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2.1 Concepts of Vibration

• Vibration In Everyday Life
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• Useful Vibration

2.1 Concepts of Vibration
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F = c × v

VelocityDisplacement Acceleration

d
v a

k

c

m

m

F = k × d F = m × a

• Mechanical Parameters and Components

2.1 Concepts of Vibration
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D

d = D sinωnt

m

k

T

Time

Displacement

Frequency1
T

Period,  Tn in [sec]

Frequency, fn= in [Hz = 1/sec] 1
Tn

Displacement

k

m
ωn= 2 π fn =

• Simplest Form of Vibrating System

2.2 1 DOF system
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D

Energy transfer between Kinetic and Potential Energy
(assuming no damping)

1/2 m V2 = 1/2 k D2 , and V = (2πfn)D

1/2 m (2πfn)2 D2 =  1/2 k D2

Δ Kinetic Energy = - Δ Potential Energy

m
k

2
1fn π

=

• Free Vibration

2.2 1 DOF system
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time

m1

m

Increasing mass 
reduces frequency

1
n mm

k2
+

=π=ω nf

• Free Vibration

2.2 1 DOF system
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time

m

k c1 + c2

Increasing damping 
reduces the amplitude

• Mass, Spring and Damper

2.2 1 DOF system
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+90°

dm

ck

m

F

dF

Frequency

Frequency

Frequency

Displacement

Magnitude

Phase

dm = df

0°

-90°

Tim
e

• Forced Vibration

2.2 1 DOF system
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Newton 2nd law:

)t(f)t(kx)t(xc)t(xm =++ &&&

)t(xc)t(kx)t(f)t(xm &&& −−=

Force Balance: Inertial + Dissipative + Restoring = External

f(t) x(t)

k c

m

• Single Degree of Freedom Model

2.2 1 DOF system
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Transformation = Change of Basis

Fourier Transformation

How oftenWhen

• Why Make Transformations?

– Simplify problem solving

– Reduce problem size

– Uncouple equations

– Simplify interpretation

• Using Transformations

Example:
Original 
Domain
c = a/b

Inverse 
Transform

c = Anti Log (C) 

Transform
A = Log (a)
B = Log (b)

NEW DOMAIN
C = A - B

Problem Solved in

• What is a Transformation?

2.2 1 DOF system
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Transformation DomainOriginal Domain

• Linear Transformations by Orthogonal Functions Mapping Matrix

c = a/b                        <Log>                     C = A - B

< Laplace>)t(fkxxcxm =++ &&&
kcsms

)s(F)s(X 2 ++
=

< Fourier>( )∫
∞

∞−
ττ−τ= d)t(fh)t(x )(F)(H)(X ω⋅ω=ω

< Modal>[ ]{ } [ ]{ } [ ]{ } { }fxkxcxm =++ &&& { } [ ]{ } [ ]{ } { })t(qq2q 2
o Γ=ω+σ+ &&&

{ } [ ]{ }XTx =

(orthogonal)

Physical Coordinates Transform 
Coordinates

• Examples of Transformation

2.2 1 DOF system
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dte)t(g)s(G
0

st∫
∞ −=

• Laplace Transform

s is a complex variable

s = σ + jω

dte)t(g)j(G tj∫
∞

∞−

ω−=ω

• Fourier Transform

For causal f(t) i.e. g(t) = 0, t <0

G(jω) = G(s)⏐s=jω

• Note

The variable σ (real part of s) should not be confused

with the system constant σ called Decay Rate

• Transformation

2.2 1 DOF system
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Properties of Transforms

Fourier

F(ω)

a1F1(ω) + a2F2(ω)

(jω)F(ω)

(jω)mF(ω)

Time

f(t)

Laplace

F(s)

a1F1(t) + a2F2(ω) a1F1(s) + a2F2(s)

s F(s) + I.C.

(s)mF(s) + I.C.

dt
df

m

m

dt
fd

I.C. = Initial Condition

• Transformation

2.2 1 DOF system
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• Free Undamped Vibration

0)()( =+ tKxtxM &&

stXetx =)(Trial solution

nj
M
Kjs ω±=±=0)( 2 =+ XKMs

Response solution txtxtx nn
n

ωω
ω

cos)0(sin)0()( +=
&

The system vibrates only with its natural frequency !

2.2 1 DOF system
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• Free Damped Vibration

0)()()( =++ tKxtxCtxM &&&

stXetx =)(Trial solution

MKC
MM

Cs 4
2
1

2
2 −±−=0)( 2 =++ XKCsMs

Critical Damping MKCc 2=

Damping Ratio
MK
C

C
C

c 2
==ς

2.2 1 DOF system
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Non-dimensionalized equation

0)()(2)( 2 =++ txtxtx nn ωςω &&&

nn is ωςςω 21−±−=

Response solution )sin()( φωςω += − tXetx d
tn

nd ωςω 21−=

2.2 1 DOF system
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• Harmonic Excited Vibration

tFortFtKxtxCtxM ωω cossin)()()( =++ &&&

)cos()sin()( φωφω −−= tXortXtxTrial solution

Vectroial method

tiFetKxtxCtxM ω=++ )()()( &&&

tieXtx ω=)(

Respose solution

CiMK
FX

ωω +−
= 2

2.2 1 DOF system
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• Directly Excited by force

tFtKxtxCtxM ωsin)()()( =++ &&&

2.2 1 DOF system
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• Excited by unbalance mass

tmetKxtxCtxM ωω sin)()()( 2=++ &&&

2.2 1 DOF system
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• Excited by base vibration

2.2 1 DOF system
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• Excited by base vibration

2.2 1 DOF system
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• Transmission force

2.2 1 DOF system
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H(ω)F(ω) X(ω)

kcjmF
XH

++−
==

ωωω
ωω 2

1
)(
)()(ω

|H(ω)|

1
k

ω

∠ H(ω)
0º

– 90º
– 180º

f(t)
x(t)

kc

m

ω0 = √ k/m

1
ω2m

1
ωc

)()()()( tkxtxctxmtf ++= &&&

F(ω) = − ω2mX(ω) + jω cX(ω) + kX(ω)

• SDOF Models — time and frequency domain

2.2 1 DOF system
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[ms2 + cs + k] X(S) = F(s)

*))((
/11

)(
)()( 2 rsrs

m
kcsmssF

sXsH
−−

=
++

==

• The Transfer Function

djrr ωσ ±−=*, are the poles p for H(s) *)()(
/1)(..

psps
msHei

−−
=

H(s) may be expanded in partial fraction form: *
*)(
ps

R
ps

RsH
−

+
−

=

where R is the residue for pole p.

d
ps j

m
pp

mpssHR
ω2
/1

*
/1)()( =
−

=−= =

• Laplace Domain Model — Forced Vibration

2.2 1 DOF system
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jω

p = – σ + jωd
ωd = Damped natural frequency

σ = Decay
Rate

p* = – σ – jωd
0

)cos(
ω
σ

=ζ=θ

θ
σ

ω0 = Undamped natural frequency

• Laplace Plane — (Pole Locations)

2.2 1 DOF system
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Real Part

jω

σ

Magnitude

Imaginary
Part

jω

σ

Phase

s = σ + jω
σ = – 0.15
ω0 = 0.5

jω

σ

jω

σ

• Transfer function

Both poles are each others symmetry and thus one through pole will be taken into 
account, as a result of a SDOF.
The magnitude goes to infinite at the poles.

2.2 1 DOF system
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*))((
1)(

pjpj
sH

−−
=

ωω

Frequency Response Function = Transfer Function along jω axis

or

)(
*

)(
)(

dd
js jj

R
jj

RsH
ωσωωσωω −−−

+
+−−

=
=

• Transfer vs. Frequency Response Function

2.2 1 DOF system
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where p = – σ + jωd*
*)(

pj
R

pj
RH

−
+

−
=

ωω
ω

At resonance:
σ

ω RH ≈)(

Real & Imaginary Nyquist
Log. Magnitude 

& Phase
Magnitude 
& Phase

Re

Im

Re

Im |H|

q
q

|H|

• Frequency Response Function for SDOF system

2.2 1 DOF system
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• Transfer vs. Frequency Response Function

)j(j
*R

)j(j
R)j(H

dd ω+σ−−ω
+

ω+σ−−ω
=ω

• FRF in the vicinity of ωd:

• FRF at ω = ωd :

• FRF at ω = ωd + σ:

• FRF at ω = ωd - σ:

Thus Δω3 dB = 2σ2
)j(H

2
R)jj(H d

d
ω

≈
σ

=σ±ω

)j(j
RH

dω+σ−−ω
≈

σ
≈

RH

σ+σ
≈

j
RH

σ+σ−
≈

j
RH

ωd

-3dB

ωd - σ ωd + σ

2.2 1 DOF system
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• Bandwidth of Resonance

Interpretation of Residue R = pole strength
Lo

g 
M

ag
ni

tu
de

100

10-2

10-4

10-6

10-8

10-10

10-12

0

-180Ph
as

e

Frequency

FrequencyΔω3 dB/2

( ) ( )
2

jHjHR dB3
dd

ωΔ
⋅ω=σ⋅ω=

Residue ~ Area 
under FRF

2.2 1 DOF system



32 / 87

• Impulse Response Function for SDOF Model

kcjm
1

)(F
)(X)(H 2 +ω+ω−

=
ω
ω

=ω

where: m2
c,

m4
c

m
k,

m2j
1R 2

2

d
d

=σ−=ω
ω

=

h(t) =      -1 {H(ω)} = 2⏐R⏐ e-σt sin (ωdt)

f(t)
x(t)

kc

m

2222

*

)(
2

)(

)(
*

)(

)(
*

)(

d

d

d

dd

dd

dd

s
R

s
RjRj

js
R

js
R

jj
R

jj
R

ωσ
ω

ωσ
ωω

ωσωσ

ωσωωσω

++
=

++
−

=

++
+

−+
=

−−−
+

+−−

)()]([ σσ +=− sFtfeL t

)j(j
*R

)j(j
R

dd ω−σ−−ω
+

ω+σ−−ω
=

2.2 1 DOF system
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h(t) = -1 [H(s)]

h(t)

Time

R2
te σ−

d
p

2T
ω

π
=

h(t) = Rept + R* ep*t

h(t) = 2 ⎢R ⎢ e-σt ⋅ sin (ωd ⋅ t)

• Impulse Response Function for SDOF Model

2.2 1 DOF system
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• To show that

MDOF model = Σ SDOF models

• To describe the Mathematical formulation of 

the Modal Model

Purpose of lectures:

• Impulse Response Function for SDOF Model

2.3 Multiple DOF system
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• Multi Degree of Freedom Models (MDOF models)

Physical Coordinates = CH
AOS Modal Space = Beauty

q1

Γ1

1

2
01ω12σ

Γ2

q21

2
02ω22σ

q31

2
03ω32σ

Γ3

2.3 Multiple DOF system
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• Orthogonal Functions and Vectors

{∫ ≠
==2

1

0t

t

sr
srksr dtψψ

– Vectors are mutually orthogonal if: { } { } { sr
srk

i
isirs

T
x

≠
=== ∑ 0ψψψψ

To represent a vector {x} in the m-dimensional space spanned by the set[Ψ]:

{ } { } { } { }mmcccx ψψψ +++= ....2211 { } [ ]{ }cx Ψ=~

ψ(t) F(t)

t

{x}X(n)

n

– A set of functions {ψr(t)} are orthogonal in [t1, t2] if: 

{ } { } { } { } { } { } { } { }m
T
rmr

T
rr

T
r

T
r cccx ψψψψψψψ ++++= ........11

{ } { }
rr

r

T
r

r ofnormtheiswherexc ψψ
ψ

ψ ;=

The constants cr are then found:

2.3 Multiple DOF system
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, is an exact presentation, as long as {x} is contained 

in the space spanned by the basis set [Ψ].

{ } { } { } completeisccx 2211 ψ+ψ=

{ } [ ]{ }cx Ψ=

{ψ}2

{ψ}1

Otherwise [Ψ] {c} is an approximation!

Ex. m = 2

c2 {ψ}2

c1 {ψ}1

Ex. m = 2

( ) ( )t3sin
3
1tsin 00 ω+ω

( ){ } [ ]{ } completeisctF notΨ≠

• Transformation

2.3 Multiple DOF system
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• Eigenvalue Problem

[ ]{ } [ ]{ } { }0=+ xkxm &&

{ } { } )sin( ϕωφ += tx

[ ][ ]{ } }0{][2 =− φω mk

[ ] 0][2 =− mk ω nωωωω L,,, 321

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

1

21

11

nφ

φ
φ

M
⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

2

22

12

nφ

φ
φ

M

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

3

23

13

nφ

φ
φ

M

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

nn

n

n

φ

φ
φ

M
2

1

Trial solution (a synchronous motion)

Characteristic Equation:

2.3 Multiple DOF system
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• Free vibration response

{ } { } { } { } )sin()sin()sin()( 322221111 nnn tctctctx ϕωφϕωφϕωφ ++++++= L

[I.C.] ⇒ nnccc ϕϕϕ ,,,,,, 2211 L

[ ]{ } [ ]{ } { }0=+ xkxm &&

• Forced response

- Direct Inverse Method

- Modal Decoupling Method

[ ]{ } [ ]{ } { } tFxkxm ωsin=+&&

Trial solution

[ ][ ]{ } }{][2 FXmk =−ω

{ } { } tXx ωsin=

{ } [ ][ ] }]{[}{][ 12 FHFmkX =−=
−

ω

2.3 Multiple DOF system
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The most important property of Mode Shapes is the orthogonality!

[ ]{ } [ ]{ } { }0=+ xkxm &&Proof:

[ ]{ } [ ]{ } { }0km rr
2
or =φ+φω−

Fourier Transform, evaluated for ω = ωor:

{ } [ ]{ } { } [ ]{ } 0km r
T
sr

T
s

2
or =φφ+φφω−

Pre-multiply by :{ }T
sφ

{ } [ ]{ } { } [ ]{ } 0km s
T
rs

T
r

2
os =φφ+φφω−

{ } [ ] { } { } [ ] { } 0km r
TT

sr
TT

s
2
os =φφ+φφω−

or

Transposed:

Subtract [1]- [2]:

{ } [ ]{ } 0m)( r
T
s

2
or

2
os =φφω−ω

For modes with ωos ≠ ωor

{ } [ ]{ } =φφ r
T
s m

0 for s ≠ r

Mr for s = r

Also for [k], and [c] = α [m] + β [k]

[1]

[2]

{φ}2

{φ}1

X2

X1

X1

X2

• Mode Shapes and Orthogonality

2.3 Multiple DOF system
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MODAL MATRIX

[ ] { } { } { }[ ]m21 φ⋅⋅⋅⋅φφ=Φ
Uncoupling of equations by the Modal 

Transformation

{ } [ ]{ }qx Φ=

physical coordinates modal coordinates

[ ]{ } [ ]{ } [ ]{ } { }fxkxcxm =++ &&&

• Unit Modal Mass Scaling

Substitute {x} and pre-multiply by [Φ]T

[ ] [ ] [ ] [ ]r
T Mm =ΦΦ

[ ] [ ] [ ] [ ]r
T Kk =ΦΦ

[ ] [ ][ ] [ ]( )r
T Cc =ΦΦ

[ ]{ } [ ]{ } [ ]{ } [ ] { }fqKqCqM T
rrr Φ=++ &&&

[ ] [ ] [ ] [ ] [ ]0
1

1
0

T m =Ι=ΦΦ

[ ]{ } [ ]{ } [ ]{ } { })t(qq2q 2
0r Γ=ω+σ+Ι⇒ &&&

• Utilizing the Mode Shape Orthogonality

2.3 Multiple DOF system
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• FRF of MDOF System 

[ ]{ } [ ]{ } [ ]{ } [ ] { }fqKqCqM T
rrr Φ=++ &&&

{ } tQq ωsin}{={ } tFf ωsin}{=

{ } [ ]{ }qx Φ=

[ ] }{1}{ 2 F
CjMK

Q T

rrr

Φ⎥
⎦

⎤
⎢
⎣

⎡
+−

=
ωω

[ ] [ ] }{1}]{[}{ 2 F
CjMK

QX T

rrr

Φ⎥
⎦

⎤
⎢
⎣

⎡
+−

Φ=Φ=
ωω

2.3 Multiple DOF system
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[ ] [ ]T
rrr CjMK

H Φ⎥
⎦

⎤
⎢
⎣

⎡
+−

Φ=
ωω 2

1][

( )

( )

( ) ( ) ( )
( )

( ) ( )

( )

( )⎪⎪
⎪
⎪

⎭

⎪⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

⋅
⋅
⋅
⋅

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⋅⋅⋅
⋅⋅
⋅⋅
⋅

⋅⋅

=

⎪
⎪
⎪
⎪

⎭

⎪⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

⋅
⋅
⋅
⋅

ω

ω

ωω

ω
ωωω

ω

ω

n
nnn

n

n F

F

HH

H
HHH

X

X 1

1

21

11211
1

∑
= +−

=
n

r rr

jrir
ij CjMK

H
1

2)(
ωω

φφ
ω

2.3 Multiple DOF system
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Rijr = ar φir φir residue for mode # r

ωdr = Damped natural frequency for mode # r

σr = Decay rate for mode # r

m  = Number of modes in model

n   = Number of DOF’s (x, y, z, θx, θy, θz)

( ) ( )rdr

ijr

rdr

ijr
m

r

m

r rrr

jrir
ij jj

R
jj
R

CjMK
H

σωωσωωωω
φφ

ω
−−−

+
−−

=
+−

= ∑∑
==

*

11
2)(

kcjm
1

)(F
)(X)(H 2 +ω+ω−

=
ω
ω

=ω

where: m2
c,

m4
c

m
k,

m2j
1R 2

2

d
d

=σ−=ω
ω

=

)j(j
*R

)j(j
R

dd ω−σ−−ω
+

ω+σ−−ω
=

2.3 Multiple DOF system
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0°

-90°

-180°

m

d1+ d2

d1

dF

2 1

1+2

1 2

1+2

F

Frequency

Frequency
Phase

Magnitude

• Responses Combine

2.3 Multiple DOF system
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Magnitude

Single Degree of Freedom
SDOF

Multi Degree of Freedom
MDOF

Magnitude

F

f0

F

Frequency Frequency

• Response Models

2.3 Multiple DOF system
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Bearing

Magnitude

Frequency

Rotor

Bearing

Foundation

• “Real-world”
Response

Vibration+ =Input
Forces

System
Response
(Mobility)

Forces caused by

• Imbalance

• Shock

• Friction

• Acoustic

Structural

Parameters:

• Mass

• Stiffness

• Damping

+ =

Vibration

Parameters:

• Acceleration

• Velocity

• Displacement

Frequency Frequency Frequency

2.3 Multiple DOF system
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• The Modal Model Space

{ } [ ]{ } [ ]{ } { })t(qq2q 2
r0r Γ=ω+σ+ &&&

• Interpretation : 

Possible Problems• {x} = [Φ] {q} is an exact presentation

as long as {x} is contained 

in the Modal Space by [Φ]
– Too few modes in [Φ] (Truncation)

– Lack of orthogonality (Undersampling)

– Non-proportional damping

– Non-linearities

{ } [ ] { }f)t( TΦ=Γ• Generalized Force ( ) k

n

1k
kr ft ∑

=

φ=Γ

q1

Γ1

1

2
01ω12σ

1

+ ⋅ ⋅ ⋅ +q2

Γ2

1

2
02ω22σ

2

qm

Γm

1

2
m0ωm2σ

m
)t(qq2q r

2
r0rrr Γ=ω+σ+ &&&

( ) )(Qj2 r
2
r0r

2 ωΓ=ω+ωσ+ω−or

;

2.3 Multiple DOF system
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• Fourier - vs. Modal Transformation

Modal

( ) ∑=
2/N

k

N
nkj

e)k(Xnx

x(t)

time n

x(ω)

frequency k

( ) [ ]{ } ∑
=

ω ω=ω=
2/N

1n
nn

tj )tsin(X)(Xetxor

x(t)

Physical space
n

qr

Modal space
r

( ) r

m

1r
nr qnx ⋅φ= ∑

=

{ } [ ]{ } { } r

m

1r
r qqx ⋅φ=Φ= ∑

=

Imagine: [ ] [ ] [ ]=Φ=ω ande tj

Fourier

or

2.3 Multiple DOF system
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Excitation {f} =

0
⋅
⋅

25
75
⋅
0

⋅ g(t),

Structure: 300 DOF, 5 modes

g(t) = sin (30⋅t)

Solve in Modal Space: 5 uncoupled equations

{ } { } )t(f)t(q)t(q2)t(q T
r

2
r0rr Γ=Φ=ω+σ+ &&&

or in frequency domain =

( ) ( )
( )

⇒
ωσ+ω−ω

ωΓ
=ω

r
22

r0
r j2

Q

Q1

Q2

Q3

Q4

Q5

q1 q2 q3 q5
q4

r = 1 → 5

Transform back to Physical Coordinates:

{ } [ ]{ } { } { } { } 552211 qqqqx φ+⋅⋅⋅+φ+φ=Φ=

rir

5

1r
i qx ⋅φ= ∑

=

i = 1 → 300
{ } { } r

5

1r
r qx ∑

=

φ=

[ ] [ ] 55,300 pΦ

Excitation

• Example of Solution in Modal Coordinates

2.3 Multiple DOF system
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2.4 Vibration Measurement

Average
RMS

Amplitude

Time

PeakPeak-
Peak

dt)t(x
T

RMS
T

∫=
0

21 dt)t(x
T

verageA
T

∫=
0

1 Crest Factor : 
Peak
RMS

• Time Signal Descriptors
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Displacement, d

Velocity, v

Acceleration, a

Time

D

Time

Time

d = D sin ωt 

d = D

v =          = Dω cos ωt dd
dt

v = Dω = D2πf

v =          = Dω2 sin ωt d2d
dt2

a = Dω2 = D4π2f 2

• Conversion from Displacement to Acceleration

2.4 Vibration Measurement
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P: Piezoelectric Elements E: Built-in Electronics S: Spring

R: Clamping Ring B: Base                   M:  Seismic Mass

P

M
R

B

Planar Shear

E
M
P
B

Annular Shear

S

B

P
M

Centre-mounted Compression

P
R
M

B

Delta Shear ®

P

B

R
M

E

OrthoShear ®

P
B

M
R

ThetaShear ®

• Types of Accelerometers

2.4 Vibration Measurement
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20
1

Piezoelectric 
Accelerometer

Velocity
transducer

Eddy current 
Proximity probe

0.2 2 200 2k 20kHz Frequency

Relative
Amplitude

108:1

106:1

10 000:1

100:1

• Operational Range of Vibration Transducers

2.4 Vibration Measurement
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Sensitivity
pC/ms-2

31.6

1

0.004

13 42 180 kHz

• Sensitivity and Frequency Range

2.4 Vibration Measurement
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Hand held probe Magnet

In
ve

rte
d

Pr
ob

e

30

20
10

0

200 500 1k 2k 5k 10k 20k 30k 50kHz
Frequency

Level
dB

• Accelerometer Mounting — Handheld

2.4 Vibration Measurement
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Electrical
(Prevention of ground loops)

Mica
washer

Insulating
stud

d
B

Mechanical Filter
(Protection against high shocks)

Frequency

2k
Frequency

1k

0

10

20

5k 10k 20k 30k 50kHz

2k 5k 10k 20k 30k

10

0

-10

1k

d
B

• Isolating the Accelerometer

2.4 Vibration Measurement
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Base Strain

Humidity

Acoustic noise

Corrosive substances

Magnetic fields

Nuclear radiation

• Environmental Effects

2.4 Vibration Measurement
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F1

F2

a

Force
Transducer

Piezoelectric
material

Force
Transducer

• Force Transducer

2.4 Vibration Measurement
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Frequency = 159.2 Hz
ω = 1000 rad/sec

Acceleration = 10 ms-2

Power
Amplifier

Multi-
analyzer

Calibration Exciter with built-in 
or external reference accelerometer

• Accelerometer Check

2.4 Vibration Measurement
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Triaxial
accelerometer

Conditioning
Amplifier

Analyzer

Hz HzHz

dB
dB dB

Inherent noise 
in system

Signal present
Machine 
operating

Signal present.
Machine operating
Input set to 
“FLOATING”

Conditioning Amplifier

NEXUS

Overload

Ground loop

Ground 
loop 

present

Ground loop 
suppressed 
up to 50dB

• Ground Loop Problem and Solution

2.4 Vibration Measurement
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1 000 000

1000

1

0.001

0.000 001

240

180

120

60

0

ms-2 dB

• “Real World” Vibration Levels

2.4 Vibration Measurement
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0.1 1 10 1 k100 10 kHz

Frequency

10
1

Relative Amplitude

Acceleration

100
1000

10 000
100 000

Velocity

Displacement
100 000

10 000
1000
100

10

• Vibration Parameters

2.4 Vibration Measurement
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Vibration
signal

Excitation
(Input)

Vibration
Response
(Output)

Signal Analysis System Analysis

• Signal vs. System Analysis

2.4 Vibration Measurement



65 / 87

Multi-
analyzer

Frequency = 159.2 Hz
ω = 1000

Acceleration = 10 ms-2

or 
Conditioner

Conditioning Amplifier

NEXUS

Brüel & Kjær

Overload

Check System Set-up

• Use a calibrator to provide a well 

known input to a system, e.g. a 

Multi-Analyzer or conditioner and 

read out.

• Check that the read  out 

corresponds to the input

• Change settings to give precise 

results

• Calibrator usage

2.4 Vibration Measurement
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• Machine mounting for vibration attenuation

2.5 Vibration Isolation
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• Transmissibility

2.5 Vibration Isolation
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2.5 Vibration Isolation
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2.5 Vibration Isolation



70 / 87

2.5 Vibration Isolation
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• Suspension system of vehicle

2.5 Vibration Isolation
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• Suspension system of vehicle

2.5 Vibration Isolation
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pump

filter

motor

bracke
t

rubber mount

structural 
borne
noise

air borne
noise

LPG tank

• LPI System (Liquid propane injection system)

2.5 Vibration Isolation
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supporting damper

50

55

60

65

70

1500 2000 2500

▷ supporting damper : -3.1 dB (2500rpm)
▷ supporting + bracket damper:  –8.8 dB (2500rpm)     

1500

2000

2500

rpm
Type

Normal

supporting
damper

supporting + bracket
damper

60.0

63.1

65.6

57.0
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56.8

Noise Level (dBA)

Bracket damper
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supporting

damper
supporting + bracket

damper

N
o
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e
 L

e
ve

l 
(d

B
A
)

Pump speed (rpm)

2.5 Vibration Isolation
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• Suspension design of car CD player

2.5 Vibration Isolation



76 / 87

• 1 DOF model with a complex stiffness

2.5 Vibration Isolation
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• Complex stiffness measurement and transmissibility

2.5 Vibration Isolation
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• Shock mount design

2.5 Vibration Isolation
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2.5 Vibration Isolation
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• Active vibration control of beam

2.5 Vibration Isolation
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• Active vibration control

2.5 Vibration Isolation
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• Reciprocating comp.

2.5 Vibration Isolation

- 6 DOF rigid model

- Reciprocating force  ⇒ Fundamental frequency(ωo), Super harmonics(2ωo, 3ωo, ,,,) 

- Horizontal direction excitation
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X

Y

• Vibrations of driving part

2.5 Vibration Isolation



84 / 87

• Vibration isolation method

1. Separating source and receiver

2.5 Vibration Isolation
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2. Vibration break (physical break in solid structure)

2.5 Vibration Isolation
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2.5 Vibration Isolation
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3. Vibration block

4. Vibration damping

2.5 Vibration Isolation


