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²ƘŀǘΩǎ This All About? 
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ÅWhy, how, and when do we mechanically 
test products and package systems? 

ÅWhat do we learn from this? 

ÅWhat do we do with the information? 

http://www.westpak.com/?utm_source=webinar&utm_medium=slideck&utm_content=prod_pack&utm_campaign=vibration


Agenda 

Å Background, terminology, etc. 

Å Vibration Dynamics 

ï Spring/Mass Models; Forces vs. Free Response 

ï Types of Excitation; Sine, Random, Acoustic, 
Sources of input 

ï Resonance, Transmissibility, Damping, Fatigue 

ï Package Cushioning (springs), A/A plots 

ï Design for Vibration 
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Dynamics 

ÅThe study of mass that is moving in a flexible 
environment 

ÅάCƭŜȄƛōƛƭƛǘȅέ ƛƳǇƭƛŜǎ ǎǇǊƛƴƎǎ ǎƻ ǘƘŜ ǎǘǳŘȅ ƻŦ 
dynamics starts with a thorough understanding 
ƻŦ ά{ǇǊƛƴƎκaŀǎǎ {ȅǎǘŜƳǎέ 
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SDOF Spring/Mass System 

MASS 
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AN INPUT APPLIED HERE 

RESULTS IN ñFREE 

VIBRATIONò OF THE MASS 

AN INPUT APPLIED HERE 

RESULTS IN ñFORCED 

VIBRATIONò OF THE MASS 

SDOF Spring/Mass System 

MASS 
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SDOF Spring/Mass System 

MASS 

Maximum strain energy 

Maximum velocity 
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{ǇǊƛƴƎ aƻŘŜ 5ƻŜǎƴΩǘ aŀǘǘŜǊ 
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Tension 

Compression 
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Natural or Resonant Frequency 
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As earlier noted, excitation of 
the mass results in motion we 
call free vibration  ƻǊ άbŀǘǳǊŀƭ 
CǊŜǉǳŜƴŎȅέΣ  Ŧn. 

Excitation of the base results in 
άforced vibrationέ ƻŦ ǘƘŜ ƳŀǎǎΦ 
When the forcing frequency = 
fn, the mass response is max 
and is said to be in resonance. 
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SDOF vs. MDOF 
άbƻǊƳŀƭέ ǇǊƻŘǳŎǘǎ are pretty complex. A multiple 
degree of freedom (MDOF) model is more appropriate 
however much more complex and difficult to analyze. 
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Spring Types 
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Almost all products or product/package systems 
can be analyzed and modeled as complex 
spring/mass systems.   
 
               .ǳǘ ƳŀȅōŜ ƴƻǘ ά[ƛƴŜŀǊ {ǇǊƛƴƎǎέΧΦΦ 
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Linear Spring 

13 

A   = F   X      V   p n DD 

F 

k=F/D 

æ=W/k 

Spring Types 

http://www.westpak.com/?utm_source=webinar&utm_medium=slideck&utm_content=prod_pack&utm_campaign=vibration


Non-Linear  / Hardening Spring 

14 

d

d

k

2kd   

p

tan   
 (def)   p

2d   
SPRING FORCE = 

Spring Types 
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Non-Linear / Softening Spring 

15 

DEFLECTION 

F 

1 

k 

SPRING FORCE =kd tanh 
d

def

Spring Types 
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ÅSDOF models assume linear springs 

ÅMost flexibility in systems is non-linear 

 

 

 

 

 

 

ÅIƻǿŜǾŜǊΣ Ƴƻǎǘ ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŀƴŀƭȅȊŜŘ ƛƴ ŀ άƴŜŀǊ ƭƛƴŜŀǊέ ǇƻǊǘƛƻƴ 
ƻŦ ǘƘŜƛǊ ŘŜŦƭŜŎǘƛƻƴ ǊŀƴƎŜ ǎƻ ǘƘŀǘΩǎ ǿƘȅ ǿŜ ǳǎŜ ǘƘŜ ƭƛƴŜŀǊ ƳƻŘŜƭ 
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Spring Types 

(Printed Circuit Boards) 
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Coupled vs. Uncoupled Motion 

Å The mass is a homogenous 
rigid block with center of 
gravity (cg) at point A. 

Å The response of the block to 
F1 is pure vertical motion. 

Å The response of the block to 
F2 is pure rotational motion. 

Å The response of the block to 
F3 is pure horizontal motion. 
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Coupled vs. Uncoupled Motion 

 
ÅIf (cg) is at point B, F1 

produces both vertical 
and rotational motion 
of the block.  In this 
case, the motion is 
said to be coupled.  

ÅWith (cg) at point B, F3 
produces uncoupled 
horizontal motion.  

Coupling 

M

A B

F1

F
2

F 3
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Time for Questions ! 
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Resonance occurs when a component or 
system is forced at its fn. 
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Å Spring/Mass response is 
amplified at resonance.   

Å This is where damage, fatigue, 
etc. is most likely to happen. 

Resonance 
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Transmissibility Plot 
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Resonance 
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Vibration Machine  

Example  

Types of Equipment 
ÅElectrodynamic shaker 
ÅHydraulic shaker 
ÅSingle or multi-axis 

ÅAcoustic (reverberant) chamber 

How the Test is Conducted 
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Excitation can be: 

ÅSinusoidal 

ÅRandom or pseudo-random 

ÅAcoustic   

ÅOther 
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Types of Mechanical Excitation 

All Spring/Mass systems respond at their natural 

frequencies because they canôt do anything else.  
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Type Positive Not-So-Positive 

Sinusoidal  Å Easy to understand 
Å Good visual feedback 
Å Grandfathered tried & true 

Å Gives false amplification values 
Å Over-test for fatigue potential 
Å5ƻŜǎƴΩǘ ŀŎŎƻǳƴǘ ŦƻǊ ŎƻƴǎǘǊǳŎǘƛǾŜ ŀƴŘ 

destructive interferences between 
systems 

Random  Å Quicker  
Å Less fatigue potential 
Å Realistic  
ÅaŀǘŎƘŜǎ άǊŜŀƭ ƭƛŦŜέ  

Å More complex 
Å Requires a specific controller 

Acoustic  

 

Å Usable for heavy systems 
Å Good high frequency  

Å Very expensive 
Å Requires large chamber & analytical 

capability 
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Excitation: the Good & the Bad 
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Damping (Rc) is 
expressed as a 
ratio of observed 
damping to 
ά/ǊƛǘƛŎŀƭ 5ŀƳǇƛƴƎέ 
in a system. 

Damping 
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ά/ǊƛǘƛŎŀƭ 5ŀƳǇƛƴƎέ ƛǎ ǿƘŜǊŜ ǘƘŜ Ƴŀǎǎ 
returns to its initial position in the minimum 
time without overshoot. 
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Damping 
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Fatigue is the weakening of a 
material caused by repeatedly 
applied loads. It is the 
progressive and localized 
structural damage that occurs 
when a material is subjected to 
cyclic loading. Resonance is the 
prime contributor. Non-critical 
damping is a factor. 
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Mechanical Fatigue 
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Sources of Vibration Input 

Sources of input include: 

ÅOperation 

ïRotating equipment (cooling fans, motors, etc.) 

ïNearby influences  

ïStrong air currents 

ïEarthquakes  

ÅNon-Operating 

ïTransportation, shipping (the biggest), logistics 

ïNormal movement within intended environment 
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