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Engineering materials: metal, ceramic, polymer

Natural materials: wood, clay, rock, bone…
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Materials Metal Ceramic Polymers Natural

Strength (Pa, psi) 8 10 5 3

Hardness (Brinell, Rockwell, 

Shore…)

7 10 4 2

Ductility (%) 5 1 10 6

Density (g/cm3, lbm/in3) 10 6 3 1

Specific strength        3 6 8 10

Isotropy (uniformity) 7 7 9 4

Application temperature (°F, 

°C)

8 10 6 2

Engineering materials: metal, ceramic, plastic, natural 

material and composites

Ranking: 10 (best)
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3. Effects of temperature
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❑Crystalline structure
▪ordered

▪3D

▪metals, ceramics

en.wikipedia.org

❑Amorphous structure
▪ random

▪3D

▪polymers, ceramics

Metal & ceramic
Form by bonded atoms in space.
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Polymers
❑ Basic elements: C, H, O, N

❑ Polymerization: combine carbons 

and others to chain molecules.
health.yahoo.net

More crystallinity → metal like
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❑Polymer types

▪Thermoplastics

▪Thermoset

▪Elastomers

❑Pro’s & Con’s

― Temp limited

― Low strength, hardness

― Degraded by UV light

― Nonconductive

+ Low Tm for processing

+ High ductility

+ Light

+ No rust

Repeat heating/cooling, linear chains

Heat/cool once, cross-linked chains

Stretch >10x, coiled chains
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Natural materials: wood, rock, sand, clay, bone, cotton… 

▪ Hardwoods from 

deciduous trees (e.g., 

ash, beech, birch, 

mahogany, maple, 

oak, teak, and walnut).

▪ Softwoods from 

evergeen (coniferous) 

trees (e.g., cedar, 

cypress, fir, pine, 

spruce, and redwood).

http://westchestertreelife.com
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▪ Wood is anisotropic. Its strength 

depends on loading directions 

(along or across the grains), or 

content of moisture /chemical 

treatment.

http://workshopcompanion.com/KnowHow/Design/Nature_

of_Wood/3_Wood_Strength/3_Wood_Strength.htm
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http://workshopcompanion.com/KnowHow/Design/Nature_of_Wood/3_Wood_Strength/3_Wood_Strength.htm
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http://workshopcompanion.com/KnowHow/Design/Nature_of_Wood/3_Wood_Strength/3_Wood_Strength.htm
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▪ Wood is anisotropic. Its strength depends on loading 

directions (along or across the grains), or content of 

moisture /chemical treatment.
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Machinability
• Metals. Machinery Handbook offers comprehensive lists of speed and feed. Cutting fluids 

should be used.

• Ceramic. Most are difficult to be machined by traditional methods.

• Polymers. These can be cut, but rather difficult to machine and control dimensions. High 
speed steel tools with sharp edge can be used in compressed air to control cutting 
temperature

• Natural materials. These can be cut, but care must be practice to control cutting 
temperature and cracks due to the material anisotropy.

• Composite materials. Composites can be very challenging to be machined due to different 
component properties. 

https://www.woodworkingnetwork.com/product/panel-processing-solid-

wood-machining/5-axis-cnc-machining

https://www.cnclathing.com/guide/how-to-achieve-perfect-

finish-on-plastic-parts-tips-for-cnc-plastic-machining-cnclathing
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