Study Guide Questions
Materials - Introduction 
List common properties that are important in selecting materials and the reasons you think these properties are 
important.
How does atomic bonding affect properties?
Describe five applications that owe their development to new materials.

List five applications where a traditional material has been replaced by a newer material or process. Provide the reason(s) you believe the material was replaced.

Provide a complete specification for a bookcase, particularly materials, hardware, manufacturing processes, 
coatings and finishes, and other such details.
Describe in your own words the differences between quality and value.


Ferrous Metals 
List five applications that you encounter every day that use ferrous metals and the reason(s) why these metals 
were chosen for each application. Can you think of a better material for the application?

Select a common product made from cast iron, steel, or stainless steel and produce a flowchart that illustrates how that product was produced from raw material to finished goods.

Referring to the Iron-Carbon Phase Diagram, why do you think it is shaped the way it is?  What factors influence the distinctive points on the diagram? 

How do you think alloying affects the Phase Diagram for ferrous metals?

Again referring to the Phase Diagram, analyze the grain structure of the major formations. What influences do grain structure make on the properties of ferrous metals?

Why is the Time-Temperature Transformation Curve shaped the way it appears?  What influences the shape of 
these curves?
Why is time important in the transformation of steels both in hardening and softening procedures?


Nonferrous Metals 
What factors influence the selection of nonferrous metals?
In general, what advantages do nonferrous metals offer over other metals?
Select a product made from a nonferrous metal and flowchart how that product was produced from raw material 
to finished goods.
Explain the solution hardening of nonferrous metals. How does solution hardening influence the properties of the metal? 

What other methods of heat treatment are available for nonferrous metals? Can you think of different methods of influencing nonferrous metal properties? 

Glass and Ceramics 
Is glass a liquid or a solid? Support your answer.

Can glass be alloyed? Why or why not?

List five applications of glass and provide the type most likely selected for each application.

What other materials are used as substitutes for glass?

How and why is glass tempered?

List five structural/industrial applications for ceramics.  Why were these ceramics chosen for each of these applications?
What unique properties do ceramics have?
Select a product made from ceramics. Flowchart the process used to produce the finished product from raw materials.
What other materials can be substituted for ceramics?
Cement, Concrete, and Asphalt 
List five applications of concrete that you encounter in everyday life.
What other materials may be substituted for concrete in these applications?
You are pouring a concrete pad for a 24' x 32' garage at a 4" depth. Determine the amount of concrete needed 
and fully specify the concrete batch to be delivered.

List an application for each type of Portland cement and the factors that go into your selection.

What factors do you think go into the selection of aggregates for concrete? How do you think these selection criteria influence the properties of the concrete product?
Why is concrete so prevalent as an engineering material?
What advantages and disadvantages do asphalt and its products present?  How do these influence its selection as an engineering material?
Asphalt is commonly used as roofing and paving material. What substitutes can you recommend for these 
applications?

Plastics 
List five common applications of plastic products.

What factors influenced the selection of the polymers used in these applications?

Take five common plastic products and describe the processes used to make these products.

The substitution of plastics for metals in traditional applications continues to grow.  Name five recent applications where plastics have replaced metals.
What properties do plastics exhibit that are advantages and disadvantages to metals?
Do polymers have a crystalline structure? If so, how does this type of structure influence the plastics properties? What applications are there for crystalline polymers?

Why are tires made of "rubber"? Are there substitutes that could be used? Why or why not?

Wood and Composites 
List five common applications of composite materials. 

Of these applications, how many are "new" applications and how many have used composites as a substitute for another material? What material was replaced in these applications? 

What factors influence the decision to select a composite for an application? 

Why is wood and lumber so widely used in the construction industry? 

Are their substitutes for wood in construction? List these and provide advantages and disadvantages for each. 

Adhesives and Coatings 
Look around you and describe five applications each for adhesives and coatings.

Write a specification for plywood adhesive. Be as specific as possible.

Describe the difference between adhesion and cohesion.

Describe, in your own words, the purposes of paints and applied coatings.

Referring to your list of purposes, write a specification for the coating you described.

List five applications for inorganic coatings, such as platings, enamelings, oxides, and other such coatings.

Fuels and Lubricants 
Describe three applications for each of the following: 1) solid fuels, 2) liquid fuels, and 3) gaseous fuels. 

You are interested in locating fuel reserves for your investors. Describe the process by which you would locate 1) coal, 2) oil, and 3) natural gas reserves in the United States. 

Describe three applications for each of the following: 1) oils, 2) greases, and 3) solid lubricants.
In each of these applications, describe the factors that influenced the selection of that particular lubricant, in 
terms of service conditions, viscosity, environment, and such factors.
Why do some fuels have higher heat values than others? What makes a better fuel?

Testing - Introduction 
Take a common product or process that is measured (fuel, food product, time, speed, distance, etc.) and describe how the terms accuracy, reliability, and precision relate to their manufacture or performance. 

Measure the length and width of a room using three different methods: 1) placing one foot in front of the other and stepping it off, 2) using a one-foot ruler, and 3) a tape measure. In terms of accuracy, reliability, and precision, describe how these factors were important to your measurements. How could you better plan and execute a measuring plan to reduce the errors in your measurements? 

Products are generally tested according to a sampling plan: 1 out of 10, 5%, first three out of each new batch, and so forth. What questions or concerns would you have regarding the sampling plan involving: medical supplies and equipment, public transportation (aircraft, bus, subway, etc.), and other critical areas? 

Write a sampling plan for a child safety seat. Defend you plan and describe the probability of an error passing through to the customer. What steps could be taken to prevent this from happening? 

Often, physical and chemical properties are given numerical values for analysis. List five features, attributes, or characteristics that are important in material selection, but are not quantifiable or best not quantified. 

Describe five applications where elasticity is a major factor.  

Describe five applications where plasticity is a major concern. 

Tensile Testing 
Provide five applications each where an object is under: 1) tensile stress, 2) compressive stress, 3) direct shear 

stress, 4) torsional stress, and 5) flexural stress.

Describe three applications where tensile strength is the primary factor in material selection. What material would you select for that application and why?

What design considerations are important to applications involving tensile loading?

Describe the shape of a tensile stress-strain curve for: 1) a ductile material and 2) a brittle material.

Develop and describe your own tensile test procedure for testing shoelaces. 

Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results.

Creep Testing 
Describe three applications where creep is the primary factor in material selection. What material would you select for that application and why? 

What design considerations are important to applications involving creep? 

Describe the expected creep rates for various materials. Which would you expect has the lowest creep rate? The highest? 

Develop and describe your own creep test procedure for testing glass. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results. 

Compression Testing 
Describe three applications where compressive strength is the primary factor in the application. What material would you select for that application and why?

What design considerations are important to applications involving compression loading?

Describe the shape of a compressive stress-strain curve for: 1) a ductile material and 2) a brittle material.

Compare the similarities and differences between tensile and compressive testing.

Develop and describe your own compression test procedure for a tennis ball. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results.

Shear Testing 
Describe three applications each where direct and torsional shear strength is the primary factor in the application. What materials would you select for these applications and why?

What design considerations are important in applications involving shear testing?

What efforts can be made to increase shear strength using the same material in an application?

Develop and describe your own direct shear test procedure for testing paper and cardboard. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results.

Bend or Flexure Testing 
Describe three applications where flexure strength is the primary factor in the application. What material would you select for that application and why?

What design considerations are important in applications involving flexure loading?

Describe the shape of a flexural stress-strain curve for: 1) a ductile material and 2) a brittle material.

Develop and describe your own flexure test procedure for testing bookshelves. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results.

Hardness Testing 
Describe three applications where hardness is the primary factor in material selection. What material would you select for that application and why? 

What design considerations are important in applications relying on material hardness? 

Develop and describe your own hardness test procedure for testing coins. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results. 

Impact Testing 
Describe three applications where impact strength is the primary factor in material selection. What material would you select for that application and why? 

What design considerations are important in applications involving shock loading or impact strength? 

Develop and describe your own impact test procedure for testing eyeglasses. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results. 

Fatigue Testing 
Describe three applications where fatigue strength is the primary factor in material selection.  What material would you select for that application and why? 

Describe the shape of the fatigue curve for: 1) a ductile material and 2) a brittle material. What would be your expectations in curve shapes for: a) plastics, b) ceramics, c) wood, and d) composites. 

Develop and describe your own fatigue test procedure for testing metal wire. Describe the test setup, grippers, extensometer, loading concerns, data collection, and expected results. 

Nondestructive Testing 
List five applications where nondestructive testing is preferred or required. 

Describe a testing application requiring each of the following: 1) X-rays, 2) acoustic waves, 3) magnetism, 4) liquid penetrant, and 5) visual inspection. 

Develop and describe your own nondestructive test procedure for testing soda pop. The test should evaluate the fluid level, the pressure inside the can, and presence of foreign objects. Describe the test setup, grippers, equipment used, data collection, and expected results. 

