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2(M).2 There are multiple design consideratibns tor all structures and these inevitably

involve tradeoffs. The important point here is to identify those considerations which
are the most important (i.e. key) to the particular design and thus purpose of that
structure. In this vein, there are no “right” answers here since the specific purposes
of the structure were not defined. Thus, the first part to answering this question is to
define, in your mind, what purpose(s) the structure serves.

It is also important to realize that true tradeoffs (i.e. relative importance) can only
be done quantitatively when a clear objective is in mind and the factors associated
with the different design factors can be quantified. Otherwise, only general
statements about tradeoffs can be made. This should become clearer in the
“answers” below. B '

(a) Space station: The structures of a space station serve a number of important

purposes. The habitat structure must protect the inhabitants and thus be resistant to
meteorite impact. The station will be in operation for many years and thus must
have longevity. In orbit, this means resistance to uv, atomic oxygen, fatigue, and
other longterm considerations. In orbit, a structure goes in and out of earth’s
shadow and thus can undergo very large thermal gradients. Thus, dimensional
stability is important. Weight and cost are always factors, but it is hard to evaluate
these without knowing the scheme for getting the parts of the space station to orbit
and also knowing how important the space station is to the country and thus its
priority in the budget process. '

(b) Commercial transport aircraft: With safety the number one consideration, a key

item is strength — ability to carry loads without failure. This also means that there
are deformation resistance considerations at various parts of the aircraft. Clearly, the
wing must hold its shape to a certain margin otherwise there will be a potential {oss
in the aerodynamic characteristics and thus the forces on the wing, known as lift and
drag. The airplane is designed to last a number of years, so corrosion resistance is

Important as are considerations of fatigue and general durability. Weight is a clear.

consideration since this involves a tradeoff with additional payload/fuel/ range.

Finally, the buyers of the aircraft must be able to afford the aircraft, so cost of the
airplane is a key, if not the key consideration. '

. (c) Glider: A glider is also an airplane, but it looks quite different ffoni a commercial

transport. Glider wings have a very large “aspect ratio” (length of the wing/”width”
of the wing). Due to this great length, glider wings must be very stiff, so '
deformation resistance is a key consideration with strength being an important
design consideration but not as great a consideration as the stiffness/rigidity. Gliders
are unpowered and rely on a tow to get to altitude and then orr“thermals” to soar
higher (Ever watch a hawk or eagle? They do the same thing!). Thus, weight is a
much more critical factor with regard to gliders. How about cost? Clearly, cost is a
consideration in any consumer product. However, in the sports industry, many
people with the “means” are willing to pay extra for extra performance. So cost
becomes quite a different factor here since performance becomes a much greater
consideration for which people are willing to pay. Thus, cost/performance becomes
a key tradeoff.




(d) Automobile: The main considerations in an automobile are 'safety and cost with

cost probably being the most important. This is truly a consumer product and the.

- general consumer is much less likely to care about technical innovations and

performance capability. They want a product that will work, will get them there,

won’t break down, and will last. Thus, the next key design consideration is

longevity. With cars, especially car bodies, this is inherently linked to corrosion
resistance. Another key design consideration is energy absorption in impacts (also
known as “crashes”). Much of the body and structure of a car is designed to absorb
the energy in such an incident in order to protect the occupant.

(e) Bridge: A bridge is a pretty basic structure and the design considerations are also

pretty straightforward. The structure must be strong enough to carry the loads
without failure. However, the rigidity of the bridge can be an even more important
consideration since deflection/ deformation must be resisted (No one wants a
“floppy” bridge). Bridges are exposed to the elements, so corrosion resistance is also
an important consideration. And this is linked to the final item which is longevity.

Bridges are made and used for decades and thus must not fatigue, corrode, etc. This

ends up being a tradeoff with the other major consideration — cost. Itis a question
of the up-front cost of the structure versus the cost “down the road” to maintain and
repair. This should include consideration of the inconvenience caused to commuters,

etc. when bridges are closed or traffic restricted when major repairs are made (You
should have been around when they did this to the Harvard Bridge a few years

ago!). '

(f) Step ladder: As a consumer product, the most important consideration is cost.

However, safety must be right behind this, so this brings in considerations of
strength, rigidity, and longevity. Longevity is less important here since it is relatively
easy enough to replace this product and one can tell when the material starts to
corrode, degrade, etc. Stiffness and strength, however, are clearly important. There
are also other considerations. One of the main ones is electrical conductivity. Wood
ladders were used for many years and then metal ones were introduced. The
problem with metal (generally aluminum) ladders is that if they touch a wire, the

‘person touching the ladder can be electrocuted. Plastic/glass-reinforced ladders have

been introduced because of this. They keep down the weight, which is important
because people have to be able to carry these things, but are not conductive and
provide that extra electrical safety.
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CP2

Problem 1 10 points

The Grading rubric is as follows:
1. 5 points if program executes correctly and displays the students name
2. 2 points for turning in the code listing
3. 2 point for highlighting their changes
4. 1 point for comments

GNAT 3.15p (20020523) Copyright 1992-2002 Free Software Foundation, Inc.

Compiling: c:/docume~1/kristina/psets/pset2/my_first_hello_world.adb (source file time stamp:
2004-09-17 22:48:22)

1.

2. -- Program to display hello world on the screen
3. -- Programmer: Ada_Newbie

4. -- Modified By: Jane B

5. -- Date Created: September 07, 2004

6. -- Date Last Modified: September 17, 2004

7.

8.

9. with Ada.Text_lo;--specifies the usage of text_io
10.

11. procedure My_First_Hello_World is

12. begin

13. Ada.Text_lo.Put(" HELLO WORLD!");--displays hello world on the screen
14. Ada.Text _lo.New_Line; --moves cursor to the next line

15. --this line is added

16. Ada.Text_lo.Put("My Name Is Jane B");

17.

18. end My_First_Hello_World;

19.

19 lines: No errors



Problem 2. 40 points

Build Rover based on handout
The rover is graded as follows:

1. Rover works when the demo program is downloaded to it (the demo program can
be found on the class website). 30 points

2. Turning in the wiring diagram - 5 points

3. All three team members turning in individual times 5 points



Problem 3. 20 points

The grading rubic is as follows:
1. For identifying that the output_off statement causes the motor to remain on
during the turn 5 points

2. For detailing the rover behavior as shown below 15 points
What we are looking for is a detailed explanation of the rover behavior. It need not
be represented as a list.

When the line  Output_Off(Output => Drive); is commented out, the calls to Forward
results in the motor being left on. The behavior of the rover is as follows:

Goes forward for 2 seconds
Arcs left as the steer motor is turned on
Moves forward for 0.5 seconds after the steering motor is turned off
Steering motor centers the front of the rover
Rover moves back for 2 seconds
Stops
Turns steering right
Moves back for 0.5 seconds
Centers the steering
Moves forward for 2 seconds
Rover does not stop. > 5 points
- 10 points for the rest

AU SQ@ o0 o



Problem 4. 30 points

While there problem statement did not explicitly ask for an algorithm, the
algorithm is included in the solution for the students to understand the format. We
will be grading the algorithms from the next problem set.

The program itself is graded based on:

1. Updated program header, comments 4 points
2. Rover moves north for 5 seconds 2 points
3. Rover turns west
Turn left 3 points
Move forward for 2.5 seconds 3 points
Rover moves west for 5 seconds 2 points

Similarly 8 points each for south and east

Preconditions: Robot is facing north.

Inputs: None

Outputs: None

Postconditions: Rover back to where it started.

Algorithm:
1. Move the rover forward for 5 seconds. using Forward(50)

2. Turn West
a. Turn steering left using Turn(Left)
b. Turn on drive motor power for 2.5 seconds using Forward(25)

3. Move rover forward west for 5 seconds using Forward(50)

4. Turn South
a. Turn steering left using Turn(Left)
b. Turn on drive motor power for 2.5 seconds using Forward(25)

5. Move rover forward south for 5 seconds using Forward(50)

6. Turn East
a. Turn steering left using Turn(Left)
b. Turn on drive motor power for 2.5 seconds using Forward(25)

7. Move rover forward East for 5 seconds using Forward(50)

Code Listing:
GNAT 3.15p (20020523) Copyright 1992-2002 Free Software Foundation, Inc.

Compiling: c:/docume~1/kristina/psets/pset2/basic_mindstorms_demo.adb (source file
time stamp: 2004-09-18 12:45:02)



1. -- A double hyphen indicates the start of a comment. the comments

2. -- ends at the end of the line. Comments are ignored by the Ada

3. -- compiler.

4,

5. with Lego; -- Informs compiler that this program will be making use of
6. -- a package called Lego. This package contains Lego related subprograms
7. -- and types that we need to use

8.

9. use Lego;

10.

11.

12. --| Name of file: demo_basic_rover.adb

13. --| Unified.C&P Lecture #2

14. -|

15. --| Program to demo the basic functionality of the Lego Mindstorms rover
16. --| Original Programmer: Jane B

17. --] Modified by: Joe B

18. --| Date Created: September 01, 2004

19. --| Date Last Modified: September 17, 2004

20. -|

21. --| Comments:

22. --| 1) It is important to note that HOW the rover is wired makes

23. --| a big difference. l.e., even if "Motor A" is connected to RCX output
24. --| "A," the orientation of how the terminals of the wire is connected
25. --| (if it is rotated by 90 degrees) will change the motors rotation
26. --| direction.

27. --| 2) Make sure the robot is calibrated: make sure the switch that
28. --| represents "centered" is triggered and that the steering column
29. --| is actually centered. If, for some reason the steering column is
30. --| centered and the touch sensor isn't triggered, the program will
31. --| attempt to center the robot by operating the turning motor until
32. --| the touch sensor is triggered.

35. procedure Demo_Basic_Rover is -- program heading (start of the program)

>>> warning: file name does not match unit name, should be "demo_basic_rover.adb

36.

37. -- Defines Left as a constant object with value 0, and Right to be 1
38. -- The value of Left/Right cannot be changed by any subsequent
39. -- program statements

40. Left : constant Integer := 0;
41. Right: constant Integer := 1;

>>> warning: constant "Right" is not referenced

42.

43. -- Defines the Drive motor power source to be Output_A

44. Drive : constant Output_Port ;= Output_A;

45. -- Defines the Steering motor power source to be Output B
46. Steer : constant Output_Port := Output_B;

47.

48. -- Defines straight to be a sensor port, corretaled to Sensor_1

49. Straight : constant Sensor_Port := Sensor_1;
50. -- Defines Bumper to be a sensor port, corretaled to Sensor_2



51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.

Bumper : constant Sensor_Port := Sensor_2;

-- Steer_Left: procedure to steer the front wheels of the rover
-- to the left
-- inputs: none
-- outputs: none
-- postconditions: rover's front wheels are turned left
procedure Steer_Leftis
begin
--power the steering motor forward
Output_On_Forward(Output => Steer);
Wait(Hundredths_Of A_Second => 25); -- wait for 0,25 seconds
Output_Off(Output => Steer); -- turn off power to steering motor
end Steer_Left;

-- Steer_Right: procedure to steer the front wheels of the rover

-- to the right

-- inputs: none

-- outputs: none

-- postconditions: rover's front wheels are turned right

procedure Steer_Right is

begin
--power the steering motor backwards
Output_On_Reverse(Output => Steer);
Wait(Hundredths_Of_A_Second => 25); -- wait for 0,25 seconds
Output_Off(Output => Steer); --turn off power to steering motor

end Steer_Right;

-- Steer_Center: procedure to straighten the rover front wheels
-- inputs: none
-- outputs: none
-- postconditions: rover front wheels are aligned straight
procedure Steer_Center is
begin
--change the direction in which steering motor rotates
Set_Output_Direction(
Output => Steer,
Direction => Output_Direction_Toggle);
--turn the steering power on
Output_On(Output => Steer);
--use the straight sensor input to center the drive
while (Get_Sensor_Value(Sensor=>Straight)=0) loop
Wait(Hundredths_Of A Second => 1);
end loop;

Output_Off(Output => Steer); --turn off power to steering motor
end Steer_Center;




107.
108.
109.
110.
111.

-- Go_Forward: procedure to move the rover forward
-- inputs: none

-- outputs: none

-- postconditions: rover moves forward

procedure Go_Forward is

>>> warning: procedure "Go_Forward" is not referenced

112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.

begin
--turn on drive motor power
Output_On(Output => Drive);
end Go_Forward;

-- Forward: procedure to move the rover forward for a given duration
- of time
-- inputs: amount of time (in 10th of a second) the rover
-- moves forward
-- outputs: none
-- postconditions: rover moves forward for the given duration of time
procedure Forward (
Tenths_Of A_Second :in Integer)is
begin
-- provide power to the drive motor
Output_On_Forward(Output => Drive);
-- wait for required duration of time
Wait(Hundredths_Of A_Second => Tenths_Of A_Second * 10);
--turn off the power to the drive motor
Output_Off(Output => Drive);
end Forward;

-- Back: procedure to move the rover backward for a given duration
- of time

-- inputs: amount of time (in 10th of a second) the rover moves back
-- outputs: none

-- postconditions: rover moves back for the given duration of time
procedure Back (

>>> warning: procedure "Back" is not referenced

144,
145.
146.
147.
148.
149.
150.
151.
152.
153.
154,
155.
156.

Tenths_Of A Second:in Integer)is
begin
--provide power to the drive motor in reverse
Output_On_Reverse(Output => Drive);
-- wait for the required time
Wait(Hundredths_Of A_Second => Tenths_Of A_Second * 10);
-- turn off power to the drive motor
Output_Off(Output => Drive);
end Back;

-- Turn: procedure to turn the rover front wheels in a specified



157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211,
212,

- direction
-- inputs: direction in which the rover has to turn
-- outputs: none
-- postconditions: rover front wheels in the required direction
procedure Turn (
Direction : in  Integer) is

begin
if Direction = Left then -- if the direction is to the left
Steer_Center; -- center the front wheels
Steer_Left; -- turn the wheels left

else -- turn right
Steer_Center;
Steer_Right;
end if;
end Turn;

-- Initialize_Rover: procedure to configure the rover
--inputs:  none
-- outputs: none
-- postconditions: the sensors on the rover correlated to input and
- output ports
procedure Initialize_Rover is
begin
--defines the Straight sensor port to accept Touch Sensor input
Config_Sensor(
Sensor => Straight,
Config => Config_Touch);

--defines the Bumper sensor port to accept Touch Sensor input
Config_Sensor(

Sensor => Bumper,

Config => Config_Touch);

--set drive motor power to High
Output_Power(

Output => Drive,

Power => Power_High);

--set steering motor power to Low
Output_Power(

Output => Steer,

Power => Power_Low);

--align the rover to the center
Steer_Center;
end Initialize_Rover;

-- This is the only part of the code that has been changed




213. begin

214,
215.
216.
217.
218.
219.
220.
221.
222.
223.
224,
225.
226.
227.
228.
229.
230.
231.
232.
233.
234,
235.
236.
237.
238.
239.
240.
241.
242,
243,
244,
245,
246.
247,
248.
249,
250.
251.
252,
253.
254,
255.
256.
257.
258.
259,
. end Demo_Basic_Rover;
261.

260

Initialize_Rover; -- initialize the rover

-- assume that the rover is facing north

-- move the rover forward for 50*0.1 seconds
Forward(50);

--north to west involves a left turn

--turn the rover steering to the left

Turn(Left);

--turn the rover drive motor on for 2.5 seconds
--to get a 90 degree turn

Forward(25);

--center the steering

Steer_Center;

-- move the rover forward for 5 seconds
Forward(50);

--west to south involves a left turn

--turn the rover steering to the left

Turn(Left);

--turn the rover drive motor on for 2.5 seconds
--to get a 90 degree turn

Forward(25);

--center the steering

Steer_Center;

-- move the rover forward for 5 seconds
Forward(50);

--south to east involves a left turn

--turn the rover steering to the left

Turn(Left);

--turn the rover drive motor on for 2.5 seconds
--to get a 90 degree turn

Forward(25);

--center the steering

Steer_Center;

-- move the rover forward for 5 seconds
Forward(50);

--east to north involves a left turn

--turn the rover steering to the left

Turn(Left);

--turn the rover drive motor on for 2.5 seconds
Forward(25);

--center the steering

Steer_Center;

261 lines: No errors, 4 warnings



