UC Berkeley

Mechanical Engineering Department

ME103:: Experimentation and Measurements

[Lecture #9



UC Berkeley

Mechanical Engineering Department

Concept of Frequency Response:

o [fthe system is Linear Time Invariant (LTI)

* [In Steady State, sinusoidal input will
generate a sinusoidal response of the same
frequency

* Although the frequency is the same, the
response differ in magnitude and phase
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Frequency Response and the Bode Plot:

x(t) =M, cos(w+ ¢,)

Spring

f(t) = M; cos(wt+q;)

Phasor Notation

Output
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Bode Plot:
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Bode Plot:

u(t) = cos(wt)

(t) = 1 N = | . T
x(t) = wsm(w ) = wcos(w 2)

wi=f

u(t) 0
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AC Circuit Analysis using Phasors and Impedances

Ve(t) = Vycos(w(t)+ @)

Phasor Notations:
(1) VS = V44¢ standard form  (3) 75 = V,e/? exponential form

(2) 175 = a + jb complex form
a= Vycosq
b= V,sing

Converting complex to standard:
VA = 4/ az + bZ

b
— —1_
@ = tan (a)
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AC Circuit Analysis using Phasors and Impedances

Example:

Express V.(t) = 3sin(100(t) + 40°) in standard and complex
phasor form

V.(t) = 3cos(100(t) + 40° —90°)
V.(t) = 342 —50° standard form

a = 3 cos(—50°) = 1.928
b = 3sin(—50?) = 2.298

Ve(t) = 1.928 — j2.298 complex form
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Bode Plot:

t
x(t) = f u(t)dt

dx(t)
dt
u(t) = cos(wt)

= u(t)

(t) = 1 Py 1 . T
x(t) = wsm(w )= wcos(a) 2)
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Bode Plot:

Command Window
tf([11,[1 01) 4 Figure 1
File Edit View Insert Tools Desktop Window Help
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Bode Diagram

Continuous-time transfer function.
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AC Circuit Analysis using Phasors and Impedances

Vs(t) = Vycos(w(t) + ¢)
Phasor Notations:
(1) VS = V44¢ standard form  (3) 75 = V,e/? exponential form

(2) 175 = a + jb complex form
a= Vycosq
b= V,sing

Converting complex to standard:
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Bode Diagram
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Using Bode Plot to design (Frequency Shaping):

|4 Figure 1
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Using Bode Plot to design (Frequency Shaping):

@w = 1rad/s
Open loop gain = 1

Closed loop gain = -3dB
Closed loop phase = -45°
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Using Bode Plot to design (Frequency Shaping): UC Berkeley
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Using Bode Plot to design (Frequency Shaping):

@w = 1rad/s
Open loop gain =10 = 1dB

Closed loop gain = -3dB
Closed loop phase = 45°
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Using Bode Plot to design (Frequency Shaping):

10(s + 0.1)
(s +10)
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