




Design Exam 2007 – more detailed solution, following reasoning of Steve Spencer 
 
A key goal of the spray-painting robot is that the paint completely cover the door.  If the robot moves too quickly in 
the vertical direction, then parts of the door will be left unpainted (see bottom left panel in below figure for an 
example showing spray path on door).   The door height is 1 m, and, thus, when the robot has traveled one time 
constant, it will have traveled 0.63 m.  Since the effective “brush” diameter of the spray painter is given to be 0.1 m, 
we desired at least 3 back-and-forth motions (6 sweeps total) to be achieved after 1 time constant (because 0.63/.1 = 
6) in order to cover the door with a 0.1 m “brush”.  Now, the back-and-forth left-right motion takes 1 second (1 Hz 
oscillation), so 3 back-and-forth motions = 3 seconds; i.e. our vertical time constant should be 3 seconds.  What 
should Kp be? 

Note that an overdamped second order system can be approximated as a first order system (see top right 
panel in below figure for graphical example) dominated by the “slower” pole, which is the pole closer to the jω axis.  
The poles for the 2nd order mass, spring, damper system are: 
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which gives a damping ratio   ζy=2.78, i.e. an overdamped system that moves mores slowly (0.67 meters in 3 
seconds).  This controller does a better job of painting the door than a critically damped controller (compare bottom 
two panels in figure, which show the spray paint pattern for the two damping ratios).  The paint distribution is very 
uneven though, with the top of the door receiving more paint as the robot slows down.  So another strategy would be 
to make the robot move in .1 m steps vertically, holding the vertical position constant during each paint sweep. 

 

Bottom two plots show spray 
paint pattern on door for two 
different Kp gains (critically 
damped – left plot, over-
damped, right plot) 
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