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Y((s)) Y(s)=L[y®]; X()=L[XV)] (09X N7NNN 'NaN 1Y)
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H(j@)=G(), = ;((’J‘;)) Y(jo)=F[y®]: X(j®)=F[x(®)]

D70 NIX7 NOWNN N2IAN DX NIXDNA — 070 N2IAN
(Impulse response)

ht)=F*[H(jo)|=g(t) = L*[G(s)] NMII'YVO NDWN —

G(s) =
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— 3.1 seconds in water at 3 ft/sec
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Time Constant
< (0.3 seconds on metal surfaces
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K
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H(0)=G(jo) =

K
AR =|H =
| (a))| \/(a)r)z +1
ZH (w) = —arctg(wr) 12’0,

ARy, =20log,, |H(®)| :nT712 2N
=20log K -10log ((w7)? +1)
o, =1/t ‘N1'9 NN
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Differential equation: zy+y=K F(t)

Input  F(t) = A4sinwt /\ frequency dependent

Qutput v(7) = Ce * +B(m) SIn mr+¢ﬁ{m))

KA amplitude of

where  B(@) = - = steady-state
J1+(@7) response
o(w) = —tan " (@7) phase shift

Note in steady state: v_ (1) = B(@)sin(a@r + ¢(@))

31 July 2024

magnitude
*u."ll + (mr]l ratio
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A certain thermometer has a time constant of 15 sec and a initial
temperature of 20 °C. The thermometer was subjected to a very
slow harmonic disturbance having a frequency of 0.01 Hz.

What is the time delay in the response of the thermometer and how
much does the steady state amplitude response decrease ?

o(w) = — tan~ (@7) phase shift

B(®) _ 1 magnitude

M (@) = .- - _
E(0) 1,|'1+(mr]' ratio

Solution: Time delay =12.0s

Amplitude response decrease = 27.2%
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20log( Kar) wr <<1
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20log K wr >>1
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(Figliola & Beasley, 1995)

FIGURE 3.7  First-order system time response to a step function
input: the error fraction, T
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H(w) = Hl(a)) H, (w) H3(a)) H4(a))
JT11 77717 (171111 Ui1g'w

-20db"order/decade
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JTI1 711 179 113 U
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— Passive Filter

+ no powered components

+ some type of R-L-C arrangement
— Active Filter

+ Uses powered components

+ can have very steep roll-off, flat passband, and
adjustable cut-off frequency

Figure 7.33 Basic active filter circuit (Beckwith, et al, 1993)

—
Passive
filtar
retwark

Paszive
& o————— filter =
netwark
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my +cy+ Ky =F(t) :nmxaTaxien

m > TN
}_C . =, |— W20 NN
k< 11 "= \m

' C
272 T 0O ’UO'?N no> 1A .'019 NY/’N 5 —
| v } i 2+ km

=

10" on’'

Spring element When a force is applied, a strain is The Wheatstone bridge K - - -72'] ’-7
generated that is converted into a converts the chonge in m
change in resistance by the strain resistance into a voltage
gauges. that can be measured.

V+2E0 Y+ o’y = KF(t) 077 nxnen
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Example:
u(t) =sin(t) +sin(5t)

v(t) =sin(t-0.35) +sin(5t —1.75)
w(t) =sin(t—0.35) +sin(5t —5)

e 11 ()

— it}

-/ \ mry Tm(d) de()
oy N5 J

i |
-3 1 2 3
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12w N an nirntn oinn ot £ =0.707 oy nownY

NI0P NTIV'79NNKN NNAY  —
TIN1'"7 DIN] NINWN NTRON W'D —
( £>0.707 ) nT®9 11a'01 NIMKA'7N

0 'Y Niin
u(t) = > sin(na,t)
=1

-nN0"1D NINX
=sin( w,t) +sin(2aw,t) +- -

NIYN X7 MX2'"7 112'S DY AN NIX

V(t) =sin( w,t — @) +sin(2aw,t —2¢) +- - -

0=wt—¢
v(t) =sin( ) +sin(20) +-- -
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Model

Machine

Frame

Scale

y=Y sinwt

31 July 2024

m-seismic mass
c-damping coefficient of
seismic unit

K-stiffness of spring used
In seismic unit

x-absolute displacement
of seismic mass

y-base excitation (assume
SHM)

z=(x-y) displacement of
seismic mass relative to
frame

32
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Equation of motion of the seismic mass:

m_j@+c(x_j;)+K(x_y):O ....................... (1)
Let, relative displacement of seismic mass is z=(x-y)

mz+cz+ Kz = —mj} .................................... (2)

consider base excitation to be Simple Harmonic Motion
y(z‘) =Y SIT COF oo (3)
mi+cz+Kz=mo’Ysinot ........................... (4)

The above equation represents a equation of motion of a forced
vibration with me’Y = F

24 Qw2 nD TR 7Y NXNIYN7 NNIT 4 NXIvn
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z(t) = Zsm(wf — ¢)
Differentiating
2(t) = wZ cos(wt — @)

Displacement

A1) = oZ sin(wl — ¢+ %) Velocity ~ 2V)

z(1)

() = -’ Z sin(wt — @)

() =’ Zsin(wt — ¢+ ) Acceleration
mz +cz+ Kz = F sin wt

31 July 2024

z(1)
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z(1) = j f) sin(wt — @) *T'ANN 2X¥N7 [1NN9N
Ja=7)? + (&)
7 _ Y
J(1=72 ) + (287

NATN NN

7 e

Y1)+ 2a)

b= tanl( 12&2 J :TND 1A'
—7

r=wlo, ; o =JKIm ; &=c/2yKm WXD
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HPF atith 'mn't?

Scale
y=Y sinot
|
Machine
/ 2

Y J1—1%)2 +(28r)>

¢ is damping Ratio olo_(r)

r 1s frequency Ratio r

JA=r2) + &)
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HPF atith 'mn't?

<
I

Machine

Phase angle, ¢

P = tanl[f&: J

_}/‘“
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£\J:
HPF ninyn 1Nty

Condition for Velometer (as for Vibrometer):

2
When: / =] = z(t)=Y sin(wf —¢)

JA=r2)? + (25

= z(f/) = y(t) With some phase lag ¢
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LPF nXIXN 1n't?

r’Y
/ = — = INNN 7w niNTNN N2aan
\/(1—7" )+ (2¢r) ‘1N0'0
Y = —»%Y ‘AYIXN NITIN
/ / 1

— M

(Viaf) ™ Jo-ry+@ay
r=wlo, ; o =~JK/m ; £=c/2/Km

When: M =1 = (Y"/a)nz):Z = Y=Z*w’
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(Figure 3.16, Figliola & Beasley, 1995)

20

Resonance
1.5 band
10 Transmission
,.. 08 band
2 —_
= 06 Q
£ e
e &
2 04 g
s 8
§f Filter
band

0.2

0.1
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To achieved desired behavior, Magnitude Ratio should be unity
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Fig. 8.3. Capacitive accelerometer with a differential capacitor: (A) side cross-sectional view;
(B) top view of a seismic mass supported by four silicon springs.
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plastic package.
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