332: 418 — Project #4 — Spring 2005
Due Wednesday, May 11, 2005

Control of a Nonlinear Robot Arm
via the Linearization Technique

Considerthe motor driven robot arm describedby [1] (the fourth-orderrobot arm with a
flexible joint model can be found in your textbook on page29)

H(t) = —af — Q%sin (9) + Bu
with the numericaldata given by
a=5 p=1 Q*=¢64
It is desiredto controlthe robot arm to hold any referenceanglein the entirerange[0  27].

a) Designthe set-point(steadystate)controllerfor the robotarmto achievethe desiredangle
(0 = 04esirea = m/4) with no angularspeed(f4.s:-.a = 0) using the linearizationtechnique
aboutgiven nominal (steadystate, operating,set) points and build the correspondingSimulink
block diagram. Hint: You mustbrushup the first sevenpagesof the handouton linearization
of nonlinearsystems(postedon the classweb site and WebCT). Seealso the Simulink handout
postedon WebCT.In addition, you will probablyneedto consultthe classnotesof April 21st
and/or the handoutfrom [1].

b) Designany linear controller to improve the transientresponsgthe settling time first of
all and the overshoot). Searchfor a controller that facilitates the shortestsettling time and the
smallestovershoot. Hint: First find the transferfunction of the linearizedmodel at the nominal
(steadystate)points 6, = w/4,0,; = 0 andthen use any of the controller designalgorithms
from Chapters8 and 9.

Simulate the performanceof the controlled systemstarting in the stated = 0,0 = 0.
Originally considerthe time interval of [0, 500] secondsfor which the WebCT Simulink block
diagramwith the pureintegral controller showsthe convegenceto the desiredsteadystatevalue
in more than 300 seconds(pure performance). To get credits for this project your controller
mustbe at leastbetterthanthe pure integral controller. Note thatif you find the bestcontroller,
you will needto plot the responseonly in the time interval [0, 10]. Replacethe pure integral
controller by your controller and plot the responsefor 0(t), w(t) = 6(t), and u(t)—the actual
control signalappliedto the robotarm. Estimatethe overshootandthe settlingtime andcomment
on the transientresponseobtained(of coursethe steadystateerror mustbe zero).

[1] B. Friedman,Advanced Control System Design, PrenticeHall, 1996.



