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20-sim exercise
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Exercise Bode plot of simple mass

Implement a simple mass in 20-sim:
*M=10Kkg

* F as force (actuator)
* X as position sensor

Generate a Bode plot of this

system: =
» Check model Btz

* Run simulation (start simulator) [

* Define frequency response... o

» Generate Bode plot via CTRL-F 3
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time (s}

V.
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Exercise Bode plot of simple mass

Recall FRF:
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Exercise Bode plot of simple mass
Assignments / Questions

» Check at which frequency the amplitude is 0 dB

* Increase the mass M ten times: M = 100 kg
— Does the amplitude plot shift upwards or downwards?
— What is the expected 0 dB crossing frequency?
— How many dB is the amplitude response shifted?
— Does the phase plot change? Why not?

* Which M should be chosen to get an amplitude
of -20 dB @ 10 rad/s?
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Exercise Bode plot of mass-spring system

Add a spring and damper to the
model:

*M =10 kg

ek =1KN/m

*d=5Ns/m

Generate a Bode plot of this
system:

» Check model .
* Run simulation (start simulator) | s W\/WV\/\/\WW
* Define frequency response... o
* Generate Bode plot via CTRL-F | sw

time (s}
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Exercise Bode plot of mass-spring system

Recall FRF:
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Exercise Bode plot of simple mass
Assignments / Questions

» Check the low-frequency asymptote:
— What is the gain at low frequencies in dB ?
— To which stiffness does this correspond?

* Check the resonance frequency

* Increase the mass M ten times: M = 100 kg
— What is the expected resonance frequency?

— How many dB is the amplitude response shifted?
— Does the phase plot change? How?
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Exercise Bode plot of simple mass
Assignments / Questions

 Take M =10 kg, and decrease k: k =100 N/m
— Compare Bode plots: increasing M <=> decreasing k
» Take original parameters; M=10; k=1000; d=5
— What is the relative damping coefficient?
— What is the peak value in the amplitude plot in dB?
— What is the peak value in the amplitude plot in m/N?
— What is the ratio between the peak and the static gain?
— If this is called Q, check that Q =1/ (23)
- 1/™M
H(s) _SZ+2 ,b’ags +a0)2
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Exercise Bode plot of simple mass
Assignments / Questions

* Increase d with a factor 10: d = 50 Ns/m
— What is the relative damping coefficient?
— Check again that Q = 1/ (2[3)

e Increase d with once more: d =500 Ns/m
— What happens?

- 1/M
H(s) _SZ+2 ,b’ags +a0)2
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Exercise other Bode plots

X
Build the two-mass-spring model: |—5 )

*M; =10 kg; M, =10 kg

k= 1KN/m e B g o
*d=5Ns/m

(Simply use copy-paste)

¢ =10Ix
Be Mew Popertes Shrulstn Tock Heb

Generate a Bode plot of this S8 Lo mAR R
SyStem: o
* Check model o
* Run simulation (start simulator) |
» Define frequency response... | o
» Generate Bode plot via CTRL-F of

0 1 2 3 4 : 5” 6 7 8 9 10

Smulation firishec] after BOD steps n 0.323 seconds Vi
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Exercise other Bode plots

Recall FRF: I_X5
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Exercise other Bode plots
Assignments / Questions

» Change the parameters of the model and check
the results:
— Masses M, and M,,
— Stiffness k
— Damping d
» Check that anti-resonance frequency is
determined by M, and k!

» Generate also Bodeplot for x,
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Exercise other Bode plots
X2
Recall FRF: c |
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