COURSEWARE Q
SAMPLE SEESAW QUANSER

PREFACE

Preparing laboratory experiments can be time-consuming. Quanser understands time constraints of teaching
and research professors. That’s why Quanser’s control laboratory solutions come with proven practical
exercises. The courseware is designed to save you time, give students a solid understanding of various
control concepts and provide maximum value for your investment. @

Quanser Seesaw experiment courseware materials are supplied in a format of the Laboratory \.Tﬁe Lab
Guide contains lab assignments for students.

SIMULINK This courseware is prepared for users of The MathWorks’s MATLA /%Iink@ software in
Enabled  conjunction with Quanser's QUARC® real-time control softwar ersion of the course

material for National Instruments LabVIEW™ users is also available.
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The following material provides an abbreviated 'e of lab experiments for the Seesaw experiment.

Please note that the examples are not comple they are intended to give you a brief overview of the
structure and content of the course materials\you will receive with the plant.
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1. INTRODUCTION TO QUANSER SEESAW COURSEWARE SAMPLE

Quanser courseware provides step-by-step pedagogy for a wide range of control challenges. Starting with the
basic principles, students can progress to more advanced applications and cultivate a deep understanding of
control theories. Quanser Seesaw courseware covers topics, such as:

e Obtaining the state-space representation of the open-loop system

e Designing and tuning an LQR-based state-feedback controller @
e Simulating the system using the designed state-feedback control \/

¢ Implementing the controllers on the Quanser Seesaw plant and evaluating their @mance

2. LABORATORY GUIDE TABLE OF CONTENTS V~

The full Table of Contents of the Quanser Seesaw Laboratory Guide is shown here:
1. INTRODUCTION
2. BACKGROUND
2.1. MODELING V‘
2.1.1. MODEL CONVENTION
2.1.2. NONLINEAR EQUATIONS OF MOTION
2.1.3. LINEARIZING @

2.1.4. LINEAR STATE-SPACE MODEL @
2.2. CONTROL
2.2.1. STABILITY Q\
2.2.2. CONTROLLABILITY \?
2.2.3. LINEAR QUADRATIC REG R)
2.2.4. FEeDBACK CONTROL
3. LAB EXPERIMENTS O

3.1. SIMULATION
3.1.1. PROCEDURQ“
3.1.2. ANALY

3.2. IMPLEMENT

3.2.1 RE
3.2.2 YSIS
4, SYSTEM EMENTS

SETUP FOR RUNNING ON SEESAW
R NCES

4.1. VIEW OF FILES
492. SETUP FOR SIMULATION
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3. BACKGROUND SECTION - SAMPLE

Modeling — Model Convention

The linear seesaw model is shown in Figure 2.1. The SEESAW-E supports the IPO2 Linear Servo Base Unit. The
positive sense of rotation is defined to be counter-clockwise (CCW), when facing the linear cart and seesaw
pinions. The positive direction of linear displacement of the IP02 cart is to the right when facing the cart.
Finally, the zero angle tilt, _ =0, of the seesaw corresponds to the seesaw perfectly horizontal.

The IP0O2 cart location is at linear position X, while the absolute position of the cart centre of m
at coordinates, (X, Yc). The IPO2 cart assembly has mass, m, and is actuated by an applied fo
total mass of the linear seesaw and the IP02 track is mg,, with moment of inertia, Jy,. The centre of mass of
the linear seesaw and IP02 track is located at absolute coordinates, (Xqy; Ysw). The distanc&from the linear
seesaw pivot and the centre of mass of the linear seesaw and IP02 track is, D.. The IPO ck is located

distance, Dy, above the linear seesaw pivot. Pal
Y
A
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- 8 > —
; Xe v X >0
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D' Dc X. sw 0 X ¢

(0 v Figure 2.1: Linear Seesaw conventions
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4. LAB EXPERIMENTS SECTION - SAMPLE

Simulation

In this section we will use the Simulink diagram shown in Figure 3.1 to simulate the closed-loop control of
the SEESAW-E system. The system is simulated using the linear model summarized in Section 2.1. The
Simulink model uses the state-feedback control described in Section 2.2.4. The feedback gain K is found
using the Matlab LQR command (LQR is described briefly in Section 2.2.3). The goal is to make sure t
used successfully stabilizes the system (i.e., keeps it balanced), and does not saturate the dc motO\/
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Figure 3.1: Simulink mo?vgej'fo simulate SEESAW-E.
The state-feedback controller has proportional-dégivative (PD) action and the integral (1) action. The Find
State X block shown in Figure 3.1 creates thexCapfplete state vector using a differentiating filter and integral
block. The position and velocity states of model are then multiplied by the vector gain k computed in
earlier in, i.e., k(1 : 5) = [K1; k2; k3; k@ he Pulse Generator introduces a 4.5 degree disturbance into the
system every four seconds to simulaté&tdpping the seesaw.

IMPORTANT: Before you c duct these experiments, you need to make sure that the lab files are
configured according to tup. If they have not been configured already, then you need to go to
ég I}b files first.

Section 4 to configur
Procedure -\-‘
Follow thes st??o simulate the system:

1. Mak@ e LQR weighting matrices in setup_sswe.m are set to

2.
P
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and
R=0.5
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3. Run the script to generate the gain
K=[180.797 -224.3485 16.6684 -66.9969 -63.2456].

LQR Tuning: When tuning the LQR, we start with the identity matrix. To put more emphasis on the
seesaw tilt angle 6, we set Q(2;21) = 5000. The last diagonal element, Q(5;5) is set to 2000 to generate
an integral gain for the seesaw tilt regulation.
4. To generate a 4.5 degree disturbance, ensure the Pulse Generator is set to the following: @
o Amplitude =0.08 rad
e Period=4 \/
e Pulse Width =5% Q
e Phase Delay =1
4. Open the cart position scope, Cart Position (mm), the seesaw angle scope, Seesa (deg), the
disturbance scope, Disturbance (deg), and the motor input voltage scope, Vi,. (M).
5. Start the simulation. The scopes should be displaying responses similar to Fi&}

Cart Fosition (mm) | & n Seesaw Angle [deg) = B X

S5EPRL AEE B A & | |eE PSP ARE B A% =

(a) IPO2 Cart Position (b) Seesaw Tilt Angle
n Disturbance (deg) a8 g - Motor Voltage (V) | B 8
&E LPLE ARE DA S | |eBE LRl ARE BAR -

Ko L S S — N T - 1}

(c) Disturbance (d) Voltage
Figure 3.2: Simulated closed-loop response.
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