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Thermoplastic processability 
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Thermoplastic elastomers 

example of elastoplastic copolymer 

aggregates of 
glassy chains 

rubber-like 
chains 
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Molecular weight and flow behaviour in molten state 

M = 104…105 g/mole most influence on flow behaviour, Tg and Tm 
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Relation between viscosity and melt flow index 

For example PA-6: 
 
MFI at  
235°C, 2.16 kg 
 
VN at  
25°C, m-Kresol 10 g/l 
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Injection moulding and extrusion 

injection moulding extrusion 

with torpedo with single screw 

- original mould process 
- plastified material 
- temperature 
- mould with cavity 
- pressure 
- step-wise process 

- plastified material 
- high shear forces 
- mixing process 
- temperature 
- continuous production 
- no pressure after nozzle  
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Injection moulding machine (hydraulic) 

Krauss-Maffei 

control 
unit 

machine 
base 

funnel 

hydraulic unit 

screw drive 

tool mounting (fix) 

moving cylinder 

tool mounting (mobile) 

moving 
cylinder 

injection unit 

pump motor 



8 www.leibniz-inm.de MC07 Techn Polym & Komp – C. Becker-Willinger – Saarbrücken – WS 2019/2020 

Injection moulding machine 
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Injection moulding machine (all-electric) 

Cincinnati Milacron 
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Controlling and timing of hydraulic injection moulding m. 

I: closing of tool 
II: dosing by rotating and reverse moving screw 
III: injection and post-pressure 
IV: injection unit back and forward 
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Power drain of injection moulding machine 
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Construction principle of screw tip  

with non-return valve 

nozzle 
screw tip 

screw 
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Needle valve nozzle with spring 
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Denominations of injection moulding tools 
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Closing unit for mould with knee lift 
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Closing unit for mould with hydraulic cylinder 
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Center feed for beaker shaped parts 

cone type feed point type feed with prechamber 
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Different designs for mould feeds and channels 

central lateral 

lateral 
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Some injection moulds from the inside 
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Different feed designs 

bar type 
point type 

umbrella type 
disc type 
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Different feeding gate design 

band 

tunnel 
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Multi part tools / moulds 

! c) different flow pathway length 
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Typical multi part tool 
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3-plate tool for more complicated cavity arrangements 
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Pick-up robot for automotive bumper bar 
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Processing temperatures for different plastics 

temperature / °C 

start of steel conversion 
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Processing conditions for injection moulding 
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Sausage type injection moulding 

sausage 

matt surface areas caused by cooling while 
feeding due to contact with wall 

- enable the plastic mass to fill the mould continously (sometimes inside mould 
coatings can help such as PTFE/Ni or FEP) 

- avoid sausage formation to obtain glossy surfaces 
- right positioning of feeding gate and processing parameters is important 
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Filling of mould and cooling in p-V-T-diagram 

- a: isochores represent ideal behaviour 
- b: behaviour at max. input pressure 
- c+d: low input pressure compensated by high 

after pressure 
- e: input and after pressure too low 

(disconnection at the wall) 
- f: after pressure too high (part will be locked, 

internal stress in the part, risk of stress 
cracking) 
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Extrusion process scheme 
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Single screw extruder 
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Typical extruder 
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Twin screw extruder 
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Some examples for screws 
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Examples for different screw geometries 
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Different types and arrangements of twin-screws 
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Different types and arrangements of twin screws 
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Example of an extrusion head 
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„Melt fracture“ with increasing shear stress 

direction of flow 

J.L. Leblanc 

- elastic behaviour of polymer melts 
- elastic vibrations during flow 
- decreased damping with increasing shear stress 
- loose of contact between melt and wall cause 

critical turbulences making melt surface rough 
- during cooling surface roughness is frozen 

(surface looks like „fractured“) 
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Tools for extruders to produce tubes 

center sleeve type (Pinole) with lateral inlet off-set tube head 
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Multi-zone-screw extruders 



43 www.leibniz-inm.de MC07 Techn Polym & Komp – C. Becker-Willinger – Saarbrücken – WS 2019/2020 

Examples for screws having shear and mixing elements 
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Cascade type extruder 

exhaust 
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Planetary-gear extruder 

exhaust 
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Hollow thorn tool 

direction of flow 
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Example for tube tool 
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Vacuum tank calibration set-up 
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Slot die 

for plates for foils 

top view 
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Chillroll process  
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Foil extruder 
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Foil production via tube 

Saechtling 
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Mass distribution in tube foil tools 
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Tubular ram accumulator with center sleeve (Pinole) 
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Co-Extrusion of foils 
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Extrusion blow moulding 

extrusion of tube heating calibration 
blowing 

demoulding 
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Extrusion blow moulding 
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Principle of the wall thickness calibration 
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Barrier properties for bottle extrusion blow moulding 
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4-operation station fow blow moulding 


