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Lecture 15
In this lecture we summarize and elaborate on  probability and statistics in relation to two design problems discussed in the last lecture. First, we considered a proposed business class cabin design. Then, we considered the design of a desk. These topics are taken from a midterm exam in a currently taught course ART/AERE 486x. Certain less applicable elements of that exam are not included here.   NOTE: These notes were augmented to summarize the in-class discussion of 10/17.
PROBLEM 1
[image: image1]
Figure 1.1 Proposed business class seating arrangement.
Elements of probability & statistics: The proposed design centers on the business class passenger. The focus here is on ‘what works & what doesn’t’. Students made a number of observations, including the following:
(O.1) The passenger is likely to experience awkward moments, in relation to use of the storage bin and the electrical outlet. 

(O.2) A passenger who spends $4,000 for a ticket is likely to be annoyed at being expected to pay per item from the minibar.

The operative word here is likely. How likely? Everyone has an opinion, but in the best interest of the industry and the reputation of the engineers who proposed the design, it is appropriate to conduct a survey of business class travelers. The following very simple survey would have been valuable.

Proposed Survey of Business Class Travelers

Q.1 How often do you fly? <2/yr. (=0) ; 2-5/yr. (=1)  ; >5/yr. (=2)

Q2. How would you feel about having to pay per item? Disgusted (=0) ; annoyed (=0) ; neutral (=2) ; positively (=3)
Define the random variables { Xk }2k=1, which are the acts of asking the above questions to a traveler and recording his/her response. The resulting sample spaces for these two random variables are S1={0,1,2} and S2={0,1,2,3}. Hence, the sample space for the 2-D random variable X= (X1 , X2) is SX={00, 01 02 03 10 11 12 13 20 21 22 23}

PROBLEM 3 (40 pts)
In this problem, you are to apply your understanding of engineering concepts in the areas of statics  in relation to the proposed desk design shown in Figure 3.1 below. 

[image: image12.png]



Figure 3.1 Proposed desk design. [Note: I am no good at Word Shapes, and so if an object (e.g. the two shelves) appear transparent, they are not. I simply didn’t want to take the time to fill them in.]
(a)(10 pts) The total weight of the desk is estimated to be 40#. It is supported by 6 casters. Specify the required load rating of the casters you will use, and explain your reasoning. NOTE: The desk is designed to be used by a human. And the human is not totally weightless!]
A Probabilistic Approach- A wide variety of persons with a wide variety of behaviors may use the desk. It would be too costly to consider the possibility of a person of any weight standing or sitting on the desk top.  On the other hand, this should be recognized. And so, one approach might be to collect national weight statistics. Suppose that it turns out that the average weight of a person over the age of 16 is 170#, and that the standard deviation is 30#. We could design the desk for the 2-sigma (=60#) upper limit of $230#. If weight has a normal distribution, then the probability above the z-value +2 in Table B.5 is 1-0.9973 = 0.0027. Hence, all things considered equal, this would be the probability that a person of more than 230# would sit on the desk. With a 230# person on the desk, the total weight would be 270#. Since there are 6 casters, assuming they each carry the same load, then we should use casters with a load rating of 45#. The closest of-the-shelf caster that is at least this rating is a 50# caster. 
(c)(10 pts) A detailed sketch of the left side view of the pullout tray is shown below. The tray is shown in its fully extended position. The width of the tray is 24”.
     F
desk top
                        16”

         Slide 
2”
L
track
Prior to building the desk, or even ordering (or constructing) the track/slide system, you decide to order a 24” slide of the type you are considering using. Provide a sketch of how you would use 2 c-clamps, some weights, and a tape measure to experimentally estimate the force/deflection property (i.e. stiffness) of the slide for a force, F, applied as shown in the above figure. 

I would clamp the slide as shown, noting that the important point is that the left clamp be 18” from the end. The right clamp position isn’t as important. I would then hook a weight onto the end of the slide and measure the resulting deflection. Repeating this for a variety of weights and corresponding deflections would permit me to plot those points as a ‘scatter plot’. That plot would allow me to ascertain whether this relationship is reasonably linear. If it is, then I might use least squares to estimate the slope. However, it should be constrained, so that the line passes through the origin.
In-Class Problem 15.1 Use the concept of random variables to arrive at the equations for the estimators of the LS parameters. 

(a) Begin with the generic 2-D random variable (W,D), where W=”The act of choosing one of n weights at random and recording the value of is using a scale with resolution of 0.1#”, and D=”The act of placing that weight on the end of the slide and recording the slide deflection to the nearest 1/16”.
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(b) Recognize that you will repeat the composite action described in (a) a total of n times, giving 
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(c) Note that when you construct the scatter plot corresponding to 
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, the model should be 
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 QUESTION: Why is there no constant term in this model? Ans. Because 0 weight must give 0 displacement.
(d) The LS estimator of k is 
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are the sample covariance and variance of D, and where 
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are the sample means.
(d)(10 pts)Find the value of the minimum distance, L, between rollers, such that for a 10# total load at the outer edge of the tray, the upward force of the back roller on the desk top is no more that 20#. [Hint: Compute the moments about the front roller, and assume a static situation.]
The free body diagram of the tray guide is shown below


[image: image10]
Summing moments about the noted line, we have 5(18) = 20 L, or, L = 4.5”. In class, we discussed the fact that to maximize the tray extendibility (relating it to, e.g. a robot arm), we would want the right roller as close to the left roller as possible. It was pointed out that this could result in both top damage and tipping over. 
A probabilitistic approach would be come up with a probability model for the amount the tray will be extended. This approach would follow the same lines as the last problem. This approach would be much more valuable for a robot arm than for a desk tray, since the latter will very often be pulled out entirely.
PROBLEM 4 (35 pts)(engineering students) Even though the desk is on casters, if it is pushed in a direction that does not align with the direction of the caster, the caster will not roll. It might slide, if the total force is large enough. You should assume that the caster and its post are rigid, and remain vertical.
(a)(10 pts) Assuming that the desk is on a smooth floor, and that each caster has a static (sliding) coefficient of friction, μs=0.1, compute the largest value of FTotal such that the desk will not slide. [NOTE: For simplicity, assume that the 6 casters share the desk weight equally.] 
Unlike the caster design, here, we will assume that the total desk weight is 48# (i.e. the desk plus 8# of objects). Then the normal load on each caster is 8#. Hence, the friction force to be overcome will be 0.8# per caster. Hence, the total weight to begin motion will be 4.8#
(b)(5 pts) Identify the region in the figure that will experience the greatest stress. Label this region: (b)
(c)(10 pts) Estimate the total force needed to get the desk to roll, assuming all 6 casters are aligned with the direction of the force. Note: You will need to obtain a reasonable estimate of the rolling coefficient of friction for a hard rubber 2”Diameter caster. You might want to perform a Google search for this purpose (e.g. http://en.wikipedia.org/wiki/Rolling_resistance ) [NOTE: Again, for simplicity, assume that the 6 casters share the desk weight equally.] 
From the table given at the above website, we will estimate the rolling friction coefficient to a hard rubber caster on a smooth floor to be 0.001. Hence, the total force needed to move the desk will be ~0.48#
(d)(10 pts) Repeat (c) assuming that only 4 of the 6 casters are properly aligned.

                                        FTotal
       ¾” plywood
                                                     36”
2”dia. hard rubber caster

6”
                          Point O
Here is where we brought probability into play in the class discussion. If 4 of the 6 casters are aligned and 2 are perpendicular, then the total force needed to move the desk will be 2(0.8) + 4(0.09) = 1.96#. Relating this to the more important problem of the force needed to move a robot on Mars, we said: Let X denote the act of noting how many casters are misaligned. The SX = {0, 1, …, 7}. Knowing nothing at all about how the robot attends to misalignment, we assumed that X had a uniform pdf on this sample space. Then there is a 1/7 lump of probability at each of the 7 numbers in the sample space.  This discussion went further. We will stopped here in the last lecture.  □
We now proceed to discuss a survey problem that was NOT discussed in the last lecture.

PROBLEM 5 (25 pts) Advances in communications technology allow the possibility of including in-flight internet access. A telephone survey to determine how desirable this access might be was conducted. Each of the survey participants was asked the following questions:
X1: How often do you fly? [ < 1/yr.(0) ; 2-3/yr (1) ; >3/yr (2) ]
X2: Do you typically fly, principally, for pleasure or business? [ pleasure (0)   ;   business (1) ]

Y:  During any given flight, would you prefer to have internet access? [ No (0)  ;  Yes (1) ]

The table below includes the collection of responses from 100 participants.

Table of Survey Results:        Top row is (x1, x2, y) . Bottom row is number of associated responses.
	(0,0,0)
	(0,0,1)
	(0,1,0)
	(0,1,1)
	(1,0,0)
	(1,0,1)
	(1,1,0)
	(1,1,1)
	(2,0,0)
	(2,0,1)
	(2,1,0)
	(2,1,1)

	4
	8
	6
	7
	10
	14
	18
	9
	4
	11
	2
	7


(a)(10 pts) From the table estimate the following 2 probabilities: [Show how you get your answers.]
PX2 = Pr[X2=1] = Pr{a person flies for business purposes}:  
PY = Pr[Y = 1] = Pr{a person prefers internet access}:  
(b)(5 pts) From the table, estimate the probability that a person who flies for business purposes would prefer internet access.  
(c)(5 pts) From the table, estimate the probability that a frequent flyer (i.e. >3/yr) would prefer internet access.  
(d)(5 pts) From the table, the probability that a person who flies for pleasure would prefer internet access is estimated as 33/51 = 0.65. Certain marketing executives feel that even though this number is large, the limited number of pertinent participants is such that it cannot be trusted. They claim that other surveys have shown that half of pleasure traveler do not prefer to have internet access.  To investigate this skepticism, you ran 1000 simulations of a survey of 51 pleasure travelers, with a true probability that any pleasure traveler prefers internet access equal to 0.5. The resulting 1000 estimates of this true probability were used to construct the histogram below.
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Figure 5.1 Histogram of 1000 estimates (ph) of a true p = 0.5 = Pr{ a pleasure traveler prefers internet access}.

This histogram allows you to estimate the probability of getting the value 0.65 or greater, if, in fact, the executives are correct (i.e. the true p = 0.5). Estimate this probability.  
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