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2 K| Th3 All About?

AWhy, how, and when do we mechanically
test products and package systems?

AWhat do we learn from this?
AWhat do we do with the information?
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A Background, terminology, etc.

A Vibration Dynamics
I Spring/Mass Models; Forces.Free Response

I Types oExcitation Sine, Random, Acoustic,
Sources of input

I Resonancelransmissibility, Damping, Fatigue
I Package&ushionindsprings), A/Alots
I Designfor Mbration
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A The study of mass that is moving in a flexible
environment

ARGCt SEAOATAGREE AYLI ASa
dynamics starts with a thorough understanding
2F G{LINAyYyIgkal aa {eé&aidsS)
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SDOF Spring/Mass System
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SDOF Spring/Mass System

AN INPUT APPLIED HERE
RESULTSFREEN 0
VIBRATIONO OF THE |MASS

=1 D

77/7 AN INPUT APPLIED HERE
RESUL T SFORGED®
VIBRATIONO OF THE |MASS
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SDOF Spring/Mass System

+ Displacement

7 Maximum strain energy

Time
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l Maximum velocity

- Displacement
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Spring and mass Rod and disk Pendulum

(a) (b) (c)
Single-degree-of-freedom systems.

Z

(@) (b) (c) (d) Compression
Two-degree-of-freedom systems.
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Natural Frequency
f = 1 ‘/K —3.13\/K:3.13 1
n 20 VM M D
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Natural or Resonant Frequency

the mass results in motion we
callfree vibration2 NJ a b | { «
CNBIj dzSny O8 € = T

$ As earlier noted, excitation of

L
- . . -
- Excitation of the base results Iin
— &orced vibratiod 2 F (G KS
When the forcing frequency =
fn, the mass response is max
and Is said to be Iresonance
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SDOF vs. MDOF

b2 NXI f ¢ aregneRyRanpléxaAnultiple
degree of freedom (MDOF) model is magpropriate
however much more complex and difficult amalyze.
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Spring Types

Almost all products or product/package systems
can be analyzed and modeled as complex
spring/mass systems.

cdzi Y eoS y2i a[ Ay S
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Spring Types

Linear Spring
k=F/D
- e= W/ k
= 5 Ap=Fn X DV

DEFLECTION
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Spring Types

Non-Linear/ HardeningSpring

2kd p (def)

SPRING FORCE = — tan
F p 2d

Gl

DEFLECTION (
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Spring Types

Non-Linear/ SofteningSpring

SPRING FORGk tanh

DEFLECTION

'WESTPAK, INC. .

ExceELLENCE IN TESTING


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

Spring Types

A SDOF modelsssume linear springs
A Most flexibility in systems ison-linear

PCBs PCBs (Printed Circuit Boards)
2nd
1 chassis tlﬁ% t{j)\ t:‘Ij,':: 5 }degree
STITITE
r +l [ Chassis J} j}delgrtee
: Shock fixture | ;
\ \
Input Input
Al 20 SOSNE Yzau aeausvya Oly oS8
2F (KSANI RSTESOGAZ2Y NIy3aS a2
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Coupling

Coupled vs. Uncoupled Motion

. A The mass is a homogenous
rigid block with center of
gravity (cg) at point A.
VW The response of the block to
' A “Fs F1is pure vertical motion.

% % A The response of the block to
F2 iIs pure rotational motion.

1 A The response of the block to
F3 is pure horizontal motion.

$3 L
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Coupling

Coupled vs. Uncoupled Motion

3 A If (cqg) is at point B, F1
A produces both vertical
and rotational motion
~WW- ~VWW- of the block. In this
A & [ °7 case the motionis

% % said to be coupled.

A With (cg) at point B, F3
produces uncoupled
horizontal motion.
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Time for Questions !
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Resonance

Resonanceccurs when a component or

system is forced at itsf %
M ;

A Spring/Mass response is
amplified atresonance

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

¢
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’Y
Resonanceﬂ

Transmissiblility Plot

Ar/Ai
4 In !
A phase : out of
' h
M amplification phase
Qe
T R S Ko
i v f f (Hz2)
Ai i resonance !
' ff=fn i
$ f 1:1 + attenuation
| fo=1.4*f,
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How the Test Is Conducted

Vibration Machine

A T
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m s

Component A Component B

Lateral (X) None 35 Hz
Longitudinal (Y) 25 Hz 33 Hz
Vertical (2) 18 Hz None

Types of Equipment
A Electrodynamic shaker
A Hydraulic shaker
A Single or multaxis
A Acoustic (everberant) chamber

22
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Types of Mechanical Excitation

All Spring/Mass systems respond at their natural
frequencies because t lelsey

Excitation can be:
. . /\
A Sinusoidal \___
A Random or pseudoandom

A Acoustic ‘)))
A Other

stress [MP=a]

o5 4 time
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Excitation: the Good & the Bad

Not-SoPositive

Sinusoidal A Easy to understand A Gives false amplification values
A Good visual feedback A Overtest for fatigue potential
A Grandfatheredried &true A 52Say Qi | OO02dzyd T2 N
destructive interferencebetween

systems
Random A Quicker A More complex
A Less fatigue potential A Requires a specific controller
A Realistic
AalGOKSa aNBIf fATFTSE
Acoustic A Usable for heavy systems A Very expensive
A Good high frequency A Requires large chamber & analytical

capability
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Apc

Shock amplification A

Damping

Isolator

L Dangerous @~ ooy
| | Pee s DAMpPINg ) IS
| L R = 0.005 Tz
| o = 2 expressed as a
= r .
Ao ‘ i s ratio of observed
' b, .
Rz A — Re = 0.1 ¢ damping to
¥ a/ NRGAOI ¢
1 - .
) \\‘ e in a system.
N/ , Re = 1.0
| PCB isolation area
0.1 Ll ciopd|nduipoampns o sies <ot i | |
0 05 1 2 3 A 5

Fraquency ratio B = fban/fbox = /Pen//lsolator
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a/ NAUAOIf 51 YLAYIE Aa |
returns to its initial position in the minimur
time without overshoot.
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Mechanical Fatigue

Fatiguelis the weakening of a
material caused by repeatedly
applied loads. It is the
progressive and localized
structural damage that occurs 2
when a material is subjected te
cyclic loadingResonances the
prime contributor. Norcritical
damping is a factor.

(m/cycle), log scale

Crack growt
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Sources of Vibration Input

Sources of input include:
A Operation

I Rotating equipment (cooling fans, motors, etc.)
I Nearby influences
| Strong air currents
I Earthquakes

A Non-Operating
I Transportation, shipping (the biggest), logistics
I Normal movement within intended environment
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