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Lab 1 & 2: what to do now?

1) Parameter estimation via step response

We know that the transfer function from voltage to angular speed on the load shaft has the form:

k
G, = 1.
t(3) sT+1
The angle measured by the encoder is a simple integrator:
1 k
G == 2.
ou(5) ssT+1

From the bump test we estimated both 7 (time constant) and k£ (DC gain).

The parameters are somewhat consistent on both motors at various voltages so let’s just do an
average.

(The code calculates k in modulo but we know the gain is negative)

ko = —1.51 ;
7 = 0.0504
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Motor1 steady state gain vs Voltage
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1.1) Comments
The time constants are pretty consistent with the estimates from the datasheet.

The DC gain is instead wayyyyyy off, almost 4 order of magnitudes off.

My hypothesis is that in the time constant what matters is the Coulomb friction, after all we
are at “zero relative velocity”, instead at steady state we have to deal with the normal viscous
friction and this results in a decreasing friction for high speeds.
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Fig. 2. Static friction models (a) Coulomb friction,(b) Coulomb + Viscous friction (c) Stiction
+ Coulomb + Viscous friction (d) Stiction + Stribeck + Coulomb + Viscous and (e) Modified
Stribeck friction (Karnopp Model)

Image from “Artificial Intelligent Based Friction Modelling and Compensation in Motion
Control System”
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So the datasheet overestimates the friction coefficient because it provides the “static friction”
while the DC gain actually needs the “dynamic friction”

2) Validation

We expected these shapes for the frequency response
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