
Fabrication of Nonmetallic Materials: Plastics, Elastomers, Ceramics, and Composites

1



Plastics

 Plastics are engineered materials
 Large molecules that are composed of smaller molecules

 Made from natural or synthetic resins and compounds

 Can be molded, extruded, cast, or used for coatings

 Low density, low tooling costs, good corrosion resistance, 
low cost

 Plastics are very versatile materials and are used more 
than steel, aluminum, and copper combined in the United 
States

 Used in applications such as cars, artificial organs, shower 
curtains, contact lenses, computers, etc.
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Molecular Structure of Plastics

 Hydrocarbons 
 CnH2n+2

 Covalent bonding
 When no additional atoms can be added to the chain, the 

molecule is said to be saturated
 Double or triple covalent bonds may also be present
 Common hydrocarbons

 Ethylene and acetylene
 Unsaturated- do not have the maximum number of hydrogen 

atoms

 Polymerization
 Small molecules link to form larger molecules with the 

same constituent atoms
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Examples of Hydrocarbons

Figure 9-1 (Right) The linking of carbon 
and hydrogen to form methane and ethane 
molecules. Each dash represents a shared 
electron pair or covalent bond. 

Figure 9-2 (Left) Double and Triple 
covalent bonds exist between the carbon 
atoms in unsaturated ethylene and 

acetylene molecules.
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Isomers

 The same type and kind of atoms can arrange 
themselves in multiple configurations

 Different structures have different engineering 
properties

Figure 9-3 Linking of eight 
hydrogen, one oxygen, and three 
carbon atoms to form two 
isomers: propyl alcohol and 
isopropyl alcohol.
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Forming Molecules by Polymerization

 Molecules can be linked by addition or condensation 
methods

 Monomers are the basic building blocks
 Monomers can be linked together to produce 

polymers
 Increasing the chain length increases toughness, 

creep resistance, melting temperature, melt 
viscosity, and difficulty in processing

 Copolymers are similar to alloys in metals when two 
monomers are combined

 Condensation polymerization occurs when a 
polymer is formed plus byproducts (such as water)
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Copolymerization and Condensation 
Polymerization
Figure 9-5 Addition of 
Polymerization with two kinds of 
mers- here, the copolymerization 
of butadiene and styrene

Figure 9-6 The formation of  (a) 
phenol-formaldehyde (Bakelite) 
and polyethylene terephthalate 
(PET) by condensation 
polymerization. Note the water by-
product.
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Thermosetting and Thermoplastics

 Thermosets and thermoplastics are classified 
based on their response to heat
 Internal bonding is covalent 

 Intermolecular bonds are van der Waal forces

 Linear polymers are typically flexible and 
tough
 Soften with increasing temperature

 Slide over each other in molding processes
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Thermoplastics

 Contain molecules of different lengths

 Do not have a definite melting temperature

 Above the melting temperature, the material 
can be poured and cast 
 Additionally, injection molding

 Application of a force deforms the material 
both elastically and plastically
 Plastic deformation occurs by adjacent fibers and 

chains slipping past one another
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Thermoplastics

 If cooled below the melting temperature, 
thermoplastics crystallize
 Polymer becomes stiffer, harder, less ductile, and 

more resistant to solvents and heat

 Common thermoplastics
 Polyethylene (PE)

 Polypropylene (PP)

 Polystyrene (PS)

 Polyvinyl Chloride (PVC)
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Thermoplastics material properties:

• Can be melted or recycled

• Low resistance to creep

Products of thermoplastic materials:

• Polyethylene, Polypropylene, Polystyrene, PVC, PET etc.

• Products of electrical devices, appliance

Polyester productsPolyethylene PVC products
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Thermosets

 Highly cross-linked

 Three-dimensional framework connected by 
covalent bonds

 Typically produced by condensation 
polymerization
 Elevated temperatures produce an irreversible 

reaction

 Once set, subsequent heating will not soften the 
material
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Thermosets

 Significantly stronger and more rigid than 
thermoplastics

 Able to resist higher temperatures 
 Greater dimensional stability
 Lower ductility 
 Poorer impact properties
 Heating changes their structure permanently
 The setting time is very important because it 

can not be repeated
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Thermoset material properties:

• Can not be melted

• High resistance to creep

Products of thermoset plastic materials:

• Epoxy resins - coating materials, insulating materials, 

adhesives etc.

• Phenolic resins - tool handles, billiard balls, insulation, etc.
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Elastomer material properties:

• Can not be melted

• High viscosity and high elasticity, low Young's modulus

• High resistance to compression force

Products of elastomer plastic materials:

• Silicone rubber

• Automotive wheel rubber

• Polyacrylic rubber
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Properties and Applications of Plastics

 Light weight
 Corrosion resistance
 Electrical resistance
 Low thermal conductivity
 Variety of optical properties
 Formability
 Surface finish
 Low cost
 Low energy content
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Plastics vs. Metals

 Unless they are in the form of composites, 
plastics do not have strength properties close 
to the engineering metals

 Inferior dimensional stability to metals
 Coefficient of thermal expansion is higher for 

plastics
 Good corrosion resistance
 UV and radiation can alter plastics’ properties
 Plastics are difficult to repair
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Fabrication of Plastics, 
Ceramics, and Composites

DeGarmo’s Materials and Processes in 
Manufacturing
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14.2 Fabrication of Plastics

 A successful plastic product is manufactured 
so that it satisfies the various mechanical and 
physical property requirements

 The preferred manufacturing method is 
determined by the desired size, shape, and 
quantity

 There are three main different types of 
polymers: thermoplastics, thermosets, and 
elastomers
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Plastic forming processes
 Casting

 Blow molding

 Compression molding

 Transfer molding

 Injection molding

 Reaction injection molding

 Extrusion

 Thermoforming

 Rotational molding

 Foam molding
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Casting

 Simplest of the shape-
forming processes

 No fillers and no 
pressure is required

 Thermoplastics are the 
main type of polymer 
that can be casted
 Acrylics, nylons, 

urethanes, and PVC 
plastisols

 Some thermosets can 
also be cast

Figure 14-1 Steps in the casting of plastic parts 
using a lead shell mold.
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Blow Molding

 Thermoplastics can be converted to hollow-shape 
containers such as bottles

 The preform is heated and placed between the two 
mold halves

 The mold closes and the preform is expanded from 
air or gas pressure

 The mold is then cooled, halves separated, and the 
product is removed

 Flash, extra material, is trimmed from the part and 
recycled
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Blow Molding

Figure 14-2 Steps in blow 
molding plastic parts: (1) a tube 
of heated plastic is placed in the 
open mold; (2) the mold closes 
over the tube, simultaneously 
sealing the bottom; (3) air 
expands the tube against the 
sides of the mold; and (4) after 
sufficient cooling, the mold opens 
to release the product.
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Compression Molding or Hot-
Compression Molding
 Solid granules or preformed 

tablets of unpolymerized 
plastic are placed into an 
open, heated cavity

 A heated plunger applies 
pressure to the plastics, 
melting it and making it turn 
into a fluid

 The pressure in the cavity is 
maintained until the material 
is set

Figure 14-3 The hot-compression molding 
process: (1) solid granules or a preform pellet is 
placed in a heated die; (2) a heated punch 
descends and applies pressure; and (3) after 
curing (thermosets) or cooling (thermoplastics), 

the mold is opened and the part is removed.
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Compression Molding or Hot-
Compression Molding
 Costs for compression molding are much 

lower than complete processing

 High dimensional precision and high surface 
finishing

 Typical parts are gaskets, seals, exterior 
automotive panels, and aircraft fairings

 Manufacturing equipment typically consists of 
a hydraulic or pneumatic press 
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Transfer Molding

 Reduces turbulence and 
uneven flow that occurs 
often in high pressure, hot-
compression molding

 The material is first heated 
until molten and then is 
forced into the cavity by a 
plunger

 The temperature and 
pressure are maintained 
until the thermosetting resin 
has cured

Figure 14-4 Diagram of the transfer molding 
process. Molten or softened material is first 
formed in the upper heated cavity. A plunger then 
drives the material into an adjacent die. 
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Injection Molding

 Used for high-volume production of complex 
thermoplastic parts

 Granules of a raw material are fed through a hopper 
into a cavity that is ahead of a plunger

 The plunger moves forward and the material is 
heated

 In the torpedo section, the material is mixed, melted, 
and superheated 

 The fluid then flows through a nozzle that is against 
the mold

 Sprues and runners are used in the same way as in 
metal casting
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Injection Molding

Figure 14-5 Schematic diagram of the injection molding process. A moving 
plunger advances material through a heating region (in this case, through a 
heated manifold and over a heated torpedo) and further through runners 
into a mold where the molten thermoplastic cools and solidifies. 
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Reaction Injection Molding

 Two or more liquid reactants are mixed under 
pressure

 The mixture then flows through a pressure-reducing 
chamber and into a mold

 Exothermic reaction causes the thermosets to 
polymerize

 Curing times are typically less than a minute

 Low processing temperatures and low injection 
pressures
 Typical for casting large parts
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Reaction Injection Molding

Figure 14-6 The reaction injection molding process. (Left) Measured 
amounts of reactants are combined in the mixing head and injected into the 
split mold. (Right) After sufficient curing, the mold is opened and the 
component is ejected. 
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Extrusion

 Used for long plastic products with a uniform 
cross-section

 Pellets or powders are fed through a hopper 
and then into a chamber with a large screw

 The screw rotates and propels the material 
through a preheating section where it is 
heated, homogenized, and compressed

 To preserve its shape, the material is cooled 
by jets of air or water spraying
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Extrusion

Figure 14-7 A screw extruder producing thermoplastic product. Some units may have a 
changeable die at the exit to permit production of different-shaped parts. 
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Figure 14-8 Typical shapes of polymer extrusions.
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Thermoforming

 Thermoplastic sheet material is heated and 
then placed over a mold

 A vacuum, pressure, or mechanical tool is 
applied to draw the material into the mold

 The die can impart the dimensions and finish 
or texture on the final product

 Typical products are thin-walled parts, plastic 
luggage, plastic trays, and panels for light 
fixtures
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Thermoforming

Figure 14-9 A type of thermoforming where thermoplastic sheets are shaped using a combination 
of heat and vacuum. 
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Rotational Molding

 Produces hollow, seamless products

 Typical products are tanks, bins, refuse containers, 
doll parts, footballs, helmets, and boat hulls

 A mold or cavity is filled with a specific amount of 
thermoplastic powder or liquid

 The molds are then placed in an oven and rotated 
simultaneously about two axes

 The resin is evenly distributed across the mold walls
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Foam Molding

 A foaming agent is mixed with a plastic resin and 
releases gas when the material is heated during 
molding

 The materials expand to 2 to 50 times their original 
size

 Produces low density products

 Both rigid and flexible foams can be produced
 Rigid type is used for structural applications such as 

computer housings, packaging, and shipping containers

 Flexible foams are used for cushioning
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Other Plastic-Forming Processes

 Calendaring process

 Drawing

 Rolling

 Spinning

 Blow molding
 Plastic bags

 Many of these processes can be combined 
with other processes to produce a final part
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Machining of Plastics

 Plastics can undergo many of the same processes 
of metals
 Milling, sawing, drilling, and threading

 General characteristics of plastics that affect 
machining
 Poor thermal conductors

 Soft and may clog tooling

 Softening may reduce the precision of the final dimensions 
of thermoplastics

 Thermosets can have more precise dimensions because of 
its rigidity
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Tooling Considerations for Machining 
Plastics
 High temperatures may develop at the cutting 

point and cause the tools to be hot
 Carbide tools may be preferred over high-

speed tool steels if high-speed cutting is 
performed

 Coolants can be used to keep temperatures 
down
 Water, soluble oil and water, weak solutions of 

sodium silicate

 Lasers may be used for cutting operations
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Finishing and Assembly Operations

 Printing, hot stamping, vacuum metallizing, 
electrolapping, and painting can be used on plastics

 Thermoplastic polymers can be joined by heating 
relevant surfaces
 The heat can be applied by a stream of hot gases, applied 

through a soldering iron, or generated by ultrasonic 
vibrations

 Snap-fits may be used to assemble plastic 
components

 Self-tapping screws can also be used
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Designing for Fabrication

 Materials should be selected with the 
manufacturing processes in mind

 The designer should be aware that polymers 
can soften or burn at elevated temperatures, 
have poor dimensional stability, and 
properties deteriorate with age

 Many property evaluation tests are conducted 
under specific test conditions
 Materials should be selected that take these 

conditions into account
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Designing for Fabrication

 Each process has limitations and design 
considerations
 Shrinkage in casting

 Solidification issues

 Part removal and ejection

 Surface finish 

 Section thickness

 Thick corners
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Inserts

 Metal (brass or steel) may be incorporated into 
plastic products to enhance performance
 Threaded inserts

 May serve as mounting surfaces
 Often used for electrical terminals

Figure 14-12 Typical metal inserts 
used to provide threaded cavities, 
holes, and alignment pins in plastic 
parts. 

Figure 14-13 Various ways of 
anchoring metal inserts in plastic 
parts (left to right): bending, 
splitting, notching, swaging, 
noncircular head, and grooves and 
shoulders. Knurling is depicted in 
Figure 14-11.
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Design Factors Related to Finishing

 Finish and appearance of plastics is 
important to consumers

 Decorations or letters can be produced on 
the surface of the plastic, but may increase 
cost

 Processes should be chosen so that 
secondary machining is minimized

 If parting lines will result in flash, the parting 
lines should be placed in geometrically easy 
locations (i.e. corners and edges) if possible
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Design Factors Related to Finishing

 Plastics have a low modulus of elasticity, so flat 
areas should be avoided

 Flow marks may be apparent, so dimples or textured 
surfaces can be used

 Holes should be countersunk

Figure 14-14 Trimming the 
flash from a plastic part 
ruptures the thin layer of 
pure resin along the parting 
line and creates a line of 
exposed filler.
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14.3 Processing of Rubber and Elastomers

 Dipping
 A master form is produced from some type of 

metal

 This master form is then dipped into a liquid or 
compound, then removed and allowed to dry

 Additional dips are done to achieve a desired 
thickness

 Electrostatic charges may be used to accelerate 
the process
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Rubber and Elastomer Compounds

 Elastomeric resin, vulcanizers, fillers, antioxidants, 
accelerators, and pigments may be added to the 
compounds
 Typically done in a mixer
 Injection, compression, and transfer molding may be used
 Some compounds can be directly cast to shape

 Rubber compounds can be made into sheets using 
calenders

 Inner tubes, tubing, etc. can be produced by 
extrusion

 Rubber or artificial elastomers can be bonded to 
metals using adhesives
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Processing of Elastomers and Rubbers

Figure 14-17 (Right) Arrangement of the rolls, 
fabric, and coating material for coating both 

sides of a fabric in a four-roll calender.

Figure 14-16 (Left) (a) Three-roll calender 
used for producing rubber or plastic sheet. (b) 
Schematic diagram showing the method of 
making sheets of rubber with a three-roll 
calender. [(a) (Courtesy of Farrel-Birmingham 
Company, Inc. Ansonia, CT.)]
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Fabrication of Ceramics

50



14.4 Processing of Ceramics

 Two distinct classes of processing ceramics
 Glasses are manufactured by means of molten 

material via viscous flow

 Crystalline ceramics are manufactured by 
pressing moist aggregates or powder into shape

 The material is then bonded together using one of 
several mechanisms
 Chemical reaction

 Vitrification

 Sintering 
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Fabrication Techniques for Glasses

 Shaped at elevated temperatures

 Sheet and plate glass is formed by extrusion 
through a narrow slit and rolling it through water-
cooled rolls

 Glass shapes can be made by pouring molten 
material into a mold
 Cooling rates may be controlled

 Constant cross section products can be made 
through extrusion
 Glass fibers are made through an extrusion process
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Fabrication Techniques for Glasses

 Viscous masses may be used 
instead of molten glass 
 Female and male die members 

are typically used
 Processes similar to blow 

molding are used to make 
bottles and containers

Figure 14-18 Viscous glass 
can be easily shaped by 
mating male and female die 
members. 

Figure 14-19 Thin-walled glass shapes can be produced by a 
combination of pressing and blow molding. 
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Fabrication Techniques for Glasses

 Heat treatments
 Forced cooling produces surface compression 

and this glass is known as tempered glass

 Glass ceramics
 Part crystalline and part glass

 Glass material is subjected to devitrification 
 Controls nucleation and growth

 Products such as cookware and ceramic stove tops
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Fabrication of Crystalline Ceramics

 Crystalline ceramics are hard, brittle 
materials that have high melting points

 Cannot be formed by techniques that require 
plasticity or melting

 Processed in the solid state
 Dry pressing

 Isostatic pressing

 Clay products are ceramics blended with 
water and additives
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Fabrication of Crystalline Ceramics

 Plastic forming can be done if additives are added 
that increase plasticity
 Wet pressing

 Extrusion

 Injection molding

 Casting processes
 Begin with a pourable slurry

 Slip casting

 Tape casting

 Sol-gel processing

56



Fabrication of Crystalline Ceramics

57



Producing Strength in Particulate 
Ceramics
 Useful strength in ceramics is created from 

subsequent heat treating

 Firing or sintering
 Liquid-phase sintering- surface melting

 Reaction sintering- component reactions

 Vitrification

 Cementation does not require subsequent heating
 Liquid binders are used and a chemical reaction converts 

the liquid to a solid

 Laser sintering
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Machining of Ceramics

 Most ceramics are hard and brittle, so 
machining is difficult

 Machining before firing is called green 
machining

 Machining after firing are typically 
nonconventional machining processes
 Grinding, lapping, polishing, drilling, cutting, 

ultrasonic, laser, electron beam, water-jet, and 
chemical
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Design Considerations

 Joining of Ceramics 
 Adhesive bonding
 Brazing
 Diffusion bonding
 Threaded assemblies

 Most ceramics are designed to be one piece 
structures

 Bending and tensile loading should be minimized 
during manufacture

 Sharp corners and edges should be avoided
 It is costly to achieve precise dimensions and 

surface finishing

60



Fabrication of Composites
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14.5 Fabrication of Composite Materials

 Most processes are slow and require 
considerable amounts of hand labor

 Fabrication of particulate composites
 Consist of discrete particles dispersed in a ductile, 

fracture resistant polymer or metal matrix

 Processed by introducing particles into a liquid 
melt or slurry

 Powder metallurgy methods
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Fabrication of Laminar Composites

 Include coatings, protective surfaces, 
claddings, bimetallics, and laminates

 Processes are designed to form a high-
quality bond between distinct layers

 If metals are used, composites can be 
produced by hot or cold roll bonding
 U.S. coins use this process

 Explosive bonding bonds layers of metal
 Pressure wave induces bonding
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Fabrication of Laminar Composites

 Adhesive bonding
 Gluing
 Pressing of unpolymerized resins

 Sandwich structures
 Corrugated cardboard
 Honeycomb structure

Figure 14-20 Fabrication of a honeycomb 
sandwich structure using adhesive bonding 
to join the facing sheets to the lightweight 
honeycomb filler. (Courtesy of ASM 
International. Metals Park, OH.)
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Fabrication of Fiber-Reinforced 
Composites
 Matrix and fiber reinforcement provide a system that 

has a combination of properties

 Fibers can be oriented in a way that optimizes 
properties
 The fibers can be continuous or discontinuous

 Discontinuous fibers can be combined in a matrix to 
provide a random or preferred orientation

 Continuous fibers can be aligned in a unidirectional fashion 
in rods or tapes, woven into fabric layers, wound around a 
mandrel, or woven into three dimensional shapes
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Production of Reinforcing Fibers

 Many are produce through conventional 
drawing and extrusion processes

 Materials that are too brittle, such as Boron, 
carbon, and silicon carbide, are produces by 
deformation processes

 Individual filaments are often bundled
 Yarn- twisted assemblies of filaments
 Tows- untwisted assemblies of fibers
 Rovings- untwisted assemblies of filaments or 

fibers
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Processes Designed to Combine Fibers 
and a Matrix
 Casting-type processes

 Capillary action

 Vacuum infiltration

 Pressure casting

 Centrifugal casting

 Prepegs- sheets of unidirectional fibers or woven 
fabric that have been infiltrated with matrix material

 Mats- sheets of nonwoven randomly oriented fibers 
in a matrix
 Mats can be stacked later into a continuous solid matrix
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Processes Designed to Combine Fibers 
and a Matrix
 Individual filaments can be coated and then 

assembled
 Drawing through a molten bath
 Plasma spraying
 Vapor deposition
 Electrodeposition
 Can be wound around a mandrel with a specified spacing 

and then used to produce tapes
 Sheet-molding compounds are composed of 

chopped fibers and partially cured thermoset resins
 Bulk-molding compounds are fiber-reinforced, 

thermoset, molding materials with short fibers 
distributed randomly
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Fabrication of Final Shapes from Fiber-
Reinforced Fibers
 Pultrusion- continuous process that is used to 

produce long lengths of relatively simple shapes 
with uniform cross section
 Fishing poles, golf club shafts, and ski poles

Figure 14-21 Schematic diagram of the pultrusion process. The heated dies cure the thermoset 
resin. 
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Filament Winding

 Resin coated or resin-impregnated filaments, 
bundles, or tapes made from fibers of glass, 
graphite, and boron
 Produces cylinders, spheres, cones and other 

containers

Figure 14-22 A large tank 
being made by filament 
winding. (Courtesy of Rohr 
Inc., Chula Vista, CA.)
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Lamination and Lamination-Type 
Processes
 Pre-pegs, mats, or tapes are stacked to 

produce a desired thickness 
 Cured under pressure and heat

 High strength laminate with a smooth, 
attractive appearance

 Laminated materials can be produced as 
sheets, tubes, or rods
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Lamination

Figure 14-23 Method of producing multiple sheets of laminated plastic material. 
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Lamination

Figure 14-24 Method of producing laminated plastic tubing. In the final operation, the rolled 
tubes are cured by being held in heated tooling. 
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Lamination

 Final operation in lamination is curing
 Typically involves elevated temperatures and/or 

applied pressure

 Manufacturing processes that require zero to 
moderate pressures and low curing 
temperatures can be used to produce simple 
curves and contours
 Boat bodies, automobile panels, aerospace 

panels, safety helmets, etc.
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Aerodynamic Styling

Figure 14-28 Aerodynamic styling and smooth surfaces characterize the hood and fender 
of Ford Motor Company’s AeroMax truck. This one-piece panel was produced as a resin-
transfer molding by Rockwell International. (Courtesy of ASM International, Metals Park, 
OH.)
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Lamination Processes

 Vacuum bag molding process
 Entire assembly is placed in a nonadhering, 

flexible bag and the air is evacuated

 Pressure bag molding
 A flexible membrane is positioned over the female 

mold cavity and is pressurized to force the 
individual plies together

 Parts may be cured in an autoclave
 Compression molding
 Resin-transfer molding
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Lamination Processes

 Hand lay-up (open 
mold processing)
 Successive layers of 

pliable resin-coated cloth 
are placed in an open 
mold and draped over a 
form

 Slow and labor intensive 
process

 Low tooling costs

 Large parts can be made 
as a single unit

Figure 14-27 Schematic of the hand 
lay-up lamination process. 
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Additional Processes

 Spray molding
 Chopped fibers, fillers, and 

catalyzed resins are mixed 
and sprayed onto a mold

 Sheet stamping
 Thermoplastic sheets are 

reinforced with nonwoven 
fibers and press formed 

 Injection molding
 Chopped or continuous 

fibers are placed in a mold 
and then a resin is injected

 Braiding, three dimensional 
knitting, and three-
dimensional weaving

Figure 14-29 Schematic diagram of the spray 
forming of chopped-fiber-reinforced polymeric 
composite. 
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Fabrication of Fiber-Reinforced Metal-
Matrix Composites
 Continuous-fiber metal-matrix composites can be 

produced by filament winding, extrusion and 
pultrusion

 Fiber-reinforced sheets can be made by 
electroplating, plasma spray deposition coating, or 
vapor deposition of metal onto a fabric or mesh

 Casting processes

 Products that use discontinuous fibers can be 
produced by powder metallurgy or spray-forming
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Fabrication of Fiber-Reinforced Metal-
Matrix Composites
 Concerns with metal-matrix composites

 Possibility of reactions between the 
reinforcements and the matrix during processing 
at the high melting temperatures

 Graphite-reinforced aluminum is twice as stiff 
as steel and 1/3rd to 1/4th the weight

 Aluminum reinforced with silicon carbide has 
increased strength as well as hardness, 
fatigue strength, and elastic modulus
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Fabrication of Fiber-Reinforced Ceramic-
Matrix Composites
 Often fail due to flaws in the matrix

 Fibers or mats may be passed through a 
slurry mixture that contains the matrix 
material and then dried, assembled and fired

 Chemical vapor deposition

 Chemical vapor infiltration

 Hot-pressing
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Secondary Processing and Finishing of 
Fiber-Reinforced Composites
 Most composites can be processed further 

with conventional equipment
 Sawed, drilled, routed, tapped, threaded, etc.

 Composites are not uniform materials, so 
care should be taken

 Sharp tools, high speeds, and low feeds are 
generally required

 Many of the reinforcing fibers are abrasive 
and quickly dull the cutting tools
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Summary

 Plastics, ceramics, and composites use a 
variety of manufacturing techniques

 The final shape and desired properties of 
these materials dictate which processes 
should be used

 Temperature is often a concern when 
selecting the proper manufacturing process
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