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Injection Molding of Carbon Fiber Composite Automotive Wheel
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Abstract: Injection molding (IM) is a manufacturing process that produces polymeric parts by injecting molten thermoplastic
polymer into a mold cavity. It mainly fabricates geometrically complicated parts with dimensional accuracy. In this paper,
injection molding of carbon fiber composite automotive wheels with complex shape was investigated numerically. Insert
injection molding was also considered to reduce the deformation of the part. Injection molding conditions were determined
based on the simulation results such as filling time, mechanical property, and warpage for manufacturing of composite
automotive wheels.
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Introduction

Improving fuel efficiency becomes an important issue in

the automotive industry. For this, hybrid engines and

lightweight components are applied to automobiles. Among

them, reducing weight of the wheel by employing the

composite rim is one of challenging issues. In recent years,

the wheels have been manufactured using fiber reinforced

composites, but it is still not feasible to produce them by

injection molding [1,2].

Injection molding is a cost and time efficient processing

method for mass production of polymeric parts. It is also

environmentally friendly compared with other methods

since it uses thermoplastic polymer in a closed environment.

It has recently been used to produce parts with complex

shapes and small dimensions such as micro- and nano-

scales [3-5]. Injection molding process can be modeled

numerically to understand the entire steps such as filling,

packing, cooling, and ejection stages [6-20]. Numerical

simulation will save cost and time in designing and

manufacturing polymeric parts by optimizing processing

conditions.

In this study, numerical analysis was carried out to

manufacture a thick and complex automotive wheel with

carbon fiber composite. The resin flow during filling and

deformation of parts at ejection were predicted numerically.

Insert injection molding was also considered to reduce the

deformation of the part and improve the mechanical

properties. The insert injection molded part was assessed in

terms of pressure, fiber orientation, deformation, elastic

modulus, and residual stress distribution.

Experimental

A finite element method (FEM) simulation program,

Moldex3D®, was used in this study. The entire processing

steps, filling, packing, cooling, and warpage stages, were

modeled for injection molding of carbon fiber composite

automotive wheels. The resin flow in the mold is governed

by the following equations [21].

(1)

(2)

(3)

where ρ is the density,  is the velocity vector, P is the

pressure,  is the stress tensor,  is the gravity vector, Cp is

the specific heat at constant pressure, β is the thermal

expansion coefficient, η is the generalized Newtonian

viscosity,  is the heat flux vector, and  is the magnitude

of shear rate tensor.

Figure 1(a) shows the shape of the automotive wheel.

Geometric modeling and finite element generation were

carried out (Figure 1(b)-(d)). More than 2 million finite

elements were generated by employing tetrahedral, prism,

pyramid, and hexagonal elements. The diaphragm gate was

selected (Figure 2(a)) and the size and shape of the sprue,

gate, and runner were determined. As shown in Figure 2(b),

the conformal cooling channel was considered and the nine

cooling lines have the spiral structure. The entire mold has a

size of 1200 mm×1200 mm×1200 mm (Figure 2(c)). For

numerical simulation, two cases were taken into account:

Case 1 without insert and Case 2 with metallic insert (Figure
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ṽd

td
----- ∇P– ∇+ τ̃⋅ ρg̃+=

ρCp

Td

td
------ βT

Pd

td
------ ηγ· ∇ q̃⋅+ +=

ṽ
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3). The insert parts were positioned at upper and lower

locations in the automotive wheel as shown in Figure 3(b).

40 wt% carbon fiber filled Polyamide 6 (PA6) (Akro-plastic

Corporation (AKROMID B3 ICF 40)) and aluminum insert

were taken into account for the simulation. The material

properties for numerical analysis were obtained from

Moldex3D. Processing conditions are listed in Table 1.

Figure 1. (a) Automotive wheel considered in this study, (b) CAD

model, (c) finite element mesh, and (d) magnified mesh structure. 

Figure 2. Geometry of (a) runner and gate, (b) cooling channel, and (c) mold. 

Figure 3. Geometry of (a) Case 1 without insert and (b) Case 2 with insert. 

Table 1. Process conditions used in the simulation

w/o insert w/ insert

Filling time 7 s 1.5 s

Packing time 70 s 55 s

Cooling time 900 s

Melt temperature 285 °C

Initial insert part temperature - 80 °C

Mold temperature 80 °C

Freeze temperature 186 °C

Ejection temperature 166 °C
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Results and Discussion

The sprue pressure required to fill the cavity is shown as a

function of the filling time in Figure 4. High melt velocity

needs high injection pressure to fill the mold cavity and high

sprue pressure is required to achieve short filling time. The

sprue pressure showed a minimum value in the graph for the

cases without and with insert with respect to the filling time,

which allowed us to determine the optimum filling times

(i.e., 7 s without insert and 1.5 s with insert). The freezing

time at the gate was also predicted by the simulation. The

packing time without and with insert was 70 s and 55 s,

respectively (Figure 5). The initial temperature of the

aluminum insert was set at 80 
oC. Since minimum cooling

time typically indicates the time when 80 % of cavity and

60 % of runner are solidified, the cooling time was increased

to 900 s.

Figure 6 shows the melt front advancement in the cavity

with respect to time. The resin filled the circular runner first

and infused into the cavity. The filling time was 7.077 s for

Case 1 and 1.514 s for Case 2. Higher pressure was required

for Case 2 because its filling time was shorter than that of

Case 1. Therefore, Case 2 showed higher pressure field than

Case 1 as shown in Figure 7(a,b). Total weight of Case 2 was

higher than that of Case 1 (Figure 7(c)) because the density

of aluminum (i.e., 2.7×10
3 kg/m3) is higher than that of

polymer (i.e., 1.31×103 kg/m3).

The fiber orientation was predicted as shown in Figure 8.

Since the resin mainly flowed in the vertical direction, fibers

were oriented along that direction in both cases (Figure 8). It

was found that the two cases had quite similar fiber

orientation.

Figure 9 presents the elastic modulus of the molded part in

x, y and z directions. The average modulus in each direction

is given in the figure. Case 2 with insert showed higher

values in every direction because of the aluminum insert.

Figure 4. Sprue pressure w.r.t. the filling time.

Figure 5. Existing polymer melt w.r.t. time; (a) Case 1 and (b) Case 2. 
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The elastic modulus of aluminum is 68 GPa, and that of the

carbon fiber is 38.2 GPa in the longitudinal direction and

10.3 GPa in the transverse direction. For both cases, the

modulus in the z direction is higher than that in the x and y

directions due to the fiber orientation.

The total deformation and thermal residual stress of the

Figure 6. Melt front advancement in the cavity w.r.t. time; (a) Case 1 and (b) Case 2 at 25 %, 75 %, and 100 % filling.

Figure 7. Pressure distribution after 100 % filling; (a) Case 1, (b) Case 2, and (c) comparison of the total weight between the two cases.
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molded part are shown in Figure 10. For Case 1, the

deformation increased as the distance from the gate became

larger (Figure 10(a)). It was found in Case 2 that the

deformation was significantly reduced at the upper and

lower locations where the insert part was located (Figure

10(b)). However, the deformation in the middle was

Figure 8. Fiber orientation at the skin layer; (a) Case 1 and (b) Case 2.

Figure 9. Elastic modulus of the molded part in the x, y and z direction; (a) Case 1 and (b) Case 2.
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increased to 2.5 mm. On the other hand, the residual stress of

Case 2 was higher than that of Case 1, especially in the

middle region. Consequently, the molded rim with insert

achieved significant improvement in the deformation.

Conclusion

3D numerical simulation of injection molding was carried

out for automotive wheel. The resin flow and warpage of the

product were investigated numerically. The filling time in

the cavity was optimized and the gate freezing time was

determined. The effect of insert on the injection molded part

was also evaluated. It was found that the deformation of the

part was reduced significantly when the insert was applied.

This study will provide a meaningful guideline for manu-

facturing of a real automotive wheel via injection molding.
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