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1 Mathematical modelling

1.1 Partl

The first part of the assignment was to develop the equations describing the helicopters
motion — i.e. the differential equations for the pitch angle p, the travel angle A and the
elevation angle e.
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Figure 1: Helicopter model

We use fig. 1a, 1b and Newtons 2. law for rotation to obtain the differential equations.
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2 Part Il - Mono-variable control

In this part of the assignment, we wanted to implement mono-variable control for the
elevation e, pitch p, and travel rate .

2.1 Problem 1

We want to use a PD controller to control the pitch angle p.

Va = Kpp(pe — p) — Kpap (13)
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As a starting point we set the regulator parameters such that the regulator is as fast as
possible without oscillations — i.e. we choose the parameters such that ( = 1. We choose
Ky, =1 and find Kjq

¢~ VEiKy
2/Kpp
0

| _ VEiEy

0

lol



3 Appendix

Pitch angle

Travel angle
Elevation angle
Voltage, front motor
Voltage, rear motor
Voltage difference, Vy —V
Voltage sum, V; +V,
Controller gain
Controller gain
Controller gain
Pitch reference
Travel rate reference
Elevation reference

Distance from axis of elevation to helicopter body |m]

Distance from pitch axis to motor [m]|

Motor force constant [N/V]

Moment of inertia about elevation axis [kg m?|

Moment of inertia about travel axis [kg m?|

Moment of inertia about pitch axis [kg m?|

Helicopter body mass [kg|

Counterweight mass [kg|

Net mass of helicopter and counterweight [kg]

Force needed to lift the helicopter body from the table top (g-mg) [N]

Table 1: List of variables and constants
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