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Materials with Mass Appeal 

Composite Manufacturing, Mary Lou Jay, 08.01.2019 

 

Composites are moving into new applications for rail and bus travel.  

For more than 50 years, thermoset composite producer Norplex-Micarta has done a steady 

business in manufacturing materials for mass transit applications, including train and light rail 

braking systems and electrical insulation for overhead rails. But today, the company’s markets 

are expanding beyond that relatively narrow niche into other applications like walls, roofs and 

floors. 

Dustin Davis, Norplex-Micarta’s director of business development, sees an increasing number 

of such opportunities in rail and other mass transit applications for his company and other 

composite manufacturers and suppliers in the coming years. There are several reasons for this 

anticipated growth. One is Europe’s adoption of fire standard EN 45545-2, which imposes 

more stringent fire, smoke and toxicity (FST) requirements on mass transit. Using phenolic 

resin systems, composites manufacturers can incorporate the necessary fire and smoke-

retardancy properties into their products. 

In addition, bus, subway and train operators are beginning to realize the benefits that 

composite materials offer in reducing noise vibration and harshness. “If you’ve ever been on a 

subway, you’ve heard that metal panel that is rattling,” Davis says. “If the panel is made from 

a composite material, it tends to dampen that sound, so you get quieter trains.” 

The lighter weight of composites also makes them attractive to mass transit operators 

interested in reducing the use of fuel and/or extending their operating range. 

Market research company Lucintel agrees with Davis’ predictions on composites’ greater role 

in mass transit. In a September 2018 report, Lucintel projected that the global market for 

composite materials for mass transportation and off-road vehicles will grow at an annual rate 

of 4.6 percent between 2018 and 2023, reaching a value of $1 billion by the end of that 
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period. The opportunities will come in a wide variety of applications, including exterior, 

interior, under-the-hood and powertrain parts and electrical components. 

The new parts that Norplex-Micarta is now producing are currently being tested on light rail 

lines in the U.S. In addition, the company continues to focus on electrification systems, taking 

continuous fiber materials and joining them with faster curing resin systems. “You can lower 

the cost and increase the output and bring the full capabilities of an FST phenolic to market,” 

Davis explains. 

While composites can be more expensive than similar metal parts, Davis says that cost isn’t 

the deciding factor in the applications they are working on. “We are focused on areas where 

we can displace other materials that just don’t meet the customers’ requirements,” he says. 

“We are looking at providing a functionality enhancement.” 

 

Lightweight and Fire-Retardant  

The renovation of European railway operator Duetsche Bahn’s fleet of 66 ICE-3 fast trains is 

one example of composite materials’ ability to meet customers’ specific needs. The 

installation of air conditioning systems, passenger entertainment systems and new seating 

added unwanted weight to the ICE-3 rail cars. In addition, the original plywood floors didn’t 

meet the new European fire standards. The company needed a flooring solution that could 

help it shed the added weight and comply with the fire standards. Lightweight composite 

flooring was the answer. 

Composite fabrics producer Saertex, based in Germany, provided its LEO® material system 

for the floor. LEO is a layered, non-crimp fabric that offers higher mechanical properties and 

greater lightweighting potential than woven fabrics, according to Daniel Stumpp, head of 

global marketing at the Saertex Group. The four-component composite system includes a 

special fire protection coating, a glass fiber reinforcement, SAERfoam® (a core material with 

integrated 3D-glass fiber bridges) and the LEO vinyl ester resin. 

Composites manufacturer SMT, also located in Germany, manufactured the flooring in a 

vacuum infusion process, using reusable silicon vacuum bags made by the English company 

Alan Harper. 

“We save about 50 percent in weight [from] the former plywood panels,” Stumpp says. “The 

LEO system, being based on a continuous-fiber laminate with a non-filled resin system, has 

an excellent mechanical performance … . Furthermore, the composites don’t rot, which is a 

big advantage, especially in regions where it snows in winter time and the floors get very 

wet.” Both the floor panels and the carpet and rubber materials on top meet the new fire 

retardancy standards. 

SMT produced more than 32,000 square feet of panels, which have so far been installed on 

about a third of the eight-wagon ICE-3 trains. Each panel size is being optimized during the 

refurbishment process to fit a particular car. 
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The OEM for the ICE-3 cars, which was not involved in the floor refurbishment process, was 

so impressed by the new composite flooring that it has ordered composite roof segments to 

replace the old metal roof structures in the rail cars. 

Going the Distance  

California-based Proterra, a designer and manufacturer of zero-emission electric buses, has 

been using composite materials for all of its bus bodies since 2009. In 2017, the company’s 

Catalyst® E2 bus set a world record by traveling 1,100 miles on a single battery charge. That 

bus featured a lightweight body built by composites manufacturer TPI. 

Recently, the collaboration between TPI and Proterra has produced an integrated monocoque 

composite electric transit bus. “In a typical bus or truck, there’s a chassis and the body is 

placed on top of that chassis,” explains Todd Altman, TPI’s senior director of strategic 

markets. “With the monocoque design for the bus, we are integrating the chassis and body, 

similar to a uni-body car design.” The single structure is more effective than two separate 

structures in meeting performance requirements. 

The Proterra monocoque body is purpose-built, designed from the ground up to be an electric 

vehicle. Altman says that’s an important distinction, given the experience of many 

automakers and electric bus manufacturers that have tried with limited success to adapt their 

legacy designs for internal combustion vehicles to electric vehicles. “They take their existing 

platform and try to put in the batteries wherever they can. That does not yield the best solution 

from a variety of standpoints,” Altman says. 

For example, many electric buses have batteries mounted in the rear or on the roof of the 

vehicle. But for Proterra, TPI was able to mount the batteries underneath the bus. 

“If you’re putting a lot of weight on a vehicle structure, you want that weight to be as low as 

possible both from a performance standpoint and from a safety standpoint,” Altman says. He 

notes that many manufacturers of electric buses and cars are now going back to the drawing 

board to develop more efficient, purpose-built designs for their vehicles. 

“When people come to a composite manufacturer, they may say, ‘Build this part or this small 

subsystem,’ and you’re in a box. In these cases, you are often pushed into limited design 

flexibility. That can result in utilizing more of a higher-cost material like carbon fiber than 

you would have if you could build with sandwich construction and develop a design that’s 

more optimal,” Altman adds. “That’s where purpose-built really comes in; you can design a 

solution that doesn’t have the same number of tradeoffs that you would have if you tried to 

make the body from something else.” 

TPI has signed a five-year agreement with Proterra to produce up to 3,350 composite bus 

bodies in TPI’s factories in Iowa and Rhode Island. 

Customization Needed  

Designing the Catalyst bus body required TPI and Proterra to continually balance the pluses 

and minuses of all the different materials so that they could hit cost targets while achieving 

optimal performance. Altman notes that TPI’s experience with producing massive wind 
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blades almost 200 feet long and weighing 25,000 pounds has made it relatively easy for them 

to produce 40-foot bus bodies that weigh between 6,000 and 10,000 pounds. 

TPI was able to get the required structural strength by employing carbon fiber selectively, 

reserving it to reinforce areas carrying the heaviest loads. “We use carbon fiber in those 

places where it can essentially buy its way onto the vehicle,” Altman says. Overall, carbon 

fiber makes up less than 10 percent of the bus body’s composite material reinforcement; the 

remainder is glass fiber. 

TPI chose vinyl ester resins for similar reasons. “When we look at epoxies, they are fantastic, 

but when you cure them you have to elevate the temperature so you have to heat the molds. 

That’s an added expense,” he continues. 

The company uses vacuum-assisted resin transfer molding (VARTM) to produce a composite 

sandwich, which provides the necessary stiffness for the monocoque body. Some metallic 

fittings, such as threaded fittings and tapping plates, are incorporated into the body during the 

manufacturing process. The bus is molded in two parts – upper and lower – and then bonded 

together. There are a few small composite trim pieces, like fairings, that workers have to add 

later, but the number of parts is a fraction of what it would be on a metal bus. 

Once the completed body is sent to the Proterra bus production factory, the manufacturing 

line flows much faster because there is less work to be done. “They don’t have to do all the 

welding and grinding and manufacturing, and they have a really simple interfacing to attach 

the body to the drive train,” Altman adds. Proterra saves time and reduces its overhead 

because there’s less manufacturing space needed for the monocoque body. 

Altman believes that demand for composite bus bodies will continue to grow as cities turn to 

electric buses to reduce pollution and cut costs. According to Proterra, battery-electric 

vehicles have the lowest operational lifecycle (12-year) cost when compared to diesel, 

compressed natural gas or diesel-hybrid buses. That could be one reason why Proterra says 

that sales of battery-powered electric buses now claim a 10 percent share of sales for the total 

transit market. 

There are still hurdles to wider adoption of composite materials for electric bus bodies. One is 

the specialization that different bus customers demand. “Every transit authority likes to get 

their buses differently – the seat configuration, the way their hatches open. This is a big 

challenge for bus manufacturers, and many of these configuration items can flow down to us,” 

says Altman. “Composite bus body manufacturers want to have a standard build, but that’s 

difficult to do if each customer wants a high level of customization.” TPI is continuing to 

collaborate with Proterra to enhance the bus design to better manage the end customer’s 

desired flexibility. 

Exploring Possibilities  

Composites companies are continuing to test their materials for new mass transit applications. 

In the United Kingdom, ELG Carbon Fibre, which specializes in technologies to recycle and 

reuse carbon fibers, is leading a consortium of companies in the development of a lightweight 

composite rail bogie frame for a passenger train car. (A bogie is known as a railroad truck or 

truck in North America.) Rail bogies support the car’s body, guide the wheelset and maintain 
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its stability. They help increase ride comfort by absorbing vibrations from the track and 

minimizing the effect of centrifugal forces as the trains round curves. 

One objective of the project is to produce a bogie that’s 50 percent lighter than a comparable 

metal bogie. “If the bogie is lighter, it will do less damage to the tracks, and that will reduce 

the time and cost of maintenance because the load on the track will be lower,” says Camille 

Seurat, product development engineer at ELG. Additional objectives are to reduce lateral 

wheel-rail forces by 40 percent and also provide through-life condition monitoring. The 

British non-profit Rail Safety and Standards Board (RSSB) is funding the project with the 

goal of producing a commercially-viable product. 

Magma Structures is responsible for the design and build of the bogie and has carried out 

extensive manufacturing trials, building numerous test panels using press molding, 

conventional wet lay-up, infusion and autoclave cured prepreg. As the bogie will be a limited 

production run, the company has selected epoxy prepreg materials cured in the autoclave as 

the most cost-effective build method.  

The full-size bogie prototype will be 8.8 feet long, 6.7 feet wide and 2.8 feet high. It will be 

manufactured from a combination of recycled carbon fiber (a non-woven mat supplied by 

ELG) and virgin carbon fiber fabric. Unidirectional fiber will be utilized for the main strength 

elements, and this will be laid in the molds using robotic technology. The epoxy resin, chosen 

for its good mechanical properties, will be a newly-formulated, fire-retardant epoxy resin that 

has been qualified under EN45545-2 for use on the railways. 

Unlike a steel bogie, which is made from a transom beam welded to two side beams, the 

composite bogie will be manufactured as distinct top and bottom sections and then bonded 

together. In order to replace an existing metal bogie, the composite version will have to 

incorporate, in the same location, suspension and brake attachment brackets and other fittings. 

“For the moment, we chose to keep the steel fittings, but for further projects it could be 

interesting to replace the steel fittings with composite fittings so we can reduce the final 

weight a little more,” Seurat says. 

One consortium member, the sensors and composites group at the University of Birmingham, 

is overseeing the development of fiber optic monitoring sensors that will be integrated into the 

composite bogie at the manufacturing stage. “The majority of the sensors will be focused on 

monitoring strain at discrete points on the bogie and others on temperature sensing,” Seurat 

says. The sensors will allow real-time monitoring of the composite structure, allowing 

lifetime load data to be collected. That will give valuable information on peak loading and 

long-term fatigue. 

Initial studies have shown that the composite bogie should be able to achieve the desired 50 

percent weight reduction. The project team hopes to have a full-sized bogie ready for testing 

in mid-2019. If the prototype performs as predicted, they will produce more bogies for testing 

on rail cars made by the rail transport company Alstom. 

Although there’s still much work to be done, initial indications show that it would be possible 

to produce a commercially-viable composite bogie that could compete in cost and strength 

with metal bogies, according to Seurat. She adds, “[After that,] I think there are plenty of 

options and potential applications where composites could be used in the rail industry.”  


