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Arcelerometer

Crynamic Signal Analyser

High Speed Data Cakle

S Wa Sensor

T

Read out (Computer)

http://en.wikipedia.org/wiki/Modal_testing
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Frequency response functions
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Mode shapes

Application:

http://www.youtube.com/watch?v=9kS3dc3n2Y4
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Frequency Spectrum
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Time history of a periodic function
--- Fourier series

y(t) = % + D (A, cosnat + B, sinnat)
n=1
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Frequency spectrum
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Transient signal
---The Fourier transform

voice waveform example

Spectrum of a voice signal (15 seconds)

decibels

05

L 1 L L L |-
| 95 10 105 1 15
seconds

10000 1500 2000 2500 3000 3500 4000
hertz

E5bli]



NTU50235100

The Fourier transform

Fourier
Transform

Fu)= J e
Fourier —co Fourier
Synthesis Analysis

T = TF ()e’ ™ du

Inverse
Fourier
Transform
FETCH
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Figure 2-6. Fouvier transform of an impulse function.
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Figure 2-7. Fourier transform of a constant amp]imde wave form.

(Ref. E. Oran Brigham, The Fast Fourier Transform, Printice-Hall, 1974)
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*nm = A cos (2010 HIf) = R(f)
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Figure 2-8. Fourier transform of A cos (at).
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Figure 2-9. Fourier transform of A sin (ar).
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Fourier transform properties
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Figure 3-1. The linearity property.
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Convolution, Correlation, and Power

Convolution --- time domain
[9*h](t) = f g(r)h(t-7)dr < G(f)H(f)

Correlation

<g(r)h(r+t)> ETg(r)h(r+t)dr < G(-F)H(T)

Autocorrelation if g =h

Total power --- Parseval’s theorem

J‘ | h(t) |2 dt :J’ | H ( f) |2 df Autocorrelation is equal to power

spectrum |G(f)]? in frequency domain.
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Figure 4-3. Graphical example of convolution.
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CONVOLUTION,
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Figure 4-8. Graphical example of the convolution theorem.
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Fourier series and sampled waveforms

y() = % + i[An cos(2znf,t) + B, sin(2zmnft)] = i o @12
n=1 =

T

= n=-—w

o= Soe-mm e D=1 Y o1-7]

y(®) =h(®)*x(t) < Y(f)= X(HOH()
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Figure 5-4. Aliased Fourier transform of a waveform sam-
pled at an insufficient rate.
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Sampling theorem

MULTIPLICATION

2T ks 1

{a)

hit) a(th

i i

i AL

Hif)

CONVOLUTION

NTU50235100

Atf)

[C} [C]

Figure 5-5. Fourier transform of a wavefornrsampled at the
Nyquist sampling rate.
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The discrete Fourier transform

h(t)A, (1) = h(t) S5t —KT) = 3 h(KT)5(t —kT)

h(t)A, (1)X(t) = Nz_lh(kT)a(t —KT)

A =T, Y 5t-rT,)
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Figure 6-3. Discrete Fourier transform of a band-limited .
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Effect of changing sample rate

O SR=256 Hz
+ SR=128 Hz
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* Lowering the sample rate:
— Reduces the Nyquist frequency, which
— Reduces the maximum measurable frequency
— Does not affect the frequency resolution
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Effect of changing sampling duration
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-~ ST=20s
—— ST=10s

* Reducing the sampling duration:
— Lowers the frequency resolution

— Does not affect the range of frequencies you can
measure
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Measuring multiple frequencies

\ \
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The radix-2 decimation-in-time (DIT) FFT
- The Cooley-Tukey algorithm

N-1 .
X(%)=Zxo(kT)e’Jz”“"’N N=01-- N-1
k=0

L_)n,k'l' _)k;W:e—jZ/r/N
NT
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X(n):zxo(k)\N”k n=0Q1---,N-1
k=0

(ON=2*=4
k=0123—k=(k,k,)=00,0110,11
n=0123—-n=(n,n,)=00011011

101
X (nl’ nO) = Z Z Xo (kl’ ko)W 2+ )2k o)

ky=0k,=0
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W (2n1+n0 )(2k1+k0) — W (2n1+n0)2k1W (2n1+n0)k0

— v [4nkal s 2nokayp (2 +10)ko
—\ Znokayyy (20 +ng)ko

W4n1k1 — [\N4]n1k1 — [e—j27[4/4]n1k1 :1ﬂ1kl =1

1 1
= X (ng) = [ %oy, ko)W 20K (21 +Mo)ko
Ko=0 k=0

1
¥ (g, ko) = D" Xo (Ky, ko)W 2Noky
k=0

%,(0,0) = %5 (0,0) + X, (1,O)W°
x1(0,1) = X, (0,1) + X, LW °
%, (1,0) = X,(0,0) + X, (1L,O)W 2
X @L1) = %(0.1) + X, (LYW 2
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x(0,0] [1 0 w® 0 |[x/(00)
xOD | |01 0 W°|x(0)
X (1,0) 10 W?> 0 ||x@0)
@) | [0 1 0 W?]x(@LY

1
X, (Mg, 1) = D X, (Mg, Ky )W Crreroe

ky=0

%(00)] [1 w® 0o o0 [x(00)
%01 | |1 W? 0 0 |x(01)
X,(1,0) 1o 0 1 w! x,(1,0)
X,(12) 0 0 1 W3|x(D

X2 (n01 nl) = X (nl, no)

11
X (o) = SIS %o (ke ko)W 270Ky (2raodko

kg=0 k;=0
X00] [1 w® 0o o1 0 w°
X@) ] [0 o 1 w3o1 o
COMPUTATION ARRAYS
e,
Data Array Array 1 Array 2
xglk) xq (k) xylk)
*0l0) x,(0)
xgl1) xyl1)
xg(2) x5(2)
0f3) e
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(2N =8=2°

N-1 )
X(n) = kZXo(k)W“
-0
101 1

— X(ny,my,ng) = D, D] ZXO(kZ'kl,ko)VV(4n2+2nl+n0)(4k2+2k1+k0)
ko=0k; =0k, =0

W(4n2+2n1+n0)(4k2+2k1+k0)
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W8 — [e—j271'/8]8 -1
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X(n,,n;,ny) = Z Z z Xo (K, Ky Ko W (4n;+2n,+ng )(4k, +2K; +ko )

ko =0k, =0k, =0

1 1
ko=0

1
[ [ X, (k2, k1, kO)VV 4n0kz}N(2n1+n0)2k1]v\/(4n2+2n1+n0)k0
kZO >

k,=0

1
Xl(nO' kl’ ko) = zxo(kz’ kl’ ko)WmOkz

k,—0
1
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k,=0
1
X3 (Mg, Ny, 1) = D X, (Mg, Ny, Ky W (472l
k=0

X3(Ng, Ny, N,) = X (ny, N, N,)
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COMPUTATION ARRAYS
A

DATA P ~ UNSCRAMBLED
ARRAY =1 I=2 =3 ARRAY
xglk) 1 x, (K1 xalkl X3kl
xg(0) Z‘x,ml sta’— — = X(0)
xp(1) ) - % /xm
\ /
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ko=0kj=0 Kk, 1=0
_or-1 72
n=2""n,_,+2"°n,_,+--+ng
—or1 72
k=2""k,1+2"7°k, 5+ +kg
WK _W(27’1n7,1+27’2 n,_p+--+n)(2" "k, _1+27 "2k, _p+-+ko)
:W(27_1n7_1+27_2 n}/_z +~-~+n0)27_1k},_1
W (271 n7,1+27‘2 n,—» +etng)27 72 ky_2
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2771n},_1+2772 n},_z +~--+n0)2771k},_1

w
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X(nH,nH,...,no) = ZZ ZXO(ky—liky—Z’.“’kO)
ko=0k=0  k,_;=0
xW ZH("okH)\N (2n+n9)27 %K, 5 W (270, 4427720, _y++ng)kg
\ 277 (ngk, 4)
X (Mg, K, -+, Kp) = zXo(ky_pk,_zr",ko)\N
k,4=0
1
2 272k
xz(no,nl,...,ko) = le(no’ k}/—z’.'.a ko)\N( n+ng) -2
k,_,=0
1 -1 72
)(V(n0 Ny ny—l) = Z Xy—l(no N, ny,l)\N (27740, 4427720,y 440 ) Ko
ko=0
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EEEE:
N-1
X(n)=Y x, (k)™ .
k=0
n=01,N-1 §
= NREETR g
s
E 512
IR ZFFTHIL: 2 |
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| gorithm
= N BRI B A . |
N-y 7y 64 128 2;0 512 w0
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h(t) =f; H (f)e?"df

= [T IR(f)+ jI (F)][cos(2t) + jsin(2ft)]df
= [ [R(f) cos(2zft) - 1 (f)sin(27t)]df

+J[ [R(F)sin(27t) + 1(f) cos(2ft)]df

_ [ [” [R(f)cos(2aft) — 1 (1) sin(2At)]df

= [ IR()sin(@sft) + (1) cos(2fo)t |
- UZ R(f)e 12df — [ 1(f)e 1 df }

:U_ZH*(f)e‘jz”“df }
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