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Abstract  

 

Lightweight construction is an integral part of Volkswagens overall strategy of reducing CO2 
emissions. Due to its low cost, steel is the most commonly used material for automotive exterior 
body panels today. Unfortunately steel has a high density and limitations in formability resulting 
in opportunity to be replaced by alternative materials and processes. Glass fiber based sheet 
molding compound (SMC) provide favorable properties in combination with a significantly lower 
density. The favorable mechanical properties of SMC offer a great lightweight potential. In 
comparison to steel a mass reduction for the Volkswagen Atlas liftgate of up to 35%, without a 
degradation of the functionalities, is possible. 

Volkswagen Group of America worked together in this project with IACMI (Institute for Advanced 
Composites Manufacturing Innovation), the academic partners: University of Tennessee 
Knoxville, Purdue University and Michigan State University; as well as the industry partners: 
Ashland, IDI, Owens Corning and Continental Structural Plastics. 

This paper will highlight the mayor steps in the development process on the way to technology 
readiness for SMC using the example of the Volkswagen Atlas Liftgate. Over the last 30 month 
the work was focused on three R&D areas: material development, design and simulation, and 
development of the manufacturing process. The result is an e-coat capable Class-A SMC liftgate, 
which is ready for high volume production. 

 

Background  

 

Lightweight construction is an integral part of the overall Volkswagen strategy for reduction of 
greenhouse gas emissions. A lower vehicle weight has a direct correlation to the reduction of fuel 
consumption and greenhouse gas emissions. Greenhouse gas emission standards provide a 
significant challenge to the automotive manufacturers and a significant reduction in vehicle 
emissions is necessary to prevent potential fines [1]. To meet these regulations, manufacturers 
must focus their resources on a holistic approach to their platform and vehicle development. For 
several years, focus was placed on increasing the efficiency of  power- and drivetrains, incl. 
implementation of various kinds of electrification (e.g. mild hybrid, plug-in hybrid), but it is now 
becoming clear that future emission standards will not be achieved by these improvements alone 
[2]. Manufacturers will have to expand their efforts in research and development to include 
advanced lightweight materials and solutions to increase the overall vehicle efficiency. 

The average vehicle weight has been increasing over the past decades. Higher safety 
standards, increased quality demand by the customer, more interior and exterior convenience 
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features, and an overall growth in vehicle dimensions [3] have led to this rise in weight. Almost 
every new car generation has increased in weight. Stronger chassis members, such as the side 
impact bars and high-strength steels, are needed to meet increasing safety standards, which have 
led to heavier chassis. To archive the same dynamic performance, the car must be equipped with 
a higher performance output engine contributing to increased fuel consumption, subsequently 
leading to increased fuel tank capacity. This development is illustrated as the “weight spiral” 
driving the vehicle weight continuously up. (Figure 1) 

The reversing of the “weight spiral” is one key ingredient necessary to reach future emissions 
standards. Lighter body panels like a liftgate lead to lighter chassis, which require less power such 
that downsizing of the powertrain and drivetrain occurs. This in turn requires less fuel, which 
reduces the fuel capacity required. All of which reduce the overall vehicles weight. (Figure 1) 

 

 

Figure 1: Principle of "the weight spiral" and reversing of "the weight spiral" [4] 

 

For customers of the automotive industry, lightweight construction has enormous benefits. In 
context the reduction of fuel consumption, the increase of driving range, as well as a better driving 
dynamics of the vehicle are the main benefits of lightweight construction using glass fiber based 
sheet molding compound (SMC) as shown below [5]. 

 

Goals of the Development of a Class-A SMC liftgate for the Volkswagen 
Atlas 

 

The framework for this project was set by the innovation strategy of Volkswagen [6] and 
regional by the Volkswagen plant in Chattanooga by defining three governing premises. The first 
premise was, to reduce weight of an exterior panel, chosen as the Atlas liftgate, by 30%. Secondly 
an implementation of the new composite liftgate possible without changing the assembly 
sequence. The liftgate therefore has to be mounted inside the body shop, comparable to the 
current steel liftgate component. This  triggers the third premise, which requires of the composite 
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liftgate  to be capable of passing an automotive e-coat process. 

Having this premises set, five mayor goals were defined as followed: 

 Weight reduction of minimum 30% 

 Complexity reduction (reduction in part count) 

 Successful demonstration e-coat + Class-A surface finish  

 Evaluation of business case and demonstration of tool investment reduction  

 Establishing and qualifying of regional of supplier base 

To reach these five goals atechnology development process was established, which will be 
described in the following section. 

 

Development process for technology readiness for a Class-A SMC liftgate 
for the Volkswagen Atlas 

 

Figure 2 shows the three areas, in which work was performed during the development of 
theClass-A SMC liftgate for the Volkswagen Atlas: Material Development, Design and Simulation, 
and Development of the Manufacturing process. All three areas are implementing expertise from 
academia and industry covering lab to production scale. The interconnection between the 
technology areas are shown in the picture. 

 

Figure 2: Technology areas of the Development process for technology readiness for a Class-A SMC liftgate for the 
Volkswagen Atlas [7] 

The three development areas, involved industry and academic partners, and  main performed 
work in each area will be explained in the following subsections. 
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Material Development – Class-A SMC 

 

In the area of material development, Volkswagen was working closely together with the 
University of Tennessee Knoxville, Ashland, IDI, and Owens Corning. New Class-A materials 
have been compounded and analyzed using the laboratory SMC compounding lines at University 
of Tennessee Knoxville, and Owens Corning. This analysis demonstrated the mechanical and 
surface quality of novel compounds developed in recent years. Industrial scale compounding of 
the Class-A SMC was performed by IDI. 

In the first stage of the project, material characteristics were defined. Basis of this definition 
have been set by the overall project goals (weight reduction and e-coat capability). The 
mechanical properties were defined especially for the structural inner part of the liftgate. To realize 
the required weight reduction a set of mechanical properties were defined, as listed in table 1. 
Additionally, the specific gravity was limited to 1.9g/cm³ to realize the lightweight potential. 

Levels for water absorption and shrinkage ensure, that Class-A surface quality will be 
reached. 

Table 1 is summarizing the material selection criteria: 

Table 1: Material Selection Criteria 

Property Value 

Flexural Strength 175 MPa 

Flexural Modulus  14 GPa 

Tensile Strength 100 MPa 

Tensile Modulus 12 GPa 

Water Absorption  < 0.3 % 

Shrinkage <0.2% 

Specific Gravity <1.9 g/cm³ 

 

In the second stage of the material development testing procedures and validation of material 
properties were performed. The corresponding standards are summarized in table 2. The test 
have been grouped in four test categories (qualitative testing, thermal analysis, mechanical 
testing and aging). 

Qualitative testing incudes visual inspection and microscopy as well as measurement of the 
density following DIN Standard 2564 and 1183 respectively. 

The thermal analysis and testing includes dynamic mechanical analysis, differential scanning 
calorimetry and thermal gravimetrical analysis. The correlating DIN standards can also be found 
in table 2. 

The results of the mechanical testing are values for flexural and tensile strength ,as well as 
flexural and tensile modulus.. Additionally compression and tensile test in 0- and 45-degree 
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direction as well as 4-point-bending tests were performed, incl. aged samples.  

Table 2: Testing procedures and standards 

 

The development of the Class-A material included compounding of new SMC formulations, 
molding and painting of flat plaques and parts with shape representative features.. All tests 
included extensive analysis and optimization of parameters and processing steps. In table 3 and 
4 products of IDI are shown, which represent a possible Class-A and structural SMC for the 
application in the Volkswagen Atlas liftgate. 

Table 3: Calss A SMC properties 
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Table 4: Structural SMC properties 

 

The Class-A material S31-31-29 with a specific gravity of 1.9 g/cm³ was chosen due to its 
highest surface quality appearance. 

The properties of the Class-ASMC S31-31T-29 and the structural SMC STC-2450 were used 
as the basis for the modelling and simulation work in this project. 

The overarching modeling and simulation principle employed in this project is designing for 
manufacturing-informed performance [8]. Under this paradigm, manufacturing and performance 
simulations are intrinsically linked. This requires coordination between the simulation models and 
between the engineers responsible for creating the models. Material characterization is critical in 
creating the material cards that propagate throughout the simulation process, rather than having 
separately characterized material models for manufacturing and performance. The resulting 
performance models have greater fidelity to the as-manufactured system and utilize the state of 
the art in modeling and simulation technology [9]. 

 

Design and Simulation of SMC Liftgate 

 

In the area of Design and Simulation, Volkswagen was working closely together with Purdue 
University and Continental Structural Plastics. Purdue University, University of Tennessee 
Knoxville, Ashland, IDI and Owens Corning were engaged in the development and 
characterization of the required material cards. 

The modeling and simulation flowchart implemented in this design effort is shown in Figure 3. 
The commercial simulation codes utilized in this project represent state of the art composites 
simulation software solutions. The design process starts with the computer-aided design (CAD) 
model, which is created in CATIA from Dassault Systemes. Geometry and material information is 
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passed from the CAD model to the manufacturing process simulations. PAM-FORM from ESI 
Group models the draping and forming process, predicting fiber orientations in the rips sections. 
The flow simulation models the compression molding of the SMC charges and Moldex3D is 
utilized for this. Curing simulations, by Convergent Manufacturing Technology’s COMPRO and 
RAVEN as well as the built in capabilities in Moldex3D, are used to predict the modulus 
development in the thermosetting resin as a function of time and temperature in the mold. As the 
resin cures, micromechanical analysis of the composite mechanical properties is required to yield 
the local material properties. Digimat from MSC Software uses mean field homogenization to map 
mechanical properties of the composite part based on the fiber orientation information from the 
draping and flow simulations. The resulting manufacturing-informed model is analyzed in Abaqus 
to predict the performance of the component and optimize the design [9]. 

 

 

Figure 3: Modeling and simulation flowchart for design of compression molded SMC parts [9]. 

 

To guide the design and simulation work, rigidity tests and requirements were set by 
Volkswagen. These tests include multiple bending and torsion specifications applied at the 
development of a liftgate. 

 

Multiple iterations on the design and modeling were performed and a final geometry fulfilling 
the mechanical load cases and Class-A requirements was achieved. 

The structural inner part has a nominal thickness of 2.25mm, with local areas increasing up 
to a thickness of 3.125 mm and various rib structures (e.g. thickening lower body panel – see 
figure 4, rib structure in window frame area – see figure 5). This design freedom is enabled by the 
SMC process, fulfilling the performance requirements exactly where they are needed. 

In addition, the reduction and minimal use of steel reinforcements was defined as goal of the 
project – as an example Figure 6 shows the lock reinforcement. 
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Figure 4: inner structural part of the liftgate 

 

 

Figure 5: Design highlight – rip structure 

 

 

Figure 6: Minimal use of steel reinforcements  
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Development of the Manufacturing Process for the Class-A SMC Volkswagen Atlas 
Liftgate 

 

For the development of the manufacturing process, Volkswagen was working closely together 
with the Michigan State University, Ashland, IDI and Continental Structural Plastics. The molding 
of the prototype parts was done in IACMI’s ScaleUp Research Facility (SURF). 

Since the general production process, making body panels from SMC is known in general, 
this paper will focus on highlighting the steps, performed in this technology area to produce 
prototypes. 

1. Tool design 

The tool design was created by the tool shop Century Tool & Gage, in close cooperation 
with Purdue University, Michigan State University and was greatly supported by 
Continental Structural Plastics.  

Starting with the mechanical performance fulfilling part design, several design iterations 
for the tool were performed, to ensure manufacturability and Class-A surface quality. It 
was decided to build a steel chrome plated Class-A outer tool to demonstrate surface 
quality, according to Volkswagen standards and an aluminum inner tool to realize a cost 
efficient prototyping approach. 

2. Tool tryout at Century Tool & Gage 

After a lead-time of less than 12 weeks, the tool tryout was arranged at Century Tool & 
Gage at their Fenton, MI location. The test of the Class-A tool was performed at the first 
day of the tryouts and the structural inner tool was tested the second day. Both tools were 
successfully tested and approved for release. The outer tool was sent to be chromed and 
the inner tool was directly transported to the SURF facility.  

Figure 7 shows the project team at Century Tool & Gage with members from Purdue 
University, Michigan State University, IDI, Ashland, Continental Structural Plastics and 
Volkswagen. 

 

Figure7: Project team at tool tryout at Century Tool & Gage 
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3. Prototyping at IACMI Scale up Research Facility 

The molding of the prototype parts was done at the IACMI SURF facility, Detroit, MI. 

The team demonstrated cycle time, moldability and process stability, as well as surface 
characterization to ensure the Class-A quality of the outer parts. In addition, the 
functionality of the cooling fixtures was proven. 

The team molded 40 Class-A outer and 40 structural inner parts. This Parts were sent out 
to trimming, bonding and priming. 

 

Figure 8: Molded Class-A outer (right) and structural inner parts (left) 

 

4. Trimming - Bonding - Priming  

The trimming of the prototype parts was done at Shape Process Automation, Auburn Hills, 
MI. 

After bonding at Excel Patterns, Dearborn, MI, the parts were sent to Continental 
Structural Plastic, who performed the priming process using their capabilities at the 
Huntington, IN plant. 

5. Painting in Chattanooga 

The painting of the composite liftgates were performed at the Volkswagen Chattanooga 
plant. The liftgates where mounted on a dummy car body and then send though the 
conventional e-coat and paint line. 

6. Part and surface testing 

The part testing includes, but is not limited to: 

- Mechanical testing according to the load cases used for designing the liftgate 

- Class-A surface validation 

- Open-air weathering test 

The part testing is still ongoing. Results will be presented at the SPE ACCE 2020. 
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Summary of results and business case opportunity 

 

The successful project results are summarized in figure 9 and figure 10. The total major part 
count (not counting minor parts, e.g. screws, mounting plates, etc.) was reduced from 10 parts of 
the reference steel component to 3 parts in the SMC prototype. The reduction in parts and the 
use of SMC could yield a reduction of tool investment by up to 70% for SMC compared to steel.  

A weight reduction of >35% from 21.1kg in steel to 13.6kg in SMC was archived, by using the 
Class-A compound for the outer part and the structural SMC for the inner part of the liftgate.  

 

Figure 9: Part count and weight reduction 

 

 

Figure 10: Illustrative comparison between steel and SMC concept for Volkswagen Atlas Liftgate 
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Next Steps  

 

After the painting of the liftgates is completed at the Volkswagen plant in Chattanooga, the 
liftgates will be tested for mechanical performance and surface quality. The weathering tests at 
Volkswagens proving ground in Arizona will complete the testing procedures. 

With all test completed, the project will display the great lightweight and manufacturing 
opportunities of a full SMC design.This prototype demonstration can be the foundation for future 
business case analysis, thus showing how to transfer the advancements of material and process 
development into a high-volume composite exterior application. 
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