CS 480 Homework 0
0.) NAME:                                    
Due 2015-09-11. Standard homework rules apply: your answers should be entirely your own work, except for (1) standard reference material such as textbooks or wikipedia, and (2) the sources you explicitly cite.
1.) A cartesian 3D printer's print head, which weighs m=0.5 kilograms, is in the middle of a rapid move at V(0)=100 mm/second (0.1 m/s).  Determine how fast can the steppers stop the head's motion, under each of the following assumptions about the stepper's torque.
Reminders: 
   P(0 seconds) = 0 meters

   V(0 seconds) = 0.1 meters/second

   V = dP/dt

   A = dV/dt

   F = mA, A=F/m

   We want t and P(t) when V(t)=0 meters/second.

   Use calculus to compute an exact answer.

1.a.) Assume the stepper motors can produce a fixed 0.2 Newton-meter of torque (30 oz-in), which with a 10mm radius pulley produces a constant force of F=20 N, and so accelerates the head at A=20N/0.5Kg = 40 m/s2. 
Time to stop:      milliseconds


Distance to stop:      millimeters
1.b.) Now assume the stepper motor speed torque curve displays an inverse-law fall-off with velocity:

    A=-0.5/V     (units in meters and seconds)

This equation assumes the stepper can only apply 0.025 Newton-meter of torque when the head is moving at 100mm/second (V=0.1 meters/second), for an acceleration at this speed of 5 m/s2.  

Hint:the Wolfram Alpha General Differential Equation Solver shows v'=-0.5/v has a general solution of 

   V(t) = sqrt(k-t)
Time to stop:      milliseconds


Distance to stop:      millimeters
1.c.) Do you think these stopping times and distances are important?  Why or why not?
(Score: 50 points.  Please do show your work!)
2.) You're about to 3D print a hollow cube with sides of length L and walls of thickness W (and W is much less than L).  You'll be printing with an ABS plastic which has a density of 1 gram/cc.  How many grams of filament do you need?
Filament usage =         grams
(Score: 10 points.)
3.) This top-down diagram of a street depicts a typical four wheel car-style vehicle on the left, and a Roomba-style two wheel vehicle with differential tank steering on the right.  Both are parked at the curb, shown in red.
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3.a.) For which vehicle would it be easier to build an autonomous parking system, assuming electric all-wheel drive?
3.b.) Is either vehicle's control of its 2D position and orientation “holonomic”?  Why or why not?

(Score: 15 points)
4.) Write a program in any language to (a) read an STL file (binary or ASCII, your choice), and (b) calculate its volume.
You can calculate the total volume by looping over each of the triangles, and for each triangle with 3D vertices a, b, and c, calculating the signed volume of a tetrahedron formed by adding one vertex at the origin:
    V += dot(a,cross(b,c))/6

Paste a screenshot here of the code computing the volume of this model (binary or ASCII STL file).

Paste the source code you wrote here.  Be sure to cite any influences or references for the code!

(Score: 25 points)
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