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Material

Function

Process Shape

‘A PART’

Is there a magic combination where only one process/ one material is needed?



Learning objectives

1. Plastics / review of their properties
2. Manufacturing of plastics
3. A few words about composites



Exercise

• Can you name a product in your daily life that does 
not have any plastic?
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Discussion: Why are plastics so successful?

• Economical: cheaper than glass, wood, metal or glass
• Lightweight
• Chemically stable: does not react to environment: no 

corrosion, etc.
• Easy-to-recycle
• Durable and safe
• Easy to manufacture
• Row materials are easy to handle/transport



But...
• Easy-to-recycle... However today only 80% of the plastics 

are not recycled...
• Not infinitely recyclable... 
• (majority) comes from non-renewable resources...
• Durable... So much that it does not degrade easily in the 

environment
• Cheap... Adverse effect? Overused?
• Toxicity... 

A hot debate!  



So, what do we do?

‘Myminifactory.com’ ‘Huffington Post’ – (Greenland)

VS







Future 
model?



What are plastics?

• Plastics families...
• Key material properties
• Mechanical properties

Recommanded excellent overview video about ‘plastics’ (National Geographic)
https://youtu.be/ggh0Ptk3VGE

https://youtu.be/ggh0Ptk3VGE


Plastics main families

• Polyamides (PA) or (nylons) – fibers, toothbrush bristles, tubing, fishing 
line and low-strength machine parts

• Polycarbonate (PC) – compact discs, eyeglasses, riot shields, security 
windows, traffic lights and lenses

• Polyester (PES) – fibers and textiles
• Polyethylene (PE) –supermarket bags and plastic bottles 
• Polypropylene (PP) – bottle caps, drinking straws, yogurt containers, 

appliances, car fenders (bumpers) 
• Polystyrene (PS) – foam peanuts, food containers, plastic tableware, ...



Plastics main families

• Polyurethanes (PU) – cushioning foams, thermal insulation foams,etc.
• Polyvinyl chloride (PVC) – plumbing pipes and guttering, electrical 

wire/cable insulation, etc.
• Polyvinylidene chloride (PVDC) – food packaging,
• Acrylonitrile butadiene styrene (ABS) – electronic equipment cases 

(e.g. computer monitors, printers, keyboards) and drainage pipe.
• Polyactic acid (PLA) – ‘biodegradable’ in theory, but not really in 

practice, needs specific conditions not naturally found… plastics used 
for some medical applications (stens, suture points, etc.), 3D-printing. 
Do not resist to well to fire and poses problems during recycling when 
mixed with other plastics (different recycling pathway – class 7).



Plastics main families
• Polyepoxide (epoxy) – ex. adhesive, 
• Polymethyl methacrylate (PMMA) (acrylic) – contact lenses, glazing (trades 

names: Perspex, Plexiglas, Oroglas),...
• Polytetrafluoroethylene (PTFE), or Teflon – heat-resistant, low-friction 

coatings
• Acetal (Polyoxymethylene; POM) - low-friction plastic – Gears.



Plastics families by recycling tags…

1. Polyethylene terephthalate (PET or PETE)
2. High-density polyethylene (HDPE)
3. Polyvinyl chloride (PVC)
4. Low-density polyethylene (LDPE)
5. Polypropylene (PP)
6. Polystyrene (PS)
7. Other types of plastics (ex. PLA)



Recycling codes



Some selection criteria...

(Source: siglanplastics)

Part design 
related 
properties



Two families of plastics

• Thermoplastics
• No chemical changes upon heating 
• ‘Reformable chemical bonds’
• Ex. Polyethylene (PE), polypropylene (PP), polystyrene (PS) and polyvinyl chloride 

(PVC)

• Thermosets
• Irreversible chemical reaction 
• Irreversible hardening (‘curing’) / cannot be reused
• Better suited for high-temperature applications 
• Decompose above the melting point
• Example: epoxy resin, polyimides (mask for cleanroom), polyurethanes

Can be put into form only once!

Can be remolded! (below Tm, above Tg)

(Source: engineeringlearn.com)



Polymers // Elastomers

Viscoleastic, weak 
intermolecular forces, low 
Young’s modulus, high 

failure strain, amorphous…(Subclass of polymers)



Basic chemical 
structures 
(plastics)

‘A polymer is a substance or material 
consisting of very large molecules called 
macromolecules, composed of many 
repeating subunits.’ (def. Britannica)



Linear
ex. Thermoplastics 
(acrylics, nylons, 

polyethylene, and polyvinyl 
chloride)

Branched
(ex. Polyethylene)

Cross-linked
(ex. rubbers, elastomers) 

Network (highly cross-linked)
(ex. Thermosetting plastics, epoxies, 

phenolics) 



Crystallinity in a polymer

The higher the crystallinity = the 
harder, stiffer, and less ductile is the 

material.

‘less organized’

‘more organized’



Tg / Tm
• Tg / ‘Glass-transition’ temperature
• Tm / Melting-point
• Note that some plastics do not have 

a clearly defined melting point
• Thermodynamics phase change 

point of view: second order 
transformation (i.e. no discontinuity 
in physical properties)

Tg defines the limit towards a sharp change 
in physical properties of the plastic. 
Tg depends on the cooling velocity



Temperature behavior of polymers as a  function of 
degree of crystallinity and cross-linking

Above TgBelow Tg

No cross-linking

Increasing cross-
linking



‘Glass’-transition / melting temperature

Melting point of aluminum – 660°C
Glass-transition of: 

SiO2 ~ 1200°C
Sodalime glass ~ 500-600°C

Sapphire  ~ 2030°C 

For comparison:



(Source: Wiki)
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Polymers strain behavior models

‘Assume a load is applied at t0 then release at t1’

Elastic Viscous
Viscoelastic (Voigt / 

Kelvin model)
Viscoelastic 

(Maxwell model)

Typically observed 
below Tg

Typically observed 
above Tg



Mechanical properties
Typical behaviors

‘The higher the degree of 
polymerization, the higher the tensile 
and impact strength and the highest 

the viscosity’



Temperature dependent properties

Illustration for a 
thermoplastics

(cellulose acetate)
Increasing temperature



Temperature and shear rate dependent 
viscosity / 

Determine the process conditions for the injection (temperature, injection rate)

Casting 
pressure p

Temperature gradient



Typical use of plastics



Properties

Aluminum (alloys) 
– UTS ~ 600 Mpa
- Young’s modulus ~76 GPa

For comparison:



Properties (II)



Some orders of magnitude and key 
characteristics

• Young modulus ~ 1 GPa
• Strength ~ 1 MPa to 100 MPa
• Can have Low friction < 0.1
• Operating temp. < 300°C
• High CTE (among the highest) >= 10-4 /°C
• Poor thermal conductivity: typ. 0.1 to 1 W/m.K // Low to very low diffusivity 
• Very high electrical resistance (insulator) 
• Very high damping coefficient (= high internal friction)



(Source: Granta Design)

Plastic economics



(Source: Granta Design)



(Source: Granta Design)



(Source: Granta Design)



(Source: Granta Design)





Manufacturing of plastics

Rapid prototyping: 3D Printing!



Plastic extrusion

Key idea: Prevent non-uniform 
melting of the plastic and 
progressively melt and 

homogenize the plastic for 
injection.



Extrusion des plastiques

(Source: Techniques de l’Ingénieur, AM3650, B. Vergnes, S. Puissant)



Injection molding: Process steps (I)

STEP 1: THE MOLD CLOSES STEP 2: INJECTION

STEP 3: COOLING STEP 4: PLASTICIZING

(Illustrations AirePlastics)



Process steps (end)

(Illustrations AirePlastics)

Excellent video explaining injection molding: (source Bill Hamack, Univ. of Illinois): 
https://youtu.be/WPW-yvKCbr0

(Source: Ekmul.fr)

https://youtu.be/WPW-yvKCbr0
https://ekmul.fr/concevoir-et-dessiner-des-pieces-plastiques-pour-injection/


Example of industrial plastic injection machine



Terminology

Sprue - ‘Carotte’
Cold slug well – ‘Piège de solidification’
Main runner – ‘Canal d’alimentation principal’
Branch runner – ‘Canal secondaire’
Gate – ‘Point d’entrée de l’infiltration’



Molds: Illustrations

(source Akromold)
(source Moldtech Inc)



Molds examples

(source: Aurorahelmets)



Molds examples

(source Moldtech Inc)



LIGA/ UV LIGA technology as a mould for replicas

(Source KIT)



Illustration of other use: thin film production (plastic bags)

Schematic illustration of 
production of thin film and 
plastic bags from a tube 
produced by an extruder, and 
then blown by air. 

A blown-film operation.

Source: Courtesy of 
Windmoeller & 
Hoelscher Corp.



Mold fabrication and design rules

• High surface quality requirements (low roughness < 1 um) => 
EDM

• Cost are easily > 20kCHF
• Similarities with metal casting / molding + Cooling channels
• Manage issues related to demolding, shrinkage, etc.



Molding principles

Two-plate mold

three-plate mold

hot-runner mold

Typical goals are to limit post-
operation after demolding 

(for instance, cutting the sprue).

‘Tire-Carotte’ ‘Ejecteurs’

‘Plaque d’éjection’
‘Rappel plaque 
d’éjection’



Transfer molding of thermosetting plastics



Blow molding

(Source: D. Schaefer)
https://youtu.be/8QkxpQT967w

Illustrative video of bottle 
manufacturing:

Preform

Preform

Typical mold
(source: ekmul.fr)

‘Moulage par soufflage’ 

https://youtu.be/8QkxpQT967w


Rotational molding

Illustrative video: How Kayaks are made: 
https://youtu.be/xc9pKiV5wag

‘Moulage par centrifugation’ 

https://youtu.be/xc9pKiV5wag


Thermoforming (shapes with thin sections)

• Various variations of the process
• Shapes with thin sections (food packages, masks, etc.)
• Illustrative videos: 

• (working principle) https://youtu.be/alq3RDZN4jo, 
https://youtu.be/GgWG6L-99V4

• Industrial example: https://youtu.be/BqV_jsxD0UA

‘Moulage par thermo-formage’ 

https://youtu.be/alq3RDZN4jo
https://youtu.be/GgWG6L-99V4
https://youtu.be/BqV_jsxD0UA


Composites in an airplane (A350)

GLARE is a glass-reinforced polymer/aluminum laminate



Reinforcing plastics (Manufacturing of composites)
(a) Matrix with particles; (b) matrix with short or long fibers or flakes; (c) continuous 
fibers; and (d) and (e) laminate or sandwich composite structures using a foam or 
honeycomb core. 



Production of 
polymer fibers



Reinforcing 
fiber materials



Mechanical properties improvements with reinforcement

Example with Nylon



Flexural strength and 
flexural modulus

Ebend = (L3 / 4bd3)*F/y

Unit force / 
Unit deflection



Importance of directionality



Plastics production process as a function of 
production yield

Low volume
production

High volume
production



Wrap-up: what should you remember?

• Difference between thermosets and thermoplastics
• Most common plastics and their typical usage
• Plastics manufacturing methods
• The concept of circular economy
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Composites manufacturing...

• General description: https://youtu.be/ZotUR_GiVK8
• GE Fan blades: https://youtu.be/g8zt-qljYmM
• Illustration on high-end cars: https://youtu.be/504I_hJDFck

• Illustrations source (when not mentioned): Kalpakjian, 
Manufacturing, Pearson,7th Edition. 

Credits

https://youtu.be/ZotUR_GiVK8
https://youtu.be/g8zt-qljYmM
https://youtu.be/504I_hJDFck
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