











Requirements

1. Select a manufactured item in your home (such as a toy
or an appliance) and, under adult supervision and with the
approval of your counselor, investigate how and why it
works as it does. Find out what sort of engineering activities
were needed to create it. Discuss with your counselor what
you learned and how you got the information.

2. Select an engineering achievement that has had a major
impact on society. Using resources such as the internet
(with your parent’s permission), books, and magazines,
find out about the engineers who made this engineering
feat possible, the special obstacles they had to overcome,
and how this achievement has influenced the world today.
Tell your counselor what you learned.

3. Explain the work of six types of engineers. Pick two of the
six and explain how their work is related.

4. Visit with an engineer (who may be your counselor or
parent) and do the following:

a. Discuss the work this engineer does and the tools the
engineer uses.

b. Discuss with the engineer a current project and the
engineer’s particular role in it.

c. Find out how the engineer’s work is done and how
results are achieved.

d. Ask to see the reports that the engineer writes concerning
the project.

e. Discuss with your counselor what you learned about
engineering from this visit.
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BASIC ENGINEERING CONCEPTS

Basic Engineering
Concepts

Understanding engineering takes some knowledge about the
importance of measurements and a grasp of other basic con-
cepts including velocity, acceleration, force (in action), power,
and energy.

Measurements

An engineer must understand four basic
types of measurements or quantities:
length, time, mass, and force. All physical
measurements can be related to these
quantities or to a computation using
them (called derived measurements).

Two common systems that measure
these basic quantities are the English
system and the metric system. In both
systems, human beings, rather than nature,
have determined the size of the basic units,
such as the foot (English system) or the meter
(metric system).

1
1 2 3

cm

One inch on an English-system ruler
equals approximately 2.5 centimeters
or 25 millimeters on a metric ruler.

2 3 4 5 6 17 8 9 10

Metric scale

cm 1
This scale is 10 centimeters long. it will take 10 of these scales to equal 1 meter. The
marks between the numbers are millimeters. Ten millimeters equal 1 centimeter.
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This chart lists the units each system uses for each quan-
tity. Research these systems of measurement on your own to
learn more about them and other measurement systems. The
units in boldface print are “basic” units that refer to a standard.
The other units are derived from the basic units.

SYSTEM
Measurement | English Metric
Length foot (ft) meter (m)
Time second (s) second (s)
Mass Slug (Ibf x s/ft) kilogram (kg)
Force pound force (Ibf) | Newton (kg x m/s?)

Basic units

In the English system, the basic units (boldface) are length,
time, and force. Mass is derived from them. In the metric sys-
tem, the basic units are length, time, and mass, with force
being the derived unit.

In your daily life, you already use some of these quantities
and the systems used to measure them.

Length is a measurement of distance. We can describe
objects with three dimensions: width, height, and depth.

Time is simply a measurement of how long something
takes to happen.

Mass is a measurement of the resistance of an object to a
change in motion. In one sense, it is a measurement of how
much “stuff” something consists of. Whether you are on Earth,
floating in space, or standing on the moon, your mass is the
same. While you are “weightless” in space, you still have your
body and you are definitely not “massless.”

Force is an action that can cause a mass to change its
motion. A mass (such as a car) will not change its velocity or
direction of motion (whether at rest or moving) unless a force
is acting on it. Forces will be discussed in more detail later.
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LET'S DO ENGINEERING

Let’s take some measurements to tie the concepts together.
Hang a rubber band from a hook or paper clip. Hang a paper
cup from the rubber band using another paper clip and string.
Measure the length of the rubber band. Add weights to the cup
in even amounts (for example, marbles, fishing weights, or pen-
nies). As you add each weight, measure the new length of the
rubber band. Take at least four measurements and plot them on
a graph. That will be the stress/strain curve. What factors, such
as the thickness of the rubber band, might skew your results?

Breaks

STRENGTH

S stiffness is described by the
steepness of the curve.

Strain (change in length)

Stress
(number of weights)

The stiffness determines how steep the curve is. For a
rubber band, the slope of the curve will change. If you were to
use steel or aluminum in the same experiment, the curve would
be very steep and straight until it reached the yield strength.
The slope of the curve describes the stiffness of the material.

If the curve is shallow, the material is flexible (rubber band).
If the slope is steep, it is stiff. For brittle materials such as glass,
the stiffness is the same for the entire curve. For materials such
as steel and aluminum, the curve is straight until the material
permanently bends.

ULTIMATE ~_| Steel

STRENGTH

YIELD 4
STRENGTH

Bends and won't go back to original length
Aluminum

(Rigid materials have steep curves.)

(Flexible materials
have shallow curves.)

Stress

Wood Rubber

Strain
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LET'S DO ENGINEERING

Remember that
another way to
meet the
requirement is to
become a member
of an engineering-
project team.
Project teams
enter local
competitions,

and often the
winners can

go to national

competitions.
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As you consider the different types of subjects and projects
that interest you, begin to research and assemble information in
your area of interest. Your research tools should include the
World Wide Web, libraries, and related industries.

Ask your science teacher and merit badge counselor for
guidance. Planning, developing, organizing, and building your
entry into a project that will meet the particular requirements
of a fair or competition can be complicated. Some competitions
may require both a scientific investigation and a demonstration
concerning the subject you have chosen (such as designing the
most structurally sound miniature-bridge design using specified
materials, and then building the miniature bridge).

The Joy of Engineering

For any given engineering problem, there are many solutions.
It would be great if we could always find the “best” solution.

Engineers, however, must work within limitations imposed on
them by available materials, supplies, money, and tools. They
must be sensitive to environmental concerns, politics, and the

culture of their company and the community. There is tremen-
dous satisfaction in solving a problem when faced with such

challenging constraints.

Learning From Our Mistakes

It has been said that engineering advances one failure at a time.
With every failure comes the chance to learn how te improve
design and technique. The engineer seeks the proper balance

of quality of construction and acceptable cost, while not com-
promising function or safety. A constant danger is becoming
overconfident, believing that failure can’t happen. Here are
some examples of famous engineering mistakes that also led

to engineering improvements.

The Titanic. The RMS Titanic was the largest passenger ship in
the world when it sank on its maiden voyage from England to
the United States in 1912. Shipbuilders had dubbed the ship
“unsinkable.” The ship was built with 16 compartments and
could stay afloat even if up to four of them were flooded.

A fatal design flaw, however, was that the compartments were
not sealed at the top. When the ship brushed a giant iceberg,
water rushed into forward compartments, spilling over the top
of the bulkheads into adjacent compartments, sinking the ship
and costing 1,523 people their lives.
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Tacoma Narrows Bridge.
This two-lane, mile-long
bridge over Washington
state’s Puget Sound col-
lapsed four months after it
opened in 1940. The cause?
A 42 mph wind that caused
the bridge deck to buckle
and twist and finally break
apart and fall into the water.
During design of the bridge,
to reduce costs, engineers
had decided to stiffen the
roadway with 8-foot girders
instead of the original plan
to use 25-foot supports. The
bridge’s collapse, which
caused no loss of life, has been used as a lesson in civil and
structural engineering classes ever since.

Tacoma Narrows Bridge collapse

Space Shuttle Challenger. The space shuttle Challenger
broke apart 73 seconds after launch on January 28, 1986,
killing all seven crew members onboard. The cause of the
disaster was the failure of a seal, or O-shaped ring, at the
joint of two parts of a solid rocket booster. Because of cold
temperatures at launch, the ring was stiff rather than flexible,
allowing hot gases and flames to blow out of the seal, destroy-
ing the shuttle’s external fuel tank and causing the breakup of
the spacecraft.

Hubble Space Telescope. The Hubble Space Telescope (HST)
was launched into Earth’s orbit in 1990. Situated far above
Earth’s soupy atmosphere, the HST was expected to deliver
much clearer images than any telescope located on the ground.
But as soon as astronomers looked at the first Hubble images,
they knew something was drastically wrong. The pictures of
deep space were blurry. The problem: The huge main mirror
that the HST used to gather light from deep space had been
ground to the wrong measurements. The result was blurry pic-
tures. To correct the problem, NASA sent a repair team into
orbit to fit the HST with corrective lenses that worked like
eyeglasses to sharpen the focus. Since then, the Hubble has
returned thousands of images of deep space that were never
before possible.
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ENGINEERING AS A CAREER

Other Things to Ask Yourself

You have read that engineers create new things to meet needs
and solve problems. Do you enjoy doing the kinds of things
engineers do? Ask yourself these questions.

® Do I try to figure out how things like toys, appliances, and
machines at home work? Do I take them apart (with my
parent’s permission!) to see how they work? Can I put them
back together without help?

* Do I like to try to fix household items that break, even
though I may need help?

¢ Do I build or make things like roads and castles at the beach?

® Do I build things from model kits, sometimes customizing
them by modifying the basic model and adding extra details?

* Do I use computer programs to solve special problems that
interest me, or to create simple games?

Engineers use the principles of mathematics and science to do
their work. Ask yourself:

¢ Do I do well in math in school? Do I enjoy it?

* Do I like science in school, especially the experiments?
* Do I do optional extra assignments the teachers give?
¢ Do I seek ways to use the ideas I learn in science?

* Have I ever entered a school science fair?

If you answered “yes” to some of these questions,
then you may want to consider engineering as a career.

Are You Creative?

Creativity is the ability to bring new ideas or objects into being.
It involves playing with imagination and possibilities, and
seeing possible connections. Creativity is an ability that is

vital to engineers, whether they design products, figure out
how to analyze complicated parts, develop tests that determine
how well things work, research new kinds of plastics, or

figure out how to keep classes interesting for students. So if
you like to question, explore, invent, discover, create, and

help people solve problems and find new ways of doing things,
then engineering may be for you.

ENGINEERING 89



















ENGINEERING RESOURCES

American Institute of
Chemical Engineers

120 Wall St., 23rd floor

New York, NY 10005-4020
Toll-free telephone: 800-242-4363
Website: http://www.aiche.org

American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, VA 20191-4400

Toll-free telephone: 800-548-2723
Website: http://www.asce.org

ASME International (American
Society of Mechanical Engineers)
2 Park Ave.

New York, NY 10016-5990

Toll-free telephone: 800-843-2763
Website: http://www.asme.org

Institute of Electrical and
Electronics Engineers

3 Park Ave., 17th Floor

New York, NY 10016-5997
Telephone: 212-419-7900
Website: http://www.ieee.org

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, CA 91109

Telephone: 818-354-4321

Website: http://www.jpl.nasa.gov

Kennedy Space Center

Toll-free Telephone: 866-737-5235
Website:
https://www.kennedyspacecenter.com

National Action Council for
Minorities in Engineering

440 Hamilton Ave., Suite 302
White Plains, NY 10601-1813
Telephone: 914-539-4010
Website: http://www.nacme.org

National Aeronautics and
Space Administration

NASA Headquarters
Washington, DC 20546-0001
Telephone: 202-358-0001
Website: http://www.nasa.gov

National Society of Black Engineers
205 Daingerfield Road

Alexandria, VA 22314

Telephone: 703-549-2207

Website: http://www.nsbe.org

National Society of Professional
Engineers

1420 King St.

Alexandria, VA 22314-2794
Toll-free Telephone: 888-285-6773
Website: http://www.nspe.org

Smithsonian National Air and
Space Museum

Sixth and Independence Avenue, SW
Washington, DC 20560

Telephone: 202-633-2214

Website: http://www.nasm.si.edu

Society of Hispanic
Professional Engineers
Telephone: 323-725-3970
Website: http://www.shpe.org

Society of Manufacturing Engineers
1 SME Drive

P.O. Box 930

Dearborn, MI 48128

Toll-free telephone: 800-733-4763
Website: http://sme.org

Society of Petroleum Engineers
Toll-free telephone: 800-456-6863
Website: http://www.spe.org

Technology Student Association
Toll-free telephone: 888-860-9010
Website: http://www.tsaweb.org
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MERIT BADGE LIBRARY

Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea
Scouts in meeting merit badge requirements, these pamphlets are of general interest
and are made available by many schools and public libraries. The latest revision
date of each pamphlet might not correspond with the copyright date shown below,
because this list is corrected only once a year, in January. Any number of merit badge
pamphlets may be revised throughout the year; others are simply reprinted until a
revision becomes necessary.

If a Scout has already started working on a merit badge when a new edition for that
pamphlet is introduced, they may continue to use the same merit badge pamphlet to
earn the badge and fulfill the requirements therein. In other words, the Scout need not
start over again with the new pamphlet and possibly revised requirements.

Merit Badge Pamphlet  Year | Merit Badge Pamphlet Year | Merit Badge Pamphlet Year
American Business 2013 | Family Life 2016 | Plant Science 2018
American Cultures 2013 | Farm Mechanics 2017 | Plumbing 2012
American Heritage 2013 | Fingerprinting 2014 | Pottery 2008
American Labor 2018 | Fire Safety 2016 | Programming 2013
Animal Science 2014 | First Aid 2015 | Public Health 2017
Animation 2015 | Fish and Wildlife Public Speaking 2013
Archaeology 2017 Management 2014 | Pulp and Paper 2013
Archery 2015 | Fishing 2013 | Radio 2017
Architecture and Fly-Fishing 2014 | Railroading 2015

Landscape Architecture 2014 | Forestry 2015 | Reading 2013
Art 2013 | Game Design 2013 | Reptile and
Astronomy 2016 | Gardening 2013 Amphibian Study 2018
Athletics 2016 | Genealogy 2013 | Rifle Shooting 2012
Automotive Maintenance 2017 | Geocaching 2016 | Robotics 2016
Aviation 2014 | Geology 2016 | Rowing 2014
Backpacking 2016 | Golf 2012 | Safety 2016
Basketry 2017 | Graphic Arts 2013 | Salesmanship 2013
Bird Study 2017 | Hiking 2016 | Scholarship 2014
Bugling (see Music) Home Repairs 2012 | Scouting Heritage 2017
Camping 2018 | Horsemanship 2013 | Scuba Diving 2009
Canoeing 2014 | Indian Lore 2008 | Sculpture 2014
Chemistry 2018 | Insect Study 2018 | Search and Rescue 2018
Chess 2016 | Inventing 2016 | Shotgun Shooting 2018
Citizenship in the Journalism 2017 | Signs, Signals, and Codes 2015

Community 2015 | Kayaking 2016 | Skating 2015
Citizenship in the Nation 2014 | Landscape Architecture Small-Boat Sailing 2016
Citizenship in the World 2015 (see Architecture) Snow Sports 2017
Climbing 2011 | Law 2011 | Soil and Water
Coin Collecting 2017 | Leatherwork 2017 Conservation 2016
Collections 2013 | Lifesaving 2017 | Space Exploration 2016
Communication 2013 | Mammal Study 2014 | Sports 2012
Composite Materials 2012 | Medicine 2012 | Stamp Collecting 2013
Cooking 2014 | Metalwork 2012 | Surveying 2004
Crime Prevention 2012 | Mining in Society 2014 | Sustainability 2013
Cycling 2017 | Model Design and Building 2010 | Swimming 2014
Dentistry 2016 | Motorboating 2015 | Textile 2014
Digital Technology 2014 | Moviemaking 2013 | Theater 2014
Disabilities Awareness 2016 | Music and Bugling 2013 | Traffic Safety 2016
Dog Care 2016 | Nature 2014 | Truck Transportation 2013
Drafting 2013 | Nuclear Science 2017 | Veterinary Medicine 2015
Electricity 2013 | Oceanography 2012 | Water Sports 2015
Electronics 2014 | Orienteering 2016 | Weather 2013
Emergency Preparedness 2015 | Painting 2016 | Welding 2016
Energy 2014 | Personal Fitness 2016 | Whitewater 2005
Engineering 2016 | Personal Management 2015 | Wilderness Survival 2012
Entrepreneurship 2013 | Pets 2013 | Wood Carving 2016
Environmental Science 2015 | Photography 2016 | Woodwork 2011
Exploration 2016 | Pioneering 2017
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