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2.1 Concepts of Vibration

 Vibration In Everyday Life




2.1 Concepts of Vibration

» Useful Vibration




2.1 Concepts of Vibration

 Mechanical Parameters and Components

Displacement

-

Velocity

¥y

Acceleration




2.2 1 DOF system

« Simplest Form of Vibrating System

Displacement
A d =D sine.t Displacement
n

A
D {
\f Time |
1
T

Period, T, in [sec]

»

FrequenC);

«—T—>

k
% Frequency, f =

o=2nf =

in [Hz = Y/sec]

3] A




2.2 1 DOF system

* Free Vibration

% Z

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

A Kinetic Energy = - A Potential Energy

Y2mVv2=12k D?,and V = (2xf_)D

Y2 m (2nf )2 D2 = 12 k D?




2.2 1 DOF system

* Free Vibration

time

" \Ym+m, m

Increasing mass
reduces frequency




2.2 1 DOF system

» Mass, Spring and Damper

time

Increasing damping
reduces the amplitude m

k %I——I ey 1t




2.2 1 DOF system

» Forced Vibration

Displacement

A

Magnitude

A
F
d,=d;
Phase Frequency

A

+90°

-90° - f - >

Frequency




2.2 1 DOF system

» Single Degree of Freedom Model

i I x

Newton 2nd |aw:

mx(t) = f(t) — kx(t) — cx(t)

mx(t) + cx(t) + kx(t) = f(t)

Force Balance: Inertial + Dissipative + Restoring = External




2.2 1 DOF system

 What is a Transformation?

Transformation = Change of Basis

_ _ » Using Transformations
Fourier Transformation

D .

Example:

Original
Domain
c=alb

When How often

* Why Make Transformations? Transform Inverse

A =Log (a) Transform
B =Log (b) c = Anti Log (C)

Problem Solved in

NEW DOMAIN
C=A-B

— Simplify problem solving

— Reduce problem size
— Uncouple equations

— Simplify interpretation




2.2 1 DOF system

» Examples of Transformation

Original Domain ‘ ‘ Transformation Domain

c=alb <Log> C=A-B
. . F
MK + cX + kx = f(t) S X(8) = — (s)
ms- +cs+k
X(t) =] h(z)f(t—7)dr < Fourier> X(w) = H(0) - F(w)

[m}{x}+[e] {5+ kI =4} <moda>  {a}+[20]{a}+ |} {a} = {r)}

» Linear Transformations by Orthogonal Functions Mapping Matrix

(orthogonal)

.

Physical Coordinates —* {X}Z[T] {X} <—— Transform
Coordinates




2.2 1 DOF system

e Transformation

* Laplace Transform

G(s) = | 0‘” g(t) e dt

S is a complex variable

S=oc+jon

e Fourier Transform

G(jo) = j Z g(t) et dt
For causal f(t) i.e.g(t) =0, t<0
G(jo) = G(s) | _

S=j®
Note
The variable o (real part of s) should not be confused
with the system constant o called Decay Rate




2.2 1 DOF system

e Transformation

Properties of Transforms

Time Fourier Laplace
f(t) F(w) F(s)
a,F,(t) + a,F,(o) a,F, (@) + a,F,() a,F,(s) + a,F,(s)
df (j0)F () s F(s) + 1.C.
dt
' (j0)"F(o) (s)mF(s) + I.C.
dt"

|.C. = Initial Condition




2.2 1 DOF system

* Free Undamped Vibration

MX(t) + Kx(t) =0

Trial solution X(t) = Xe't
2 K I
(Ms® +K)X =0 S=2hyy T e
X(0)

Response solution X (t) =

sin o t+ x(0)cos w,t

W,

The system vibrates only with its natural frequency !




2.2 1 DOF system

* Free Damped Vibration

MX(t) + Cx(t) + Kx(t) =0

Trial solution X(t) = Xest

C . 1 JcP_amK
oM~ 2M

(Ms? +Cs+K)X =0

Critical Damping CC =+ 2MK

C C

Damping Ratio & = Cc = \/M




2.2 1 DOF system

Non—dimensionalized equation

X(t) + 2c X(t) + 0’ x(t) =0

S=—cw, ti\y1-¢’m,

Response solution X(t) = Xeg ¢! Sin(a)dt + ¢)




2.2 1 DOF system

 Harmonic Excited Vibration
MX(t) + Cx(t) + Kx(t) = Fsinwt or F coswt

Trial solution  x(t) = X sin(wt —¢) or X cos(wt—¢)

Vectroial method

M (t) + Cx(t) + Kx(t) = Fe'”

x(t) = Xe'*

F

Respose solution )? —

K-Ma®?+iwC




2.2 1 DOF system

» Directly Excited by force

M5 (t) + CX(t) + Kx(t) = F sin ot

180°

3.0

L= 1.0

2 3

FETH| ofw,




2.2 1 DOF system

» Excited by unbalance mass

: MX(t) + Cx(t) + Kx(t) = mew” sin ot
NS
X 1 I 180° B GE: : !
?r: ' “0.05 0.28 "
N 30 ; |f 0.504 |
E 0.10 i 90°}------ £=10
L3 c i | t N !
) - : | <0 j
TS TI AT AT AI ALY, 025 U éz H E




2.2 1 DOF system

» Excited by base vibration

—f‘:\/ B2+ (we)?

(k—m w?) *+ (wc)?

S




2.2 1 DOF system

» Excited by base vibration

mx=—hklx—v)—c(x— y)

Let Z=x—y

mzrczthkz=—my =m o’ YVeinwt

k =] ¢
Tyz Ysinwt
~ 2= Zsin(wt— ¢)
mao“yY C@w
— , tang =
X=ZTYy V (k—ma?)*+ (ca)? k—m o’
y=Y e ,
. , , —id_ ma”y
2=7 oD — (7 o 71) gt ze k—m e’ +iwc

x=X e V=(X e7¥) o™ x=(Z e %+ Y e mz( kel {0 )Ye wt

E—mw”+iwc




2.2 1 DOF system

* Transmission force

Machine

¢ transmission force

— minimization

. \/ 1 1( 2Lafw,)?
V1wl + 26w/ w,]?

. Tansmissibility

Fr J 1+( 28w/w)’
[1- (0/w,)’] *+[2¢w/0,]?




2.2 1 DOF system

« SDOF Models — time and frequency domain

Fl@) — H(o) — X(0)

f (1) = mK(t) + cx(t) + kx(t)

HEIl, L S F(o) = — 02mX (o) + jo cX(w) + kX(o)
1
=
. > H(a)):X(w): 2 1-
LH((D)T o= NI Flw) —-o'm+ joc+K




2.2 1 DOF system

e Laplace Domain Model — Forced Vibration

[ms? + cs + K] X(S) = F(s)

* The Transfer Function

X (S 1 1/m
F(s) ms“+cs+k  (s—r)(s—r¥)
i - 1/m
r,r*=—c%jw, are the poles p for H(s) 1€ H(s)= 5-p) (5= p%)
R R*
H(s) may be expanded in partial fraction form: H(s) = — o -

where R is the residue for pole p.

1I/m  1/m

R= H(S) (S_ p)s:p =

p—p* 2jo,




2.2 1 DOF system

 Laplace Plane — (Pole Locations)

0, = Undamped natural frequency

oy = Damped natural frequency

~~~_

cos(0)=C= °

V)



2.2 1 DOF system

* Transfer function

Real Part

Imaginary
Part

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

» Transfer vs. Frequency Response Function

Frequency Response Function = Transfer Function along jo axis

H(s)= —
(Jo—-p)(Jo—p*)

or

He), =y R
e jo—-(—o+ jo,) Jo-(-o-jo,)




2.2 1 DOF system

* Frequency Response Function for SDOF system

R R*

H(w)=- + - ” where p = - o + jo,
jo—p jo-p
R
At resonance: ‘H (a))‘ ~—
o
_ _ Log. Magnitude Magnitude
Real & Imaginary Nyquist & Phase & Phase
Im IH|
Re |H|
Re
Im Qq
q




2.2 1 DOF system

» Transfer vs. Frequency Response Function

R

R*

H(jo) =-

jo—(-c+jo,)

jo—(-0+joy)

FRF in the vicinity of ay:

FRF at o = oy -

FRF at ® = o4 + o

FRF at ® = o4 — o

) H=

© He-

= Hx~-

o H=

_ H(jo,)

V2

R

jo—(-o+jwy)

R

o)
R

I "

Jo+o
R

—Jo+o

—

/

®
®4-6 4 @+c

Thus Ao, 4z = 20

v



2.2 1 DOF system

» Bandwidth of Resonance

Interpretation of Residue R = pole strength

A
100 7 : : Aw
R =H(jo,)-c =H(jo,) —3%
g 0 (i04)-5 = H(io, )
2 _ i
c 104 ! _
=2 106 - ! Residue ~ Area
= : under FRF
@ 108 7 :
o 1
— 1010 ! l
107 5
A(’)g‘dB/Z Frequency
A LS
© 0 !
%))
o i
a |
-180 —T[----"Tommmmmmm- T s




2.2 1 DOF system

* Impulse Response Function for SODOF Model

Lo
l X(t)

Kk

H(w) = X(ow) 1 _ R R*

= , +
Flo) -o’m+joc+k  jo-(-c+jo,) jo-(-c-jo,)

1 k ¢? C
Oy =4|——

where: R=- :
]2mm,

h(t) = 1 {H(0)} = 2| R| e*tsin (o4t)

R N R*
jo—(—o+jw,) jo—(-o-]jw,)
B R . R*

(s+o)—jo, (s+o)+]o,

_ ja)dR_jwdR* _ 2wd|R|
(s+0)’+af (s+0) +a)

Lle ™ f(t)]=F(s+0)




2.2 1 DOF system

* Impulse Response Function for SODOF Model

h(t) = £ 1 [H(s)]
h(t) = RePt + R* eP™

ht) =2|R/| e“t. sin (o, - t)
h(t) 4

2R| T 2

- —




2.3 Multiple DOF system

* Impulse Response Function for SODOF Model

Purpose of lectures:

e To show that
MDOF model = ¥ SDOF models

« To describe the Mathematical formulation of
the Modal Model




2.3 Multiple DOF system

« Multi Degree of Freedom Models (MDOF models)

Physical Coordinates = CH,0°

Modal Space = Beauty

L
d:
2
2c:1 Wy, l L,
P,
20, w2, | T,
s




2.3 Multiple DOF system

» Orthogonal Functions and Vectors

0 r=#s
k r=s

— A set of functions {y,(t)} are orthogonal in [t;, t,] if: Ltz vy dt = {

0 r=s

— Vectors are mutually orthogonal if: {‘//}I {‘//}s = Z WilWis = {k .
i

py(t) . F) AX(n) X}

t’ ‘ n
|

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

M= h+CWh et~ X=[v])

The constants c, are then found:

Wi = Cly e W+ + G e W e S W W




2.3 Multiple DOF system

* Transformation

{x} _ [\P] {c} , is an exact presentation, as long as {x} is contained
in the space spanned by the basis set [¥].

Otherwise [¥] {c} is an approximation!

Ex. m=2 {wh, |
c, (v}, {' \ x}=c {y}, +c,{y}, is complete
. (v, {vh
Ex.m=2 L | 1
_V _||_"-J Sln(coot)+§SIn(3wot)

F(t)} = [¥]{c}is not complete




2.3 Multiple DOF system

» Eigenvalue Problem

[m]{x}+[k]{x}=1{0}

{¢}Sin(a)t + @)

Trial solution (a synchronous motion) {x}

[K]-*tmlfig}={0}

Characteristic Equation:

‘[k]—a)z[m]‘:O — @y, @,, @, e @

f ( 3 s ) 4 I
ba|  |P2| |2 P
¢21 [ ¢22 [ ¢23




2.3 Multiple DOF system

* Free vibration response

[m]{}+[k]{x}=1{0}
{X(t)}:C1{¢}1Sin(w1t+¢1)+cz{¢}2 Sin(w2t+¢2)+'°'+cs{¢}n sin(w,t+¢,)
[(1.cl=  Ci @1,Ch @y, Cy @

» Forced response

— Direct Inverse Method [m]{ } [k]{ } { }Slna)t

— Modal Decoupling Method Trial solution {X}z {X }sin ot

[K]- &’ [mI} X } ={F}

X )= [k]- @’ [m]] {F}=[H]{F}




2.3 Multiple DOF system

 Mode Shapes and Orthogonality

The most important property of Mode Shapes is the orthogonality!

Proof [m] {X}+[k] {X}z {O} For modes with o, # o,
Ofors=r
Fourier Transform, evaluated for ® = o, : tofs [m]{o}= {M fors =r
_mgr [m] {(I)}r+ [k] {(I)}r: {O} Also for [k], and [c] = o [m] + B [K]
Pre-multiply by {d)}l
of A0} [m]{o}+ {0}l [K]{o}=0 % |
or — o2 {0} [m]{e}s+ {0} [K]{9},=0 | s
Transposed: |
- o (o [m]" {o)+ {0} [K]"{of=0 12 Al
- {¢}2 Xl

Subtract [1]- [2]:




2.3 Multiple DOF system

» Utilizing the Mode Shape Orthogonality

Uncoupling of equations by the Modal

[(D] = [{(1)}1{(1)}2 e {(I)}m] Transformation
txj=[o]{af

TMODAL o physical coordinates /\ modal coordinates
ol fmltel=tw, m] 5+ el 5+ [k )= 1

(|7 -k] [q)] _ rKrJ Substitute {x} and pre-multiply by [®]

(T (e[o]-[c.] [, b+ [, Ial+ [k Jap= o] {1

* Unit Modal Mass Scaling

[o] [m][@]=[1]=]5 2]
= [1]{d}+[ 20, J{a}+[wf [{a}={r®)




2.3 Multiple DOF system

 FRF of MDOF System

[m Jtg+ [ Jlap+[K Jiaj =[] {f}

{ f}={F}sin ot {q}={Q}sin wt

\ 1
{Q}{ Kr_szr+jwcr\}[cD]T{F}

txj=[o]{a)

A 1
K, —o*M, + joC,

{X}=[0}{Q}= [@]{

}[@T{F}




2.3 Multiple DOF system

N 1
[H]=[e] K. —o’M, + joC. \ o]

. _ ¢ir¢jr

Hi"(w)_; K —0?™M + jaC

O o) Rae) - R )
H21(a))




2.3 Multiple DOF system

= ¢ir¢'r = ijr
(@)= L i 1 s, & o

r=1 J Ja)dr O-r) JC()—(— Ja)dr_o-r)

R = a ¢, ¢, residue for mode #r

o4, = Damped natural frequency for mode #r
= Decay rate for mode #r

m = Number of modes in model

n =Number of DOF's (x,y, z, §,, 6,, 6,)

H(w) = X(w) 1 | _ R R*

_|_
Flo) -o’m+joc+k  jo-(-o+jo,) jo—(-o-jo,)




2.3 Multiple DOF system

» Responses Combine

Magnitude

o— di+ d;

3 W
al:

Frequency
-~ d1
Phase ,
- - Frequency
= dF 0° _ >
F \ 1 ) \‘\ /2
o \ o
—90 142

—-180°




2.3 Multiple DOF system

» Response Models

Single Degree of Freedom Multi Degree of Freedom
SDOF MDOF
== f E i
4
1 =4
|
t F CE =

Magnitude Magnitude t F

A A

[ »
> >

0 Frequency Frequency




2.3 Multiple DOF system

Magnitude
» “Real-world”
Rotor
Response < + 7 < %
Bearing Bearing
Foundation
Frequency
System
Flgfcuets Response ~ Vibration
(Mobility)
+ =
I':requen'cy I':requen'cy I':requen'cy
Forces caused by  Structural Vibration
« |mbalance Parameters: Parameters:
» Shock « Mass  Acceleration
e Friction o Stiffness  Velocity

e Acoustic « Damping  Displacement




2.3 Multiple DOF system

 The Modal Model Space

« {x} =[®] {q} is an exact presentation Possible Problems
as long as {x} is contained — Too few modes in [®] (Truncation)
in the Modal Space by [®] — Lack of orthogonality (Undersampling)

— Non—-proportional damping
— Non-linearities

e |nterpretation :

0 : Iy I I,
{a)+[20, ]{a)+[ o} [{ o = {r(t)} i Lo
R R R I LT 1
1 2 m

or (—coz +2jc,0+ (oér)Qr =)

« Generalized Force {r(t)}= (@] {f} I(t)= Z:d)kr f.




2.3 Multiple DOF system

e Fourier — vs. Modal Transformation

Fourier

v

frequency Kk

N/2

x(t)=[e* [{X(@)} = X, sin(w,t)




2.3 Multiple DOF system

» Example of Solution in Modal Coordinates

(0) o
] 4 Excitation
. 2 1
o 25 , f ¢ ]
Excitation {f} = { > g(t), g(t) =sin (30:t) 7
75 7
0 Structure: 300 DOF, 5 modes
L [@]a005 P15
Solve in Modal Space: 5 uncoupled equations Transform back to Physical Coordinates:

{X}: [(D]{CI}: {d)}l Q1+{¢}2 Q, +"'+{¢}5 Qs

G, (t) + 20, (1) + o3, q(t) = {@} {f}=1(1)

or in frequency domain = (Ql\
o) Q,

Qr(w): 2 Z(D . :>< Q3 >
((’O)Or -0+ ZJGr(’O Q
4
Qs

\ )




2.4 Vibration Measurement

* Time Signal Descriptors

Amplitude

Peak
RMS

% [t

Crest Factor :




2.4 Vibration Measurement

» Conversion from Displacement to Acceleration

»

Displacement, d 1

To N | e
N

_ dd_
Velocity, v “\ V= i Do cos ot
> v = Do = D2nf
Time
Acceleration, a 4 vV = d’d _ D®? sin ot
’ dtz

\/ Time ‘ a = Dw? = D4n?f 2 I




2.4 Vibration Measurement

» Types of Accelerometers

Planar Shear

Centre-mounted Compression ThetaShear ®

S
M
R
]ﬁﬁ] P M
P
Delta Shear ® OrthoShear ®
P
= ¥ $ el g M
M M i? ‘#\R
o P J}m . E
o ,_,_"’_ B B ! 4“5 B
P: Piezoelectric Elements E: Built-in Electronics S: Spring
R: Clamping Ring B: Base M: Seismic Mass




2.4 Vibration Measurement

» Operational Range of Vibration Transducers

X Relative
Amplitude
108:1
Piezoelectric
Accelerometer
106:1 A
10000:1 - Velocity
transducer

100:1
Edd t
4\\\\

1 >
0.2 2 20 200 2k 20kHz Frequency




2.4 Vibration Measurement

» Sensitivity and Frequency Range

Sensitivity 4
pC/ms-2
31.6 E
1 — \ &
0.004 5 i | :E
f j ; =

13 42 180 kHz




2.4 Vibration Measurement

» Accelerometer Mounting — Handheld

Hand held probe Magnet

LI L I L L B B > Frequency

T T T [ TTTT]
200 500 1k 2k 5k 10k 20k 30k 50kHz




2.4 Vibration Measurement

» |solating the Accelerometer

Electrical
(Prevention of ground loops) d,

by
Mica —
washer 10—

L7 - ;
% Z i |
/////// Insulating _ !
' stud - l >
T T TT] — 1 T T T [ TTT1T] — 1 1 T 71 7
1k 2k 5k 10k 20k 30k 50kHz
Mechanical Filter Frequency
(Protection against high shocks)
d A
B

TTT1T1] — 1 T T T [ TT1T1T] — 1 T 1
1k 2k 5k 10k 20k 30k
Frequency




2.4 Vibration Measurement

* Environmental Effects

e Base Strain

e Corrosive substances

e Magnetic fields

EELL
(XA

ceid ity
v Wy

= —

—_—

\\\‘u-.‘/
~ -
=2
/A/, AN




2.4 Vibration Measurement

e Force Transducer

Force
Transducer

Piezoelectric W
material

Force E2
Transducer




2.4 Vibration Measurement

» Accelerometer Check

— | mm——
€338 - =]
e Multi- | J\
g@%%; analyzer —
RIS : —
>
Frequency = 159.2 Hz _
® =1000rad/sec A A 58 ~«8| Power
© = % Amplifier

Acceleration = 10 ms=2 B
<

Calibration Exciter with built-in
or external reference accelerometer




2.4 Vibration Measurement

» Ground Loop Problem and Solution

Conditioning P

Amplifier s
<@ | Analyzer

y o ssssss

round loop

accelerometer \\‘,.'
S\
o), N I

Triaxial
‘//
\}

G
5

< S
Conditioning Amplifier Overload

e Inherent noise e Signal present e Signal present.
in system e Machine e Machine operating
operating e Input set to
“FLOATING”
T T Ground T Ground loop
dB suppressed
dB up to 50dB
2 A NASA NAANAN WA




2.4 Vibration Measurement

» “Real World” Vibration Levels

ms-2 dB
1000 000 240
1000 180
Q) 1 120
O
0.001 60

0.000 001 0




2.4 Vibration Measurement

» Vibration Parameters

Relative Amplitude

A

100 000 1
10 000 1
1000 1
100 1

10 1

1 -,

10 -

100 -
1000 -
10 000 -
100 000 - R

0.1 1 10 100 1k 10 kHz

. Acceleration

Velocity

Displacement

»

Frequency




2.4 Vibration Measurement

e Signal vs. System Analysis

Signal Analysis

. Vibration
|] | signal

System Analysis

@ Excitation
(Input)

Vibration
Response
(Output)




2.4 Vibration Measurement

» Calibrator usage

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

Multi-
analyzer

or
Conditioner

&A
Frequency = 159.2 Hz
® =1000

Acceleration = 10 ms2




2.5 Vibration Isolation

 Machine mounting for vibration attenuation

Table 1. Machine Vibration Examples
Machine Primary Motion Vibration Type

Fans Rotation Sinusoidal’
Centrifugal Pumps
Compressors
Generators

Lathes

Turbines

Washing Machines

Piston Engines Reciprocation Sinusoidal
Reciprocating Pumps
Screening Machine
Weaving Machines

Forging Hammers Impact Transient
Molding Presses
Punching Machines




2.5 Vibration Isolation

* Transmissibility

1+(2¢f 1 £,)

I= 3, a2 L a2
(=721 1) +(21 1)
10
resonance peak
(height depends on damping)
1
: 2
— —_
o £
2 3
= :
Z &
g =
= 0.1
FREQUENCY (Hz)
0.01
. - . TL] U'l 1 10
A typical transmissibility vs frequency Frequency ratio R = fe/fn

curve for a system with one degree of freedom




2.5 Vibration Isolation

The vibration output of the machine must be characterized prior to mounting selection.
Ideally, the manufacturer gives the following information:

1. The mass of the machine

2. The dimensions of the machine

3. The center of mass

4. A description of all static forces

5. A detailed description of all dynamic forces, including start-up and

shutdown transients
6. A description of any force changes due to temperature changes
7. A description of closed-loop control system frequencies, if applicable

Low Tuning
Certain conditions must be satisfied for low tuning to be effective.

I. The machine operating frequency should be above 4 Hz.
The soft support should not cause manufacturing problems in the case of
a machine tool.

b

3. Machine start-up and shutdown transients should not cause excessive
deflections or velocities.

4. The support must withstand both the static and dynamic forces of the

machine.

The 1solation frequency should be at least one octave below the machine

operating frequency.

Lh




2.5 Vibration Isolation

Table 2. Low Tuning Methods

Method [solation Notes
Frequency
Range
Hard-mount to Floor 2to3 Hz This 1s only practical if the floor natural frequency 1s

2 to 3 Hz. Typaically, a floor has a natural frequency
greater than 8 Hz, however.

Helical Steel Springs 4to 10 Hz Springs have linear stiffness. Separate damping
elements may be required.

Air Cushions 0.5to 3 Hz Air cushions are very effective, but the air pressure
must be maintained.

Rubber Mat or 5to 10 Hz Rubber has nonlinear stiffness. It usually provides

Mounts good damping, however.

Stabilizing Mass 4to 10 Hz Please see Note 1 below.,

with Isolation

Springs

Further Notes:

. A stabilizing mass is often required for precision machine tools. The stabilizing
mass should be greater than the machine mass. A higher stabilizing mass allows
stiffer springs to be used to maintain a given i1solated frequency. Stiffer springs
reduce the machine’s own vibration amplitude, as shown by the equations in
Appendix A.




2.5 Vibration Isolation

Table B-1. Vibration Standards

Abbreviation | Title
BS CP “Code of Practice for Foundations for Machinery: Foundations for
2012/1 Reciprocating Machines.” British Standard Code of Practice, 1974,

[SO 2372%*

“Mechanical Vibration of Machines with Operating Speeds from 10 to 200
rev/s — Basis for Specifying Evaluation Standards.” International
Standards Organization, Geneva, 1974. Amendment 1, 1983.

ISO 2373

“Mechanical Vibration of certain Rotating Electrical Machinery with Shatt
Heights between 80 and 400 mm — Measurement and Evaluation of the
Vibration Severity,” International Standard Organization, Geneva, 1987,

[SO 2631/1

*“ Evaluation of Human Exposure to Whole-body Vibration: General
Requirements.” International Standard Organization, Geneva, 1985,
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2.5 Vibration Isolation

e Suspension system of vehicle
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2.5 Vibration Isolation

» Suspension system of vehicle

100
240 kg
— — Active 16,000 N/m 980 N-s/m
@ —— Passive 36 kg
_E, 10~ 160,000 N/m
Ny
E
8 1
§ 240 kg
3 (=1 U =-4800Zy - 1524 Zp + 1248 Zq + 958 Z4
€ 0.1 E
> 160,000 N/m
0.01 | | | |
0.1 1 10 100

Frequency (Hz)




2.5 Vibration Isolation

« LPI System (Liquid propane injection system)

7 —

structural
borne

t

air borne BB« rubber mount

noise filter

motor

pump

|| LPG tank ||




2.5 Vibration Isolation

supportin ing +
= Type Normal o a suppor(tjlgr%pepracket

ro amper
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2500 65.6 62.5 56.8
Noise Level (dBA)
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<L 65 ______,,‘0

E . - -

o) L supporting

§ 60 A-amper

» 55 F ——

§ supporggrgngetr)racket
50

1500 2000 2500
Pump speed (rpm)

> supporting damper : =3.1 dB (2500rpm)
> supporting + bracket damper: -8.8 dB (2500rpm)




2.5 Vibration Isolation

» Suspension design of car CD player
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2.5 Vibration Isolation

« 1 DOF model with a complex stiffness

m —I— x = X eftote

K

3 y=Y efot
NN\

Vibhration isolation svstem with mass
and complex stiffness

KX

K' =K +K,i
=X g'te™®
y=V e
X Ki+ K}
Y (K, — M) + K]
KR:% CGE‘;!S
KI=§ sin ¢




2.5 Vibration Isolation

» Complex stiffness measurement and transmissibility
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2.5 Vibration Isolation

» Shock mount design

T Xt
My

Rubber Mount / Soft Pad

Equipment

I XKo(t)
M;

, C D shokroum () | KZ% Lo Tm

@ Roller @ I t

(rubber damper)

M X+ G(X;, — X))+ K(X)—X,) =0
My X+ G(X— X)) + KX, — X))+ C( X, — V) + Ky(X,— V) =0




2.5 Vibration Isolation
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2.5 Vibration Isolation

» Active vibration control of beam
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2.5 Vibration Isolation

» Active vibration control
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2.5 Vibration Isolation

» Reciprocating comp.

WEIGHT HCDN“%%[.) ASM
y UPPER 2
CYL BLOCK 4 BEARING UPPER SHELL
SUCTION TUBE
PROCESS TUBE
HEAD COVER
= HEAD ASM
CRANK SHAFT - : 1
T i ! E
: |
| |
i i MUFFLER
[}
|
?‘_
] .
= e B — ——
- C ‘“‘\_ﬁ“ LOWER SHELL
STATOR PIECE ROTOR

— 6 DOF rigid model
— Reciprocating force = Fundamental frequency(w_), Super harmonics(2w,, 3w,, ,,,)

— Horizontal direction excitation




2.5 Vibration Isolation

Vibrations of driving part
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2.5 Vibration Isolation

» Vibration isolation method

1. Separating source and receiver

e 1l

TS

UNRELIABWE EXCEPT WHEN
DISTANCES ARE LARGE




2.5 Vibration Isolation

2. Vibration break (physical break in solid structure)

RESILIENT
MO T

o sl
L _

" ?

RESILIENT BUSHING

A VIBRATION BREAXK MUST BE SOFT
COMPARED TO THE VIBRANNG PART




2.5 Vibration Isolation

RESILIENT
150 ATIOM
*AAT LALS

VIBARATING
MEMBER

SHEAR ISOLATOR COMPRESSION ISOLATOR

4
RESILIENT COUPLING SPRING (SOLATING MEMEERS

MATERIAL ARE EFFECTIVE BUT RESOMN-
B ANCE S MUST BE AVOIDED OR
SUITABLY DAMPED

SHAFT I1SOLATION




2.5 Vibration Isolation

3. Vibration block

T 7 TZTZTITT 777 7L LS

A VIBRATION BLOCK MUsT BE VERY MASSIVE
COMRARED TO THE VIBRATING SOURCE

4. Vibration damping

VIBRATION CAMPYMG
MATERTAL APPUED TO
,// MHIN BENDING SECTIOMN
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