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Abstract: There are two sections in an injection molding machine: the injection unit and the clamp unit. Solid plastics
are melted in the injection unit using heat from a band heater and from frictional heat between the resins and between
the resin and the inside surface of the cylinder or screw surface. When the melted resin is injected into the mold, which
has a unique geometry, high pressure is developed at the fore-end of the cylinder, which can cause damage to the cylinder.
The bimetal cylinder consists of two layers and is manufactured to sustain the pressure inside the cylinder and prevents
abrasion. This study was conducted to analyze the structural stability of the bimetal cylinder. Computer simulation has
been performed through structural analysis coupled with thermal analysis using a commercial FEM program. Thermal
analysis showed that a temperature distribution occurred within the bimetal cylinder. Structural analysis was used to
obtain stress and deformation occurring at the fore-end of the bimetal cylinder in relation to heat and injection pressure,
and showed that the stress in the bimetal cylinder is influenced by the injection pressure more than the high temperature.
However, the deformation of the bimetal cylinder was found to be dominated by thermal expansion in relation to high
temperature, more than by injection pressure.

Keywords: bimetal cylinder, injection molding, injection molding machine, structural stability, thermal and structural
analysis.
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Figure 1. Cracks in a bimetal cylinder of injection molding
machine.
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Figure 2. Analysis model of bimetal cylinder: (a) assembly of
bimetal cylinder; (b) internal structure.

Property
Parts Material Young’s modulus Poisson’s ratio Coefﬁcignt of tl_lemlal
(GPa) expansion (10°°/°C)
Cylinder housing, cylinder head SCM440 193 0.29 13
Bimetal alloy layer SSB100 181 0.2 12.4
Nozzle SKD61 200 0.28 16
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Figure 3. Finite element model and three dimensional tetrahedral
mesh for simulation.

Bonded Bonded Bonded condition
condition condition
(@) (b) (©

Figure 4. Contact conditions: (a) bonded condition: cylinder hous-
ing to bimetal alloy layer; (b) bonded condition: cylinder housing to
cylinder head; (c) bonded condition: cylinder head to nozzle.

@ Heater2 @ Heater3 (@ Heater4 ) Heater 4 (6 Hopper contact
1265°C :80°C

1325°C :310°C :300°C

() Heater 1
:318°C
(a)
Convection Q. | Convection [+~ | Convection A
conditin_ 7% conditon_ 7% condition 7*%
A ) @)
SN
(b) () (d)

Figure 5. Thermal boundary conditions: (a) imposed temperature in
each section of band heater; (b) convection between steel and air
(25 °C); (c) convection between steel and air (80 °C); (d) convection
between steel and molten polymer (300 °C).
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Figure 6. Boundary conditions: (a) fixed condition; (b) pressure imposed.
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Figure 7. Temperature distribution of the bimetal cylinder.
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Figure 8. Measured location of maximum shear stress at outer
diameter of cylinder.
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Figure 9. Maximum shear stresses at outer diameter for each sim-
ulation condition.
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Figure 10. Maximum and minimum principal stresses at outer
diameter by heat.
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Figure 11. Maximum and minimum principal stresses at outer
diameter by injection pressure.
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Figure 12. Measured location of maximum shear stress at interface
between cylinder housing and bimetal alloy layer.
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Figure 17. Measured locations of deformation in radial direction (a)
outer diameter of cylinder; (b) interface between cylinder housing
and bimetal alloy layer; (c) inner diameter of cylinder.
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