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ABSTRACT 

This study describes the development of a new side-impact beam design with high-

performance polymer/plastic materials. The new designs are analyzed and contrasted with the 

original side impact beam made from conventional steel material. The novel designs are assessed 

on a wide range of parameters to make sure that occupant safety is not compromised. Three 

different high-performance plastic materials (LCP-CF-30, PA6-CF-30, and PA66-GF-60) are 

considered. The methodological framework of Finite Element Analysis (FEA) is used for 

numerically computing, analyzing, evaluating, and refining the new side-impact bar designs. This 

study accordingly examines and quantifies the detailed effects of the collision on the side-impact 

beams of different designs. The design and the material with the desired result are then integrated 

into a typical passenger car Finite Element Model, and computational impact evaluation tests and 

analysis are carried out as per Federal Motor Vehicle Safety Standard (FMVSS-214). The results 

from the Moving Deformable Barrier (MDB) and the Rigid Pole tests, including parameters such 

as intrusions, accelerations, and ratings are determined as per Insurance Institute for Highway 

Safety (IIHS) side-impact structural safety guidelines. High-performance plastics-based side-

impact beams are shown to exhibit considerable reductions in intrusions and accelerations in the 

tested FE models. Of all the designs and materials tested, the designs based on LCP-CF-30 material 

are shown to exhibit the most reductions in intrusion and accelerations on side-impact beams. 

Inferring from the MDB and Rigid Pole tests, the study concludes that the novel LCP-CF-30 based 

side-impact beam provides improved safety when contrasted with that of the original steel side-

impact beam. This study also demonstrates that when used with appropriate designs, high-

performance plastics can be quite effective in producing components with desired energy 

absorption capabilities and significant reductions in displacements and mass. 
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1 INTRODUCTION 

 

Crashworthiness is defined as being resistant to the effects of the collision. This property is 

of high interest to engineers designing transport systems and automotive assemblies as this factor 

can mean the life or death of the occupants. Engineers are primarily interested in how structures 

can be designed and assembled so that the energy absorption can mitigate the impact forces acting 

on the occupants. During a crash, Injury to the occupants can be caused by various impact loads.  

Back in the early days of mass automobiles, vehicles came with little to non-existent safety 

systems. It was only after the publication of Ralph Nader's Unsafe at Any Speed, Regulatory bodies 

were established to make sure that manufacturers also took passenger safety into account while 

designing the vehicles [1]. Sixty years later, safety systems have become the norm. 

Vehicles passengers are far more interested in buying vehicles that have a higher safety 

record, and it has become imperative for automobile companies to have higher standards of safety 

to have a competitive edge over their competitors. Historically, automobiles today are safer than 

ever thanks to advances in testing, data collection, safety systems, and material science.  

Today, a wide range of criteria and techniques are employed using computer models and 

physical testing to understand, improve, and design better and safer systems. Real-world data is 

also used to assess and aid our understanding of the true causes that lead to fatalities, the discipline 

of injury biomechanics research has propped up over the last few decades. Thanks to large data 

sets and improvements in computing power, we can finally begin to approach crashworthiness in 

scientific detail like never before.  
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1.1 Background 

Side Impact Protection Systems (SIPS) is a passive safety system designed for automobiles 

to protect passengers against side impacts and collisions. It was originally developed by Volvo in 

the early 1990s and has become a ubiquitous system in almost all automobiles ever since.  

Side Impact Protection is one of the most important critical safety factors while designing 

automobiles, simply due to the fact that there is little to no space between the point of impact and 

the passenger during a side impact. Unlike front-end or back-end collisions, there is no crumple 

zone or minimum distance to make room for provisions. According to the latest data from NHTSA, 

Side Impact Collision fatalities are at 25% of all automobile fatalities [2]. Given the high fatalities 

in T Bone and Side Collisions, there is an increasingly important need for advances in materials, 

structural components, and the relevant safety systems to make driving safer. 

Engineers have to devise side structures in a way that impact is minimized by absorbing 

the raw forces of the collision by the rails, doors, roof, and other substructures of the automobile. 

The principle being the forces absorbed and distributed over a wide range of structures to contain 

the impact. 

Generally, manufacturers are required to meet the side impact design standards. In order to 

meet the standards, they are reinforcing the side doors using various beams and supports, for 

example shown in Figure 1.1. The purpose of the beam is to improve safety and to  prevent 

intrusion of a foreign object onto the passenger and reduce the forces generated in the event of a 

side impact.   
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Figure 1.1 Side Impact Protection Beam 

1.2 Side Impact Regulatory Standards 

NHTSA (abbreviated as National Highway Traffic Safety Association) is a federal 

government agency, under the United States Department of Transportation. It focuses on 

maintaining safety guidelines on keeping people safe on traffic roadways and highways in the 

United States. The organization enforces vehicle performance standards by collaborating with state 

and local governments, to mitigate road accidents and economic losses from vehicles [3].  

The NHTSA official website consists of various sub-divisions (Ratings, Recalls, Risky 

Driving, Road Safety, Equipment, and Technology and Innovation), each entailing up-to-date 

information from current events about the safety standards from the various car makes and models. 

It also provides information about various factors of risky driving/road safety and vehicle 

equipment, which are essential in understanding the importance of safety while driving. With this 

Upper Support 

Beam 

Door Impact 
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organization, it educates and provides information on consumers about the varying degrees of 

driving safely on roads in America [3].  

The NHTSA issued one of the most important and promising safety regulations, known as 

FMVSS214 (Federal Motor Vehicle Safety Standard 214) to ensure occupant protection during a 

side-impact crash. The next section introduces and discusses the regulation in depth. 

1.2.1 FMVSS 214 

The year, 1993 in the US, saw 33% fatalities on occupants from side-impact crashes. Since 

then, the NHTSA has brought in amendments to the FMVSS214 to ensure maximum safety 

protection added to vehicles manufactured in 1994 and beyond, in course of a side-impact crash 

[4]. Federal Motor Vehicle Safety Standard 214 shows the performance requirements for the 

protection of occupants during a side-impact crash [2]. This guideline is especially useful to refer 

to when designing safety features around doors in vehicles, to reduce the risk of serious and fatal 

injuries occurring to the driver and the passengers [2]. The standard applies to all passenger vehicle 

types, as well as 90% of light-built trucks, with a Gross Vehicle Weight Rating (GVWR), greater 

than 10,000 lb, manufactured on or after September 1993 to August 31, 1994 [2]. FMVSS 214 

standards are applied on all trucks, manufactured after August 31, 1994 [2]. 

The current version of the standard saw many changes to the requirements of safety 

regulations on side-impact crashes. The changes take place from research and development of new 

features added to vehicles to maximize safety to occupants during side impacts and from a vehicle 

colliding sideways.  
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From interaction with the US and international safety communities, NHTSA developed a 

few methodologies [2]: 

- To demonstrate a side crash between two vehicles, NHTSA developed a test configuration 

using a Moving Deformable Barrier (MDB). 

- Introduced Thoracic Trauma Index (TTI) which is an injury criterion that predicts how 

severe thoracic injuries occur when an occupant’s torso contacts the interior side surface 

of a car 

- Introduced a Side Impact Dummy (SID) to help measure TTI in side-impact tests. Allows 

TTI(d) (d for dummy) up to 90” in 2 door cars and 85” for four-door cars.   

- Added strong pillars, sills, roof rails, seats to reduce door intrusion in the passenger 

compartment 

- Added padding material to dummies to absorb energy [2] 

A side-impact crash can occur in two instances: (1) when a vehicle is subjected to a crash 

from another vehicle and (2) when a vehicle is subjected to a crash from a non-moving object that 

we find on roads: such as trees, electric poles, barricades.  

Government Performance and Results Act of 1993 and Executive Order 12866 mandates 

all agencies to evaluate their existing programs and regulations. The purpose of the evaluation is 

to determine the benefits of occupant's lives saved, injuries prevented, damages avoided, and 

costs of safety equipment installed in production vehicles. 

This study will aim more towards the effects on occupants subjected to a side-impact 

crash from Moving Deformable Barrier and a Rigid Pole.  
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1.2.2 Side Pole Impact 

The side pole impact test, designed by the FMVSS214 explains the procedures of testing a 

side-impact crash on a vehicle subject to a pole. The pole is fixed, and rigid, spanning 254mm (or 

10”) in diameter. The vehicle impacts onto the pole at speeds up to, but including 32km/h (or 20 

mph). The requirements apply to all passenger cars, multipurpose passenger vehicles, trucks, and 

buses, with a GVWR, less than 4.54 tonnes (or 10,000 lb). Exception holds for RV, tow trucks, 

dump trucks, emergency service vehicles, vehicles equipped with special features (wheelchair lifts, 

raised/altered roofs, etc.) [5].  

The tests are generally placed in indoor crash laboratories. The crash laboratories consist 

of a test pad area, a tow road, a vehicle, and an MDB or a non-moving object.  Dummies are placed 

inside cars and are fitted with sensors to measure the inertial force it experiences during a crash. 

The data collected by the sensors are then analyzed and reported to NHTSA, or IIHS.  

1.2.3 IIHS 

Insurance Institute for Highway Safety (IIHS) is a not-for-profit scientific and educational 

organization focused on reducing deaths, injuries, and property damage from motor vehicle 

crashes. Its mission is to reduce road crashes by researching the following topics [6]: 

• Human factors research: teenage drivers, driving in the influence of alcohol/drugs, truck 

driver fatigue. 

• Vehicle research on enhancing safety features by conducting crashworthiness tests from 

the Vehicle Research Centre. 

• Research on physical environments: assessing roadway designs to reduce run-off-road 

crashes and eliminate roadside hazards[6]. 
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1.3 Motivation 

A few hundred years ago, humans valued machines more than they did human life. In the 

early 1960s, a NASA report said, "Man is the lowest-cost, 150-pound, nonlinear, all-purpose 

computer system which can be mass-produced by unskilled labor [7]." Thanks to the 

enlightenment ideals, the perceived value of human life has been increasing steadily worldwide. 

The motivation for this thesis is strongly stemmed from the fact that even today, more than a 

million people are dying unnecessarily from road fatalities. Among them, a large number of 

fatalities in side crashes in compact cars are due to insufficient inbuilt safety systems due to the 

lack of substantial crumple zones.  

This study attempts to make the world of automotive a tiny percentage safer than they were 

yesterday. With the improvement in the world of plastics, research is conducted here on high-

performance plastics to improve strength and investigate their behavior. Efforts are made to reduce 

intrusions, reduced accelerations, and energy absorptions without sacrificing the safety of the 

occupant.   
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2 LITERATURE REVIEW 

 

A number of studies have been performed on making design changes for  various 

structures, using various materials like high-strength steels, composites, and alloys. However, 

there is very little research on the use of high-performance plastics or high-performance 

engineering plastics in crashworthiness. The formerly mentioned materials like steel, composites 

are used to increase strength, energy absorption capabilities. Nevertheless, with the increase in 

technology, there has been a tremendous development in plastics for various applications. These 

materials (HPP) are developed in such a way that they can be used as an alternative to metals as 

they possess high specific strength, stiffness, and have significant weight reduction and damping 

properties. 

2.1 Side Impact Protection 

Impact protections have become one of the key important factors while designing an 

automotive vehicle. There are several types of injuries caused by side-impact collisions. The 

majority of them are caused due to intrusions of beams and door panels. Some of the injuries that 

are caused due to side impact are in the areas of the chest, abdominal, and pelvic injuries.  

Over the years, with the increase in safety standards for the automotive industry, these 

automotive manufacturers started implementing various side reinforcement structures. One of such 

key reinforcement structures is intrusion beams. These structures help in reducing the intrusions 

into the occupant’s compartment.  
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Side impact injuries account for nearly 30% of all the fatalities of all motor vehicle 

collisions out of this driver side has a higher mortality rate [8]. Different types of injuries caused 

during side-impact collisions due to external forces and intrusions are shown in Figure 2.1.  

 

Figure 2.1 Illustrating Various Injuries Caused due to Impact Forces and Intrusions [8] 

 

Side Impact protection of an automobile can be increased by integrating a beam under the 

outer skin and panel of the door to provide side impact resistance while reducing the weight and 

cost of the vehicle [9]. 

2.2 Requirements of Side Impact Protection 

NHTSA has several standards related to safety, and Federal Motor Vehicle Safety Standard 

(FMVSS) has defined few standards for Side impact protection. This is defined under the test 

standard number 214 and also called FMVSS 214. NHTSA upgraded FMVSS214 that all 

passenger vehicles of gross weight less than 4536kg have to protect front-seat occupants in a 

vehicle to pole test where the vehicles are crashed into narrow fixed objects like trees and utility 

poles. And this rule also enhances FMVSS 214 to perform moving deformable barrier tests [1]. 
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Energy absorption of materials [10] is one of the key factors to consider while designing a 

new protection system. A study on the energy absorption of various composite material systems is 

compared with aluminum. The energy absorption capabilities can depend on various factors like 

fiber material, Matrix Material, Fiber architecture [11]. Polymeric composite's energy absorption 

is studied, and the effect of a particular parameter on energy and different crushing modes in 

composite tubes are presented. Different testing methodologies are studied like quasi-static tests, 

and impact testing different failure modes are studied. 

It can be inferred from the above literature that the right combination of Fiber and Matrix 

material can lead to increased strength. During the crash, the material with high failure strain tends 

to absorb more energy, usually the matrix material. 

Even though these HPP materials used in this research are from the Plastic group, they are 

also similar to composites with some filler materials. For example, in LCP-CF-30: LCP (Polymer) 

acts as a Matrix Material, and CF (Carbon Fiber) acts as a Reinforcement Materials but has 

isotropic properties.   

2.3 Different Designs and Materials Currently Used 

The most commonly used material in commercial compact cars is steel and its various 

alloys. In some modern high-end sports cars or luxury car manufacturers, designers are using some 

of the high strength, ultra-high-strength steels, composites like glass fiber, carbon fibers with 

various profiles depending on the strength requirements. These current materials are used, and 

beams are designed in such a way that they remain stiff and prevent intrusions of foreign bodies 

towards passengers during a collision while maintaining optimal energy absorbing capacity.  
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A study on the use of composites in the design of the Side impact beam is performed where 

the impact behavior is studied and how the composite side impact beam can withstand the impact, 

Impact energy and how its performance can be compared with conventional materials like metals 

and metal alloys. Researchers have performed dynamic tests using various side door impact beam 

cross-sections like circular, Square, C-type, I-Type, X-Type. And finally, the effects of some of 

the cross-sections showed significant effects, whereas some did not [12], [13], [14]. Significant 

findings have been made on how the temperature affected the composite's energy absorption 

capabilities. Composites can replace metals which not only reduce the weight of the vehicle but 

also improve fuel efficiency. 

Impact mechanics and high energy absorbing materials [15] have also been addressed. 

Different computational methods such as finite elements are used for impact mechanics,    

modeling, designing of new energy-absorbing materials. Models can be used to simulate the 

damage that takes place during impacts, that data can be used for optimizing materials and 

structures. An example of the design of a sandwich material that acts as an impact mitigator is 

studied. This helps our research design an impact beam with a Metal insert molding design into 

our HPP parts. 

2.4 High-Performance Plastics/Polymers or Engineering Plastics 

Currently, there is very little research on the use of high-performance plastics in 

crashworthiness. For that reason, this research is performed to investigate the performance and 

behavior of HPP materials in crashworthiness applications.  

Different types of Polymers, Polymers that are used in weight reduction, Polymer  

sandwich panels, and other polymers/metal hybrid systems are studied [16]. Figure 2.2 shows the 
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studies performed based on different types of fibers to show the research trends used for the 

lightweight manufacturing process using polymers, and the improved fuel efficiency and different 

material consumption ratios for light vehicles are shown in Figure 2.3 and Figure 2.4.  

 

Figure 2.2 Different Types of Fibers used to Reinforce Polymers [16] 

 

Figure 2.3 Graph Representing the Fuel Efficiency of Automobile Each Year [16] 
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Figure 2.4 Different Material Consumption Ratio for a Light Vehicle [16] 

An overview of the development of  high-performance polymers, the factors that contribute 

to the design and development is presented in [17]. Here it is shown what properties these high-

performance polymers possess and the factors that contribute to HPP material such as bond 

strength, crosslinking, purity, additives, and reinforcements are discussed. And how these HPP 

materials can be used in various applications. 

There is a lot of research going on on the development of high-Performance polymers. 

These materials can be enhanced to make them more suitable for use in challenging areas. In the 

book “High-Performance Polymers and Engineering Plastics,” different High-performance 

Polymers/plastics are discussed. Some commonly used materials like Liquid Crystalline 

Thermoset epoxy resins (LCP) and PolyAmides (PA) are discussed. The synthesis and applications 

are discussed [18].  

Plastics are used in various applications like body and body exterior for parts like bumpers 

for energy absorption during collisions, In interiors plastics are used for various parts to reduce 

injuries to the occupant during a collision. Plastics also help in reducing the overall weight 
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resulting in increased fuel efficiency. Plastics have plenty of opportunities in the automotive 

industry to transition to use engineered plastics instead of composites. 

Different Properties, various manufacturing procedures like injection molding, various 

methods, and various technologies that are important for R&D priorities in which plastics can be 

applied in vehicles [19] are shown in Figure 2.5. Please refer to section 3.3.4 for more details on 

HPP materials. 

 

Figure 2.5 Summary of Highest Priority R&D Needed to Enhance the Future of Automotive Safety 

[19]. 

With the help of all the above-mentioned literature, this research is performed by linking 

different research topics to perform side-impact crashworthiness testing using high-performance 

polymers.   
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3 OBJECTIVES AND METHODOLOGY 

3.1 Objectives 

In the field of crashworthiness, there are several ways by which crash impact dynamics can 

be studied in order to improve the design for side impact. There have been several types of research 

conducted on improving the energy absorption capabilities and various side structures to this day. 

In this research, finite element analysis is performed on the vehicle and impactor structure to check 

the behavior, energy absorptions, intrusions of side impact beams using high-performance plastic 

materials.  

The main advantage of using the FEA procedure is to reduce the overall cost of physical 

testing full vehicle crash tests. As it becomes expensive to test various materials multiple times. 

We can also observe the vehicle behavior and other data that is difficult to capture using 

conventional testing methods. This research is aimed at designing a new side-impact beam for a 

compact sedan and performing simulation studies to increase strength and energy absorptions and 

to reduce intrusions without compromising occupant safety. 

The Overall goal of this study is to improve the side impact protection of cars using high-

performance plastics as per federal regulations. To achieve this goal, the following  objectives 

have been identified: 

• To identify and evaluate high-performance polymers with new side-impact beam designs 

for improved strength, energy absorption capabilities 

• To verify the new beam with high-performance polymers using simulation of 3-Point bend 

test 
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• To evaluate the specific energies, intrusions and to compare responses from this new 

design with the current steel design 

• To perform full vehicle side impact simulations for a compact car using suitable designs 

and materials with various combinations using only HPP, HPP using metal-infused 

injection molding and designs changing material for outer door panel to HPP for a compact 

car and test as per FMVSS 214-MDB test 

• To repeat the prior step for the FMVSS214 Pole test 

• To evaluate the full vehicle crash with new side impact beam and contrast with current 

side impact beam for the following factors: Accelerations and Intrusions 

• To evaluate the crash rating using B-Pillar Intrusions as per IIHS Ratings 

• To recommend suitable high-performance polymers and beam design for side impact 

protection of vehicles 

3.2 Methodology 

This research starts with designing a new HPP-based side impact beam which yields the 

same or better strength for minimizing intrusions and accelerations. This entire testing 

methodology is divided into two – Component Virtual Testing and Full Vehicle Virtual Testing. 

The computational impact tests are performed on the current and new side-impact beam using steel 

and 3 HPP materials like (LCP-CF-30, PA6-CF-30, PA66-GF-60). Their performance, including 

energy dissipiation  are evaluated and an optimal design is selected. Then 1 HPP material is used 

to perform full vehicle crash simulations, per FMVSS214 MDB, FMVSS214 Rigid Pole Test 

standards on a small compact sedan car, namely A Toyota Yaris (2010) FE Model. The results 

from all the crash tests are compared, and evaluation ratings are obtained. Finally based on the 
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results, suitable high-performance polymers and beam designs for side impact protection of 

vehicles are recommended. Figure 3.1 represents the methodology flow chart used for performing 

this research. The research is divided into two parts: A. Component Testing and B. Full-Vehicle 

Testing 

 

 

Figure 3.1 Methodology Flow Chart 

 

In full vehicle crash simulations, there are seven simulations performed for each type of 

test standard. These tests include the original side impact beam with steel; 3-Cases with new side 

impact beam with LCP-CF-30 and with changing door panel material; thickness and 3 other cases 

with new side beam with LCP-CF-30 with Titanium Strips and with changing door panel material, 

thickness. The test cases with their code names are identified in Figure 3.2, and discussed in the 

following sections. 

Virtual Testing 
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Figure 3.2 Various Test Cases along with Code Names used in Each Type of Test Standard 

 

In New_Var2, New_Var3, New_Var5, New_Var6 cases, the door panel material is 

changed to HPP material (LCP-CF-30). Thickness is changed by keeping the door panel design 

the same as that of the original model.  

In total then, there are seven test cases performed for FMVSS214 MDB and seven test 

cases for FMVSS Rigid Pole Test. Each test case is represented with a code name.  

3.3 Materials 

With rapid modernization and an increase in various manufacturing processes available to 

the engineer, there came the need to explore and develop various types of engineering materials 

based on physical, mechanical properties, cost, availability, and manufacturability. Materials are 

mainly classified into two major categories – Metallic and Non-Metallic. Metallic Materials 
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comprise ore materials and their alloys. Whereas nonmetallic materials include glass, composites, 

plastics, ceramics, and semiconductors [20]. The need for using substitute materials includes 

improved service conditions, life, and higher reliability. Some of the commonly used materials are 

discussed below. 

3.3.1 Composites 

The development of composites, design and manufacturing technology is one of the 

important achievements in the history of materials. These materials can be described as a mixture 

of 2 or more heterogeneous materials, which exhibit exceptional mechanical and physical 

properties when combined. These properties can be tailored according to various applications. 

Composite materials consist chiefly of matrix and reinforcement materials. Types of composite 

materials [20] are shown in Figure 3.3. 

 

Figure 3.3 Types of Composites Materials 

 

In simple words, the matrix is the material used to provide bonding and keep the 

reinforcement materials together. Examples of matrix materials include Resin and other bonding 
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materials. Reinforcement materials are the materials that provide directional strength to the 

material. Examples of reinforcement materials include fibers, fabrics, textiles, and particles. 

3.3.2 Metals 

Metal can be described as something malleable, conducts heat and electricity. When heated 

to high temperatures, these materials undergo a phase transformation from solid to liquid and vice 

versa. These metals are classified into various categories based on physical and chemical 

properties. Categories like Ferrous, Nonferrous, refractory, brittle, heavy metals, light metals, and 

precious metals. The majority of these metals come from the earth's crust which comprises 25% 

metals and 75% nonmetals [20]. Examples of various metals are shown in Figure 3.4.  

 

Figure 3.4 Example of Various Metals [21] 

3.3.3 Plastics 

In the modern-day, plastics are present everywhere. Over the period of modernization, 

natural polymers are modified to get desired properties by creating synthetic polymers. These 

polymers come in various forms ranging from plastics, adhesives, coatings, fabrics, and 

elastomers. With the rapid increase in the utilization of various types of polymers, there came the 

need for synthetic materials which are cost-effective and efficient when compared with natural 

materials like glass, wood, and metals. These natural materials require further processing, 
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machining, and other processes, which overall will increase the costs. Because of all these factors, 

the demand and utilization of synthetic plastics have increased 20 folds in the last 30 years [20]. 

The classification of plastics is shown in Figure 3.5. 

 

Figure 3.5 Classification of Plastics. 

3.3.4 High-Performance Polymers and Engineering Plastics 

During the past few years, with an increase in demand for plastics, there came the need to 

develop plastics for special applications in Automobile, Aerospace, Defense, Biomedical, 

Electronic, and in several industries. Each industry requires different plastics with different 

properties for various applications where common plastics cannot be used. For example, in the 

Automobile industry, they need materials with higher mechanical properties. In aerospace, they 

need lightweight and exceptional stiffness. In electronics, materials need to have better 

conductivity and improved electrical properties. So to get various properties depending on the 

applications, conventional plastics materials have been added with various additives, fillers, and 

polymers [18]. For example, these plastics can be filled with fibers like glass and carbon to increase 

the strength and stiffness of the plastic. So plastics with these sort of exceptional properties are 



 

22 

 

 

called High-Performance polymers and engineering plastics. Examples of various High 

performance and Engineering Plastics are shown in Figure 3.6. 

 

Figure 3.6 Various Plastics According to Their Performance [22]. 

 

3.4 Software Tools 

Various tools have been used throughout the research. Some of the engineering tools 

employed for performing this research are mentioned below. 

3.4.1 CATIA 

CATIA (Computer Aided Three Dimensional Interactive Application) is a product 

lifecycle management suite developed by Dassault Systems. This application has various 

capabilities to develop a product from concept design to manufacturing. This application is used 
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in various industries for numerous applications in fields like Automotive, Aerospace, Biomedical, 

Civil, Electrical, and Electronics. 

CATIA V5 is a tool to develop a product collaborating with various cross-functional teams 

like design, analysis, and manufacturing. 

3.4.2 Hypermesh 

Hypermesh is a finite element modeling tool used to perform various CAD and CAE tasks, 

including geometric modeling, discretization, and post-processing of results for various CAE 

solvers like Abaqus, Nastran, LS-Dyna, and other solvers. This tool was developed by Altair. 

Hypermesh has features to directly import CAD geometry in formats from CAD tools like .STP, 

.X_T, .CATProduct and other formats. 

Hypermesh provides a rich set of features and tools to achieve different types of mesh with 

desired quality criteria. Hypermesh supports various meshing techniques like automatic solid 

mesh, 2D shell mesh, first order, and second-order meshing. This tool gives the user better control 

over the mesh. We can also define loads, contacts, and properties according to the required solvers. 

Hypermesh also has modules to post-process the final results in a wide range of formats like 

generating results in .csv format, video formats, and support post-processing automation.  

3.4.3 LS-Dyna 

LS-Dyna is a FE tool developed to perform transient dynamic simulations capable of 

solving challenging real-world engineering problems. This tool was developed to work with 

various operating platforms like Windows, UNIX, Linux and designed to work with optimized 

utilization of processors and memory. LS-Dyna is an explicit solver which can be used for solving 
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2D and 3D finite element problems. This solver supports analyzing large deformations and 

dynamic responses in structures. 

These tools are currently being used in various sectors like Automotive, Aerospace, 

Manufacturing, and other organizations. This tool has efficient mathematical modeling programs 

to perform various engineering problems. It has 100+ material cards which are enough to develop 

any real-world material. Some of the applications of LS-Dyna are to simulate crashworthiness, 

occupant safety, bird strikes, manufacturing processes, and biomedical applications. 

LS-Dyna has a feature called massively parallel processing (MPP), where this tool can 

utilize the multiple processors in supercomputers and perform complex calculations more 

efficiently in a short span. 



 

25 

 

 

4 DESIGN AND ANALYSIS OF NEW SIDE-IMPACT BEAM WITH HIGH-

PERFORMANCE POLYMERS 

 

This chapter describes the design and analysis performed on current and new side-impact 

beams.  

4.1 Design of Side-Impact Door Beam 

This section describes how the current and new side-impact beams are designed using 

various profiles and materials. 

4.1.1 Current Side Beam 

Currently, there are different types of Designs with various profiles used for Side impact 

beams. Out of those designs, some of the most commonly used profiles include Circular, 

Rectangular, C-Shaped, M- Shape, S- Shape profiles for side impact beam. Since we considered 

performing research using Toyota Yaris (2010) compact sedan, it uses a circular profile tube placed 

diagonally across the door as shown in Figure 4.1 and Figure 4.2. 

 

Figure 4.1 Current Side Impact Bar Design in Toyota Yaris (2010). 
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Figure 4.2 Door Impact Beam Showing Circular Tube Profile 

4.1.2 New Side Beam 

We have designed a side impact beam that covers and strengthens the whole side door for 

this research. Its profile is a hat shape and S–shaped structure that spans over the whole side door, 

as shown in Figure 4.3 andFigure 4.4.  

This new structure is designed using CATIA software and modified accordingly to fit in 

Toyota Yaris (2010) without altering any structure in Toyota Yaris. New Side Impact beam hat 

profile dimensions are shown in Figure 4.4, which is carried out throughout the structure in the 

shape of S. 

 

Figure 4.3 New Side Impact Bar Design for Toyota Yaris (2010). 
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Figure 4.4 Door Impact Beam Showing S-Shape Structure with Hat Shape Profile. 

In this research, two designs have been done: one with complete HPP and the other with 

2mm Ti Strips in the top and bottom horizontal bars while the rest of the material is HPP. 

4.1.3 Comparison between Current Design and New Design 

The comparison of new beam design with current beam can be described as the following: 

• The current beam is a circular hollow steel tube, whereas the new design is a hat shape 

profile with S- Shape structure which provides additional strength and creates a barrier 

between occupant and intrusion. 

• Current beam is made of steel and the new design is made of high-performance plastics. 

• The current beam is heavier than the new design which is made of polymers. 

• The current beam is a circular tube with a uniform cross-section area, whereas the new 

beam design has a large cross-section at the bottom for additional strength.  
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4.2 Current Impactor Bar Model 

Figure 4.5 shows the current original side impact beam used in Toyota Yaris (2010). The 

mass of the current beam is 2.31kg. 

 

Figure 4.5 Current Original Side Impact Bar Model 

 

4.3 New Design Only Impactor Bar Model 

Figure 4.6 and Figure 4.7 show the new side-impact beam (Design-1 and Design 2) used 

in different test cases. This New Design side impact beam modeling is done using hypermesh FE 

software and meshed using Solid Hexa Elements by maintaining an element size of 7mm. All the 

necessary quality criteria are followed while modeling the side impact beam. 
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Figure 4.6 New Design 1-Side Impact Bar used in New_Var 1, 2, 3 Cases 

  

Figure 4.7 New Design 2- Side Impact Bar with Ti Strip Shown in Green used in New_Var 4, 5, 

6 Cases 

4.4 Modeling of Impactor Body or Pole 

The impactor body is shown in Figure 4.8. This impactor is treated as a rigid pole that is 

assigned with steel material properties. This pole is designed with a diameter of 200mm and 

keeping a height of 540mm so that this pole has maximum contact area with the Side Impact Beam. 



 

30 

 

 

This pole is meshed using solid-Hexa Elements with an element size of 20mm. Moreover, the 

weight of this impactor is 70kg. 

 

Figure 4.8 FE Model of Impactor Body 

4.5 Materials Used in New Design 

For the sake of this research, three high-performance plastics are considered, and 

parametric studies are performed using materials shown below. Then these materials are applied 

to the best design and an impact test is performed on the only beam (current beam and new beam 

design) without considering the whole car model. Then one material with the best results is taken 

and used to perform the full model car side-impact testing. 

4.5.1 High-Performance Plastics  

High-performance plastics are discussed in detail in section 2.4. The materials used in this 

research along with their material properties are discussed below. 
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4.5.1.1 LCP- CF-30 (VECTRA® B230) 

Material data from Vectra® B230 material from Celanese Corporation, an LCP with 30% 

carbon fiber have been used in this study. This LCP material has exceptional strength and high 

stiffness. This material can be used as a replacement for metals. It has some of the characteristic 

properties as flame retardant, lightweight, and has the property to produce parts using Injection 

molding, and is available in the form of pellets [23].  

For this research, non-linear material data are utilized, and the stress-strain data is shown 

in Figure 4.9. This data for room temperature 23 oC, is used in this research.  

Table 4.1 Material Properties for VECTRA® B230 (LCP CF 30) 

Properties Values/Units 

Density 1500 kg/m3  

Young’s Modulus 31800 MPa 

Poisson Ratio 0.3 

 

 

Figure 4.9 Engineering Stress-Strain Curve for Vectra® B230 (LCP-CF-30) at Various 

Temperatures [23] 
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4.5.1.2 PA66-CF-30 (RADILON® A CF300K 333 BK) 

RADILON® A CF300K 333 BK material from RADICI GROUP is a PA66 with 30% 

Carbon fiber. This material is injection molding grade material. This material can be used in 

manufacturing components and parts that require exceptional mechanical properties. It has some 

characteristic properties like high stiffness, dimensional stability, fatigue, and creep resistance and 

this material is available in the form of pellets [24].  

For this research, a non-linear material data, an have stress-strain data is shown in Figure 

4.10. This research corresponds to room temperature, ie at 23 oC.   

Table 4.2 Material Properties for RADILON® A CF300K 333 BK (PA66 CF 30) 

Properties Values/Units 

Density 1270 kg/m3  

Young’s Modulus 23500 MPa 

Poisson Ratio 0.3 

 

 

Figure 4.10 Engineering Stress-Strain curve for RADILON® A CF300K 333 BK at Various 

Temperatures [24] 



 

33 

 

 

4.5.1.3 PA610-GF-60 (RADILON® RV600RKC306BK) 

RADILON® RV600RKC306BK material from RADICI GROUP is a PA610 with 60% 

Glass fiber. This material is injection molding grade plastic material. This material can be used in 

manufacturing components and parts that require high stiffness and good mechanical resistance. 

This material is available in the form of pellets and is made from a partially renewable base 

polymer with 60% by weight [25].  

For this research, we have used non-linear material data, and the stress-strain data is shown 

in Figure 4.11. This data for this research is for room temperature, i.e., at 23 oC.    

Table 4.3 Material Properties for RADILON® RV600RKC306BK (PA610 GF 60) 

Properties Values/Units 

Density 1660 kg/m3  

Young’s Modulus 19000 MPa 

Poisson Ratio 0.3 

 

 

Figure 4.11 Engineering Stress-Strain Curve for RADILON® RV600RKC306BK at Various 

Temperatures [25] 
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4.5.1.4 Titanium Ti-6Al-4V (Grade 5) 

Titanium Grade 5 is the most common form of titanium alloy. It is called the workhorse of 

Ti Alloys. This grade is used by 50% of the applications requiring titanium. This alloy has a high 

strength-to-weight ratio and has high corrosion resistance. This material is used in various 

industries like aerospace, marine, sports, and medical. Properties of Titanium Ti-6Al-4V (Grade 

5) are shown in Table 4.4 [26]. 

Table 4.4 Material Properties for Titanium Ti-6Al-4V (Grade 5) [26] 

Properties Values/Units 

Density 1.50 g/cc  

Hardness, Brinell  334 

Hardness, Knoop  363 

Hardness, Rockwell C  36 

Hardness, Vickers  349 

Tensile Strength, Ultimate  900 MPa 

Tensile Strength, Yield  830 MPa 

Elongation at Break  10% 

Reduction of Area  33% 

Modulus of Elasticity  114 GPa 

Compressive Yield Strength  860 MPa 

Poissons Ratio  0.33 

Fatigue Strength  510 MPa 

Reduction of Area  @# of Cycles 1.00e+7 

Shear Modulus  44.0 GPa 

 

 

 

http://www.matweb.com/tools/unitconverter.aspx?fromID=108&fromValue=900
http://www.matweb.com/tools/unitconverter.aspx?fromID=108&fromValue=830
http://www.matweb.com/tools/unitconverter.aspx?fromID=45&fromValue=114
http://www.matweb.com/tools/unitconverter.aspx?fromID=108&fromValue=860
http://www.matweb.com/tools/unitconverter.aspx?fromID=108&fromValue=510
http://www.matweb.com/tools/unitconverter.aspx?fromID=45&fromValue=44.0
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4.5.2 Manufacturing Components Using These Materials 

One of the main advantages of using these High-performance plastics is the ability to 

manufacture parts or structures using injection molding. Injection molding is a process by which 

the material in the solid phase is heated to convert into a liquid phase such that the material is 

injected into the molds at different pressures depending on the application and complexity of the 

part.  

Some of the other advantages include using inserts in the plastics using injection molding. 

This helps in adding metals for regions where there is a need for providing additional strength. 

Some of the advantages of manufacturing parts using these HPP materials instead of metals are:  

• More components can be produced in a short span of time. 

• These materials allow flexibility in design due to the use of the injection molding 

technique. 

• Different raw materials can be used together. 

• Manufacturing using the injection molding technique yields a high-quality finish. 

• Contribute to a weight reduction of manufactured parts. 

• Since metals require more machining, labor, manufacturing using HPP materials reduces 

labor. 

•  Manufacturing using HPP materials is more energy-efficient than using metals.  

• Some of the HPP materials can also be recycled several times without losing their 

mechanical properties.  
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4.6 Loads and Boundary Conditions 

Figure 4.12 and Figure 4.13 represent the loads and boundary conditions used to test 

original and new side beam variants. Here as the picture illustrates, the side impact beam is 

impacted with a rigid bar of mass 70kg at a velocity of 30mph to check the impact behavior of 

both the Original side beam and the new variant side beam. The areas shown in red are fixed in all 

DOF. 

 

Figure 4.12 Loads and Boundary Conditions for Original Model 

 

Figure 4.13 Loads and Boundary Conditions for New Variant Models 
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4.7 Results for Impactor Bar 

This section describes the results on the kinematics, masses, forces, and energy absorption. 

4.7.1 Kinematics 

From Figure 4.14 and Figure 4.15, One can see the behavior of the Original Side impact 

beam and New_Var Beam upon impact with the pole of 70kg at 30mph. Their Behavior looks 

almost identical but the amount of intrusion and contact forces are different. The top row of the 

Figure 4.14 shows the original side impact beam, which includes the upper support beam and door 

impact bar preimpact condition, and the bottom row of the image shows how the rigid bar is 

bounced back after it impacts the beam at time 0.02Secs. 

 

Figure 4.14 Kinematics for Original Design at Time (T=0Sec) Shown on Top and Bounce of 

Rigid Bar After Impact at Time (T=0.02Secs) Shown on the Bottom 
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The top row of the Figure 4.15 shows the new side-impact beam preimpact condition, and the 

bottom row of the image shows how the rigid bar is bounced back after post-impact at time 

0.02Secs. 

 

 

Figure 4.15 Kinematics for New_Var Designs at Time (T=0Sec) Shown on Top and Bounce of 

Rigid bar After Impact at Time (T=0.02Secs) Shown on the Bottom. 

4.7.2  Mass 

Comparison of Mass between Original Design and New_Var Designs with various 

materials are compared in Table 4.5. Here we can observe that the Mass of Original Beam is 

2.31kgs, and the Mass of New_Var Designs with different Materials starting from 1.78kgs to 

2.62kgs. However, in this research for Evaluating the Full vehicle crash test, we are using LCP-

CF-30, which has a mass of 1.99g and 2.41kg for two New_Var Designs. 
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Table 4.5 Mass Comparison of Original Design and New Designs with Different Materials 

  Materials Total Mass (kg) 

Original Design Steel 2.31 

Design 1 (used  
in New_Var 

 1, 2, 3) 

(LCP-CF-30) 1.99 

(PA66_CF_30) 1.78 

(PA610_GF_60) 2.33 

Design 2 (used  
in New_Var 

 4, 5, 6) 

(LCP-CF-30) with Ti Strip 2.41 

(PA66_CF_30) with Ti Strip 2.12 

(PA610_GF_60) With Ti Strips 2.62 

 

4.7.3 Force Vs Displacements 

The Force and Displacement of New Design Variants with different HPP materials are 

compared with the Original Model. We can observe from Figure 4.16 that some of the New Side 

Impact beam models produced higher forces with low displacements.  

The two new models with material LCP-CF-30 produced a force of 245 kN at a 

displacement of 82.3 mm and the model with LCP-CF-30 with Ti Strips produced a force of            

240 kN at a displacement of 79.1 mm when compared with the original side impact beam it 

produced only 164 kN at a displacement of 91.3 mm. Hence, One can observe that the new side-

impact beam variants that use LCP-CF-30 material yield fairly good results. 
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Figure 4.16 Comparison of Force Vs Displacement for all New Variants with Original Model 

4.7.4 Specific Energy Absorption 

Specific Energy Absorption, Es can be defined as the amount of energy absorbed per unit 

mass, Which can be evaluated as [27],   

 

Where E is the absorbed energy, F is force, Amat represents the cross sectional area, σ is 

stress and ρ is density. The specific energy absorption is used in this study to measure the 

absorption capabilities for various designs with various materials and comparing them. Thus, this 

is an important factor while designing any structure. 

From Figure 4.17, One can see that the specific energy absorption of New Designs used in 

New_Var 1 – 6 is almost identical and ever higher for different materials starting from 2.43E+06J/kg 

(4.1) 
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to 3.64E+06 J/kg. Whereas the Original Design with steel has Specific energy absorption of  

2.93E+06 J/kg.   

 

Figure 4.17 Specific Energy Absorption for Various Designs and Materials 

New Designs with only HPP materials yielded better forces, reduced displacements and 

better energy absorption than the original design with steel. Moreover, New design with Ti strip 

and HPP material yielded identical results compared to those of the original design.    

4.8 Summary of Results 

From Table 4.6, it can be observed that there is a clear mass reduction in new designs with 

different materials while reducing the intrusion/displacements and with improved specific energy 

absorption capabilities. So from this test, the optimal results are taken Design 1- with material 

(LCP-CF-30), Design 2 – (LCP-CF-30 with Ti strips) is used to perform full vehicle side impact 

test simulations. 

The original design with steel material has a mass of 2.31 kg and upon impact the side 

impact beam deformed by a displacement of 91.3 mm while absorbing a energy of 2.93E+06 J/kg 
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and for the new design 1 and design 2 with various plastics have a mass range of 1.78 kg to 2.62 

kg and upon impact these new HPP materials have yielded displacements of 79.1 mm to 105.3 

mm. The least amount of displacement are generated for both design 1 and design 2 which utilizes 

material LCP-CF-30 which has 82.3 mm displacement for design 1 and 79.1 mm for design 2 

while maintaining good specific energy absorption capabilities. 

Table 4.6 Summary of Side Impact Beam Results  

 

New Designs 1  with LCP-CF-30 and New Design 2 with LCP-CF-30 and Ti Strip have a 

good reduction in displacement while maintaining better specific energy absorption capabilities. 

Hence, these two designs are used to test full-vehicle side impact test simulations. 
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5 FULL-VEHICLE SIDE-IMPACT MODELLING 

 

Finite element models of a vehicle or Moving Deformable Barrier (MDB) are generally 

developed by performing reverse engineering processes to generate the vehicle virtually. These 

developed models are accurate in analyzing different types of crash test scenarios. The 

development of these finite element models aids us in predicting various crash scenarios by 

minimizing the time, cost and helps in better understanding various parameters that are difficult to 

capture and study with conventional testing methods. 

5.1 Finite Element Model – Toyota Yaris (2010) 

This FE model for Toyota Yaris is taken from NHTSA Website [29], Shown in Figure 5.1. 

 

 

Figure 5.1 Actual and FE model of Toyota Yaris (2010) [28] and Door Showing Current Beam. 
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Table 5.1 shows the details of the Toyota Yaris car, FE Model, including number of parts and 

elements, etc. 

Table 5.1 Summary of Toyota Yaris (2010) FE Model [28] 

Number of  Parts 917 

Number of Nodes 1,480,422 

Number of Shells 1,250,424 

Number of Beams 4,738 

Number of Solids 258,887 

Total Number of Elements 1,514,068 

 

 

5.2 Finite Element Model – FMVSS 214 Moving Deformable Barrier (MDB) 

The MDB Model, shown in Figure 5.2, is designed accordingly to perform FMVSS214 

side impact. This FE model has been taken from Barrier Model Area on the LSTC website 

[30][31], and details are tabulated in table.  

 

Figure 5.2 FE Model of Moving Deformable Barrier [30][31] 

Table 5.2. Summary of FMVSS214 MDB FE Model 

Number of  Parts 29 

Number of Nodes 260,188 

Number of Shells 544,378 

Number of Beams 4 

Number of Solids 2,504 

Total Number of Elements 546,887 

Beam Element Connections 4,425 

Nodal Rigid Body Connections 727 

Extra Node Set Connections 20 

Rigid Body Connections 2 

Spotweld Connections 4,107 

Joint Connections 39 
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5.3 Finite Element Model – FMVSS 214 Rigid Pole  

The rigid pole that is needed to perform this FMVSS 214 Rigid pole side crash test is 

modeled using FE preprocessor software Hypermesh from Altair. This rigid pole is meshed using 

Hexa elements with a size of 10 mm and is positioned near the driver’s door and aligned with 

respect to the driver’s head. The diameter of the pole is set with a diameter of 254 mm. The FE 

model and its details are shown in Figure 5.3 and Table 5.3. 

 

Figure 5.3 FE Model of Rigid Pole 

Table 5.3 Summary of FMVSS 214 Rigid Pole FE Model 

Number of  Parts 1 

Number of Nodes 180,815 

Number of Solids Elements 171,200 
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6 SIDE IMPACT SIMULATION AS PER FMVSS 214 MOVING DEFORMABILE 

BARRIER TEST 

 

This chapter describes the details of the setup of the FMVSS214 MDB test and the 

simulation results for both current and new side-impact beams. 

6.1 FMVSS 214 MDB Test Setup/Configuration 

From interaction with the US and international safety communities, NHTSA developed a 

few methodologies [32] to test safety in vehicles during a side impact. The MDB test involves a 

moving deformable barrier impacting into a vehicle at 52 kmph/33.5 mph. The MDB strikes the 

car until a penetration depth at 305mm (with a tolerance of 610 to 150mm).  

The MDB is placed towards the test vehicle such that its line of forwarding motion is angled 

63 degrees with the longitudinal centerline of the test vehicle. At impact, the MDB forward edge 

passes through the impact reference line (around +/- 51mm) and the longitudinal lines are 

perpendicular. The test configuration using a Moving Deformable Barrier (MDB) is shown in 

Figure 6.1. 

After the experiment, impact test observations are recorded, photographs of post-impact 

are taken, and different measurements are taken. The data is then sent to analyze and a report is 

then documented. 
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Figure 6.1 Test Setup Configuration of FMVSS214 MDB [32]. 

6.1.1 MDB Modelling 

For this Moving deformable barrier test, the test vehicle used in this research is the Toyota 

Yaris (2010) model. A moving deformable barrier impacts the selected Toyota Yaris model as per 

the FMVSS214 standard.  

Figure 6.2 shows the test configuration and setup of the FE model for side impact according 

to the test setup configuration. According to this test configuration, the moving deformable barrier 

hits the car on the driver's side, keeping the vehicle stationary at an angle of 27 degrees to the 

longitudinal axis of the moving deformable barrier at a speed of 33.5 mph. Usually, any car crash 

event happens in the time range of 100ms to 200ms. So for this research, the full vehicle side 

impact is carried out using the software LS-Dyna for a total time of 150ms or 0.15Secs.  
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To the FE model, multiple accelerometers are placed at various locations of the car. Some 

of these locations include accelerometer at CG, Side Door panel, B-Pillar, and Side-impact Beam.  

Once the Accelerometers are defined, then a contact interface is created between the 

vehicle and the barrier. This interaction helps in generating all the contacts and force transfers from 

one part to another. Then the vehicle and barrier are set in such a way that the distance between 

them is kept minimal to reduce the simulation time. 

Then the velocity as per the MDB test condition is defined to the barrier and the simulation 

is executed for a total time of 150ms. 

 

 

 

Figure 6.2 Showing Test Configuration [32] (Left) with FE Model (Right) 

6.2 MDB Results 

In this section, the FMVSS 214 Moving deformable barrier test standard results for both 

the current and new side-impact beam are discussed in detail. 
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6.2.1 Current Beam Simulation  

For Toyota Yaris with current side impact beam, One can see the kinematics of full vehicle 

side crash at the initial time step before the collision, which is shown in Figure 6.3, where the 

vehicle and MDB are set in such a way they are just in contact with each other. Furthermore, the 

kinematics after considerable deformation using the original side impact beam at 150ms or 0.15 

secs is shown in Figure 6.4, which shows the damaged area of the vehicle at the point of impact 

by moving deformable barrier.  

 

Figure 6.3 Kinematics for Toyota Yaris (2010) for Original Side Impact Beam Before Impact 

 

Figure 6.4 Kinematics for Toyota Yaris for Original Side Impact Beam After Impact 
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One can observe that there is a considerable amount of deformation of the structure due to 

side impact. Damage is shown in Figure 6.5 and Figure 6.6. The deformation of the original side 

impact beam before and after impact is shown in Figure 6.6. 

 

Figure 6.5 Extent of Damage of Vehicle with Original Side Impact Beam After Impact  

 

 

Figure 6.6 Top View of Original Side Impact Beam Showing Before and After Impact  

6.2.2 New Beam Simulation  

Now, the new side-impact beam is merged with the original car model in Hypermesh and 

the connections for the new beam with door frames are connected using nodal rigid bodies which 

constrains the relative motion of the nodes in all DOF. 
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Various views of the kinematics of Toyota Yaris (2010) using new side-impact beam is 

shown in Figure 6.7, which represents the Vehicle before impact. Figure 6.8 shows the car after 

impact. 

 

Figure 6.7 Kinematics for Toyota Yaris (2010) for New Side-impact Beam Before Impact  

 

 

Figure 6.8 Kinematics for Toyota Yaris for New Side Impact Beam After Impact 
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One can observe the amount of deformation of the structure due to side impact. Damage is 

shown in Figure 6.8 andFigure 6.9. The deformation of the new side-impact beam before impact 

and after impact is shown in Figure 6.10. 

 

 

Figure 6.9 Extent of Damage of Vehicle with New Side Impact Beam After Impact 

 

 

Figure 6.10 Top View of New Side Impact Beam Showing Before and After Impact 
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In the car model, kinematics views are for the New_Var1 model. And the kinematics are 

almost identical to the remaining 5 cases from New_Var2 to New_Var6 their detailed results are 

discussed in the below sections. 

6.2.3 Door Intrusions 

Figure 6.11 shows the amount of foreign body intruded into the vehicle. This intrusion is 

measured by selecting a point on each outer door panel at the center and the distance is measured 

from the similar point on the opposite door. Then the distances are measured for pre-impact and 

post-impact conditions. Intrusion measurement distance is also shown in Figure 6.11.  

 

Figure 6.11 Intrusion Measurement for the Pre-impact and Post-impact Condition of the Door 

Panel 

The intrusions for all the 7 cases are listed in Table 6.1. One can clearly understand that 

the percentage of intrusion is reduced with new design variants compared to the original side 

impact beam. The maximum intrusion reduction percentage is 17.8% when compared with the Full 

vehicle Original Side Impact beam. 
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Table 6.1 Door Intrusion Comparison Between Original and New Model Multiple Variants 

Case No 

Pre Impact   

Distance 

between 

doors (mm) 

Post 

Impact  

Distance 

between 

doors (mm) 

Difference 

(mm) 

Percentage of 

intrusion 

between doors 

(%) 

Percentage of 

Intrusion 

Reduction(+) 

/Increase (-) 

w.r.t Original 

Design (%)  

Original 1677.43 1451.57 225.86 13.5 NA 

New_Var1 1677.43 1468.98 208.45 12.4 +8.15 

New_Var2 1677.43 1477.97 199.46 11.9 +11.85 

New_Var3 1677.43 1491.64 185.79 11.1 +17.78 

New_Var4 1677.43 1464.00 213.43 12.7 +5.93 

New_Var5 1677.43 1465.89 211.54 12.6 +6.67 

New_Var6 1677.43 1487.30 190.13 11.3 +16.30 
 

From the intrusions values, One can observe that the new design reduces the amount of 

intrusions by 5.93% to 17.78% on average. Case no. details can be found in Section 3.2 and Figure 

3.2.   

6.2.4 B-Pillar Intrusions 

B-Pillar is one of the important parts of a car that helps in maintaining the structural 

integrity of the vehicle and also helps in protecting the occupant from the crash. B-Pillar is the part 

that comes in contact with the occupant’s head during a side crash.  

B-Pillar intrusions are measured by taking measurements from the CG of B-Pillar on one 

side with a similar point of the opposite side B-pillar. Distance is measured between those points 

in pre Impact and post Impact conditions as shown in Figure 6.12, and the percentage of intrusion 

between side B-Pillars are calculated for all the cases. These results are shown in  Table 6.2. 
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Figure 6.12. Intrusion Measurement for the Pre-impact and Post-impact Condition of the B-pillar 

 

The B-Pillar Intrusions for all the seven cases are shown in Table 6.2 new design variants.  

One can observe that the percentage of intrusion is almost identical for both the Original model 

and new design variants.  

Due to the use of HPP materials, the forces from the new beam variant are transmitted to 

B-Pillar made of steel, and there is a slight increase in the intrusion of B-Pillar and maximum being 

4.02 percent more than the original side impact beam model. For the original side-impact beam 

the percentage of intrusion between side and B-Pillar is 9.2%. While for the new side-impact beam 

design, the intrusion percentage increase varied from+0.76% reduction to -4.02% increase when 

compared to the original side impact beam. 
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Table 6.2 B-Pillar Intrusion Comparison Between Original and New Model Multiple Variants 

Case No 

Pre Impact 

Distance 

between side 

B-pillars 

(mm) 

Post Impact 

Distance 

between side 

B- Pillars 

(mm) 

Difference 

in (mm) 

Percentage of 

Intrusion  

between side 

B-pillars (%) 

Percentage of 

Intrusion 

Reduction(+) 

/Increase (-) 

w.r.t Original 

Design (%)  

Original 1366.18 1240.45 125.73 9.20 NA 

New_Var1 1366.18 1239.31 126.87 9.29 -0.97 

New_Var2 1366.18 1235.42 130.76 9.57 -4.02 

New_Var3 1366.18 1237.17 129.01 9.44 -2.60 

New_Var4 1366.18 1237.80 128.38 9.40 -2.17 

New_Var5 1366.18 1240.10 126.08 9.23 -0.32 

New_Var6 1366.18 1241.40 124.78 9.13 +0.76 
 

6.2.5 Contact Forces 

The contact forces are the forces that are generated when two bodies meet each other. So 

Figure 6.13 shows the contact forces that are generated when the MDB impacts the vehicle. The 

right figure shows the force at the initial point of contact. Table 6.3 shows the peak contact forces 

for all various cases.  

 

 

Figure 6.13.Contact Forces Generated Between Car and MDB at the Initial Point of Contact 
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Table 6.3 Comparison of Peak Contact Forces for all Simulations 

Case No Max Force (kN) 

Original 210 

New_Var1 211 

New_Var2 209 

New_Var3 210 

New_Var4 211 

New_Var5 210 

New_Var6 209 

 

6.2.6 Impact Beam Accelerations  

Figure 6.14 shows the comparison of accelerations of the beam at the center of gravity of 

the Current original side impact beam with a different variant of the new side-impact beam. We 

can understand that the accelerations of the current original side impact beam are higher than new 

variants of side impact beam cases.  

The accelerations of the current original model side impact beam are 287 g’s, whereas new 

side-impact beam accelerations vary from (53g-288g) for different variants. New_Var2 is the 

model with the least amount of g’s which is 53 g. So from Table 6.4, we can see that the 

accelerations have been reduced by 81.53%, thus reducing the effects that cause the occupant's 

injuries in New_Var2. 
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Figure 6.14 Accelerations of Impact Beam 

Table 6.4 Impact Beam Accelerations Comparison Between Original and New Model Variants 

Case No Acceleration at Beam  

( g ) 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design (%)  
Original 287 NA 

New_Var1 189 +34.15 

New_Var2 53 +81.53 

New_Var3 107 +62.71 

New_Var4 288 -0.34 

New_Var5 254 +37.93 

New_Var6 280 +2.43 
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6.2.7 Door Accelerations  

Figure 6.15 shows the accelerations acted on the door. These accelerations are measure by 

placing accelerometers at the CG of the outer door panel on the driver side. During a side crash 

event, the outer door panel is the first point of contact with a foreign impactor/body. Table 6.5 

shows all the accelerations for the original model along with new variants. For the table, the door 

accelerations for the original model that uses steel have lower accelerations than the new side-

impact beam. Because of the use of new design and with the use of HPP material for beam and 

door panel, the door panel absorbs far more accelerations, and the rest of the accelerations are 

attenuated and passed over to the remaining structures.    

 

 

Figure 6.15 Accelerations of Door 
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Table 6.5 Door Accelerations Comparison Between Original and New Model Variants 

Case No 
Acceleration at 

Door ( g ) 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design 

(%) 

Original 217 NA 

New_Var1 234 -7.83 

New_Var2 379 -74.65 

New_Var3 294 -35.48 

New_Var4 222 -2.30 

New_Var5 258 -18.89 

New_Var6 349 -60.82 

 

6.2.8 B-Pillar Accelerations 

Figure 6.16 shows the accelerations that are generated on the B-Pillars. To measure the 

accelerations, an accelerometer is placed at the CG of the B-Pillar.   

 

Figure 6.16 Accelerations of B-Pillar 
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These accelerations are generated due to the transfer of accelerations from the door panel 

and side beam to the frame via B-Pillar. It can be observed that accelerations in B-Pillar for the 

original model are high compared to new side beam variants. Table 6.6 shows all the accelerations 

for different variants of the new side beam and original model.  

The car with original side impact beam upon impact generated an acceleration of 132g and 

the new designs gave reduction of 20.45% to 23.48% than the car with original side impact beam. 

Table 6.6 B-Pillar Accelerations Comparison Between Original and New Model Variants 

Case No 
Acceleration on B-

Pillar ( g's) 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design 

(%) 

Original 132 NA 

New_Var1 104 +21.21 

New_Var2 104 +21.21 

New_Var3 105 +20.45 

New_Var4 105 +20.45 

New_Var5 103 +21.96 

New_Var6 101 +23.48 

 

6.2.9 Accelerations of the Car at Center of Gravity 

Figure 6.17 shows the comparison of accelerations at the C.G of the car (Toyota Yaris 

(2010)). Original Side impact beam with different cases using a new side-impact beam that uses 

high-performance plastics (LCP-CF-30) for side beam and door panel. 
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It can be seen that the accelerations of original and new variants are almost identical and 

the accelerations at CG is ranging from 16.5g to 19g, while the accelerations at CG for the original 

side impact beam model are 18g. 

 

Figure 6.17. Accelerations of the Car at Center of Gravity 

From all the above plots and results, it can be inferred that the new model side impact beam 

that utilizes High-performance plastics is stronger and helps reduce intrusions and accelerations 

acting on the car. Thus protecting the passenger during the side crashes. So the new variant models 

increase the protection of passengers when tested according to FMVSS 214 MDB testing 

conditions and are more efficient and better when compared to the car with the original side impact 

beam.  
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7 SIDE IMPACT SIMULATION AS PER FMVSS 214 RIGID POLE TEST 

 

This chapter describes the setup of the FMVSS214 Rigid Pole test, including the modelling 

and the simulation results for both current and new side impact beam, and comparison of the 

intrusions with the original/ current side impact beam. 

7.1 FMVSS 214 Rigid Pole Test Setup/Configuration 

The pole test involves crashing a vehicle sideways to a pole at speeds of 20 mph [33]. The 

pole is a vertically oriented metal structure with a diameter of 254mm, beginning no more than 

102mm above the lowest point of tires and extending at least 150mm above the highest point of 

the vehicle's roof. The pole face is offset from mounting and support, such that the vehicle does 

not have contact with mounting and support structures within 100ms from initial vehicle-to-pole 

contact.  

Before the impact test, a marker is placed on the pole to transfer into the test vehicle’s sheet 

metal at the target location. The pole (or vehicle) position is adjusted. A vertical plane passing 

through the center of gravity of head and dummy is marked at 75 degrees (or 285 degrees) with 

the vehicle’s longitudinal centerline for the left (or right) side impact test. The vehicle is placed 

sideways at the required test speed towards the stationary pole, so its line of forwarding motion is 

75 degrees with the vehicle’s longitudinal centerline. Post impact, the test vehicle’s impact 

reference line is then aligned with the centerline of the pole with a difference of +/- 38mm (or 

1.5”) [33]. The test configuration is shown in Figure 7.1. 
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Figure 7.1 Test Configuration of FMVSS214 Rigid Pole Test [33]. 

After the test, impact test observations are recorded, photographs of post-impact are taken, 

and measurements are taken. The data is then sent to analyze and a report is then documented. 

7.1.1 Rigid Pole Test Modelling 

Toyota Yaris is Impacted with a Rigid Pole as per FMVSS214 Rigid Pole test configuration 

as shown in Figure 7.2. This test is performed to test vehicle occupant protection during side 

crashes into narrow objects like Utility Poles, Trees, or other supports. In this test procedure, the 

car is propelled sideways at an approach angle of 75 degrees onto a rigid pole at 20 mph, shown 

in Figure 7.2. Both the Test configuration and FE model are set up in an identical pattern to 

generate accurate results. Since the pole is narrow when compared with MDB there is a chance for 

major intrusion into the side of the car thereby leading to the occupant injury. 

For this research, the full vehicle Rigid Pole side impact is carried out using the software 

LS-Dyna for a total time of 150ms or 0.15Secs. 
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Figure 7.2 Showing FMVSS 214 Rigid Pole Test configuration [33] (Top) with FE Model 

(Bottom) 

7.2 Rigid Pole Results 

This section discusses the simulation results of the FMVSS214 Rigid pole test and 

compares the results of the current side impact beam and model with new side-impact beams. 

7.2.1 Current Beam Simulation  

One can observe the kinematics of full vehicle Rigid Pole side crash at initial time step 

before collison, shown in Figure 7.3. The kinematics after considerable deformation using original 

side impact beam at 150 ms or 0.15 Secs is shown in Figure 7.4. This figure shows different views 

of the car in pre and post-crash conditions. 
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Figure 7.3 Kinematics for Rigid Pole Test for Yaris with Original Side Impact Beam Before Impact 

 

Figure 7.4 Kinematics for Rigid Pole Test for Yaris with Original Side Impact Beam After Impact  
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One can observe that a considerable amount of deformation of the structure due to the Rigid 

Pole side impact. Damage is shown in Figure 7.4 and Figure 7.5. Furthermore, the deformation of 

the Original side impact beam before and after impact is shown in Figure 7.6. 

 

Figure 7.5 Extent of Damage of Vehicle with Original Side Impact Beam After Impact 

 

Figure 7.6 Top View of Original Side Impact Beam Showing Before and After Impact 

7.2.2 New Beam Simulation  

Various views of the kinematics of Toyota Yaris (2010) using new side-impact beam are 

shown in Figure 7.7, which represents the Vehicle before  Rigid pole side impact. Furthermore, 

Figure 7.8 shows the state of the vehicle after impact. 
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Figure 7.7 Kinematics for Rigid Pole Test for Yaris with New Side Impact Beam Before Impact 

 

Figure 7.8 Kinematics for Rigid Pole Test for Yaris with New Side Impact Beam After Impact 
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One can observe that the amount of deformation of the structure due to the Rigid pole side 

impact. Damage is shown in Figure 7.8 and Figure 7.9. The deformation of the New side-impact 

beam before impact and after impact is shown in Figure 7.10. 

 

Figure 7.9  Extent of damage of Vehicle with New Side Impact Beam After Impact 

 

Figure 7.10  Top View of New Side Impact Beam Showing Before and After Impact 

From the car model kinematics views are for the New_Var1 model. The kinematics are 

almost identical to the remaining 5 cases from New_Var2 to New_Var6. Their detailed results are 

discussed in next sections. 



 

70 

 

 

7.2.3 Door Intrusions 

The door Intrusions show the amount of foreign body intruded into the vehicle. This 

intrusion is measured by selecting a point on each outer door panel at a point with maximum 

intrusion, and then the distance is measured from a similar point on the opposite door. Then the 

distances are measured for pre-impact and post-impact conditions. Intrusion measurement is 

shown in Figure 7.11. 

 

Figure 7.11 Intrusion Measurement for the Pre-impact and Post-impact Condition of the Door 

Panel 

As per the impact conditions according to FMVSS 214 Rigid pole test, the intrusions for 

all the 7 cases are shown in Table 7.1. We can clearly understand that the percentage of intrusion 

with new design variants is slightly less or can be told almost identical when compared with the 

Original side impact beam.  
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Table 7.1 Intrusion Measurement for the Pre-impact and Post-impact Condition of the Door 

Panel for Rigid Pole Side Crash Test 

Case No 

Pre Impact   

Distance 

between 

doors 

(mm) 

Post 

Impact  

Distance 

between 

doors 

(mm) 

Difference 

(mm) 

Percentage of 

intrusion 

between doors 

(%) 

Percentage of 

Intrusion 

Reduction(+) 

/Increase (-) 

w.r.t Original 

Design (%)  

Original 1686.03 1318.29 367.74 21.8 NA 

New_Var1 1686.03 1320.12 365.91 21.7 +0.46 

New_Var2 1686.03 1325.00 361.03 21.4 +1.83 

New_Var3 1686.03 1323.00 363.03 21.5 +1.38 

New_Var4 1686.03 1325.77 360.26 21.4 +1.83 

New_Var5 1686.03 1324.45 361.58 21.4 +1.83 

New_Var6 1686.03 1325.74 360.29 21.4 +1.83 
 

With the new design, the percentage of intrusion is reduced by a maximum of 1.83% 

compared to the original design with steel. 

7.2.4 B-Pillar Intrusions 

As discussed earlier, B-Pillar is one of the important parts of a car that helps maintain the 

vehicle's structural integrity and helps protect the occupant from the crash. B-Pillar is the part that 

comes in contact with the occupant’s head during a side crash. B-Pillar intrusions are measured by 

taking measurements from the CG of B-Pillar on one side with a similar point of the opposite side 

B-pillar. Distance is measured between those points in pre Impact and post Impact conditions as 

shown in Figure 7.12.  



 

72 

 

 

 

Figure 7.12 Intrusion Measurement for the Pre-impact and Post-impact Condition of the B-pillar 

The B-Pillar Intrusions for all the 7 cases are shown in Table 7.2, new design variants.  We 

can observe that the percentage of intrusion is almost identical for both the Original model and 

new design variants. But in New_Var1 the intrusion is higher due to the Outer door panel having 

original steel material, which led to the transfer of load and energy to the next structure, the B-

Pillar.  

When the car impacts the rigid pole at 20 mph, the minimum increase in intrusion is 7.5% 

and a maximum of 64.2% than the original Side impact beam. The maximum value of 64.2% is 

for the new beam with a steel outer door panel. In comparison, the percentage of intrusion between 

the side impact beam and the B-Pillar for the original side beam with steel is 10.6%. 
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Table 7.2 B-Pillar Intrusion Comparison Between Original and New model multiple Variants in 

Rigid Pole Test 

Case No 

Pre Impact 

Distance 

between 

side B 

pillars (mm) 

Post Impact 

Distance 

between 

side B 

pillars 

(mm) 

Difference 

(mm) 

Percentage of 

Intrusion  

between side B 

pillars (%) 

Percentage of 

Intrusion 

Reduction(+) 

/Increase (-) 

w.r.t Original 

Design (%)  
Original 1366.18 1221.88 144.29 10.6 NA 

New_Var1 1366.18 1128.00 238.18 17.4 -64.15 
New_Var2 1366.18 1210.55 155.62 11.4 -7.54 
New_Var3 1366.18 1209.00 157.18 11.5 -8.49 
New_Var4 1366.18 1208.91 157.27 11.5 -8.49 
New_Var5 1366.18 1207.37 158.81 11.6 -9.43 
New_Var6 1366.18 1209.10 157.08 11.5 -8.49 

 

7.2.5 Contact Forces 

Contact forces are generated when the Car hits the Rigid pole and is shown in Figure 7.13. 

Furthermore, all the peak contact forces are shown in Table 7.3.  

 

Figure 7.13 Contact Forces generated Between Car and Rigid Pole  
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The plots in the figures are self-explanatory, as the car impacts the rigid pole, all the forces are 

transferred from the pole to door and from door to the impact beam and other surrounding parts 

absorbing all the impact forces and starts to attenuating with the increase in time.  

Table 7.3 Comparison of Contact Forces for all Variants in Rigid Pole Test. 

Case No Max Force (kN) 

Original 158 

New_Var1 140 

New_Var2 162 

New_Var3 160 

New_Var4 161 

New_Var5 161 

New_Var6 160 

 

7.2.6 Impact Beam Accelerations  

Figure 7.14 shows the comparison of accelerations of the beam at the center of gravity of 

the Current original side impact beam with a different variant of the new side-impact beam. We 

can understand that the accelerations of the current Original side impact beam are higher than new 

variants of side impact beam cases. 

 The accelerations of the Current Original model side impact beam accelerations are 260g, 

whereas new side-impact beam accelerations vary from (211g-228g) for different variants. 

New_Var1 is the model with the least amount of g’s which is 211g. Thus from Table 7.4 and 

Figure 7.14, One can observe that the accelerations with New Side beam variants have reduced 
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accelerations by 12.2% to 18.8% than the original side impact beam, which reduces the effects that 

cause the injuries of the occupant. 

 

Figure 7.14 Accelerations of Impact Beam in Rigid Pole Test  

Table 7.4 Impact Beam Accelerations Comparison Between Original and New Model Variants in 

Rigid Pole Test 

Case No Acceleration at 

Beam g's 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design 

(%)  

Original 260.0 NA 

New_Var1 211.1 +18.8 

New_Var2 226.4 +12.9 

New_Var3 227.4 +14.3 

New_Var4 225.4 +13.3 

New_Var5 228.4 +12.2 

New_Var6 228.4 +12.2 
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7.2.7 Door Accelerations  

Figure 7.15 shows the accelerations acted on the door. These accelerations are measure by 

placing accelerometers at the CG of the outer door panel on the driver side. During a side crash 

event, the outer door panel is the first point of contact with a foreign impactor/body. Table 7.5 

shows all the accelerations for the original model along with new variants. For the table, the door 

accelerations for the original model that uses steel have higher accelerations than the new side-

impact beam.  

Because of the use of new design and HPP material for beam and door panel, the door 

panel absorbs identical accelerations, and the rest is attenuated and passed over to the remaining 

structures. The new side-impact beam with LCP-CF-30 and door with steel New_Var1 has a 

reduced acceleration of 31.39% than the original side impact beam.    

 

Figure 7.15 Acceleration at Door in Rigid Pole Test 
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Table 7.5 Door Accelerations Comparison Between Original and New Model Variants for Rigid 

Pole Test 

Case No 
Acceleration at 

Door g's 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design 

(%) 

Original 227.4 NA 

New_Var1 156.0 +31.39 

New_Var2 213.1 +6.28 

New_Var3 225.4 +0.88 

New_Var4 224.3 +1.38 

New_Var5 222.3 +2.29 

New_Var6 213.1 +6.71 

 

7.2.8 B-Pillar Accelerations 

To measure these accelerations, an Accelerometer is placed at the CG of the B-Pillar. These 

accelerations are generated due to the transfer of accelerations from the Door Panel and Side Beam 

to the frame via B-Pillar. 

Figure 7.16 shows the accelerations that are generated on the B-Pillars. It can be observed 

that Accelerations in B-Pillar for Original Model is High when compared to New Side Beam 

variants except for New_Var1. Table 7.6 shows all the accelerations for different variants of the 

new side beam and Original Model. The model with the original side impact beam has an 

acceleration of 63.4g, and the model with the new side-impact beam design has accelerations 

ranging from 53 -57g, which is a reduction of 10-16.5% in accelerations. 
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Figure 7.16 Accelerations of B-Pillar in Rigid Pole Test 

Table 7.6 B-Pillar Accelerations Comparison Between Original and New Model Variants for 

Rigid Pole Test  

Case No 
Acceleration on B-

Pillar (g) 

Percentage of 

Acceleration 

Reduction(+) 

/Increase (-) w.r.t 

Original Design 

(%) 

Original 63.4 NA 

New_Var1 90.7 -43.05 

New_Var2 56.7 +10.56 

New_Var3 56.3 +11.19 

New_Var4 57.6 +10.06 

New_Var5 53.0 +16.40 

New_Var6 56.3 +11.19 
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7.2.9 Accelerations of the Car at Center of Gravity 

Figure 7.17 shows the comparison of Accelerations at the C.G of the Car (Toyota Yaris 

(2010)) Original Side impact beam with different variants of cases using New side-impact beam 

which uses High-performance plastics (LCP-CF-30) for Side beam and Door Panel. 

 

Figure 7.17 Accelerations of the Car at Center of Gravity in Rigid Pole Test 

It can be seen that the Accelerations of Original and new Variants are almost identical, and 

the Accelerations at CG is ranging from 21g to 30g while the accelerations at CG for the Original 

side impact beam model are 30g. 

From all the above plots and results, it can be interpreted that the new model Side impact 

beam, which utilizes High-performance plastics, has fewer Accelerations acting on the car, thus 

protecting the passenger during the Rigid Pole Side crashes. So the new variant models increase 

the protection of passengers when tested according to FMVSS 214 Rigid Pole testing conditions 

and are more efficient and better when compared to Cars with Original Side Impact Beam.  
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8 COMPARISON OF ALL RESULTS 

 

In this Chapter, All the intrusions for various designs using high-performance plastics and 

the original design are compared for both FMVSS214 Moving Deformable Barrier and Rigid pole. 

8.1 Comparison of Simulation Results 

8.1.1 Intrusions Comparison 

Table 8.1 Summarize all the intrusions for the original and the different designs for both 

MDB and Pole tests, from Table 8.1 shows that with the use of HPP material LCP-CF-30 with 

different cases all the cases have led to a reduction of overall intrusion in both FMVSS214 MDB 

and FMVSS214 Rigid Pole. The new design's intrusions for the MDB test ranged from 11.1% to 

12.7%, compared with the original design, which produced 13.5%. And similarly, for the rigid 

pole test new design intrusions ranged from 21.4% to 21.7 %. 

Table 8.1 Door Intrusions Comparison for FMVSS214 MDB and FMVSS214 Rigid Pole Test 

Cases 

 Case 

Door Intrusions between 

doors in FMVSS 214 Moving 

Deformable Barrier Test 

(%) 

Door Intrusions between 

doors in FMVSS 214 

Rigid Pole Test (%) 

Original Design Steel (Original Model) 

 

13.5 

 

21.8 

Design 1  

(with complete 

HPP Material - 

LCP-CF-30) 

New Beam with Original Steel Outer 

Door Panel (New-Var1) 
12.4 21.7 

New Beam with 1.48mm Outer Door 

Panel with LCP-CF-30 (New-Var2) 
11.9 21.4 

New Beam with 0.74mm Outer Door 

Panel with LCP-CF-30 (New-Var3) 
11.1 21.5 

Design 2 

 (HPP Material - 

LCP-CF-30 with 

Ti Strips) 

New Beam with Original Steel Outer 

Door Panel (New-Var4) 
12.7 21.4 

New Beam with 0.74mm Outer Door 

Panel with LCP-CF-30 (New-Var5) 
12.6 21.4 

New Beam with 1.48mm Outer Door 

Panel with LCP-CF-30 (New-Var6) 
11.3 21.4 
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8.1.2 Accelerations Comparison 

From Table 8.2, it can be interpreted that side-impact beam accelerations for Design 1 cases 

as per FMVSS214 tests have led to reduced accelerations than the Original Side Impact beam. For 

Design that uses Ti strips due to inclusion of metal led to almost identical accelerations to that of 

the Original side impact beam. The Original design upon impact has an acceleration of 287g on 

the beam and 217g on the door in the MDB test, and the new design yielded reduced accelerations 

of 53g to 280g for various designs on the side beam. Similarly, in the Rigid pole test, the original 

design has an acceleration of 260g on the side beam and 227g on the door, whereas the new designs 

yield accelerations ranging from 211g to 228g on the side beam 156g to 225g on the door. 

Table 8.2 Side Beam and Door Accelerations Comparison for FMVSS214 MDB and FMVSS214 

Rigid Pole Test Cases 

 Case 

Accelerations (g) for 

FMVSS214 MDB 

Accelerations (g) for 

FMVSS214 Rigid Pole 

Side Beam Door Side Beam Door 

Original Design Steel (Original Model) 287 217 260 227 

Design 1  

(with complete HPP 

Material - LCP-CF-

30) 

New Beam with Original Steel 

Outer Door Panel (New-Var1) 
189 234 211 156 

New Beam with 1.48mm 

Outer Door Panel with LCP-

CF-30 (New-Var2) 

53 379 226 213 

New Beam with 0.74mm 

Outer Door Panel with LCP-

CF-30 (New-Var3) 

107 294 227 225 

Design 2 

 (HPP Material - 

LCP-CF-30 with Ti 

Strips) 

New Beam with Original Steel 

Outer Door Panel (New-Var4) 
288 222 225 224 

New Beam with 0.74mm 

Outer Door Panel with LCP-

CF-30 (New-Var5) 

254 258 228 222 

New Beam with 1.48mm 

Outer Door Panel with LCP-

CF-30 (New-Var6) 

280 349 228 213 
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8.2 Intrusions Guidelines 

IIHS issued side-impact rating guidelines on structural intrusions of vehicles to MDB. 

These guidelines are used for rating the safety depending on the intrusion of the B-Pillar with 

respect to the driver seat centerline. The distance between the driver center line and B-Pillar, and 

their B-Pillar Intrusions Rating as per Seat Centerline, are shown in Figure 8.1 [34]. 

 

 

Figure 8.1 B-Pillar Intrusions Rating as per Seat Centerline [34] 

To determine the amount of intrusion severity at the driver seat area, the distance is 

measured from the seat centerline and B-Pillar Center, and then the values are compared with IIHS 

side Impact guidelines. Since there are no rating evaluation guidelines defined for the vehicle based 

on intrusions for FMVSS214, we need some evaluation guidelines. We have compared our tests 

with IIHS rating guidelines. 
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8.3 Ratings 

These ratings are defined based on the minimum distance to the seat centerline and B-Pillar 

which is recorded during both FMVSS214 MDB and FMVSS214 Rigid Pole Tests. All the results 

for different variants for FMVSS214 MDB are shown in Table 8.3, and the ones for the 

FMVSS214 Rigid Pole test ratings are shown in Table 8.4. 

Upon comparing all the tests, since there is a structural failure we can see that tests with 

new variants were rated with Good/ Acceptable* and Acceptable/ Marginal* ratings, whereas the 

original side beam model was rated with a Marginal* rating for the FMVSS214 MDB condition. 

The ratings for the FMVSS214 Rigid Pole test yielded Good/ Acceptable* ratings for variants with 

new side beam and original side beam. Ratings mentioned with * are reduced ratings by one level 

from the original rating based on Seat Centerline and B-Pillar distance measurements.  

Table 8.3 Ratings Based on B-Pillar Intrusion with respect to Seat Centerline for FMVSS214 

MDB Test 

   FMVSS214 MDB 
 

Case No 
Distance between 

Seat Centerline 

and B-Pillar Post 

Impact (cm) 
Rating 

Original Design Original 11.9 Acceptable/ Marginal* 
Design 1 

(with complete 

HPP Material - 

LCP-CF-30) 

New_Var1 12.8 Good/ Acceptable* 
New_Var2 12.0 Acceptable/ Marginal* 
New_Var3 10.3 Acceptable/ Marginal* 

Design 2 

(HPP Material - 

LCP-CF-30 with 

Ti Strips) 

New_Var4 11.7 Acceptable/ Marginal* 
New_Var5 11.3 Acceptable/ Marginal* 
New_Var6 10.8 Acceptable/ Marginal* 
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Table 8.4 Ratings based on B-Pillar Intrusion with respect to Seat Centerline for FMVSS214 

Rigid Pole Test 

   FMVSS214 Rigid Pole Test 
 

Case No 

Distance 

between Seat 

Center line 

and B-Pillar 

Post Impact 

(cm) 

Rating 

Original Design Original 30.1 Good/Acceptable* 
Design 1 

(with complete HPP 

Material - LCP-CF-

30) 

New_Var1 15.6 Good/Acceptable* 
New_Var2 29.0 Good/Acceptable* 
New_Var3 28.8 Good/Acceptable* 

Design 2 

(HPP Material - 

LCP-CF-30 with Ti 

Strips) 

New_Var4 28.7 Good/Acceptable* 
New_Var5 28.6 Good/Acceptable* 
New_Var6 28.7 Good/Acceptable* 

 

Overall it can be concluded that the new variant side beam has an acceptable rating in both 

FMVSS214 MDB and Pole tests. The rating also indicates that the new design improves the 

intrusion ratings thus offering more protection to the occupants in side impact. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

 

9.1 Conclusions 

The main objective of this study was to evaluate and investigate the use of High-

Performance Plastics, and to determine whether these High-Performance Plastics with new beam 

designs can be used as an alternative to the existing Side Impact Beam in the vehicle side door. 

New side impact models were designed to help in reducing the risk of injuries caused during side-

impact crashes/accidents. These new variant side beams were modeled and simulated to investigate 

the impact energy absorbed and the intrusion associated with different variants. An attempt was 

made to incorporate these new designs in side doors and to computationally test using the 

FMVSS214 MDB and Pole test regulations. These impact test FE Models were developed to 

simulate various testing conditions with different variants in designs. 

After performing computational tests, the specific energy absorption values for the existing 

original side impact beams and new side-impact beam different variants were compared. Then the 

intrusions, accelerations, specific energies of different variants were evaluated and compared.  

This study showed that the new design led to a considerable reduction in intrusions and 

accelerations, which resulted in reduced occupant injuries caused due to side impacts. The 

following conclusions can be made from this study. 

• Different variants of new side beam using 3 – High-Performance plastics produced better 

to identical results to that of existing side impact beam made of steel. 

• From 3-point bending/Impact tests, one can interpret that new side-impact beam of 

different variants that utilized High-Performance Plastics (LCP-CF-30) resulted in good 
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results like better specific energy absorption and reduced intrusions, and reduced 

accelerations when compared with the current existing side impact beam.   

• The new variant designs with LCP-CF-30 and LCP-CF-30 with Ti Strips produced reduced 

displacements of 79.1mm and 82.3mm, compared with the original design's 91.3mm 

displacement. 

• The effectiveness of the new side-impact beam designs was evaluated and compared with 

full vehicle tests as per FMVSS 214 MDB and FMVSS 214 Rigid Pole test configurations.  

• Kinematics of a small car full vehicle side impact simulations were similar to the behavior 

of the crash test scenarios of FMVSS214 testing.  

• In the FMVSS214 MDB test, accelerations of the new side beam different variants (53.23 

g) being the lowest amount of accelerations, when compared with the original side impact 

beam with (287 g), which is an 81% reduction in accelerations. 

• Ratings were given based on the structural damage of the B-Pillar in both the cases FMVSS 

214 MDB, FMVSS 214 Rigid Pole test, and were rated according to IIHS side-impact 

ratings. 

• The Rating “Good/Acceptable” given for New_Var1 Design condition and Rating 

“Acceptable/Marginal” for all other variants including Original Side Impact Beam design 

in FMVSS214 MDB and Rating “Acceptable” in all Cases including Original Design for 

FMVSS 214 Rigid Pole Test. 

• Manufacturing parts with high-performance plastics is highly cost-effective as any 

complex design can be manufactured with the Injection molding technique, which reduces 

the overall cost compared with manufacturing parts using metal or composites. 
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▪ Overall, from this research, it can be inferred that High-Performance Plastics, when used 

with appropriate structural beam designs, can be quite effective in producing desired mass 

and considerable reductions in intrusions, accelerations, and improved energy absorption 

capabilities.  

▪ The new designs used in this research with high-performance plastics such as LCP-CF-30 

significantly reduced the amount of foreign body intrusions into the cabin for both 

regulatory test standards as per FMVSS 214 test conditions, New design with HPP material 

showed a significant potential for reducing the severity of impact and protecting the 

occupants.    

 

9.2 Future Scope and Recommendations 

There is plenty of room for further research into High-Performance Plastics. Some of the 

recommendations that can be addressed in the continuation of this research include the following: 

• All the simulation results should be validated by performing physical experiments before 

implementing in the automotive industry. 

• Validation of these designs in IIHS side-impact test condition is recommended. 

• Side beam structures can be further improved to be more efficient. 

• Improvement of the B-Pillar and verifying them with the application of HPP materials is 

to be investigated. 

• Additional simulations can be done to investigate the effectiveness of new design side-

impact variants using high-performance plastics by verifying the injuries caused to the 

occupants by performing occupants-based simulations using solvers like MADYMO. 
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• Different designs with crushable beam patterns can be incorporated into the side impact 

beam to absorb more forces and to reduce intrusions. 

• The effectiveness of the plain original circular profile side impact beam can be improved 

by testing, altering the thickness, and testing using HPP materials. 

• These designs can also be further evaluated using various composites to examine their 

effectiveness. 
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