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ADDITIVE MANUFACTURING  
& 3D PRINTING

Integrated Systems for Cost-Efficient 
Manufacturing of  Multi-Material /
Functional Constructs
Saeed Farahani,  
Assistant Professor, Clemson University
Advanced multi-material structures are 
known for their superior characteristics 
due to the synergy of different materials. 
However, the multi-stage and high cost of 
their manufacturing processes are the main 

drawbacks in expanding their application in cost-effective industries such 
as automotive. To counter these challenges, integrated manufacturing 
approaches can be utilized to overcome limitations associated with earlier 
technologies, while adapting themselves to incorporate new materials 
and unique features. Moreover, integrated manufacturing increases the 
complexity and technical requirements of the system, thereby making 
product imitation difficult. Motivated by the aforementioned aspects, several 
manufacturing concepts have recently been developed by this research group 
based on various integrations of injection, forming, foaming, and additive 
manufacturing processes, which will be introduced in this presentation. 
While these integration concepts were initially proposed to overcome 
the manufacturing difficulties of multi-material components, the unique 
additional features provided by these concepts hypothesizes the integrated 
systems as a promising pathway towards cost-efficient manufacturing of 
multi-functional, smart products.

Open Platform Advantages in  
3D Printing and Finding the Right 
Materials for Large Components
Haleyanne Freedman,  
Market Manager and Engineering 
Consultant, M. Holland Company
Closed platform 3D printing systems do not allow 
manufacturers to take advantage of flexibility and 
advancing technology and materials for parts, 
tooling, prototypes, and production applications. 

Larger tooling and components are especially difficult for closed platform 
materials. Open platform has been historically touted as hobbyist level printers, 
however, market developments have made open platform become the new 
standard for industrial 3D printers. The M. Holland 3D Printing Group, within M. 
Holland Company, is printer- and materials-agnostic. We have tested hundreds 
of printers and materials. We have key customers in auto molding that have used 
open platform and custom-built 3D printers amd we have a keen understanding 
of which parts are viable for 3D printing and specialize in application development 
for the plastics processing industry. M. Holland has worked with thousands of 
companies on projects for IM and AM that reach far beyond prototyping. Without  
consulting advice, auto molders and manufacturers can grossly overspend on 
closed platform printers and materials, in many cases in the hundreds of thousands 
of dollars. Using open platform printers and materials allows auto molders to create 
large components/ tooling in their businesses, which is not possible with most 
closed platform printers. Material advancements are necessary for automotive.

Silicone Whipping Additive 
Manufacturing (SWAM) – Application  
in Automotive Manufacturing
Leonardo Simon,  
Professor, University of Waterloo
Additive manufacturing is starting to make 
a significant contribution in many fields. The 
driving force has been prototyping parts, 
inventory replacement, mass customization, 
and ability to create unique functional designs. 
Metals, ceramics, and plastics have been 

extensively investigated. However the area of soft materials is still unexplored 
because of the lack of instrumentation and understanding materials 
properties. This presentation will describe additive manufacturing with paste 
materials that can demonstrate soft and elastomeric behavior. Our research 
group has been investigating the use of 3D printers to deploy silicone 
elastomers and other materials. By controlling a set of printing parameters 
(speed, gap distance) and silicone properties it is possible to create structures 
with high porosity and different firmness. This is possible to some extend to 
the phenomena known as liquid rope coiling. Our group call this process 
SWAM - silicone whipping additive manufacturing, which is a new method 
enabling easy creation of prototypes for automotive seat cushions.

Process Induced Micro-Void  
Formation Within the Microstructure 
of Large Scale Polymer Composite 
Deposition Large Area
Douglas Smith,  
Associate Professor, Baylor University 
Additive Manufacturing (LAAM) continues to 
enable advancement of specialized tooling and 
custom vehicles in the automotive industry 
where design details are obtained at little or 
no cost. Materials produced with LAAM are 

significantly enhanced (i.e., improved stiffness, strength, and dimensional 
stability) through the addition of short carbon fibers within the polymer 
matrix. Unfortunately, short fiber polymer composites produced with 
large scale polymer deposition contain a much higher content of micro 
voids within the bead as compared to beads produced without fibers. This 
study aims to expose mechanisms that promote void formation within the 
microstructure of a polymer composite LAAM bead using high-resolution-
3D micro-computed tomography (micro-CT) and numerical simulation. 
Micro-CT results are first used to reveal the presence of micro voids within 
LAAM short fiber polymer composite beads, focusing on their location, size, 
and shape. Then a multiscale finite-element based modeling approach is 
used to provide insight into mechanisms that promote void nucleation along 
a fiber’s surface during extrusion. A macro-scale 2D planar fully-coupled 
flow-fiber orientation finite element simulation is performed to obtain die 
swell in addition to shear rates and pressures along streamlines within a 
LAAM nozzle extrusion-deposition melt flow. These results serve as input 
to a custom single fiber motion simulation which computes fiber rotation.
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ADVANCES IN  
THERMOPLASTIC COMPOSITES

A Metal Plastic Hybrid (MPH)  
Rail Extension Design Solution  
for Automotive Bumpers
Somasekhar Bobba Venkat, Global 
Technology Manager Automotive, SABIC
The advent of the Insurance Institute for Highway 
Safety’s (IIHS) small overlap rigid barrier 
(SORB) protocol has led to the development 
of vehicles with an extended and/or standalone 
rail extension to help address the SORB test.  In 

this study, a generic Ls-Dyna model vehicle modified with metal plastic hybrid 
(MPH) SORB rail extension was compared to a heavier metal rail extension. 
A new method of combining mechanical performance of metal with the 
energy absorbing ability of polymer in a rail extension has been devised using 
an MPH approach. A simple but effective MPH design was envisaged for 
the rail extension and evaluated for front bumper impact requirements for 
energy absorbing. It was observed that the passenger cell of the vehicle under 
investigation incurred minimal damages in the event of a small overlap impact 
and that the MPH rail extension delivered the same performance as the metal 
rail extension in the vehicle structure. When comparing the MPH solution 
to the full metal rail extension, the MPH solution was lighter in weight and 
reduced system cost for automotive bumpers. 

Hybrid Rocker Solution for Electric 
Vehicle Battery Protection for Side  
Impact Crashes
Somasekhar Bobba Venkat, Global 
Technology Manager Automotive, SABIC
Lightweighting of electric vehicles (EV) is an 
emerging trend to extend drive range as an 
alternative to battery optimization. EV chassis 
consist of structural members such as rails, 
posts, and rockers, which form frames that need 
to meet stringent crashworthiness requirements 

like frontal, side (IIHS & Pole) and rollover impact. The high strength steel 
and aluminum used in these structures are often heavy and require several 
secondary steps to complete the frame. Advances in thermoplastic composite 
material development and use of hybrid processes like over-molding 
solutions, are enabling complex structural components with similar/improved 
performance when compared to full metal solutions for crashworthiness. 
Advanced lightweight materials to replace steel and aluminum must also 
provide consistency in impact performance, while demonstrating robust 
energy absorption during high (80°C ) and low (-40°C) temperature 
conditions. This paper gives a summary of the fabrication and performance of 
a multi-material hybrid rocker panel prototype part. The rocker panel solution 
developed is up to 40% lighter in weight with similar crushing behavior when 
compared with the steel/aluminum solutions.

An Approach for Integration  
of RTM Process Simulation
Anand Bora, Customer Success Manager, 
Moldex3D N.A.
In the preform preparation stage of the RTM 
process, the fabric is draped on the mold along 
the geometry. Before the filling and warpage 
analysis, the draping analysis will be performed to 
get the fabric orientation. Due to the anisotropy 
of the fabric material, the main direction of 
the material has a significant influence on the 

overall flow behavior and warpage of the product. In this study, the advanced 
simulation approach for the RTM process is demonstrated. The filling and 
warpage analysis integrate with the draping simulation result from AniForm.  

The influences of fabric shearing and fiber orientation on the resin flow and 
warpage in RTM process is studied. With more accurate fabric orientation 
prediction methods, the accuracy of predicting fabric ply orientation is 
improved and more accurate infusion and product warpage simulation results 
can be obtained.  

Development of Electrically  
Conductive Composites of Nylon12  
by Incorporation of Biocarbon Filler
Chinmoyee Das, Ph.D. Candidate, 
Michigan Technological University
Sustainable manufacture led to a shift in 
automotive manufacturing practices. Polymer-
based composites make up almost 1/3 of the 
entire vehicle, most importantly the fuel system 
of the vehicle. Poor electrical conductivity of the 
polymer composites leads to fatal fire accidents 

caused by electrostatic deposition. Carbon based synthetic fillers like carbon fiber 
and carbon nanotubes are attractive options to develop electrically conductive 
composites, owing to their excellent electrical and mechanical properties. 
However, the production process of these fillers is highly time and energy 
intensive making it quite expensive and not quite sustainable. Lignocellulosic 
feedstock can be carbonized at a high treatment temperature of greater than or 
equal to 1000°C to produce electrically conductive biocarbon filler. In this study 
biocarbon fibers developed using Douglas fir pulp, were incorporated into nylon 
12 matrix. The composites were fabricated using hot compression mounting. At a 
loading of 7.5% the composites reported resistivity of 7.13E+03 OMEGA cm and 
at 35% loading rate the composite resistivity was 2.13 Ω cm. Nylon composites 
filled with 40% carbon fiber have reported a resistivity value of 5.04E+08 
OMEGA cm that is significantly lower than the 35% biochar filled composites. 
This indicates the effectiveness of biochar as a conductive filler, in developing 
electrically conductive, sustainable composites.     

Combined LFT-D and GMT Glass 
Reinforced Nylon Composite for 
Optimized Part Molding and Performance
Navraj Heer, Research Engineer, 
Fraunhofer Project Centre for  
Composites Research
In this study, materials were selected from long 
fiber thermoplastic-direct (LFT-D) and glass mat 
thermoplastic (GMT) classes that were comprised 
of Polyamide-6 (PA6) as the matrix material and 

glass fiber (GF) as the reinforcement. Common matrix and fiber constituents 
allowed for the investigation of the combination of the two materials in one part. 
The mechanical properties of the combination of the two materials as well as the 
adhesion between the two materials was studied. The results indicate that the 
mechanical properties of combination of the two materials lay between that of 
LFT-D and GMT material on their own. Thus, depending on the requirements of 
an application, the use of GMT material in LFT-D can be optimized (rather than 
LFT-D or GMT alone) for reduced cycle time, better mechanical properties, 
reduced cost, and reduced part warpage.

Composite Lift Gate with Clear Polymer 
Window with Integrated Seal & Invisible 
Defroster Technology
Boney Mathew, President & CEO, 
Mathson Composite Group LLC
Today’s composites are technologically 
advanced composite materials that offer a 
number of significant advantages over steel, 
glass, and aluminum .The market is looking 
for lighter innovative products with additional 
functionality, e.g. the automotive industry 

is looking for lighter products to improve fuel or EV battery efficiency. 
Composite products offers significant weight savings.  Advanced composites 
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represent as much as a 60 percent weight savings over steel, while offering 
all of the benefits that come with working with a composite versus a metal. 
Liftgates are generally made of steel by auto OEMs themselves, however, with 
the advent of lightweight components, composites have been in limelight and 
have already become successful in making a remarkable presence in liftgates 
of vehicles. Composites play a vital role in contributing to weight reduction 
without compromising the strength and performance of the overall system. 
This innovative composite liftgate with a clear polymer rear window invention 
over glass window or metal lift gate technology utilizes three or two layers: 
two thin sheets of polymer such as Polycarbonate, PMMA etc. sandwiching 
a layer of electrically or thermally or both conductive layer such as invisible 
additive such as Graphene or Carbon nano tubes coating over a polymer 
layer in a multi layers system. The invisible conductive layer which allows the 
window to warm up quickly and defrost the pane of polymer window.  

THERMOFIL HP - Innovative Solutions 
for Lightweighting Using Engineering Glass 
Fiber Reinforced PP
Nicolas Schlutig, Technical Manager, 
SUMIKA Polymer Europe
Automotive light-weighting is a long-term 
trend because it reduces emissions and fuel 
consumption, and it increases vehicle range 
and performance. In anticipation of this trend, 
Sumika Polymer Compounds Ltd. developed 

Thermofil® HP high performance chemically coupled glass-fiber reinforced  
polypropylene grades approximately 15 years ago, and they continue to 
create new and improved grades. To facilitate light-weight solutions with 
Thermofil® HP, Sumika Polymer Compounds Ltd. partnered with Moldex® 
3D, a premier provider of Plastic Injection Molding Software, Hexagon® 
e-Xtreme® Engineering a leader in integrated computational material 
engineering (DIGIMAT® Data Management System) and Hexagon® MSC 
Software (MARC® a powerful nonlinear finite element analysis solution). This 
presentation compares predicted part performance to actual part performance 
for a brake pedal and pedal support. First, some technical background behind 
DIGIMAT® digital material cards, including how they how they are created and 
validated, will be presented. Then, the usage of a DIGIMAT® Digital Material 
Card to perform a Moldex® 3D mold filling simulation and a MARC® Finite 
Element Analysis to optimize the designs & predict the performance of a brake 
pedal and pedal support will be presented. Finally, the predicted performance 
will be compared with actual performance to validate the predictive model. 
When used together, THERMOFIL HP®, DIGIMAT digital material cards, 
Moldex® 3D injection molding filling analysis and Marc® non-linear anisotropic 
finite element analysis enables accurate design optimization and predictive 
engineering to reduce weight without sacrificing part performance.

ADVANCES IN  
THERMOSET COMPOSITES

Advancements in Accelerated Weathering 
Tests and Materials for Mold-in Color 
Sheet Molding Compounds
Joe Amlung, Scientist,  
INEOS Composites
The use of mold-in-color sheet molding 
compounds (SMC) for pickup-truck beds and 
stowage features has grown substantially since 
the introduction of the 2017 Honda Ridgeline.  
The advantages of mold-in- color SMC for 

these applications are substantial: reduced environmental and monetary 
cost from the elimination of a paint line, ability to fabricate geometrically 
complex designs, and superior impact/scratch/mar/corrosion resistance.  
Still, the continuing adoption of these compounds is not without challenges, 

chiefly the exposure testing necessary to validate their weathering resistance 
performance. To help understand the challenges, INEOS Composites has 
completed two-year South Florida exposure testing by OEM-specified SAE 
1976 of various mold-in color composites.  In parallel, the same compounds 
were tested by SAE J2020 (QUV) and SAE J2527 (xenon arc) exposure.  
Herein, the findings are presented, the relationship between the three test 
standards is discussed, and performance results for next-generation material 
systems are summarized. 

Pushing Structural Sheet Molding 
Compound Forward by Next-Gen  
Production Line ‘CUBE’
David Buecheler, Product Manager, Schmidt 
& Heinzmann GmbH & Co. KG
Sheet Molding Compound (SMC) offers excellent 
characteristics in terms of complex part geometry, 
function integration, material utilization and 
productivity at economical cost.  Thus, it is well 
known in industry and widely used. However, it is 

rarely used for structural applications.  The specific mechanical properties of 
commercially available carbon fiber SMC only just beat aluminum and the 
gap to continuous fiber prepregs seems large.  The presentation will provide 
an overview about recent developments in the field of carbon fiber SMC 
focusing on recent technology breakthroughs:  Styrene free, structural 
resins to prepare the material system for future legal boundary conditions. 
Digitalization of manufacturing the semi-finished material by novel line 
control and extensive implementation of sensors that monitor and store all 
quality-critical process parameters. New technical solutions to homogenize 
resin application and fiber bed as well as solutions to deaerate the compound.  
â€¢Prediction of compression molding processing defects for complex 
component geometries by novel direct bundle simulations. These defects 
could be fiber matrix separation in ribs, knit-line formation at metallic 
inserts or miss-alignment of fibers in confined regions.  Summarized, the 
presentation covers the recent inventions of this established but multifaceted 
technology and will give insight into the promising future of CF-SMC.  

HP-RTM and LCM Technologies for High 
Build Rate Automotive Applications
Stephen Greydanus,  
Business Development Manager 
Automotive NA, Hexion Inc.
Composites technology for the automotive 
market continues to advance rapidly. Increasing 
knowledge of composite design, simulation 
tools, new materials, and process equipment 
are all contributing to make composites 

better performing and more affordable for mass-produced vehicles. The 
high-pressure resin transfer molding (HP-RTM) process is enabling 
manufacturers to produce complex composite parts at short cycle times. 
Rassini manufactures a hybrid rear suspension, which consists of a main 
steel leaf supported by a composite helper, for Ford Motor Company’s 
new 2021 model of the F-150 pickup truck. The composite helper spring 
is produced with high-pressure resin transfer molding (HP-RTM) using 
Hexion’s EPIKOTETM Resin TRAC 06150 with EPIKURETM Curing Agent 
TRAC 06150. The EPIKOTETM Resin TRAC 06720 binder is essential for 
fabric stabilization and automated preforming of a large directional stack 
of fabric plies and is fully compatible with the fast cure resin system. Liquid 
compression molding (LCM) is the fastest process technology for less 
complex geometries with cycle times less than 90 seconds. HP-RTM and 
LCM are complementary technologies; in one manufacturing cell the two 
processes can be combined with utilization of continuous carbon and/or 
glass fibre. The process selection and design criteria will be illustrated with 
potential structural underbody and battery tray application areas.   
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Composite Compression Limiter  
for Injection Molded Parts with  
Improved Pullout Strength
Kipp Grumm, Technology Leader 
Thermoplastic Composites, BASF
This development covers the design, 
development, testing and application of a 
polyurethane based composite compression 
limiter.  Compression limiters are required for 
injection molded parts that need threaded 

fasteners for attachment to other components and are traditionally made of 
metal.  A composite compression limiter development would lead to substantial 
weight savings and also cost savings in some cases.  On some injection molded 
parts in automotive for example, the mass of the metal compression limiters can 
contribute 50% of the mass of the part.  The composite compression limiters 
can save up to 75% mass savings and 50% cost savings when comparing to 
some complex machined metal inserts  Prototype compression limiters have 
been made and tested.  For this patent pending design, a unique geometry is 
added to the outer surface so that the compression limiter interlocks with the 
injection molded polymer when overmolded.  No chemical bond is achieved 
between fully cured polyurethane and an injection molded polymer such as 
PA6 without the addition of an adhesive or adhesion promotor.  A 4,900% 
improvement in push out force has been measured for these improved 
geometry compression limiters vs the straight wall pultruded compression 
limiters.  The manufacturing of these composite compression limiter will utilize 
a unique pultrusion process to add the outer geometric features prior to the 
polyurethane becoming completely cured in the pultrusion process.    

Machine Learning Approach for  
Prediction of Fiber Orientation 
Distribution in Molded Composites
Oleksandr Kravchenko, Assistant 
Professor, Old Dominion University
Discontinuous fiber-reinforced polymer 
composites are an important category 
of composite materials due to their high 
processability allowing for fabrication of 
geometrically complex structures via high-
throughput manufacturing processes. A 

discontinuous fiber composite system can take the form of randomized 
platelets, defined as a prepreg platelet molded composite (PPMC). PPMC 
typically results in varying local fiber orientation distribution (FOD), which 
complicates the design and quality control. This work presents the use of 
machine learning approach for prediction of spatially varying FOD in a PPMC 
plate with a 2-D random platelet orientation state. Compared to other non-
destructive techniques, the method allows for ensuring the repeatability 
in molded composites by rapid prediction of the meso-structure. The fully 
convolutional neural network architecture, U-Net, was used to predict non-
uniform complex spatially varying FOD of PPMC using large synthetic dataset 
of PPMC plates.  The U-Net model was trained to predict components of 
FOD from the plate surface thermal deformation data. For a test dataset, the 
trained U-Net achieved FOD predictions with a global mean absolute error of 
6.6%. The developed U-Net model was successfully used to detect a region 
of high fiber alignment within 2D random plate and was also able to capture 
the complex local trends in FOD along various paths across the PPMC plate. 

Pultrusion Overmolding for  
Energy Management Applications
Ricardo Mercado Sr. 
Application Development Engineer,  
BASF Corporation
This study combines the benefits of pultrusion 
and injection molding processes to create a 
component with enhanced energy management 
capabilities.  Pultrusion is a common process 
that is used to manufacture constant geometry 

profiles by impregnating continuous fibers with a resin. This study will focuse 
on combining the impregnation of glass fibers using ELASTOCOAT® 
(polyurethane) as a matrix with  the injection molding process of Ultramid® 
(Polyamide) material, which has good impact and temperature resistance 
properties, to create a high energy and impact component that surpass the 
performance of each material individually.  The mechanical properties of 
pultrusion profiles made with ELASTOCOAT® can be tailored to specific 
requirements through the design of the fiber architecture. With the proper 
design, pultrusion can achieve steel strength levels at only 1/3 of the steel 
density. Constant geometry pultrusion profiles commonly face joining 
challenges for systems integration. This development will analyze the effects 
of the overmolding process using pultrusion inserts as an alternative for 
systems integration.  This study will  present the  improvement  results of the 
over molding inserts compared with thermoplastic parts without inserts. Also 
it will show the improvement on the energy management properties and the 
advantages of using thermoplastic overmolding as a method for pultrusion 
integration on complex geometry systems.

Assembly and Reuse of Aromatic 
ThermoSetting coPolyester  
(ATSP) Composites
Jacob Meyer, VP of Technology,  
ATSP Innovations, Inc.
ATSP Innovations, Inc. has developed a new 
family of high performance vitrimeric resins 
called Aromatic ThermoSetting coPolyesters 
(ATSP), which have Tg’s ranging from 174-310C. 
Vitrimers are crosslinked polymers featuring 
dynamic covalent chemistry which allows changes 

in network topology via thermally-driven bond exchange.  Subsequent process 
operations after cure are mediated by a bond exchange reaction, which 
normally have a fixed topology. However, when heated above their Tg - we see a 
transition from viscoelastic solid to viscoelastic liquid, facilitating thermoplastic-
like processing, such as compression, extrusion, and laminated molding. These 
vitrimeric properties also means that the thermoset can be recycled like 
thermoplastic resins. ATSP Innovations, Inc. has developed molding compounds, 
continuous fiber composites, coatings, and extremely versatile alloys, which are 
currently in use in the aerospace industry.  The molding compounds also show a 
combination of processability, material properties, and tribological performance 
that makes them attractive for challenging friction/wear and bearing surface 
applications. ATSP continuous-fiber composites show outstanding creep 
resistance, thermal stability, and interlaminar toughness properties which make 
them ideal for many robust composite automotive component applications.  

Evaluation of Surface Appearance  
of Sheet Molded Composites
Tom Skelskey, Group Leader Product 
Development, INEOS Composites
Composites are often used in applications 
where surface appearance is an important 
attribute to the final product, such as a 
painted Class A body panel on an automobile 
or the gel-coated hull of a composite boat. 
Composite manufacturers are faced with the 

challenge of optimizing the surface appearance of the part while maintaining 
the other product requirements such as strength or weight. Changes to the 
composition of the formulation or process conditions often lead to changes 
in surface appearance. Appearance has typically been evaluated by visual 
inspections which are inherently subjective. Because of this, manufacturers 
struggle with determining if proposed changes have a significant effect on 
the surface appearance of their product. This paper will provide examples 
of the use of a deflectometry measurement instrument combined with a 
statistical choice modelling method to provide definitive rankings of parts 
with varying degrees of surface appearance. It will also be shown how this 
technique can be used in design of experiments to evaluate the effects of 
process and formulation changes on the appearance of the final part.
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Evaluating Phenolic Composite in 
Benchtop Thermal Runaway Testing
Ian Swentek, Senior Application 
Development Engineer, Hexion Inc.
Electric vehicles continue to increase their 
driving range using more energy-dense battery 
packs with greater quantities of individual cells. 
These batteries pose a safety risk in the unlikely 
scenario where they experience an electrical 
short that leads to a thermal runaway condition. 
The newest automotive design standards now 

specify the performance of an electric vehicle battery enclosure regarding 
the minimum thermo-mechanical safety constraints. The design of the 
battery enclosure thus becomes critical in preventing and safeguarding 
against a thermal runaway. A phenolic sheet molding compound is compared 
against traditional enclosure materials to evaluate their high temperature 
resistance up to 1600°C. Two different protocols are adopted that mimic 
real-world lithium-ion batteries undergoing a thermal runaway but are safe to 
perform and repeatable within the lab. Commercially available materials were 
selected from an aluminum battery enclosure, a fire-retardant sheet molding 
compound using a hybrid unsaturated polyester/vinyl ester blend, and a 
phenolic sheet molding compound. Direct thermocouple measurements 
and indirect thermal imaging were used on a range of thicknesses for each 
material to evaluate their overall thermal resistance. Mechanical testing was 
also conducted to compare the material performance metrics. The phenolic 
composite is shown to be the best-in-class high temperature, fire-resistant 
material for electric vehicle battery module structures.

Thermogravimetric Analysis of  
SMC Resins for Electric Vehicle  
Battery Enclosure Applications
June  Wu, Research Scientist,  
INEOS Composites
Sheet molding compound (SMC) composites 
have proven to be an excellent material 
choice for producing EV battery enclosure 
structures because of multiple benefits, such 
as fire retardancy (FR) properties and their 

ability to be molded into complex shapes. Cured SMC FR performance is 
typically reported as a combination of flame spread and flame extinguishing 
duration by some standardized flammability testing methods. However, 
it is challenging to assess incremental advancements in various polymer 
matrixes’ thermal resistance with these macro-level methods.  The present 
work investigates the fundamental thermal degradation behaviors of SMC 
formulations’ liquid components before testing by standardized methods.  
Multiple combinations of the base resin and low-profile additives were cured 
without fiber reinforcement and measured by a thermogravimetric analysis 
(TGA) method. Each mixture’s degradation performance was characterized 
by onset degradation temperatures and peak mass loss temperatures from 
the TGA thermographs. Comparing TGA results facilitates understanding 
each component’s impact on thermal resistance properties, offering guidance 
in selecting optimized resin combinations and a better-defined formulating 
window when developing advanced FR SMC resins.

Epoxy Composites Improvements 
with Combinations of Hollow Glass 
Microspheres and Core-Shell Rubber
Kazuhiro Yoshida, R&D Supervisor, 
Kaneka North America LLC
Polymer composites manufacturers have used 
hollow glass microspheres to lightweight molded 
parts, underbody coatings, and sheet molding 
compounds, which helps improve fuel economy 
and battery range in automotive applications.  
More recently, high loadings of these 

lightweight fillers have been evaluated in these thermoset syntactic foams 
for thermal management applications in electric vehicle battery modules.  
Typically, thermoset resins like epoxy are used to provide a low viscosity 
liquid that can be pumped into narrow gaps and channels.  Filler loadings 
greater than 40 volume % can cause the viscosity of these systems to rise 
exponentially and reduce key physical properties such as impact strength. 
In this study, combinations of low density hollow glass microspheres at high 
volume loadings, along with modest loadings of core-shell rubber particles 
show synergy for viscosity control, as well as retention and improvement of 
physical and thermal properties.  

BONDING, JOINING  
& FINISHING

Automotive Surge Tank Development  
via Hybrid Weld Techniques  
(Vibration Weld + IR Pre-heat)
Ankur Bhosale, Sr. Application 
Development Engineer, BASF Corporation
This presentation will describe the fast track 
design, development, and support on a global 
level provided by BASF to successfully 
launch this program. This presentation will 
also emphasize the effective utilization of still 

somewhat newer hybrid welding techniques â€“ Vibration Welding & IR 
Pre-Heat on developing automotive surge tank application using BASF’s 
Ultramid A3HG6 HR grade, a PA66 30% short glass fiber reinforced 
polyamide. BASF supported this application development by tapping into 
their extensive knowledge and experience on various joining techniques 
under their global ULTRAJOINTM team umbrella. During the design phase, 
BASF also leveraged its unique Burst Failure Index (BFI) CAE Simulation 
Technique.  BASF’s global technical resources ensured that this application, 
typically polypropylene dominated, was successfully launched within the 
stringent program timing constraints.

Mechanical/Electrical Properties of 
MWCNT/PP Films for Structural  
Health Monitoring of GF/PP Joints
Wencai Li, Ph.D. Student,  
Louisiana State University
Multi-walled carbon nanotubes (MWCNTs) 
are ideal nanofillers to improve electrical and 
mechanical properties of polymers at low 
concentrations. Moreover, they show promise 
for structural health monitoring (SHM) of 

composite joints, assembled through adhesive bonding or fusion bonding. 
This study focuses on developing multifunctional films, suitable for ultrasonic 
welding of thermoplastic composites, using two approaches: 1) MWCNT-
filled polypropylene (PP) nanocomposites prepared via solvent dispersion for 
uniform dispersion of fillers, and 2) high conductivity MWCNT buckypaper 
embedded between PP films by compression molding. 5 wt% MWCNT/
PP composites were synthesized using solvent dispersion method, followed 
by compression molding to manufacture MWCNT/PP films. The effect of 
MWCNT concentrations on the electrical and mechanical properties of 
multifunctional films were examined with a Sourcemeter and a Dynamic 
Mechanical Analyzer, and a comparison was made between 5 wt% and 15 
wt% to 25 wt% MWCNT/PP films based on our previous research. Glass 
fiber/polypropylene (GF/PP) composite joints were ultrasonically welded in 
a single lap shear configuration using MWCNT buckypaper and MWCNT/
PP films. Electrical resistance changes were successfully measured under 
bending testing, demonstrating potential for structural health monitoring.
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BUSINESS TRENDS/
TECHNOLOGY SOLUTIONS

Integrating AI-Enabled Automatic  
Inspection of Composites with  
Automotive Quality Processes
Scott Blake, President, Aligned Vision
As advanced composites move into high-
volume automotive applications, critical enabling 
technologies include automatic inspection systems 
developed and tailored to the unique demands 
of composites inspection. The kinds of attributes 
and anomalies to monitor in advanced composites 
production far outpace those monitored in 

the materials with which automotive manufacturers are more familiar, 
making inspection much more complex and application specific. Advanced 
composites inspection systems have matured in the aerospace market, but to 
accommodate automotive production speeds and cycle times, they must be 
capable of (1) rapid application development despite great complexity and (2) 
integration with the automotive factory’s existing quality management system 
(QMS) or other manufacturing operations management (MOM) system. This 
paper will discuss the role of artificial intelligence/machine learning (AI/ML) in 
accelerating application development, including low-code AI/ML that enables 
manufacturing engineers, rather than data scientists, to generate analysis 
algorithms for modified and new applications. It will also describe and report on 
the status of a recently initiated research study that is applying a low-code AI/
ML platform to automatic inspection of a production composite component. 
Finally, the paper will present several options for integrating the composites 
automatic inspection system with the existing QMS or MOM system.

Advances in Multimaterial  
EV Battery Enclosures
Roman Hillermeier, Head of 
Transportation Sector, STRUCTeam Ltd
The battery enclosures of future electric 
vehicles need to meet multiple requirements 
as they relate to the safety of the battery, the 
driver and occupants, and the performance of 
the vehicle. Besides weight and cost, crash and 
fire safety prerequisites are of high importance 
and continue to evolve with the industry’s 

changing EV architectures. Being a large component, typically in the center 
of the vehicle, battery enclosures not only provide protection to the battery 
cells but have the potential to contribute to the rigidity and performance of 
the entire vehicle. Therefore, the battery’s role as a structural component 
is gaining increasing attention in the industry, and in turn, automotive 
manufacturers are looking for suitable designs and material solutions. Recent 
findings underline the increasing advantage of multimaterial solutions. 
This presentation will address the latest research around requirements for 
battery enclosures and identify the challenge of multimaterial designs. New 
concepts employing a high degree of hybridization and structural integration 
are also investigated using composite materials in areas where they provide 
the highest benefits.  

Replacing Conventional Metal Wheel 
Balance Weights with Automated  
Precision Balance Composite System
Erik LaBelle, Technical Business 
Development Manager, 3M
3M has commercialized a unique proprietary 
composite system with ultra-high density (5.8 
SG) to replace conventional  metallic balance 
wheel weights often fabricated from steel, zinc, 
or lead. The extruded fluoropolymer composite  
can contain greater than 80% recycled content 

including post-industrial, corrosion-resistant steel alloy that  can be recycled 
again. Supplied as a continuous adhesive backed tape, and with tailored  
magnetic properties, the weights can be precisely dispensed and assembled 
using a fully  automated wheel-balance system in precision increments for 
improved ride quality and  reduced tire wear. The system can reduce assembly 
time up to 50%, lower direct material costs 10%,  significantly reduce and 
simplify part inventory, and offer a unique range of colors and profiles.

The New Plasma Black: Performance  
and Environmental Benefit
Thomas Maier, Chief Technical Officer, 
Monolith Materials Inc
With almost zero emissions of CO2, SOx, and 
NOx, Monolith’s new plasma process produces 
carbon black via methane pyrolysis that is far 
more environmentally friendly than any process 
from the past. To determine performance in 
thermoplastics, Monolith’s new plasma black 

was evaluated for dispersion and compounding properties in HDPE, PP, 
Nylon, and several other polymer systems.  High loading masterbatches 
were prepared and let down.  Dispersion, DMA, izod impact, flex, tensile 
properties, optical profilometry, resistivity, tint, jetness and other properties 
were studied. Overall, essentially no differences could be found between 
plasma carbon black produced by Monolith Materials compared to furnace 
black produced by an incumbent.  

The Future of Composites Manufacturing: 
An Automation Case Study
Jamie Snudden, Technology Program 
Manager, Airborne
With the global shift towards electrification 
in the automotive industry, market segments 
that previously found success with metallic 
structures due to the ease and consistency 
of high volume manufacturing are looking 
towards composite materials to offset 

the increased weight of the batteries. To be economically viable, the 
composites production process must be automated to be able to reach 
the rates required and access economies of scale.  Whilst the challenges 
of automated production of composites for automotive are great, the 
opportunities are greater, both from a technical perspective and from a 
strategic supply chain structure viewpoint. In this paper, a case study of the 
development of automated solutions for both thermoplastic and thermoset 
automotive battery boxes is presented. The production process from 
rolls of material through to completed composite molding is presented, 
with specific automation solutions that Airborne is developing used to 
describe the opportunities and challenges for the production of automotive 
composites.   These challenges and opportunities can be classified into 
design, process, and automation categories, each with their own interface 
requirements between different engineering teams. In this paper these 
categories are further discussed to define potential solutions and forces 
that will shape the future of automotive manufacturing.  
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CARBON COMPOSITES AND 
REINFORCEMENTS

Energy Absorption of CFRP  
Channels Under Quasi-Static and 
Dynamic Axial Crush Loading
Benjamin Harvey, Masters of Applied 
Science Student - Mechanical and 
Mechatronics Engineering, University  
of Waterloo
Due to their high specific energy absorption, 
composite materials are increasingly being 
considered for use in vehicle energy absorbing 

structures. In this study, the energy absorption capabilities of carbon fiber 
reinforced plastic (CFRP) composite channels subjected to axial crush 
loading was experimentally investigated. The open cross-section channels 
were processed from 8 layers of carbon fiber non-crimp fabric (NCF) and 
a fast-curing epoxy resin using high pressure resin transfer moulding (HP-
RTM). Components with two different stacking sequences, [0/±45/90]
s and [±45/02]s, were tested under both quasi-static and dynamic loading 
conditions using a hydraulic test frame and a crash sled, respectively. A chamfer 
was machined on the crush end of all channels to encourage progressive failure. 
During quasi-static loading the components with the [0/±45/90]s stacking 
sequence exhibited a brittle failure mode, while those with the [±45/02]s 
stacking sequence exhibited a splaying failure mode with notable delamination. 
In dynamic loading, a fragmentation failure mode was dominant, which was 
not observed in quasi-static loading. Using the load-displacement curves, the 
specific energy absorbed (SEA) was compared for each test component. It was 
observed that both the stacking sequence and the loading rate have significant 
effects on the specific energy absorption of the components. 

Composite Battery Housing Based  
on (CF-)SMC/Prepreg Technology
Timo Huber, Vice President,  
HRC Group / Advanced Composite 
Technology Center ACTC
Composite materials are becoming increasingly 
valued in the mobility sector due to their 
very high weight-specific properties. In the 
context of electromobility, weight-specific 
battery capacity has an increasing importance 
as an evaluation criterion for BEV. To achieve 

high values of >180Wh/kg, innovative lightweight solutions of the entire 
battery system are necessary. The battery housing needs to fulfill several 
requirements regarding the scenarios in the transportation industry. 
Besides fire resistance and crashworthiness, the assembly of the cover as 
well as commercially acceptable processes in terms of speed and costs 
need to be guaranteed.  The locally reinforced SMC process combines the 
high mechanical performance of unidirectional carbon fiber (CF) prepreg 
material in areas where needed and the design freedom of SMC (GF or CF). 
It is possible to integrate load introduction elements as attachment points 
and to use flame retardant SMC materials to fulfill required fire resistance.

Carbon Fibers from Hybrid  
Poplar-Derived Lignin
Sagar V Kanhere, Ph.D. Candidate, 
Department of Chemical and Biomolecular 
Engineering, Clemson University 
High strength carbon fibers (CFs) are used 
in various parts of automobile to improve fuel 
efficiency or range of the electric vehicle. 
Currently, all such CFs are produced from 
synthetic polyacrylonitrile precursor that not 
only leads to toxic byproducts during production 

but also use solvents that are not environment friendly.  Thus, carbon fibers 
produced from bio-renewable precursors are of growing industrial interest. this 
study reports on the microstructure of CFs derived from hybrid poplar (HP) 
lignin as it is one of the fast-growing hardwood trees. Precursor lignin fibers 
were dry-spun using fractionated HP lignin solutions in ethanol-water solvent, 
crosslinked by thermo-oxidative stabilization and carbonized primarily at 
1000ºC. CFs possessing a nominal circular cross-section and diameters of less 
than 10 µm were produced that displayed an average tensile strength of about 
800 MPa and modulus of 60 GPa [1]. These tensile properties are among the 
highest reported for HP lignin-derived CF, but not comparable to properties 
of PAN-derived CFs.  So microstructural analysis was conducted and Raman 
spectroscopy revealed a D peak at 1310 cm-1, a G peak at 1580 cm-1, and a low 
I(G)/I(D) ratio of 0.22, which is comparable with softwood kraft lignin-derived  
CFs [2]. Wide-angle x-ray diffraction measurements showed d002 peak at 
about 21º, which is much lower than that observed for PAN-based CFs (> 25º).  
SEM micrographs revealed the presence of small defects within the CF cross.

A Numerical Approach to Design 
Polymeric Composite Gear Pairs  
for Stiffness and Strength
Sandeep Nagaraju, CAE Engineer,  
Tata Consultancy Services 
The vibratory and acoustic behavior of an 
automotive transmission is highly complex due 
to the phenomenon of gear meshing that leads 
to noise and vibration in the system. In order 
to get quiet performance, the general practice 

is to replace the metal gears with polymeric composite materials, which 
poses another challenge of meeting stiffness and strength requirement. 
Metallic structural coating is done on these composite gears to achieve the 
strength requirements by optimizing the coating layer thickness and by using 
alternate coating materials that can be verified through hardware testing or 
numerical simulation. As the physical test involves cost, time, and resources 
with limited information about the inside coating layers, a numerical model 
was developed to predict the stress distribution and gradient across the 
layers. Also, various other output parameters like tooth stiffness, stresses 
in contact, non-contact zones, and contact ratio of meshing gears were 
predicted. Simulation results show the improvement in strength and stiffness 
of polymer gears with metallic coatings. This approach can be utilized to 
optimize the thickness to meet the performance requirements.  

Effects of Midplane Carbon Nanotube 
Sheet Interleave on the Strength  
and Impact Damage Resistance of 
Composite Laminates
Amir Nasirmanesh, Ph.D. Student,  
Baylor University
The effects of embedding a midplane carbon 
nanotube (CNT) sheet on the impact damage 
resistance, tensile strength, and propensity 
for interlaminar shear failure in a carbon fiber 
reinforced polymer (CFRP) matrix composite 

is experimentally evaluated. External and internal damage in the impacted 
composite laminates were characterized via surface profilometry and 
ultrasonic C-scan, respectively. The external dent area and dent depth was 
greater for impacted laminates without the CNT sheet while the planar area 
of internal damage was greater for the impacted laminates with the CNT 
sheet. Destructive evaluation of the impacted laminates showed significant 
delaminations and matrix cracks at the midplane interfaces in the CNT sheet 
based laminates while they were more distributed through the thickness in the 
non-CNT sheet ones. While a single CNT sheet interleave did not significantly 
affect the tensile strength of the laminate, residual strength and corresponding 
strain to failure was higher for the CNT sheet based laminates than the non-
CNT ones. The propensity for interlaminar shear failure was also greater for 
laminates without the CNT sheet than those with the CNT sheet.
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Mode I and Mode II Fracture Toughness 
Measurement for Non-crimp Fabric  
CFRP Composites
Aaditya Pradeep Suratkar,  
Ph.D. Candidate, Western University
Mode I and Mode II fracture toughness of 
unidirectional ([0]8) and cross-ply ([03/90]
s) heavy tow (50K) Non-Crimp Fabric (NCF) 
carbon fiber reinforced epoxy composites (vf 
= 45%), manufactured using High Pressure-

Resin Transfer Molding (HP-RTM) process, has been experimentally 
measured in this study. Displacement-controlled Double Cantilever Beam 
(DCB) and End Notch Flexure (ENF) tests were performed in accordance 
with ASTM D5528 and ASTM D7905 to measure Mode I and Mode II 
fracture toughness respectively. The increase in crack length was measured 
manually using ImageJ software from the images taken during the test. Load-
independent and compliance calibration methods were used to calculate 
GIc and GIIc respectively. The energy release rates were found significantly 
higher for the cross-ply laminates as compared to unidirectional. The crack 
growth resistance curve (R-curve) revealed a stick-slip crack propagation 
behavior in both the laminates. Images of the failure surface were taken 
using optical microscope post-tests. The features observed on the extreme 
widths of the specimens were different than at the center of the specimen. 
These differences are connected to the basic underlying concepts of fracture 
mechanics in this study.

ENABLING TECHNOLOGIES
Efforts Toward Automated Foreign Object 
Detection of Carbon Fiber Laminates Using 
Pulse Echo Ultrasound
Nathaniel Blackman, Graduate Research 
Assistant, Baylor Univeristy
Carbon fiber composites are becoming more 
desirable as a design choice in a wide range of 
industries due to their high strength to weight 
ratio. One common challenge to greater 
adoption of carbon fiber laminates is the 

occurrence of foreign object defects during the manufacturing of laminates. 
These foreign objects lead to increased costs and waste through both the 
discarding of failed parts and in the need to overdesign parts to survive when 
foreign objects are not detected. The ability to reliably find foreign objects 
would lead to significant savings and would open the door to greater adoption 
of carbon fiber composites by making these parts cheaper, safer, and perhaps 
more lightweight. Non-destructive techniques are crucial to the detection of 
foreign objects, and ultrasound has shown to be a cost-effective and reliable 
technique for the identification of foreign objects. Previous work by Baylor 
researchers has shown the ability to determine the size and location of Teflon 
foreign objects with high accuracy. This work will focus on improving these 
methods and adapting them for other foreign object materials: copper, peel 
ply, infusion mesh, vacuum bagging, and gloving; while moving the technique 
towards full automated detection.

EMI Shielding Solutions  
for  Automotive FRP  
Composite Applications
Michael Campbell, Technical Sales 
Representative, Technical Fibre Products Inc.
The shift to electrified powertrains and 
autonomous vehicles is driving an increase in 
demand for flexible, scalable, cost effective 
structural components. This trend combined 
with advancements in polymer composite 

technologies is creating more opportunities for the inclusion of composite 
structures. However, an unintended consequence of replacing metal 
components with fiber reinforced polymer (FRP) composite parts 
is that these alternative parts typically lack intrinsic electromagnetic 
interference (EMI) shielding which is otherwise taken for granted with 
metallic components. Successful EMI shielding solutions require a holistic 
approach to Design, Materials, and Process. Optimal structural composites 
solutions leverage the attributes of the materials of construction to deliver 
both mechanical and functional performance. When properly selected and 
incorporated, conductive nonwoven veils offer potential to deliver on this 
goal for both thermoset and thermoplastic composites. In this presentation, 
we will provide a brief overview of EMI shielding requirements for automotive 
applications, an overview of different EMI shielding strategies for FRP 
composites, test results from incorporation of multifunctional conductive 
nonwoven veils into FRP composites, and how these results relate to 
mitigation of EMI noise from higher voltage systems, motors and actuators 
in Automotive FRP Composite applications.  

Microsandwich - The Solution to 
Lightweighting, Cost-reduction,  
and Sustainability Available Now
Russell Elkin, Product Development 
Manager USA, 3A Composites
While the use of composite sandwich 
construction is prevalent in some transportation 
sectors, adoption in the automobile market has 
been rare and only on specialty platforms. One 
reason is the use of sandwich is thought to only 
be useful at a part thickness far greater than 

typically utilized in cars and trucks. Today, solutions for lighter and more 
sustainable parts is mainly focused on material performance improvements, 
but often the result is higher material cost. Microsandwich creates 
opportunities to utilize low cost and/or recycled fibers and resins without any 
associated performance reduction. This presentation will provide a number of 
examples of microsandwich, compare the mechanical properties to present 
materials and demonstrate potential applications.

2022 Toyota Tundra 2nd Row  
Composite Seat Structures
Kipp Grumm, Technology Leader 
Thermoplastic Composites, BASF
This development covers the design, 
development and testing of the all plastic and 
continuous fiber pultrusion application on 
the 2022 Toyota Tundra.  This joint seating 
development between Toyota and BASF is 
the first of its kind, employing a pultruded 

continuous fiber composite beam injection overmolded with a 35% glass 
filled PA6.  This unique design allows for the seat system to handle much 
of the structural loading requirements for rear crash using the very high 
strength composite beam, and adding the benefits of injection molding 
for component integration, design freedom and geometrical complexity 
where needed in the seat.  This seat has passed all of the required rear crash 
sled testing per FMVSS standards at substantial cost and weight savings 
compared with the traditional welded steel seat structure.  In addition, CAE 
models were employed throughout the program to evaluate the initial design 
and incorporate design changes before dedicating the capital needed for 
the production tooling, with excellent correlation using this highly complex, 
dynamic FEA model.  Toyota and BASF will jointly present the design, 
development and testing process for this successful, one a kind achievement.  
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Short Fiber TuFF Technology  
for Automotive Part Production
Dirk Heider, President,  
Composites Automation LLC
The paper evaluates processing approaches to 
manufacture complex carbon fiber composites 
(CFC) meeting automotive performance and 
rate requirements using an aligned, short CF 
material called Tailorable Universal Feedstock 
for Forming (TuFF). TuFF enables high 
fiber volume fraction (>50%), and complex 

geometry components with bi-axial stretch of more than 40%. The 
extension capability is comparable to metals and allows complex geometry 
forming at rates required by the automotive market.  The results demonstrate 
mechanical performance with low-cost, discontinuous CFs from virgin, 
waste,and recycled sources. The fibers are aligned in the TuFF machine, 
thermoset prepreg and/or blanks created and processed using both stamp or 
bladder molding approaches. During bladder molding, our multi-orientation, 
single layer prepreg material is wrapped around an expandable bladder and 
placed into a split cavity tool. The bladder and TuFF material is expanded 
during heating and cured in place. During stamp forming, a thermoset blank 
is produced and heated in an IR oven to reduce resin viscosity. The heated 
blank is transferred to a press, placed onto the hot mold surface followed by 
part forming and cure. Both processes eliminate most scrap and have the 
potential to meet automotive rates, performance, and cost targets. The study 
changes the paradigm for automotive composites from adapting expensive 
aerospace technology to developing new CFCs that can be formed and 
reused/recycled like metals.

Waste to Product with Dieffenbacher’s 
LFT-D Technology
Louis Kaptur, Head of Business  Unit 
Composites North America, Dieffenbacher
About 25 years ago, Dieffenbacher 
developed and patented its technology for 
the direct production of long fiber reinforced 
thermoplastic (LFT-D) components. The 
process involved combining thermoplastics 
resins and direct fiberglass rovings in their 

raw form through extrusion and compression molding. By doing so in a 
robust process, it was possible to produce cost-effective components with 
improved structural performance. The automotive sector takes advantage 
of this process for the production of a variety of components made from 
virgin thermoplastic resins and fiberglass. With the costs of virgin materials 
constantly rising and a shift to more sustainable thinking, the use of recycled 
materials is becoming more appealing. Dieffenbacher has now improved 
and adapted its original LFT-D technology for the use of a wider range of 
recycled polymers in more formats. For example, recycled polymers in 
the form of pellets, chips, powders, agglomerates, and more can input into 
the new machine. This presentation will give a general overview of the new 
machine technology, highlighting its flexibility as well as capability to make 
even more cost effective environmentally friendly components.

Introduction of a Battery  
Enclosure Thermal Runaway  
Material Screening Program
Amanda Nummy, Senior Polymer 
Materials Engineer, Hyundai-Kia 
Early in the design process for high voltage 
battery enclosure development, engineers will 
draw from a portfolio of pre-qualified materials. 
Materials engineers must provide a set of pre-
qualified materials which can support a capable 

enclosure design across all load cases and failure modes. When designing a 
battery enclosure, one of the most challenging failure modes the engineering 
team must contemplate is the Thermal Runaway event. To ensure their 

product development team continues to have the most capable portfolio 
of materials to draw from for next-generation electric vehicle platforms, 
the Materials Development Department at the Hyundai-Kia America 
Technical Center led the exploration for, and development of a state-of-
the-art Battery Enclosure Thermal Runaway Material Screening Program 
with support from Forward Engineering and Underwriters Laboratories. 
This presentation will describe the basis of the technical requirements at a 
system level, background on the landscape of test protocols identified, and 
an outline of the new protocol developed. Present results from testing will 
be shared including data, images, and video of a cross section of materials 
utilizing the new test protocol.

Enabling a Circular Lifecycle for  
Lignin-derived Non-Isocyanate 
Polyurethane Foams
Lauren Slann,  
Clemson Composites Center
Polyurethanes rank among the 6th most 
produced plastic globally and carry significant 
risks to health and safety due to the use of 
isocyanates in the polymer composition.  In 
addition, polyurethanes are some of the least 
recycled materials due to their crosslinked 

nature precluding typical thermal processing techniques.  To address these 
issues and enable a sustainable and circular design to polyurethane synthesis, 
a biobased and non-isocyanate route has been innovated that introduces 
labile chemical linkages capable of dissociation post-synthesis for chemical 
recycling.  Kraft lignin was utilized as a highly abundant industrial by-
product from the paper pulping industry to create reactive cyclocarbonated 
precursors using glycerol and dimethyl carbonate as benign reagents.  
Curing with renewable diamines enabled a 100% biobased non-isocyanate 
polyurethane (NIPU) verified by radiocarbon analysis. The NIPU foams 
met mechanical standards for rigid foam insulation envisioning their use in 
automotive applications, construction and packaging.  To chemically recycle 
the foam post-synthesis a high-pressure hydrolysis technique was used to 
solubilize and depolymerize the foam and allow lignin and diamine extraction.  
In addition, a chemical stabilization technique was used to recycle lignin with 
added functionality and solubility.  The combined techniques of polymer 
design and chemical recycling demonstrated the ability to create a 100% 
biobased, closed loop polyurethane lifecycle.

MODELING OF COMPOSITES
Physics-Based Simulation  
Workflow for Stamp Forming  
of Thermoplastic Parts
Rebecca Cutting, Assistant Director  
of Composite Dynamics, Purdue 
University Composites Manufacturing  
and Simulation Center
Stamp forming of thermoplastic composites 
provides an opportunity for the automotive 
industry to manufacture lightweight components 

with superior mechanical properties while achieving a reduced cycle time. 
Prior to stamping, continuous fiber preforms, called blanks, are consolidated 
on a press. The forming process entails heating the blanks to a processing 
temperature, quickly shuttling the blanks to the press, and forming the part 
with a heated, two-sided mold. The forming pressure is held on the part until 
it cools to a solid state, and then it is ejected from the tooling and continues to 
cool to ambient temperature. This paper presents a physics-based simulation 
workflow for the forming, heat transfer, and subsequent part deformation of 
a thick, double-curvature part made with CF-PEKK. The forming process 
and any subsequent wrinkling and ply shearing is captured with the software 
AniForm. The updated fiber angles from the forming simulation are used as 
inputs for a sequentially coupled thermal-mechanical analysis in Abaqus, 
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which predicts the temperature and crystallinity history of the part during 
forming and cooling. These results are fed into a mechanical analysis which 
captures the build-up of thermal stresses and subsequent relaxation and 
deformation of the part as it cools outside of the tool. Finally, the predicted 
deformation is compared to the experimentally measured warpage of a part 
made with this manufacturing cycle. 

A Sequential Simulation Approach for 
Predicting Molding and Process-Induced 
Deformations for GMT
Dominik Dorr, Postdoctoral Associate 
Faculty of Engineering, University of 
Western Ontario (UWO)
Chopped fiber materials reveal the potential 
to be used for complex geometries, offering 
great potential for functional lightweighting. 
The material targeted within this study is Tepex 

flowcore, a long glass fiber reinforced polyamide glass mat manufactured 
by Lanxess. Flowcore consists of long glass fibers with random orientation 
and belongs to the material class of Glass Mat Thermoplastic (GMT) 
with an engineering polymer, i.e. PA6. Press molding of flowcore can be 
divided into two different stages, namely thermoforming and squeeze 
flow, which can include challenges like local wrinkling and incomplete mold 
filling, respectively. Moreover, manufacturing might be accompanied by 
process-induced deformations (PID), such as warpage and spring-in, 
after solidification and ejection from the mold. In this study, a sequential 
manufacturing process simulation approach including the sub-steps 
thermoforming, squeeze flow, and PID simulation is presented. Based on 
this, the best-suited numerical technique is chosen for each sub-step, 
while constitutive modeling remains continuous through a unified material 
modeling approach and the retainment of relevant state variables, such 
as fiber orientation or temperature, across the sub-steps. The simulation 
approach is demonstrated for a hat section geometry and simulation results 
are compared to experimental tests for validation.

Non-Isothermal Crystallization  
Kinetic Model: Theory,  
Development, and Application
Pierre-Yves Lavertu, Ph.D. Student 
in Material Science and Engineering, 
Clemson University  / Material Science 
and Engineering
Semi-crystalline thermoplastic polymers have 
been poised by a renewed interest over the past 
decade. Though they have been continuously 

used in the automotive industry and other markets, high-performance 
thermoplastics are now in the aerospace industry target. The materials’ 
recyclable nature, low process cost, and high-impact resistance make them 
very good candidates to succeed where thermosets have struggled.  Despite 
many advancements in physics modeling of semi-crystalline thermoplastic 
manufacturing process, there are still parts of the physics that have been left 
out like process-induced crystallinity and the inherent mechanical behavior. 
This work is a first step in the implementation of a process parameter-
dependent crystallization kinetic model to evaluate the resultant crystallinity 
of thermoplastics. The proposed model is inspired by the crystallization 
kinetic work done by Yaghini & Peters which addresses fundamental aspects 
like primary and secondary crystallizations, lamellar thickness, and non-
isothermal crystallization. In this work, the model is applied to selective 
laser sintering (SLS), a non-pressure and non-isotherm process, with the 
objective of predicting the resultant crystal structure of PA12 for various 
process temperatures and cooling histories.  

HP-RTM and LCM Applications  
for Automotive Industry
Gleb Meirson, Research Engineer, 
Fraunhofer Center
High Pressure Resin Transfer Molding (HP-
RTM) is a state-of-the-art process designed 
to produce structural composite parts at high 
volumes. HP-RTM process was used by number 
European OEMs since the early 2000s and first 
automotive parts using this technologies in North 
America have been announced in 2021. Today 

HP-RTM is utilized in production of several different parts for automotive 
applications in North America such as leaf springs. A newer modification of 
HP-RTM is called Liquid Compression Molding (LCM). LCM process is an 
adaptation of HPRTM that allows for shorter cycle times but at the expense 
of geometrical flexibility. Fraunhofer Project Center @ Western University 
(FPC@Western) is working on integrating the LCM process into the North 
American manufacturing environment. The current talk will discuss the 
differences between HP-RTM and LCM, will showcase the fully automated 
LCM process at FPC, and  will discuss potential applications of both processes.  

Effect of Platelet Length and Stochastic 
Morphology on Flexural Behavior of 
Prepreg Molded Composite
Siavash Sattar, Ph.D. Candidate,  
Old Dominion University
Prepreg platelet molding compound (PPMC) 
can be used to create structural grade material 
with a heterogeneous mesoscale morphology. 
The three-dimensional stress transfer between 
interacting platelets depends on the platelet 

morphology and defines the macroscopic response of PPMC composite. 
The present work considered various platelet length of the prepreg system 
IM7/8552 to study the effect of the platelet length on the flexural behavior 
of PPMC composite. A progressive failure, finite-element analysis was used 
to aid in understanding competing failure modes in PPMC and how those 
modes are affected by the platelet length. Experimental results of the flexural 
tests of the PPMC with different platelet length sizes were used to validate 
the modeling prediction. The experimental and modeling results revealed 
the nonlinear behavior of the flexural mechanical properties (modulus and 
strength) on the platelet length. To study the non-uniformity in platelet local 
orientation, two modeling approaches to generate the stochastic PPMC 
morphology in the virtual samples based on the assigned global fiber orientation 
distribution (FOD) were used, namely, (i) generating individual coupons with a 
specific FOD and (ii) generating a virtual plaque with the same FOD that was 
then used to create various coupons. The results indicated an optimal platelet 
length for flexural mechanical behavior due to complex interactions between 
various damage mechanisms and the stochastic FOD variability.

ICME Solution to Predict Lifetime of Short 
Fiber Reinforced Thermoplastic Parts
Dustin Souza, Senior Application 
Engineer, Hexagon
Short fiber reinforced thermoplastic parts 
submitted to mechanical and cyclic loading during 
a long period of time eventually fail. To prevent 
premature failure in service, predictability is 
key when designing load bearing components. 
The lifetime depends on the nature of the 

thermoplastic material but also on the amount of reinforcement, the type of 
reinforcement and the set-up of the injection process. Dedicated solutions at 
several stages of the modeling workflow are thus required. The ingredients needed 
are (a) an accurate material model for any orientation tensors and any loadings, 
(b) a reverse engineering procedure allowing to identify model parameters from 
a reduced set of experimental data in order to reproduce the measured lifetime 
at specimen level, (c) efficient structural and fatigue solvers enabling to predict 
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life-time for various type of loading conditions (constant amplitude, random 
signal, frequency/time domain loadings, etc.) and (d) an overall methodology 
able to account for stress gradients so to deliver accurate predictions for any 
part geometry and mesh. In this paper, an ICME solution is presented, leading to 
accurate predictions of the fatigue life of short fiber reinforced parts for any type 
of experimental signal. The framework combines engineering tools that enable 
design engineers to predict fatigue life of engineering plastics applications, 
including material anisotropy and nonlinear behavior.

CAE Modeling Static/Fatigue 
Performance of Short Glass Fiber 
Reinforced PP Coupon & Components
Congyue (James) Wang, Sr. Technical 
Specialist, Stellantis
One approach of reducing weight of vehicles is 
using composite materials, and short glass fiber 
reinforced polypropylene is one of most popular 
composite materials. To more accurately predict 
durability performance of structures made of 

this kind of composite material, static and fatigue performance of coupons 
and components made of a short glass fiber reinforced polypropylene has 
been physically studied. CAE simulations have been conducted accordingly. 
This paper described details of CAE model setup, procedures, analysis results 
and correlations to test results for static, fiber orientation flow and fatigue 
of coupons and a battery tray component. The material configurations 
include fiber orientations (0, 20 and 90 degrees), and mean stress effect 
(R = -1.0, -0.5, -0.2, 0.1 and 0.4). The battery tray component samples 
experience block cycle loading with loading ratio of R = -0.3 and 0.3. The 
CAE predictions have reasonable correlations to the test results.

SUSTAINABLE COMPOSITES
Post Industrial Recycled  
Polypropylene for First Exterior 
 Surface Aesthetic Applications
Matthew Delaney, Engineering Manager, 
The Materials Group
The automotive industry is searching for many 
ways to increase a vehicle’s sustainability 
content and reduce mass contributing towards 
environmental goals. Using post industrial 
recycled materials can help reduce CO2 

emissions and greenhouse gasses while delivering on material performance 
and high quality, repeatable properties. This is also possible while reducing 
density and thus achieving mass reduction. A concern in the industry 
is achieving class “A” weatherable first surface aesthetics required for 
automotive performance and reliability, if done properly this can be achieved 
while meeting sustainability initiatives.  This presentation will demonstrate 
the material properties and part performance of an injection molded 
thermoplastic using postindustrial recycled content with a unique filler for 
high quality first surface applications and saving weight.  

Recycled Carbon Fiber Composites: 
Automotive Perspectives
Omar Faruk, Adjunct Professor, 
University of Toronto
Recycled and lightweight materials in automotive 
industries are driven by fuel efficiency and 
sustainability of their vehicle. Day by day, recycled 
carbon fiber is proving, increasingly, to be a cost-
effective, environmentally sustainable composite 
solution for automotive. A recent report showed 
that the global recycled carbon fiber market size 

is projected to grow from USD 109 million in 2020 to USD 193 million by 
2025, at a CAGR of 12.0% during the forecast period, and automotive and 

transportation is the fastest-growing end-use industry of recycled carbon fiber 
in terms of value. It is also mentioned that the emerging trends, which have a 
direct impact on the dynamics of the recycled carbon fiber industry, include the 
development of various processes and methods to reduce energy consumption 
and cost during recycling process. Boeing estimates that carbon fiber can be 
recycled at approximately 70 percent of the cost to produce virgin fiber, using 
less than 5 percent of the electricity required. This presentation will provide 
critical reviews and the latest research results and applications of recycled 
carbon fiber composites materials in the automotive sector. Virgin and recycled 
carbon fiber composite property comparison based on their different recycling 
process of carbon fibers and their surface modifications and manufacturing 
processes will be presented. Some case studies with selected automotive parts 
manufactured from recycled carbon fiber composites will be discussed. 

Thermally-modified Wood: 
A Good Filler for Biopolymers
Douglas Gardner, Professor, 
University of Maine
Bio-based composite materials are garnering 
significant attention because of their desirable 
attributes including: sustainability, lower embodied 
energy, and renewable nature. In this study we are 
reporting on combining thermally-modified wood 
(TMW) with several different biopolymer matrices 
(polylactic acid (PLA) and polybutylene succinate 
(PBS)) and a conventional polymer matrix 

(polycarbonate (PC)).  PLA, PBS and PC along with their composites with 
thermally-modified wood flour (TMW) were compounded using a twin-screw 
extruder. A masterbatch method with 40 wt.% TMW content was made first 
and then diluted into 30, 20 and 10 wt.% composite formulations. Granules 
were obtained by pulverizing the extrudates using a lab-scale grinder. PLA 
and PBS groups were injection molded while the PC group was compression 
molded into tensile and flexural bars according to the specifications in ASTM 
D638-14 and ASTM D790-10. The modulus of elasticity of PLA and PBS 
were greatly improved as TMW content increased. The tensile strength of PBS 
increased slightly with the addition of TMW while the tensile strength of PLA 
decreased slightly. Izod impact strength was maintained with the addition of 
TMW in both PLA and PBS. Tensile modulus of PC was increased with TMW 
addition but the tensile and impact strength decreased significantly. Surface 
energy analysis of the composite components, as well as matrix crystallinity, 
will be measured to describe the findings of the mechanical property results.

Can SMC Composites Deliver  
Sustainable Solutions?
Adam Halsband, Managing Director, 
Forward Engineering North America
Sheet Molding Compounds (SMCs) make up a 
significant portion of the polymer composites 
found in light vehicles today.  Given the 
forecast growth of the Battery Electric Vehicle 
(BEV) market and the important role that SMC 
materials deliver in providing safe, flexible and 

cost-efficient solutions, that market share is expected to grow significantly.  
Concurrent with the emerging growth of BEVs is a shifting regulatory 
landscape and social demand for sustainable products. How can upstream 
providers meet the demand for sustainable solutions driven by emerging 
regulatory and technical requirements? In this presentation, we will begin with 
a landscape of the technical and regulatory requirements influencing product 
design and material selection for the automotive industry.  The presenters 
will discuss different paths to achieve increased levels of sustainability from 
raw material sourcing through processing and end of life disposition.  The 
presentation will include examples of materials developed to date, ongoing 
development work, and the barriers to broad market adoption of these new 
materials.  We will conclude with a road map for future sustainable product 
development which will provide a clear and compelling vision to unlock the 
potential for sustainable SMC based composites.  
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The Use of Soy-based Oils to Incorporate 
Recycled Crumb Rubber into Automotive 
Rubber Composites
Alexander Jones, Research Engineer, 
Ford Motor Company
The adequate reuse or disposal of used tires 
in the United States is crucial, as every year 
about 300 million tires will be removed 
from vehicles. A potential use for recycled 
tires is the conversion to micronized rubber 

powder (MRP) for use in styrene-butadiene rubber (SBR) automotive 
bed liners. However, it is necessary to devulcanize the MRP material prior 
to incorporation into automotive applications to ensure rubber composite 
performance. For devulcanization, the use of a processing oil is necessary to 
both break sulfide linkages in the crumb rubber and to graft to the resulting 
polymer to provide a stable structure. One consideration in using MRP is 
that the properties of the SBR bed liners are dependent upon the type of tire 
that is being recycled, as different rubber formulations will result in differing 
compatibilities with processing oils. This work focuses on SBR-based MRP 
that can be devulcanized using soy-based oils and the incorporation of the 
devulcanized rubber into automotive SBR rubber formulations. Results 
indicate that certain combinations of MRP and processing oils allow for the 
use of soy-based oils in production of SBR that possess material properties 
superior to what would be seen in petroleum-based SBR. The modifications 
and procedures outlined in this presentation will translate to a sustainable use 
of MRP that, when incorporated into a rubber composite, possess properties 
that are equivalent to (or better than) what is seen in traditional rubber.

Thermal and Physical Properties  
of Thermosetting Composites  
with Incorporated Graphene
Daniel Mulqueen, Chief Engineer,  
Carbon Research and Development
Graphene has generated substantial interest as 
a filler due to its exceptional strength, flexibility, 
and conductivity but faces obstacles in supply 
and implementation. A renewable, plant-based 
graphene nanoparticle (pGNP) presents a 
more accessible filler with the same properties 

as mineral graphenes.  In this study we examine the effects of pGNPs on 
a Bisphenol A resin at loadings from 1% to 25%, including the mechanical, 
thermal, and electrical properties. Preliminary results show pGNP addition 
improves mechanical properties at elevated temperatures, as well as 
dramatic increases in electrical and thermal conductivity, beginning at very 
low loadings. Methods for proper integration of pGNPs were considered to 
ensure even distribution, as agglomeration of particles can lead to decreases 
in material performance.

Optimization of Hybrid Thermoplastic 
Composite Production Based Artificial 
Intelligence
Ercument Ozturk, Research Assistant, 
Karadeniz Technical University
Nowadays, “hybrid composites” containing 
multi-component additive/reinforcer instead 
of single matrix and single reinforcing element 
attract more attention in new product designs.  
For the hybrid composite materials to be widely 

used in a critical load bearing application, they must undergo extensive fatigue 
tests. However, this situation increases the cost as it requires extensive test 
programs and a long process. This study is aimed to produce the desired 
quality the hybrid material without a large number of productions. Particle 
swarm optimization (PSO), an artificial intelligence technique based on 
heuristic algorithm, is used to determine the best formulation in a simulation 
environment for the hybrid composite. This study enables finding the rates 

of optimum usage for hybrid composite production containing two or more 
additives/reinforcing materials before production and lays the groundwork 
for research to be carried out in the correct working ranges. As a result, it is 
obtained to both reduce the cost and speed up the production process with 
a success over than 99% by making pre-simulations using artificial intelligent 
optimization algorithms.

Manufacture High Thruput Sustainable 
Automotive Parts Using Spray Transfer 
Molding (STM) Technology
Elias Shakour, Technology Leader- 
Composite Technologies, BASF
This development will emphasize on utilizing the 
Spray Transfer Molding ( STM) process as a high 
thruput technology to  manufacture sustainable 
automotive parts. The goal is to reach between 
70-80% sustainable part by using bio-

renewable components in the polyurethane, as well as, using natural fibers 
that has high mechanical performance. The uniqueness of this technology it 
uses high pressurized spray that atomized the polyurethane to create a good 
wet out without distorting the fibers while the spray pattern is programed 
to locally impregnate the fabric to reduce waist as well.   The STM process 
works as follows, a blank of dry fiber is held by a programed robot that has an 
optimized and controlled spray pattern, once sprayed using a high-pressure 
nozzle head that atomized the spray polyurethane, the robot will lay down 
the impregnated blank into the tool to be fully molded and cured. The cycle 
time from part to part for such a process will be completed in 90 seconds.  
This study will compare the mechanical performance of natural fiber matts 
such as jute, flax, and bamboo with the reinforcement of natural fiber called 
poweRibs from Bcomp and basalt net to make an interior component part.   

A New Approach to Lightweight, 
Sustainable Nonwoven Composites  
in the Automotive Industry
Ziniu Yu, Technical Specialist, BASF
Due to the urgent environmental need to 
reduce fuel consumption and CO2 emissions, 
lightweight design has been a focus in the 
automotive industry. Recently, the importance 
of sustainability has expanded, driving 
development of new materials that decrease 
solvent use & increase renewable feedstocks 

to minimize the impact of transportation on the environment. BASF has a 
new production process to make thermoformable nonwoven composites, 
differentiated by combining two key features: impregnation technology & 
binder development. The impregnation technology allows for the addition 
of relatively small amounts of resin binder to wet out larger surface areas 
of nonwoven. BASF’s proprietary resin binder was developed so the final 
prepregs can be either thermoset or thermoplastic, allowing for customization 
of mechanical properties. The panels pressed from our prepregs, often 
20 - 40% lighter than traditional engineering plastics, show excellent 
 performance including high strength to weight ratio, thermal stability, 
and manufacturing and processing flexibility. The resin formulation can 
be customized to impart different properties like flame resistance, fungal 
resistance, variety of color, etc. To enhance sustainability, BASF uses 
water-based acrylic binders, which do not contain formaldehyde and reduce 
solvent use. Increased natural fiber content combined with water-based 
binders significantly boosts the sustainability of the final composite, without 
sacrificing the mechanical performance.
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KEYNOTE SPEAKERS
Advancements for Cost-Effective Resin 
Systems and Composite Applications
Dan Dowdall, 
Global Business Development  
Manager–Transportation Composites, 
INEOS Composites 
This presentation will outline INEOS 
Composites’ resin systems for value-driven 
composites and highlight recent and potential 
product applications. “As auto/truck OEMs 

and mobility suppliers move in dramatic new directions, one requirement 
has remained constant – design and material decisions must be cost-
effective,” said Dowdall. “Polymer composites are the material of choice for 
design flexibility, reducing weight and improving performance in automotive 
applications,” continued Dowdall. “However, historically composites were 
used mainly in lower production applications such as high performance 
racing and luxury sports cars due to higher costs associated with composites 
technologies,” added Dowdall. “Now, composites are also meeting the 
challenge of being cost-effective making them more practical for high volume 
automotive production applications which will revolutionize the industry.

Rassini’s Innovative Journey  
to HP-RTM Manufacturer
Brent Collyer, 
VP Engineering, R&D Director 
Lightweighting, Rassini International Inc.
This presentation will outline the design and 
implementation of North America’s First High 
Volume HP-RTM Process for Composite 
Automotive Parts. “Rassini substituted spring 
steel with GFRP (Glass Fiber Reinforced 

Plastic) using a Thermoset Resin system from Hexion to produce a multi-
material (plastic and steel) leaf spring and achieved a 30% weight savings 
per component compared to an all-steel component,” said Collyer. “Equal 
to or better performance criteria for the suspension system was achieved,” 
continued Collyer. “Rassini is a world leader in automotive suspension 
products for global OEMs and now the first company in North America to 
commercially mass produce HP-RTM GFRP suspension components for a 
high volume light duty truck in North America.

IACMI: A National Asset  
and What Comes Next
John Hopkins,
CEO, IACMI (Institute for Advanced 
Composites Manufacturing Innovation)
From its inception in 2015, IACMI has 
been focused on helping industry transition 
technologies from laboratory scale to full 
production. IACMI has facilitated the creation 
of the largest collection of open-access 

composites facilities at relevant scale, supported by leading universities and 
national labs. This has resulted in the commercialization of dozens of new 
products, the lowering of cycle times and costs, improving simulation tools, 
and advancing recycling technologies. IACMI’s workforce development 
successes are recognized nationally, preparing the next generation of 
technicians, scientists and engineers for the composites industry. There are 
still many challenges to address and this presentation will highlight future 
opportunities and IACMI approaches to addressing them.

PANEL DISCUSSION
Driving Value in Automotive Composites Manufacturing
MODERATOR: Leonardo Simon, University of Waterloo;
PANELISTS: Dan Dowdall, Global Business Development  
Manager–Transportation Composites, INEOS Composites;  
Dale Brosius, IACMI; Hugh Forans, Continental Structural Plastics 
-A Teijin Group Company; Steve Eynon, Development Lead,  
BCI Interiors Advanced Engineering; 


