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V-6 air intake manifold

Water control valve
Brass Vs injection mold
www.mnrubber.com
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Short history of plastics

1866 Celluloid

1891 Rayon

1907 Bakelite

1913 Cellophane

1926 PVC

1933 Polyethylene

1938 Teflon

1939 Nylon stockings

1957 velcro

1967 ñThe Graduateò

1970 Earth Day recycling 
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Outline

Basic operation

Cycle time and heat transfer

Flow and solidification

Part design

Tooling

New developments

Environment

5



30 ton, 1.5 fl oz (45 cm3) Engel

Injection Molding Machine

for wheel fabrication
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Process & machine schematics
*

* Source: http://www.idsa-mp.org/proc/plastic/injection/injection_process.htm

*

Schematic of thermoplastic Injection molding machine
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Process Operation
Temperature: barrel zones, tool, die zone

Pressures: injection max, hold

Times: injection, hold, tool opening

Shot size: screw travel

Flash

Melt

Thermal
degradation

Short -
shot

Temp.

Pressure

Processing window
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Typical pressure/temperature cycle

Time(sec)

Cooling time generally dominates cycle time

Time(sec)

* Source: http://islnotes.cps.msu.edu/trp/inj/inj_time.html

*
*
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Calculate clamp force, & shot size

F=P X A = 420 tons

3.8 lbs = 2245 cm 3

= 75 oz

Actual ; 2 cavity 800 ton
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Clamp force and machine cost

Boothroyd/Busch
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Heat transfer Note; aTool >apolymer

Boundary Conditions:

1-dimensional heat conduction equation :

The boundary condition of 1st kind applies to injection molding since the 
tool is often maintained at a constant temperature

qx qx + Dqx

Fourierôs law
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Heat transfer

TW

Tii

t

x
+L-L

Let Lch = H/2 (half thickness) = L ; t ch = L 2/a ;
DTch = T i ïTW (initial temp. ïwall temp.)

Non-dimensionalize:

Dimensionless equation:

Initial condition

Boundary condition

Separation of variables ; 
matching B.C.; matching I.C.
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Centerline, q = 0.1,  F o = at/L2 = 1

Temperature in a slab

Bi -1 =k/hL

See Heat Transfer Text
By Lienhard on line 
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Reynolds Number

* Source: http://www.idsa-mp.org/proc/plastic/injection/injection_process.htm

Reynolds Number:

For typical injection molding

For Die casting
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