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Polymers Processing - 2

RM1565 – MOULD DESIGN

© bpram

Injection Molding

Polymer is heated to a highly plastic state and forced 

to flow under high pressure into a mold cavity 

where it solidifies and the molding is then removed 

from cavity

• Produces discrete components almost always to 

net shape 

• Typical cycle time ∼10 to 30 sec, but cycles of one 

minute or more are not uncommon

• Mold may contain multiple cavities, so multiple 

moldings are produced each cycle

Injection Molded Parts

• Complex and intricate shapes are possible 

• Shape limitations: 
– Capability to fabricate a mold whose cavity is the same 

geometry as part

– Shape must allow for part removal from mold 

• Part size from  ∼ 50 g (2 oz) up to ∼ 25 kg 
(more than 50 lb), e.g., automobile bumpers 

• Injection molding is economical only for large 
production quantities due to high cost of mold 
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Polymers for Injection Molding

• Injection molding is the most widely 

used molding process for 

thermoplastics 

• Some thermosets and elastomers 

are injection molded

– Modifications in equipment and operating 

parameters must be made to avoid 

premature cross-linking of these materials 

before injection 

Injection Molding Machine

Two principal components:

1. Injection unit 

– Melts and delivers polymer melt

– Operates much like an extruder 

2. Clamping unit 

– Opens and closes mold each injection cycle

Injection Molding Machine

Figure 13.20  A large (3000 ton capacity) injection 
molding machine (Photo courtesy of Cincinnati 
Milacron).
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Injection Molding Machine

Figure 13.21  Diagram of an injection molding machine, 
reciprocating screw type (some mechanical details are 
simplified).

Figure 13.22  Typical molding cycle: (1) mold is closed 

Injection Molding Cycle

Figure 13.22  Typical molding cycle: (2) melt is injected into cavity. 

Injection Molding Cycle
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Figure 13.22  Typical molding cycle: (3) screw is retracted. 

Injection Molding Cycle

Figure 13.22  Typical molding cycle: (4) mold opens and part is 
ejected. 

Injection Molding Cycle

The Mold

• The special tool in injection molding

• Custom-designed and fabricated for the part 
to be produced 

• When production run is finished, the mold is 
replaced with a new mold for the next part 

• Various types of mold for injection molding:
– Cold-runner two-plate mold

– Cold-runner three-plate mold

– Hot-runner mold
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Figure 13.23  Details of a two-plate mold for thermoplastic injection 
molding: (a) closed. Mold has two cavities to produce two cup-shaped 
parts with each injection shot.

Cold-Runner Two-Plate Mold

Figure 13.23  Details of a two-plate mold for thermoplastic 

injection molding: (b) open 

Cold-Runner Two-Plate Mold

Cold-Runner Two-Plate Mold Features

• Cavity – geometry of part but slightly 

oversized to allow for shrinkage

– Created by machining of mating surfaces of two mold 

halves

• Distribution channel through which polymer 

melt flows from nozzle into mold cavity 

– Sprue - leads from nozzle into mold

– Runners - lead from sprue to cavity (or cavities)

– Gates - constrict flow of plastic into cavity 
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More Two-Plate Mold Features

• Ejection system – to eject molded part from 
cavity at end of molding cycle 
– Ejector pins built into moving half of mold usually accomplish 

this function 

• Cooling system - consists of external pump 
connected to passageways in mold, through 
which water is circulated to remove heat from 
the hot plastic 

• Air vents – to permit evacuation of air from cavity 
as polymer melt rushes in

Cold-Runner Three-Plate Mold

Uses three plates to separate parts from sprue 

and runner when mold opens

• Advantages over two-plate mold:

– As mold opens, runner and parts disconnect and drop into 

two containers under mold 

– Allows automatic operation of molding machine 

Hot-Runner Mold

• Eliminates solidification of sprue and runner 

by locating heaters around the corresponding 

runner channels 

• While plastic in mold cavity solidifies, material 

in sprue and runner channels remains molten, 

ready to be injected into cavity in next cycle

• Advantage:

– Saves material that otherwise would be scrap in the unit 

operation 
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Injection Molds

Injection Molding Machines

• Injection molding machines differ in both 

injection unit and clamping unit 

• Name of injection molding machine is based 

on the type of injection unit used

– Reciprocating-screw injection molding machine 

– Plunger-type injection molding machine

• Several clamping designs

– Mechanical (toggle) 

– Hydraulic

Shrinkage

Reduction in linear size during cooling 
from molding to room temperature 

• Polymers have high thermal expansion 
coefficients, so significant shrinkage 
occurs during solidification and cooling 
in mold 

• Typical shrinkage values: 
Plastic Shrinkage, mm/mm (in/in)

Nylon-6,6 0.020

Polyethylene 0.025

Polystyrene 0.004

PVC 0.005
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Shrinkage Factors

• Fillers in the plastic tend to reduce shrinkage

• Injection pressure – higher pressures force more 
material into mold cavity to reduce shrinkage  

• Compaction time - similar effect – longer time 
forces more material into cavity to reduce 
shrinkage 

• Molding temperature - higher temperatures 
lower polymer melt viscosity, allowing more 
material to be packed into mold to reduce 
shrinkage

Thermoplastic Foam Injection Molding

Molding of thermoplastic parts that possess 
dense outer skin surrounding lightweight foam 
center 

• Part has high stiffness-to-weight ratio suited to 
structural applications

• Produced either by introducing a gas into 
molten plastic in injection unit or by mixing a 
gas-producing ingredient with starting pellets 

• A small amount of melt is injected into mold 
cavity, where it expands to fill cavity 

• Foam in contact with cold mold surface 
collapses to form dense skin, while core retains 
cellular structure 

Injection Molding of Thermosets

• Equipment and operating procedure 
must be modified to avoid premature 
cross-linking of TS polymer 
– Reciprocating-screw injection unit with shorter 

barrel length 

• Temperatures in barrel are relatively low 

• Melt is injected into a heated mold, 
where cross-linking occurs to cure the 
plastic 
– Curing in the mold is the most time-consuming step 

in the cycle 

• Mold is then opened and part is removed 


