+jKsluWfg=">AAACK3icbZDLSsNAFIYn9V7vl52bYBFclUQKiivBjcsWrC00oZxMTtqhM5MwM1FK6BO41cfwaVwpbn0Pp7WCbf1h4OM/58zh/FHGmTae9+6UlpZXVtfWN8qbW9s7u3v7B/c6zRXFJk15qtoRaORMYtMww7GdKQQRcWxFg5txvfWASrNU3plhhqGAnmQJo2Cs1aDdvYpX9SZyF8GfQoVMVe/uO0dBnNJcoDSUg9Yd38tMWIAyjHIclQOFEh9pKgTIuAgSEIwPY0wg52ZUBDr55XKQa8yADqCHHYsSBOqwmNw0ck+tE7tJquyTxp24fycKEFoPRWQ7BZi+nq+Nzf9qndwkl2HBZJYblPRnUZJz16TuOCA3Zgqp4UMLQBWzV7m0DwqosTHO/ERFWOhksqhsc/TnU1uE+/OqX6vWGrXK9dU00XVyTE7IGfHJBbkmt6ROmoQSJE/kmbw4r86b8+F8/rSWnOnMIZmR8/UNWKeoLg==</latexit>

Mass of fan*

Stiffness of beam  
(at the tip)

Damping at the beam

*The beam is massless, otherwise the effective mass of the beam must be included in the mass component



b.  Known m = 30 kg

<latexit sha1_base64="h8K4zNSb0gaFJTwdsD1odPfExUY="></latexit>

k = 6⇥ 105 N/m

<latexit sha1_base64="GTig1Wy9YGhUJZMregywUMP4qH0="></latexit>

⇣ = 0.1

<latexit sha1_base64="FTOw1hyb9o0JfgRVLblQhu2RCs0=">AAACM3icbZDJSsRAEIY77o7buNy8BAfB05DIgCIIghePCo4LkyCVTkUbuzuhu6KMYZ7Cqz6GDyPexKvvYM84gtsPDR9/VXVRf1JIYSkInr2R0bHxicmp6drM7Nz8Qn1x6cTmpeHY5rnMzVkCFqXQ2CZBEs8Kg6ASiafJ9X6/fnqDxopcH1O3wFjBpRaZ4EDOOo/ukGA3aIYX9UbQDAby/0I4hAYb6vBi0VuJ0pyXCjVxCdZ2wqCguAJDgkvs1SKDGm95rhTotIoyUEJ2U8yglNSrIpt9cS0qLRbAr+ESOw41KLRxNbit5687J/Wz3LinyR+43ycqUNZ2VeI6FdCV/V3rm//VOiVl23EldFESav65KCulT7nfD8pPhUFOsusAuBHuKp9fgQFOLs4fP3EVVzYbLKq5HMPfqf2Fk81m2Gq2jlqNvZ1holNsla2xDRayLbbHDtghazPOFLtnD+zRe/JevFfv7bN1xBvOLLMf8t4/APUSqvc=</latexit>

Frequency [Hz]

10 mm

<latexit sha1_base64="I4wnLipS4oNZKD7QecCSeHX0zbw="></latexit>

!n =

r
k

m
=

r
6⇥ 105

30
= 141.4 rad/s

<latexit sha1_base64="DpmIKLrEFbnDQLBa34+PPijytGY="></latexit>

fn =
!n

2⇡
= 22.5 Hz

<latexit sha1_base64="T9sjW3YDEGIg2D+GIA8LWOA8uqQ="></latexit>

fn = 22.5

<latexit sha1_base64="gXhpPslkvgwEohEdjEkBrIoEqhY=">AAACMnicbZDLSgMxFIYz3q33y87NYBFclZlS0Y0guHGpYC/QGcqZzIkGk8yQZJQy9CXc6mP4MroTtz6Eaa2grT8EPv5zTg7nT3LBjQ2CV29mdm5+YXFpubKyura+sbm13TJZoSk2aSYy3UnAoOAKm5ZbgZ1cI8hEYDu5Ox/W2/eoDc/Ute3nGEu4UZxxCtZZHdZTp/V67ai3WQ1qwUj+NIRjqJKxLntb3m6UZrSQqCwVYEw3DHIbl6AtpwIHlUijwgeaSQkqLSMGkot+igwKYQdlZNgPV6LCYA70Dm6w61CBRBOXo9MG/oFzUp9l2j1l/ZH7e6IEaUxfJq5Tgr01k7Wh+V+tW1h2Epdc5YVFRb8XsUL4NvOHOfkp10it6DsAqrm7yqe3oIFal+afn6iMS8NGiyoux3AytWlo1Wtho9a4alTPGuNEl8ge2SeHJCTH5IxckEvSJJQI8kieyLP34r15797Hd+uMN57ZIX/kfX4BpGKqQg==</latexit>
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Amplitude at resonance



At resonance:
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<latexit sha1_base64="GOUIyizjAkaamK95IwVOusVZYQw="></latexit>

! = !n

<latexit sha1_base64="CTjMQ30EliadNX4GC2PWz2FJ68E=">AAACO3icbVDLSsNAFJ34tr4fOzfBIrgqiRQUQRDcuFSwKjSh3Exu2sF5hJmJUkK/xK1+hh/i2p24de+0jaDVA8MczrkP7klyzowNgldvanpmdm5+YbG2tLyyura+sXltVKEptqjiSt8mYJAziS3LLMfbXCOIhONNcnc29G/uURum5JXt5xgL6EqWMQrWSZ31tUgJ7MLJ+Os4pR40ghH8vySsSJ1UuOhseNtRqmghUFrKwZh2GOQ2LkFbRjkOapFGiQ9UCQEyLaMMBOP9FDMouB2Ukcm+eS0qDOZA76CLbUclCDRxObpx4O85JfUzpd2T1h+pPztKEMb0ReIqBdiemfSG4n9eu7DZUVwymRcWJR0vygruW+UPA/NTppFa3ncEqGbuKp/2QAO1LtZfk6iIS5ONFtVcjuFkan/J9UEjbDaal8366XGV6ALZIbtkn4TkkJySc3JBWoSSgjySJ/LsvXhv3rv3MS6d8qqeLfIL3ucXtnquXA==</latexit>
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<latexit sha1_base64="LRPeUYPHjy/v8NSQ5xfAK7gQ3tM="></latexit>

⇣ =
me

2XM

<latexit sha1_base64="sqT9sAEfiT+IaS84K8GSCqLz4DM="></latexit>

⇣ =
0.15

2(0.01)(30)
= 0.25

<latexit sha1_base64="FLz3BnDEt/FJ0BtC0fItlUnNH38="></latexit>

Amplitude at resonance

The displacement at 500 RPM = 8.3 Hz:
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<latexit sha1_base64="GOUIyizjAkaamK95IwVOusVZYQw="></latexit>

⇣ = 0.25

<latexit sha1_base64="ypIFU2mBZDr5csgxQ5aGYInfUk8="></latexit>

!n = 141.4 rad/s

<latexit sha1_base64="OlLtC86XLrXIkOYry6SUaiZ0TWA="></latexit>

! = 2⇡f = 2⇡(8.3) = 52 rad/s

<latexit sha1_base64="dcjCi9PSAxGu8hBnRbgX4BJqhGc="></latexit>

! = 52 rad/s

<latexit sha1_base64="Sf7qvWmsVT0E53NwhdCsgD9Xlww="></latexit>

X = 0.765 mm

<latexit sha1_base64="wjUtUwQ2nUNrBY7LzMzsR/mfDwo="></latexit>

The vibration velocity is therefore: v = !X = 52(0.765) = 39.8 mm/s

<latexit sha1_base64="ECg4UNjmrhvfMYgHDU4HpAer/1E="></latexit>



VIBRATION INSTRUMENTATION

4.4



Accelerometer

to measure acceleration of a vibrating object

*The output can also be converted into displacement and velocity

2

Acceleration, Shock, and Vibration Sensors

A FULL RANGE OF ACCELERATION, SHOCK,
AND VIBRATION SENSORS FOR TEST,
MEASUREMENT, CONTROL, AND R&D
APPLICATIONS

ICP® and Charge-Output Piezoelectric
Accelerometers
Capacitive Accelerometers with DC Response
Triaxial and Single Axis Configurations
High-Amplitude Shock Accelerometers
Low-Amplitude Seismic Accelerometers
Structural Test Styles with Simplified Mounting
Accelerometers for Extreme Environments

PCB’s piezoelectric accelerometers feature precision quartz and ceramic
shear-mode sensing elements to reduce the effects of base strain and
thermal transients. Most contain built-in microelectronic signal
conditioning circuitry (ICP® accelerometers) in order to provide a high-
quality, low-noise, low-impedance output signal.

All accelerometers are packaged in lightweight titanium or aluminum
housings that are precision laser welded to provide a hermetic seal.

Model 352C44
100 mV/g
10 mV/(m/s2)
0.5 to 10k Hz
3 grams
Ground isolated

Model 352C68
100 mV/g
10 mV/(m/s2)
0.3 to 12k Hz
2 grams

Model 352C33
100 mV/g
10 mV/(m/s2)
0.3 to 15k Hz
5.8 grams

PRECISION ICP® ACCELEROMETERS
• Excellent long-term stability and accuracy
• Impervious to base strain and thermal transient errors
• Ideal for general purpose use
• Low noise floor imparts high resolution
• Ideal for low-amplitude vibration measurements

Model 353B16
10 mV/g
1 mV/(m/s2)
0.7 to 20k Hz
1.5 grams

Model 355B12
10 mV/g
1 mV/(m/s2)
0.6 to 15k Hz
2.3 grams

Model 352C23
5 mV/g
0.5 mV/(m/s2)
1.5 to 15k Hz
0.2 grams

Model 352C03
10 mV/g
1 mV/(m/s2)
0.3 to 15k Hz
5.8 grams

Model 352A21
10 mV/g
1 mV/(m/s2)
0.7 to 13k Hz
0.6 grams

(output: mV/g)

Credited to PCB@ sensors: www.pcb.com

Pre-loading Spring

Seismic Mass

Crystal Element

Base

Mounting Stud

ICP Amplifier
Cable Connector

http://www.pcb.com


Voltage

Piezzoelectric 
crystal

m
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The basic principle: the accelerometer has to detect the same amount of vibration 
amplitude of the vibrating surface.

accelerometer

vibrating surface

xt = xe
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Natural frequency of accelerometer,

Frequency of the vibrating surface

*Will discuss in details in Chapter 6
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In this frequency range, the accelerometer 
measures exactly the same vibration amplitude 
of the vibrating surface.

The wider the frequency range, the better. 
(the more expensive)



Laser Vibrometer

•  same function as accelerometer, but using laser beam

•  non-contact surface measurement

•  use the concept of Doppler effect
Credited to Polytec: www.polytec.com

http://www.pcb.com
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Laser Scanning Head Vibrometer

Doppler effect: Principle of Laser Scanning Vibrometer



Electromagnetic shaker

to provide force excitation to a test structure

Credited to LDS Bruel and Kjaer@: www.bksv.com

http://www.pcb.com


Impact hammer 

to provide force excitation (impulse) to a test structure
(output: N, lbf, ...)
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Impact Hammers, Actuators, and Calibration Instruments

Model 086C03
10 mV/lb (2.2 mV/N) sensitivity
8000 Hz frequency range
0.34 lb (0.16 kg) hammer mass

MODALLY TUNED® ICP® IMPACT HAMMERS AND KITS

Structural Stimulus and Impulse Response Measurements
Investigation of Machinery Vibration Problems
Resonance Determination
Modal Analysis
“Bump” Testing

ACCELEROMETERS FOR ENVIRONMENTAL TESTING

Environmental Stress Screening
Shaker Control
Component Testing
Vibration Stress Screening
Combined Environment Qualification
Thermal / Vibration Chambers

HANDHELD SHAKER
• Battery or line powered
• Tests accelerometers weighing 

up to 210 grams
• Auto shut-off

Model 394C06
1 g (9.81 m/s2) pk or rms
159.2 Hz

HALT – HASS – ESS ACCELEROMETERS
• Survive extreme temperature limits and rapid thermal cycling
• Survive extreme, random vibration levels
• High performance shear mode designs
• Charge mode and ICP® types

Typical Hammer Kit

Model 352B30
Ceramic element
10 mV/g
1 mV/(m/s2)
10 to 6000 Hz
-65 to +250 °F
-54 to +121 °C

Model 300A12
Charge mode kit includes 
accelerometer, cable, 
and charge converter
10 mV/g system sensitivity
1 mV/(m/s2)
10 to 10k Hz
-100 to +500 °F
-73 to +260 °C

Model 320C20
Quartz element
10 mV/g
1 mV/(m/s2)
1.5 to 10k Hz
-100 to +325 °F
-73 to +163 °C



Force gauge 

to measure force acting on a test structure
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Dynamic Force Sensors

A BROAD SELECTION OF DYNAMIC COMPRESSION,
TENSION, AND IMPACT SENSORS FOR TEST,
MEASUREMENT, CONTROL, AND R&D APPLICATIONS

General Purpose Designs
Ring, Link, and Impact Configurations
Multi-Axis Types
Charge Output and ICP® Sensor Versions
Miniature and High Sensitivity

PCB’s dynamic force sensors feature rugged, solid-state construction for durability 
and long life in repetitive crimping, forming, pressing, punching, and other similar
operations. Each sensor has both a high resonant frequency and the ability to
measure quasi-static events, making the sensors ideally suited for measuring forces
across a varied range of amplitudes and frequencies.

Series 208C
Ranges from 10 lb to 5000 lb FS

45 N to 22k N FS
Resolution to 0.0001 lb (0.00045 N)
Small size: 5/8 hex x 0.625 in
(16 mm) height

Threaded ends for tension or
compression installations

Axial Connector Styles
keep connector out of
harms way

Penetration Style 
with smooth body and
hemispherical impact
cap for materials
testing requirements

GENERAL PURPOSE DYNAMIC ICP® FORCE SENSORS
• Dynamic compression, tension, and impact 
• Welded, hermetically sealed, submersible construction
• Fast response time accurately captures force transients

Shown with
removable
impact cap

MATERIALS AND PRODUCT TESTING

Package Drop Testing
Product Durability Studies
Crash Testing
Fracture Analysis
Penetration Testing
Reaction Forces
Materials Strength and Break-Point Tests
Fatigue Testing

(output: N, lbf, ...)

Credited to PCB@ sensors: www.pcb.com

http://www.pcb.com


Signal Analyzer 

to process the signals recorded from vibration sensors

(accelerometer, impact hammer, force gauge, etc)

Credited to Data Physics: www.dataphysics.com

http://www.pcb.com


Accelerometer
Measure the vibration response 
of the test structure

Force Gauge
Measure the injected force

Shaker
Inject mechanical force 
to test structure

Signal Analyzer
Process the analog signal to digital signal. 

Computer
Display the Frequency Response Function
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Instrumentation Setup



My website:

Additional Resources

http://www.azmaputra.com

My white-board animation videos:
http://www.youtube.com/c/AzmaPutra-channel 
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