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Natural Materials:  Wood
‣       Wood has been in use by humankind since the earliest 

recorded time. 

‣       The ancient Egyptians used it for furniture, sculpture and 
burial caskets before 2,500 BC.

‣       The Greeks utilized wood for architectural structures and 
shipbuilding at the height of their empire (700 BC).

‣       The Romans at about (0 BC) were utilizing wood to make 
even more sophisticated ships and established the 
furniture trade.

‣       In the Medieval times, wood was used for large-scale 
building and mechanisms such as windmills, waterwheels 
etc.

‣       Timber is still used in large-scale building, but has been 
eclipsed by steel. (Ashby and Johnson, Materials and Design)
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Natural Materials: Wood
‣     Wood offers a remarkable combination of 

properties. 

‣     It is light, and parallel to the grain, strong and tough.

‣     It is as good per unit weight as any man-made 
material

‣     It is inexpensive, renewable and easily machined.

‣      When laminated, it can be molded to complex 
shapes

‣      Aesthetically, it is warm both in colour and touch.

‣     Its patina and working properties lend it well to 
craftsman. (Ashby and Johnson, Materials and Design)
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Natural Materials: Leather

‣     Leather is a natural fabric.

‣     It has high-tensile strength and is 
very tough and resilient

‣     Ironically, it is very flexible and 
soft to the touch

‣     Leather is prepared using the 
tanning process, using tanning 
fluids to make it pliable and 
resistant to decay.

‣     Leather is used for belts, gaskets, 
shoes, furniture and automobile 
upholstery etc. (Ashby and Johnson, 
Materials and Design)
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Materials: Glass
       Soda-Lime Glass:

‣       Soda-lime glass has a low melting point, is easy to blow 
and mold, and it is cheap.

‣       It is optically clear unless impure, when it is typically green 
or brown

‣       Windows today have to be flat- which is done by 
solidifying glass on a bed of liquid tin.

Glass Ceramic: 

‣       Glass ceramics are glasses that, to a greater or lesser 
extent, have crystalized. They  are shaped while in the glassy 
state, using ordinary molding methods and then cooled to 
produce small crystals.

‣       Typical Uses: Cookware, stove surfaces, heat resistant 
applications. (Ashby and Johnson, Materials and Design)
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Materials: Ceramics
       Alumina: Alumina is to technical ceramics what mild 

steel is to metals.

‣       Alumina is cheap, easy to process, the work horse 
of the industry.

‣      It is the material of spark plugs and electrical 
insulators.

‣      Alumina has a broad set of properties: electrical 
insulation, strong abrasion qualities and high 
thermal conductivity (up to 1650 Celsius)

‣      Typical Uses: Insulators, heating elements, bone and 
tooth replacements, tank armour, electrical 
insulators.

      Tungsten Carbide: this material is most commonly 
used in the form of a ‘cemented’ carbide cement.

‣        It has exceptional hardness makes it ideal for 
wear resistant applications.

‣        Typical Uses: Cutting tools, saw blades, dental 
drills, oil drill bits, knife edges. (Ashby and Johnson, 
Materials and Design)
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Metal:  The Properties
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Properties of Metals
‣     Pure metals are composed of atoms of the 

same type. 

‣     Metal alloys are composed of two or more 
chemical elements, one being metal.

‣      The majority of metals used in design 
and engineering applications are 
alloys.

‣     Metals are usually divided into ferrous and non-
ferrous. 

‣     Each metal has specific mechanical and physical 
properties that make it ideal for a specific 
applications.

‣     Metals are combined into alloys, creating 
various properties for specific needs or 
products.

‣      Lately, metals have been made available in 
powder form, maker them simpler to alloy. 
(Lesko, Industrial Design Materials and Manufacturing Guide)
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Mechanical Properties of Metals
‣     Hardness: is the ability of a material to withstand 

penetration and scratching. 

‣     Brittleness: is the opposite of ductility.           
e.g. If bubble gum is frozen, it will shatter if you hit 
it with a hammer. Glass is a good example of brittle 
material.

‣     Hardness: hardness is important in liquid-state 
and plastic-state forming. For example, in making a 
sword, it is important to have hardness in the steel 
blade in order to get a sharp edge.

‣     Ductility: is the ability of a material to withstand 
plastic deformation without rupture. Bubble gum is 
a good example. As it is chewed, it does not break 
up into a new shape. 

‣     Compression: is a measure of the extent to 
which a material deforms prior to rupture. Warm 
bubble gum is an example. No matter how hard 
you step on it or squeeze it, but it won’t rupture. 
(Lesko, Industrial Design Materials and Manufacturing Guide) 
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Types of Metals: Irons
‣     Irons: are available in cast or wrought form.

‣      All cast iron contain at least 2% carbon and 1-3% 
silicon. The major kinds of iron are:

‣     Gray Iron: used in automotive engine blocks, 
gears, flywheels, disk brakes etc. Gray iron has a 
very high compressive strength.

‣     Ductile Iron:  Applications include 
crankshafts and heavy-duty gears. Ductile iron 
has a high modulus of elasticity and fatigue 
strength. It is also easily machinable. Ductile 
iron has trace amounts of magnesium which 
improves stiffness.

‣     Malleable Iron: is used for heavy-duty 
bearing surfaces in cars, trucks and railroad 
rolling stock. Malleable iron is transformed by a 
heat treatment process, providing a malleable 
and easily machined iron.

‣     High-alloy Irons: These irons contain up to 
35% alloy content.  Nickel irons are non-
magnetic and have good corrosion resistance. 
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Types of Metals: Steel
‣     Steel: are available as carbon, alloy, tool, high-

strength low-alloy, and iron-based super alloys.

‣     Carbon steel, stainless steel and cold-rolled are of 
most interest to designers.

‣    Carbon Steel: (aka common steel) is an iron-
based metal containing carbon and small traces 
of other elements. Molten steel contains 
oxygen, and how the oxygen is removed 
determines the properties of the steel.  Carbon 
steel is available as sheet, angles, and bar and 
tube, from which finished parts are available.

‣     Alloy Steel: are utilized when high strength is 
needed in moderate to large sections. Their 
properties are enhanced by specific amounts of 
alloying elements. Alloy steels are heat treated 
to increase tensile strength, which can range 
from 50K psi to 300K psi. They are named as to 
their metallurgical structure. (Lesko, Industrial Design 
Materials and Manufacturing Guide)
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Alloy Steel Types: Stainless
‣Stainless steel: have a minimum 10.5 % percent chromium 

as the principal alloying element. The four major 
categories of wrought stainless steel based on their 
metallurgical structure are:

‣Ferritic Wrought alloys: Used for car exhaust systems and 
heat-transfer equipment. These alloys are magnetic.

‣Martensitic Stainless Steels: Used for bearings, molds, 
cutlery, medical instruments and turbine components.

‣Precipitation-hardening Stainless Steels: Used for aircraft 
components, high-temperature springs, fasteners etc.. 
These alloys are used where high strength, moderate 
corrosion resistance are needed.

‣Tool Steels: They are metallurgically clean high-alloy steel 
that are used for tools and dies and for parts that 
require resistance to wear, stability during heat 
treatment. Tool steels are used for high-strength and 
are always heat treated.

‣Shock-resistant Tool Steels: Used for pneumatic tools, chisels 
subjected to vibration and heat. They are not as wear-
resistant as other tool steels. (Lesko, Industrial Design 
Materials and Manufacturing Guide)
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Powdered Metallurgy
‣     Powdered Metallurgy: has provided new 

processes and new metal alloys that can reduce 
weight while providing enhanced mechanical 
properties.

‣     P/M parts are used in sports products, electronic 
and office equipment such as levers, sprockets, 
actuators and gears.

‣     They can be forged, as well as injection molded.

‣     In addition to the conventional steel and iron 
alloys, the list of available powders includes new 
classes of tool steels and cements, and alloys of 
aluminum, copper, nickel, titanium and other non-
ferrous metals.  (Lesko, Industrial Design Materials and 
Manufacturing Guide)
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Non-Ferrous Metals
‣     Metals account for numerous elements 

on the periodic table, but few are used 
for manufacturing consumer and 
industrial products.

‣     Non-ferrous metals (no iron 
content) offer a wide variety of 
mechanical and physical properties, have 
a wide variety of melt temperatures and 
differ in cost and performance. (Lesko, 
Industrial Design Materials and Manufacturing Guide)
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Non-Ferrous Metals:  Aluminum
‣     Aluminum is one of the most commonly used 

metals in product design.

‣     It has a high strength-to-weight ratio, good 
formability and resistant to corrosion.

‣     When exposed to air, a hard microscopic oxide 
coats the metal, sealing the metal.

‣      Aluminum and most aluminum alloys can be easily 
formed, cut, joined and finished.

‣     Aluminum is an efficient electrical conductor and is 
non-magnetic. 

‣     It is available in two forms: as wrought products or 
as castings and ingots.

‣      Alcan, a major aluminum producer has one of the 
world’s largest aluminum smelters in Kitimat, 
British Columbia. (Lesko, Industrial Design Materials and 
Manufacturing Guide)
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Non-Ferrous Metals:  Magnesium
‣     Magnesium: is an important metal for product 

design because it is the lightest structural metal 
available. 

‣     Typical uses include aircraft engine components and 
wheels for racing and sports vehicles. Hence, the 
word ‘Mags’.

‣     Because of its light weight, magnesium is used 
extensively in the transportation and recreation 
industries.

‣     It has a low density and high mechanical strength 
and can absorb energy elastically which gives high 
dampening capacity.

‣     Magnesium can be machined faster than any other 
metal and welds easily.

‣     It has good corrosion resistance and can be finished 
by plating or painting. (Lesko, Industrial Design Materials and 
Manufacturing Guide)
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Non-Ferrous Metals:  Zinc Alloy

‣     Zinc Alloy: Die cast components are used in 
numerous applications from automotive 
components, building hardware products such as 
electrical boxes, and toys (e.g. Hotwheels cars)

‣     Zinc has moderate strength and ductility. 

‣     Because it has excellent corrosion resistance, it is 
used as a coating for steel, called galvanized steel.

‣      It extends the life of materials such as plastic and 
rubber and is used as an aging inhibitor.

‣      Zinc die-castings have good tensile properties. As 
well zinc can be cast in thin sections with good 
dimensional accuracy and tolerances. (Lesko, Industrial 
Design Materials and Manufacturing Guide)
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Non-Ferrous Metals:  Tin

‣     Tin: Tin has a low-melting point and is easily 
alloyed, usually with copper, lead and zinc.

‣      It is used in many solders and a ‘tinplate’ coating 
for steel.

‣      Tin work softens and is too weak for 
mechanical applications.

‣      Tin was used heavily in the latter 19th and early 
20th Centuries for the production of toys. (Lesko, 
Industrial Design Materials and Manufacturing Guide)
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Resin Forming Processes



Resin Forming Process
‣     Casting: Casting is a limited production process 

most often used for part evaluation or pre-
production parts. 

‣      Although mold costs are low, labour and 
production-time costs are fairly high.

‣     Nylon and acrylic are the most common 
thermoplastics used in casting. 

‣     Epoxy, phenolic, polyester and polyurethane are the 
most-often-cast thermosets.

‣     Molds can be rigid or flexible materials.

‣     Casting is usually done with a two-part mixture of a 
monomer and a catalyst plus additives, such as 
pigments, fillers and reinforcements. 

‣      Thermoplastics are usually heated before being 
poured into the mold.  Thermoset materials usually 
generate their own heat in reaction to the catalyst. 
(Lesko, Industrial Design Materials and Manufacturing Guide)
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Resin Forming Process
‣     Foam molding: is used to produce 

cushions and other forms in flexible 
polyurethane resins for the furniture industry.

‣     Rigid foam materials are also used to produce 
insulating blocks and foam-core interior and 
exterior building products for the 
construction industry.

‣     Foam density depends on the pressure 
created by the volume of the mixture of the 
mold. (Lesko, Industrial Design Materials and Manufacturing 
Guide)
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Resin Forming Process
‣     Contact Molding: Hand lay-up or contact, 

molding is a labour-intensive process typically used 
in low to moderate production of small to large 
parts.

‣      The process makes use of molds of plastic,wood 
and plaster to make boat hulls, tub and shower 
units, and other large housings.

‣      A reinforcement, normally woven of mat fibers of 
glass, is combined with a thermoset polyester resin 
mixture in an open mold. A roller is used to 
compress the reinforcements and distribute the 
materials in the mold.

‣     BMC Molding: BMC molding mix or ‘logs’ are 
placed in compression molds. The logs usually 
contain reinforcements that can be shaped to 
counter the expected part stresses.

‣     This process is similar to controlling the grain in the 
structure in metal forging. (Lesko, Industrial Design Materials 
and Manufacturing Guide)
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Resin Forming Process
‣     Reaction Injection Molding: 

(RIM) is a process in which a resin-
and-catalyst mixture is combined in 
and chemically reacts in the mold 
cavity. Glass or graphite 
reinforcements are usually added to 
improve part strength. 

‣     Because the pressures are low, the 
mold costs are inexpensive. 

‣      As with most thermoset processes, 
the wall thickness can vary, but only 
the bottom of the mold-side is 
smooth.

‣     RIM is used to make automotive 
bumpers, fascia and fenders, 
refrigerator and freezer insulation and 
other large parts. (Lesko, Industrial Design 
Materials and Manufacturing Guide)
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Resin Forming Process
‣     Compression Molding: is used primarily with thermosetting resins and rubbers. 

‣      Typical parts include container caps and dishes, automotive electrical components, electrical 
and electronic components and housings, handles and fittings and other appliance parts.

‣     In compression molding, a measured amount or a preform of a partially polymerized resin is 
placed by hand into a preheated mold.

‣      There are no sprue or runners. Reinforced parts with long fibers can be formed by this 
process because they are directly placed into the mold, rather than being forced through a 
spigot or gate as in injection molding. (Lesko, Industrial Design Materials and Manufacturing Guide)

‣     Labour costs are higher and cycle times are longer because the molds are hand-loaded.
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Resin Forming Process

‣    Transfer Molding: is used to produce 
electrical and electronic components, and 
rubber and silicone parts, which can have 
varying wall thicknesses.

‣      The process uses is an advancement of 
compression molding.  Uncured thermoset 
material is placed in a heated transfer 
chamber where it is heated and then 
injected into a mold.

‣     Pressure is provided by a ram, a plunger or a 
rotating screw.

‣     Transfer molds are usually more expensive 
and complex than compression molds. (Lesko, 
Industrial Design Materials and Manufacturing Guide)
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Resin Forming Process
‣     Pultrusion: is in one sense the opposite of 

extrusion (the material is pulled through the 
die rather than pushed through).

‣     But the process produces shapes that are 
similar to extruded shapes in that they have a 
constant profile and indefinite length. 

‣     Typical products include structural members 
such a ladders, walkways, and handrails.

‣     In this process, reinforcing material is pulled 
through a thermosetting viscous bath 
(polyester). The resin adheres to the 
reinforcement and then pulled through a long, 
heated steel die, curing the reinforced part. 
(Lesko, Industrial Design Materials and Manufacturing Guide)
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Resin Forming Process
‣     Laminated Plastics: Laminated plastics are 

essentially composite materials. The most 
common type is used for kitchen counters with 
trade names such as Fromica and Micarta.

‣      These materials consist of printed and often 
textured paper, with a clear melamine top coat 
laminated to a substructure of urea-impregnated 
reinforcement. 

‣     This ‘sandwich’ is set using heat and pressure 
between an upper polished or textured steel 
sheet and a bottom sheet.

‣     Formica recently developed Colocore, a laminate  
that does not have the edge problem common 
to these problems.

‣     Other materials used for laminates are silicone, 
epoxy, polyester and silicone. (Lesko, Industrial Design 
Materials and Manufacturing Guide)
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Resin Forming Process
‣     Rotational Molding: Parts made by rotational 

molding tend to be large, but can be smaller in 
limited quantities.

‣     While tooling and equipment costs are low, cycle 
times are longer than in other molding processes. 

‣      The process is also labour intensive. Typical large 
projects include boat hulls, recreational vehicles, 
and transportation parts, toy vehicles and trash 
cans.

‣     Because of easy access to the mold, inserts are 
molded into the parts.  Most thermoplastics and 
some thermosets can be formed by rotational 
molding.

‣     Material is loaded inside a two-part metal mold, 
then heated in a large oven in the second stage of 
the process, while it is rotated about the two axes.

‣      This action tumbles the powder, coating the inside 
walls of the mold. The part cools while rotating in a 
third stage and then is removed.  Roto-molding can 
accomodate wall thickness as thin as 0.016 inches 
to parts 6X6X12 feet. (Lesko, Industrial Design Materials and 
Manufacturing Guide)
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Resin Forming Process
‣     Injection Molding: Perhaps no other process has changed product design more than injection molding. 

‣       Although based in die-casting technology, the development of polymer materials, as well as other recent developments for 
this process, have allowed designers near-total design freedom.

‣      Injection molding can be used with thermoset and thermoplastic resins, although they were 
originally designed for thermoplastic materials.

‣       Today injection molding products cover the entire spectrum of product design- from consumer products, business, 
industrial, computer and communications equipment, medical equipment, toys and sporting goods. (Lesko, Industrial Design 
Materials and Manufacturing Guide)
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Resin Forming Process
‣      Injection molding is a high-rate production process with molds made of type “P” tool steel.

‣       In the injection molding process, pellets are fed through a hopper into a heated barrel, where they are mixed with additives 
and melted.

‣       The melted resin is then injected into the mold cavity. Older machines use a plunger to create the required pressure to 
inject the resin into the mold.

‣       Co-injection is a variation for molding parts with different colours and/or other features. Examples of co-molded parts 
include automobile rear-light covers, instrument panels, and control knobs with different coloured lettering.

‣       Current machines use reciprocating screws to create the force required to inject the liquefied resins into a mold cavity at 
pressures of 1 ton p.s.i.

‣       After cooling or curing, the mold is opened and the part is ejected. Elastomers can also be injection molded in these 
machines. (Lesko, Industrial Design Materials and Manufacturing Guide)
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