Integration Project Systems and Control (SC42035)
Qube-Servo Rotary Inverted Pendulum Experiment

Description

The rotary pendulum system is a two-link rigid manipulator, also known as Furuta arm, operating in a 3D space. The
horizontal link, called rotary arm rod, is actuated by a torque introduced by a DC motor acting on the rear end (joint) of
the link. The vertical link, called pendulum link, is free to rotate the full 360 degrees. The goal is to control the motor
such that the joints are stabilized at some desired angles. The easiest task is to stabilize the system around one of its stable
equilibrium configurations. A more challenging task is when the second link is at its unstable equilibrium point. In the
following figure, the Qube-Servo setup is shown at the left side and the relevant parameters and variables are depicted at
the right.
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Figure 1: Qube-Servo setup and its schematic representation.

The control input w is the voltage applied on the DC motor that actuates the rotary arm rod. The scaled input signal
ranges from —1 to 1 (corresponding to the maximal clockwise and counter-clockwise torques, respectively) and can be
commanded from the PC. There are two output measurements available: i) 6, the angle of the rotary arm and ii) «, the
angle of the pendulum. These measurements are in radians. The parameters of the system are given in the table below.
Note that these values are approximate and not necessarily correct for your specific setup. Hence, you need to design an
identification experiment to accurately identify the system’s parameters.

Table 1: Physical parameters and their values.

Symbol | Parameter Value

my rotary arm mass 0.095kg

L, rotary arm length 0.085 m

mp pendulum link mass 0.024 kg

L, pendulum link length 0.129m

mp module attachment hub mass 0.016kg

Th module attachment hub radius 0.0111m

JIh, module attachment hub moment of inertia | 0.6x 1075 kg-m?
Viom nominal voltage 18V

Trnom nominal torque 22.0mN-m
Wnom nominal speed 3050 rpm

Lom nominal current 0.540 A

R, terminal resistance 8.4

ky torque constant 0.042N-m/A

km motor back-emf constant 0.042 V/(rad/s)
Im rotor inertia 4.0x1075 kg-m?
L rotor inductance 1.16 mH




Control Objective

Design a controller that makes the angle of the rotary arm 6 follow a specified reference trajectory while stabilizing the
pendulum link in the upright position. For simplicity, start with a stable equilibrium configuration and design a controller
that damps out the swing. The eventual design should result into a zero steady-state error in 6 (small oscillations around
the reference are permitted) and into an acceptable disturbance rejection properties, i.e., the ability to recover from a small
tick against the link.

Simulink Template

A Simulink template qubetemplate.mdl contains the necessary real-time interface blocks and some scopes. Make
your own copy of this file and use it as a starting point for your experiments. Before starting the first simulation, define
the sampling period h as a variable in the workspace of MATLAB.



