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introduction
The mechanical behavior of an inject-molded product is
defined by the molecular structure of the polymer, the pro-
cessing conditions and the part geometry. Differences
in molecular orientation are responsible for residual flow-
induced stresses that will affect the long-term dimensional
stability of the product. Gas-assisted injection molding has
been used in industry as a mean to reduce product weight
and optimize the mechanical behavior. To understand why,
a 2D-problem was defined to compare conventional injec-
tion molding with gas assisted injection molding.

objectives
� To apply a numerical model to compute flow-induced

stresses in the injection code VIP3D.
� To study the influence of gas-assisted injection mold-

ing on flow-induced stresses.

methods
Injection molding computations for a Polycarbonate, PC,
are conducted using a finite-element code VIP3D. The
filling problem is governed by the Stokes and energy
equations. Normal stress differences, N1, are computed
using the Leonov model. A decoupled approach is fol-
lowed in which kinematics are calculated with a history-
independent generalized Newtonian rheological equation.
The adopted numerical approach is described in figure 1.
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figure 1. Applied staggered numerical scheme. For each time
step of the filling problem the viscoelastic stresses are computed.

processing conditions

- Vinj[m/s] Tinj[K] Twall[K]
PC 0.15 594 353
Gas 0.15 594 -

computational results
Results during the filling stage for conventional injection
molding are shown in figure 2.

figure 2. Results with 70% of the cavity filled.

Results for gas-assisted injection molding are shown in
figure 3.

figure 3. Results with 70% of the cavity filled.

0 0.5 1 1.5 2
0

20

40

60

80

100

height [mm]

N
1 

[K
P

a]

NO GAS

x = 0.01 m

x = 0.025 m

x = 0.05 m

0 0.5 1 1.5 2
0

1

2

3

4

5

6

height [mm]

N
1 

[K
P

a]

WITH GAS

x = 0.01 m

x = 0.025 m

x = 0.05 m

figure 4: N1 profile across the channel height at several posi-
tions along the channel.

conclusions
� A model to compute flow-induced stresses was suc-

cessfully implemented.
� Gas-assisted injection molding was studied.
� Flow-induced stresses are reduced by gas-assisted

injection molding.


