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Abstract: Due to the concerns on climate change and Carbon Credit Program (CCP), most of the vehicle manufacturers 
have prioritized the development and production of electric vehicles (EVs) as a remedy to emission issues of internal 
combustion engines. However, one of the most challenging problems for EVs is the usage of limited battery capacity due to 
the high cost of it. This issue adversely affects the drive distance. The constraint is not only cost, but also additional weight 
and required sufficient space of the each cell are the limiting factors. For this reason, EV manufacturers prefer to reduce the 
weight of the vehicle body. At this point, fiber reinforced polymer composites can serve better alternatives rather than using 
the conventional light metal alloys. In addition, an advanced composite material, sandwich structure that provides high 
bending rigidity with lightweight can be very suitable for the EV chassis. In this study, chassis for two different urban 
concept EVs were designed using sandwich structures. The sandwich panels have consisted of carbon fiber fabrics and very 
light PVC foam core. Sandwich structure in the chassis provided approximately 49% and 82% weight reduction compared 
to former aluminum and steel chassis, respectively. Two different urban concept EVs having this kind of chassis 
wereproduced and the two-seated EV participated to two different efficiency oriented EV competitions. In both 
competitions, the vehicle obtained the first place awards with the best efficient scores. 
 
Index Terms: Composite Material, Sandwich Structure, Electric Vehicle, Lightweight Chassis Design. 
 
I. INTRODUCTION 
 
Fully electric vehicles are basically driven by 
converting the electrical energy stored in a chemical 
form to the battery into kinetic energy through an 
electric motor. These vehicles have become popular 
as environmentally friendly and cheap alternatives in 
recent years with increasing air pollution and rising 
oil prices. But it should be known that the history of 
electric vehicles dates back to the internal combustion 
engine vehicles (ICEV). The first pure electric 
vehicle was produced by British inventor Robert 
Anderson in 1832 and became quite common at the 
end of the 19th century [1]. At the beginning of the 
20th century, ICEVs developed faster, oil prices fell, 
and people needed longer drive distance. In 1908 
Henry Ford started mass production of Model T, an 
ICEV, and ICEV prices have fallen considerably. 
Although an electric vehicle was sold for $1750, 
ICEV was sold for only $650 in 1912 [2]. Due to 
these developments, the electric vehicle revolution 
was closed at the beginning of the 20th century but 
opened up again owing to changing needs at the end 
of the same century. Electric vehicle manufacturers 
have faced old problems of electric vehicles again. 
Although battery technology has improved in the 
recent years compared to past, batteries are still 
expensive and quite heavy. For these reasons, the 
battery capacity of an electric vehicle is very limited, 
so the long distances cannot be still reached. 
However, there are other ways to increase the 
distance capacity of a vehicle instead of loading more 
batteries. One of these methods is to make vehicles 
lighter. Particularly, using composite materials in 
body in white (BIW) parts, provides significant 
weight reduction. Because it was reported that 

approximately 90% of the energy consumption of an 
urban concept automobiles are based on the vehicle 
weight. The components made from carbon fibers are 
generally 60% lighter than steel ones. As a result, it is 
possible to obtain longer distance with the same 
battery packages or to use less battery packages for 
the same distance [3]. The carbon fiber body first 
started to be used in motor sports such as formula 
racing in the 1980s. In the following years, it could 
only be used on sports vehicles (McLaren, 
Koenigsegg, Porsche, Ferrari, Lamborghini) due to its 
high cost. Nowadays, i3 electric city vehicle 
produced by BMW has carbon fiber monocoque 
body. 
Composite materials, which are much lighter and 
durable materials than conventionally used metal 
alloys, can be obtained by combining two or more 
materials with a binding matrix. The most commonly 
known composites are fiber reinforced polymer 
matrix laminate composites [4]. Recently, the 
mechanical properties of sandwich constructions 
produced by inserting honeycomb, corrugated sheets 
or industrial foam materials between different fiber 
fabrics or fine alloy metal materials has been 
investigated. The facings carry almost all of the 
bending and in-plane loads and the core helps to 
stabilize the facings and define the flexural stiffness 
and out-of-plane shear and compressive behavior [5]. 
The core materials must have a low density and a 
relatively high thickness compared to face sheets. 
This is because the moment of inertia of sandwich 
structure increases depending upon the thickness. The 
upper and lower face sheets provide resistance 
against acting loads on the sandwich structure. 
Therefore, the face sheets must be rigid and strong in 
the direction of tensile and compression [6]. 
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Sandwich panels produced using polymer foam core 
materials between face sheets showed a 90% weight 
reduction over a steel plate under the same 
deformation [7]. These light weight constructions 
combine different advantages such as excellent 
bending resistance, rigidity, better corrosion 
resistance, heat and sound insulation which are very 
important for automobiles [8]. 
In this study, the design of very light weight 
sandwich chassis were carried out by using sandwich 
panels consisting of carbon fiber fabrics and polymer 
foam core materials for two different city concept 
electric vehicles. One of these vehicles is a one-
seated vehicle made for Shell Eco Marathon battery 
electric urban concept competition and the other is 
two-seated vehicle made for scientific and 
technological research council of Turkey (Tubitak) 
Efficiency Challenge battery electric competition. 
Both racing concepts are efficiency oriented 
competitions that a vehicle, which completes a 
specific distance with a minimum of electric 
consumption in a certain period, is determined as the 
winner of the race. This means that the vehicles must 
be as light as possible. So the chassis, body and some 
mechanical parts can be made of composite materials 
to achieve minimum weight. Thus, the one-seated car 
is weighted as 90 kg while two-seated car is 139 kg. 
The technical specifications of these vehicles are 
given in Table 1. 

Table 1 
Vehicle Specifications 

Specification 2-seated EV 1-seated EV 
Dimensions (l x w x 
h) (mm) 3472x1300x1170 3075x1200x104

5 
Weight (kg) 139 90 
Nominal motor power 
(W) BLDC-1000 BLDC-1000 

Drive ratio 1 1 
Tire specs 95/80 R16 95/80 R16 
Maximum speed 
(km/h) 84 50 

Wheel base (mm) 1800 1400 
Track width front/rear 
(mm) 1100/100 1050/1000 

 
II. SANDWICH PANEL PRODUCTION 

 
The production of sandwich panels were carried out 
after the sandwich constituents such as woven plain 
carbon fiber fabrics, PVC foam core material and 
other consumable materials had been supplied. The 
physical and mechanical properties of all supplied 
materials have been given in Table 2-4. 
 

Table 2 
Physical and mechanical properties of carbon fiber fabrics [9] 

 
Property Value 
Density (kg/m3) 1790 
Areal Weight (g/m2) 200 
Weave style/pattern Woven plain 

Fiber type/Model 
Warp= 3K HS Carbon 

fiber 
Weft= 3K HS Carbon 

fiber 
Tensile strength Warp/Weft (MPa) 3800 
Tensile modulus Warp/Weft(MPa) 240 
Tensile strain (%) 1,6 

 
Table 3 

Physical and mechanical properties of PVC foam core [10] 
Property Value 
Density (kg/m3) 48 
Thickness (mm) 8,16,20,30 
Compressive strength perpendicular to the plane 
(MPa) 0,60 

Compressive modulus perpendicular to the plane 
(MPa) 48 

Tensile strength in the plane (MPa) 0,95 
Tensile modulus in the plane (MPa) 35 
Shear strength (MPa) 0,55 
Shear modulus (MPa) 16 

 
Table 4 

Physical and mechanical properties of matrix materials [11] 

Property Epoxy 
resin  Hardener 

Density (kg/m3) 1130-1170 960-1000 
Viscosity (mPa.s) 700-900 10-50 
Bending strength (MPa) 110-140 - 
Modulus of elasticity (GPa) 3,2-3,5 - 
Tensile strength (MPa) 70-80 - 
Compressive strength (MPa) 80-100 - 

 
There are several methods to manufacture FRPs, such 
as hand lay-up, vacuum bagging, autoclave, filament 
winding, pultrusion, matching die set compression 
molding, resin transfer molding (RTM), resin 
infusion, and other liquid composite molding (LCM) 
[12]. But, mostly, hand lay-up, vacuum bagging, 
RTM, vacuum assisted resin infusion methods are 
currently used methods for fabrication. In this method 
hand lay-up followed by vacuum bagging method 
was used. The manufacturing of the sandwich panel 
is represented schematically in Figure 1. 
The production of the sandwich panels were carried 
out on a tempered glass mold surface. In order to 
provide a good surface finish, a chemical mold 
release, Polivaks SV-6, was applied to the mold 
surface for three times with 15 minutes intervals. This 
process also allows removing the panel easily from 
the mold surface after manufacturing. After obtaining 
a required chemical thickness, the stacking of the 
composite laminates were performed simultaneously 
by using a binder matrix. The matrix material which 
the total amount of it was determined to be equal to 
the total weight of fiber and core materials was 
prepared with MGS L160 Epoxy resin and its 
hardener, H160 at a mixing ratio of 100:25 in weight. 
The hand lay-up process was made by stacking 
carbon fiber fabrics at the top and the bottom as face 
sheet, and the rigid closed cell PVC foam in the 
middle as core material. After the lamination had 
been completed, a perforated release film and a 
breather ply were laid on the sandwich lamination to 
prevent the formation of air voids and to absorb 
excessive resin from the product. Then the structure 
was covered with a vacuum bag by using a sealant 
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tape. Lastly, vacuum was applied at room 
temperature for nearly one hour and the sandwich 
panel was left for curing under vacuum atmosphere. 
Figure 2 shows some parts of the chassis under curing 
process.  

 
Figure 1: Schematic view of manufacturing process [13] 

After the manufacturing, the sandwich panels were 
cut into the desired sizes by using water jet cutting 
process in order to obtain good dimensional accuracy. 
 
III. APPLICATION OF SANDWICH PANELS 
TO URBAN CONCEPT ELECTRIC VEHICLES 
 
In this study, the manufactured sandwich panels were 
assembled to construct a vehicle chassis according to 
the vehicle technical drawings. There have been two 
different urban concept vehicles designed and 
manufactured in University of Cukurova, Adana, 
Turkey. The first car having 17 kg chassis is two-
seated and has attended to Efficiency Challenge 
Electric Vehicle competition held by Tubitak in 
Kocaeli, Turkey. The second car having 9,5 kg is 
one-seated and has participated to Shell Eco-
marathon held by Shell Global in London, UK. 
Technical drawing of the vehicles have been shown 
in Figure 3. In both competitions, the teams are 
competing to obtain minimum energy consumption in 
a certain distance. Almost most of the vehicles have 
fitted with commercially available electric motors and 
power train, but the weight of the vehicle depends on 
the teams’ research studies and material selections. 
Therefore, sandwich structures serve best alternatives 
for weight reduction. Figure 4 shows the perspective 
view of the chassis of one-seated vehicle. As it is 
seen, all parts have been made by sandwich 
structures.They not only provide remarkable amount 
of weight reduction but also provides high 
mechanical strength due to very high bending 
rigidity. 

 
(a) 

 
(b) 

Figure 2: Composite sandwich production; a) Bottom panel of 
vehicle chassis, b) body in white parts of the vehicle 

 

 
(a) 

 

 
(b) 

Figure 3: Technical drawings of the vehicles; a) two-seated EV,     
b) one-seated EV 

 
The grooves and holes on the side body have been 
used for assembling the wheels’ shaft, suspension 
system, steering system and related metal alloy 
brackets. The vertically assembled panel, which 
manufactured by relatively thin core material, 
separates the driver compartment from the electrical 
devices such as battery, motor driver, and other 
electronic circuit boards inserted in to the rear of the 
vehicle and acts as both flame screen and roll bar that 
provides additional safety. 
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Figure 4:Thesandwich chassis of one-seated EV 

 
The produced urban concept electric vehicles have 
been shown in Figure 5. 
 

 
(a) 

 

 
(b) 

Figure 5:Urban concept EVs; a) two-seated, b) one-seated 
 
In the past, the previous chassis of former two-seated 
vehicle were designed as shown in Figure 6. This 
chassis were manufactured by using 2 mm aluminum 
base sheet and 40x40x2 mm 6000 series aluminum 
profiles and it weighted 33 kg and the vehicle 
obtained fifth place in Tubitak Efficiency Challenge 
in 2015 [14]. If the chassis were made of steel, it 
would be 95 kg and it would be impossible to get a 
satisfactory results due to the rapid growing of 
material technology. Now, using sandwich panels the 
weight of the chassis of current two-seated electric 
vehicle has been obtained as only 17 kg. Therefore, 
making the vehicle chassis with low density foam 

core carbon fiber sandwich panels has provided a 
considerable amount of weight gain when compared 
to our previous experiences. 

 
Figure 6:Former chassis of previous two-seated EV 

 
CONCLUSION 
 
In this study, two different vehicle chassis were 
designed using sandwich structures, which are 
manufactured by using a very light PVC foam core 
material with carbon fiber fabrics. A number of 
sandwich panels were manufactured with hand lay-up 
followed by vacuum bagging method. The parts were 
successfully assembled to construct the two different 
vehicles’ chassis and a considerable amount of 
weight reduction was achieved. Because, when the 
chassis is made of sandwich instead of aluminum, 
approximately 49% weight reduction is obtained. Or, 
sandwich chassis can provide 82% weight reduction 
compared to steel chassis. The reduction in the 
weight of vehicles also made cars eco-friendly, 
provided better performance, and longer drive 
distance with less energy consumption under the 
same battery capacity. The produced two-seated 
vehicle participated to two different competitions, 
Efficiency Challenge EVs organized by Tubitak in 
Kocaeli, Turkey and Shell Eco-marathon organized 
by Shell Global in İstanbul, Turkey. The EV 
completed a 60 km track in 65 minutes with an 
energy consumption of 964 Wh, in Tubitak race and 
completed a 6,2 km track in 19 minutes with an 
energy consumption of 57,6 Wh in Shell Eco-
marathon. With these results, the vehicle won the first 
place as champion in both races [15,16]. On the other 
hand, the one-seated EV is going to race in Shell Eco-
marathon Europe 2018 in London, UK. 
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