








 Why are materials important?

 Material selection criteria

 Metals

 Plastics / Polymers

 Ceramics

 Composites





 Application specific
 May require multiple materials
 Coatings on steel
 Insulation

 May require compromise
 Common things to consider:
 Price
 Weight
 Strength
 Durability
 Corrosion
 Heat
 Electrical
 Chemical
 Other?



 If you can’t afford it, you can’t build it

 Materials have the single greatest impact on product price



 Density

 “Strength to weight ratio”

 Hollow objects



 Rigidity

 “Strength to weight ratio”

 Tensile strength

 Compressive strength



 Distinct from strength

 Galling

 Repeated use

 “Resilience”



 More on this in the metals section



 Thermal insulators

 Thermal conductors

 Thermal expansion / dimensional change

 Melting point
 Flow temperature in thermoplastics

 Specific Heat Capacity



 How easy is it to make stuff out of?
 Machinable
 Weldable
 Formable
 Moldable



 Electrically conductive

 Electrically insulating

 Magnetic properties

 Static discharge potential



 Solubility

 Chemical resistances



 Safety

 Biocompatibility

 Optical properties

 Aesthetics

 Flammability

 Hydrophobicity

 Other other stuff



 Safety

 Biocompatibility

 Optical properties

 Aesthetics

 Flammability

 Hydrophobicity

 Other other stuff
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 What is metal?
 Properties
 Electrically 

conductive
 Thermally 

conductive
 Ductile
 Malleable
 Sectile
 Alloyable

 Fabrication
 Covered next 

week



 Metal crystals appear as “grains”

 Grains have a significant impact on 
material properties
 Large grains reduce “creep”
 Smaller grains increase “yield 

strength”

 Grain size can be controlled by 
processing
 Work hardening
 Annealing
 Quenching



 Most metals oxidize
 Noble metals don’t
 Everything else does

 Rust
 Iron(III) oxide
 Ferrous metals

 Self-limiting oxides
 Aluminum
 Titanium
 Chromium*
 Nickel*



 Galvanic Corrosion
 Dissimilar electric potentials
 In electrical contact
 In a water-based (aqueous) solution

 Stainless and brass joined in 
seawater



 Hydrogen infiltrates the crystal lattice

 Typically from H2O-based 
electrochemistry

 Not typically too worrisome for most 
projects (unless you’re building a bridge)



VS



 “Iron Age”

 Cast iron

 Wrought iron

 Vibration 
absorbing



 Iron and carbon
 Higher carbon (0.6%-1.5%) is usually stronger steel
 Lower carbon is usually easier to machine/weld
 SAE 1xxx steels (i.e. 1018)

 Huge variety of steels
 Alloy Steel
 Tool Steel

 Rusts unless coated!
 Galvanized
 Painted
 Powder coated

 ISO 4949
 SAE J1086



 Iron, carbon, chromium, nickel
 Martensitic vs. Austenitic
 Can be non-magnetic

 Huge variety of stainless
 304 (aka 18-8, 18% chromium + 8% nickel)
 316 (food safe and high corrosion resistance)
 416 

 Difficult to machine
 Work hardening

 Difficult to weld
 ISO 4949
 SAE J1086



 Everything that’s 
not iron-based

 In depth look at:
 Aluminum
 Copper alloys
 Titanium
 Others



 Aluminum is great
 Easy to machine
 Harder to weld
 Very high thermal conductivity
 Very high electrical conductivity
 Comes in extrusions
 Self-limiting oxide

 Grades
 Different from steel
 6061

 Common use
 Easy to machine
 Good all-around

 7075
 High strength
 “Aircraft aluminum”



 Copper is a pain in the butt
 Oxidizes (“patina”)
 Difficult to machine
 Difficult to weld
 Soft, easy to form
 Very high thermal conductivity
 Very high electrical conductivity

 Brass
 Extremely easy to machine and form
 Harder than copper
 Acoustically excellent
 Corrosion resistant
 Contains zinc

 Bronze
 Great for bearings
 “Self-lubricating”
 Contains tin



 Titanium is pretty cool
 More expensive than steel or aluminum
 High strength : weight
 Difficult to machine
 Difficult to weld
 Very inert naturally forming oxide
 Biocompatible
 Lower thermal and electrical conductivity

 Alloys
 Aluminum
 Vanadium



 Gold
 Pretty, my precious
 Very soft
 Very high conductivities

 Magnesium
 Extremely light
 Flammable

 Tungsten
 Extremely high melting point
 Extremely difficult to 

machine/form
 Tungsten carbide

 Lead
 Very low melting point
 Easy to form
 Cheap
 High density
 Toxic

 Superalloys
 Inconel
 Nitinol
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 Named for their ability to be formed

 Polymers vs. Plastics
 I’m using them interchangeably

 Elastomers

 Thermosets

 Thermoplastics



 Cheap
 PE
 Acetal
 PP
 Nylon
 PC
 Acrylic
 Others

 Expensive
 Teflon
 PEEK
 Epoxies

 Elastomers
 Silicone
 Nitrile
 Others



 Typically thermoplastic

 Extremely chemically simple

 Extremely common

 Very, very cheap

 Chemical, corrosion resistant

 High impact strength

 Low hardness / rigidity



 Thermoplastic

 Chemically simple

 Cheap

 Good rigidity for a plastic

 Very machinable

 Excellent dimensional stability

 Low friction



 Thermoplastic

 Chemically simple

 Extremely common

 Very cheap

 Chemical, corrosion resistant

 Moldable

 Fatigue resistant

 Flexible



 Thermoplastic

 Common

 Cheap

 Used in composites

 High tensile strength



 Thermoplastic

 Optically clear
 Though will discolor in sun

 Tough, resilient, impact resistant

 “Bulletproof” “glass”



 Thermoplastic

 Very optically clear
 Can be dyed

 Excellent for laser cutting

 Excellent biocompatibility

 Can be brittle
 Difficult to machine

 Can be vapor polished

 aka Plexiglass, Lucite, Acrylite



 Polystyrene – food packaging, foam peanuts

 Polyurethane – foams and packaging materials

 Polyvinyl chloride (PVC) – plumbing and rigid applications

 Acrylonitrile butadiene styrene (ABS) – LEGOs, cases, impact and strength



 Thermoplastic
 High temperature
 Can release fluorine fumes

 Extremely chemically resistant

 Machinable
 Watch out, it deforms!

 Extremely expensive

 Extremely low friction

 Extremely hydrophobic

 Biocompatible



 Polyether ether ketone

 Thermoplastic
 High temperature

 Extremely chemically resistant

 Machinable
 Like a dream

 Extremely expensive

 High rigidity

 Excellent dimensional stability

 Biocompatible



 Thermoset (at long last!)
 Typically two mixed components
 Resin
 Hardener

 Adhesives
 Extremely high bond-strength

 Self-leveling
 Flooring

 Composites



 Typically thermosets
 “Vulcanizing”

 Stretchy

 Bendy

 Rubbery

 Elongation %
 Up to 700%

 Durometer



 “Synthetic rubber”

 Polymerized siloxane

 Food safe

 Good wear characteristics

 Good chemical resistance

 Temperature resistant

 RTV
 Room temperature vulcanization

 Biocompatible



 “Synthetic rubber”

 Good chemical resistance
 Oil, fuel, etc.

 Can be self-healing

 aka Buna, Buna-N



 Natural rubber (aka latex) – cheap, excellent rubberiness

 Viton – Extremely chemically resistant, but expensive
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 Engineering ceramics
 Alumina
 Silica

 Very difficult to fabricate
 High dimensional stability
 Can be ground and polished
 High chemical resistance
 Good thermal insulators
 Good electrical insulators
 Capacitors

 High density
 Brittle



 Typically prized for optical clarity

 “Amorphous solid”

 Difficult to fabricate after molten

 Soda-lime glass
 Silica-based
 Made from sand

 Borosilicate glass

 Designer glass
 Gorilla glass
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 Multiple materials
 Matrix
 Binder

 Examples:
 Wood
 Carbon Fiber
 Fiberglass
 Textiles
 Concrete
 Paper products
 Me?



 Likely eco-friendly
 Cheap
 Easy to cut, but difficult to

shape/mold
 Strength varies on species, grain,

moisture, treatment, and other factors
 Bamboo
 Balsa
 Old growth redwood

 Hydrophilic and porous, must be 
‘sealed’ to use in contact with liquids.

 Please consult your local carpenter



 Extremely light

 Extremely rigid

 Expensive
 Carbon fiber is more expensive
 Fiberglass is cheaper

 Difficult to form

 Fiberglass itches



 Fibers
 Natural
 Synthetic
 Both

 Flexible and strong in tension
 Cheap
 Variety of styles, textures, strengths, 

etc.
 Easy to cut
 Does not keep its shape well
 Typically hydrophilic



 Extremely strong in compression
 Best when paired with rebar

 Cheap per volume

 High density

 Moldable during pouring
 Otherwise very difficult to fabricate

 Wear resistant

 May be sealed or painted



 Cardboard is a great engineering 
prototyping tool

 Papier mache

 Very cheap

 Very light

 Easy to cut, laser cut, form

 Can be shredded and molded

 Holds paint well

 Hydrophilic
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 Check out McMaster-Carr for material choices, then Wikipedia/Google

 Shigley’s Mechanical Engineering Design – Budynas & Nisbett

 Mechanical Design Handbook – Rothbart & Brown

 Machinery’s Handbook – Oberg & Jones

 Art of Electronics – Horowitz & Hill



Will Fischer
will@wfisch.com
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