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Unified Engineering Problem Set
Week 2 Fall, 2006

SOLUTIONS

M2.1 There are multiple design considerations for 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.

(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 long-term 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 as generally 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 loss 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 (including items such as operating
cost), if not the key consideration.

(c) Glider: A glider is also an airplane, but it looks quite different from 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 on “thermals” to soar
higher (Ever watch a hawk or eagle? They do the same thing!). Thus, weight is a
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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 care, 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(s).

(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. It is 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 (or at least shocked). 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
they are not conductive and provide that extra electrical safety.
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