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Design of traction battery for autonomous vehicle
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Abstract. Traction electric vehicles are on a certain rise today. Traction battery
systems for these electric drives are related to this. Each specific application re-
quires its own approach to the design of a good battery system. Existing technol-
ogies have their positives and negatives, which need to be minimized. In certain
cases, they cannot be used and it is necessary to develop their own. The design
of battery modules for electric traction applications is determined by two basic
requirements, namely weight reduction, sufficient strength and stiffness of the
battery module. The selection of the material follows the other processes of the
production of the whole final product, the material issue is the pivotal point of all
phases of production. The design is a very important step from a mechanical point
of view, which aims to identify the materials with the required potential and by
the elimination method to select the most suitable one based on the given require-
ments. In the first part, the design of the traction battery was created based on the
requirements for a specific autonomous vehicle. The second part of the contribu-
tion is devoted to the production using 3D printing combined with composite
materials and the testing of the modules of this traction battery.

Keywords: Traction battery, Autonomous vehicle, Battery cell, Composite ma-
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1 Introduction

Each practical means of transport requires at least one electric spinning machine and
an electrochemical accumulator to operate. This may be considered as a combustion
engine or a fuel cell. The electrochemical principle of energy storage is still virtually
irreplaceable in most mobile applications.

Requirements have been made for the traction battery for the autonomous platform,
making it impossible to use standard battery modules. The main point is that due to the
safety of this experimental autonomous platform, the maximum battery voltage of
120 V is required. At voltages up to 120 V, the discharge / charging currents must be
high, we are talking about 1200 A. High current is a requirement for being able to test
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motor drives at high currents but lower power levels, as connection to a high-power
main is not always available. This makes it impossible to use standard battery modules
in which there is no room for installing sufficiently large terminals through which the
current is conducted. It could be said that this is mainly a design problem. Also due to
the battery dimensions, it was necessary to develop battery modules of their own non-
standard dimensions (Table 1.).

After selecting battery cells, it is necessary to develop a battery module into which the
individual cells will be placed. Due to the commercially manufactured battery modules,
which have a relatively high weight and poor spatial variation, it is necessary to proceed
to the development of the module itself. Composite materials are the best solution. Due
to the complexity of manufacturing the module from composite material only, the ideal
solution is to combine 3D printing and composite materials. The combination of these
two technologies can achieve an excellent and accurate result. When developing a new
module, we have to impose strict requirements on the following properties. Due to the
required characteristics, it is a unique battery worldwide.

Table 1. Battery requirements.

Quantity Value
Maximum voltage 120V
Maximum dimension 1500 mm x 1200 mm x 180 mm
Peak discharge / charge power 150 kW
Peak discharge / charge current 1200 A

2 Battery box

2.1  Selecting a battery cell

When designing a traction battery for any mobile electric vehicle, it is necessary to set
a few basic requirements right at the beginning. It is the size of the whole traction bat-
tery, its weight and the output discharge / recharge power. These data lead to the selec-
tion of the construction element of the whole traction battery, namely the specific type
of battery cell.

According to the mechanical design of battery cells we distinguish cylindrical, pris-
matic and pouch cells. According to the purpose of the cell we distinguish the technol-
ogy of cells with high specific density of stored energy (HE) and power (HP).

The technology of HE (<1 C permanently) currently offers 750 Wh/l and 260 Wh/kg
by default, due to the lower "robustness" of HE cells. In this case, this means sensitivity
to operating and storage temperatures, fast charging and higher discharge depth.

HP (>5 C permanently) technology makes it possible to produce very "robust" cells,
due to reciprocally still significantly lower specific energy density than HE. This tech-
nology with its power parameters can already approximate the range of supercapacitors
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and allows ultrafast 8-10 min charging at orders of magnitude higher specific energy
density today up to 200 Wh/l and 100 Wh/kg at the cell level (supercapacitors ca. 10
Wh/l).

Pouch Cell
Cylindric Cell Prismatic Cell

Fig. 1. Battery cells mechanical design

Prismatic cells have been selected based on the required characteristics for the traction
battery and the availability of battery cells. These are mainly high discharge / charging
currents and the cell robustness required for the absence of thermal management of the
whole battery. Parameters of the selected cell are shown in Table 2.

Table 2. CALB L148N50B

Quantity Value
Cell format prismatic
Weight 855,7¢g
Dimension 148 mm x 97,5 mm x 26,5 mm
Nominal voltage 3,65V
Nominal capacity 50 Ah
Nominal Current 117 A
Peak Current 257 A
Energy 192 Wh
Energy density 224 Wh/ kg, 498 Wh/1

2.2 Weight reduction

The most important factor in choosing a composite is up to 40% weight saving if the
chassis is made of 100% composite material. A battery module made of composite ma-
terial has a positive effect on the whole vehicle structure. Lower weight reduces the
size of the engine and the battery at the same time.
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2.3 Isolation

For metal components of battery modules, an additional insulation system is required
to keep the batteries at operating temperature. Composites eliminate this need. The in-
sulation properties of the composite slow down the heat transfer, no additional weight-
increasing components need to be added to the system. This is only if robust battery
cells are used.

2.4  Safety

The strength and stiffness of the composite exceeds that of aluminium or steel. The
integration of composite parts into parts or the whole body of a vehicle increases the
safety of both parts of the vehicle and its crew. Integration requires close cooperation
between designers at all stages of development, but offers a real possibility to increase
the safety of not only electric vehicles.

2.5 Technology and price

Large-volume and mass production is essential for overall cost reduction. Adjustment
of continuous production processes is necessary for the production of EV components.
Combining 3D printing with composite material is the ideal choice for a small series.
The printed part is only the carrier element of the composite material.

2.6  Choice of composite materials

In the manufacture of composite parts, the choice of suitable fibres is the most important
part. The fibres transmit the load in the material, their composition and arrangement
significantly influence both the production technology and the final, not only mechan-
ical, characteristics. [1]

SGL GROUP [2] is involved in the development of composite battery housings as one
of the world leaders in the production of fibres for technical applications. Components
made of carbon fibre reinforced plastics (CFRP) and glass fibre reinforced plastics
(GFRP) have excellent mechanical properties such as high stiffness and strength com-
bined with low weight. Composite components provide better fire protection, chassis
protection and optimal temperature conditions inside the battery.

Components made of carbon fibre reinforced plastics (CFRP) and glass fibre reinforced
plastics (GFRP) have excellent mechanical properties such as high stiffness and
strength combined with low weight. Composite components provide better fire protec-
tion, chassis protection and optimal temperature conditions inside the battery.

The thermal conductivity of the fibre composite is a good prerequisite for effective fire
protection in the battery of electric vehicles, which can be further improved with addi-
tives. Internal tests show that composite materials, even without adding mica, last up to
four times longer than steel. Due to the low thermal conductivity of composite materi-
als, the material brings a significant optimisation of thermal management. The battery
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is automatically better protected from heat and cold thanks to the composite cover. Fi-
bre composite materials are corrosion resistant. Composite materials meet additional
requirements for battery housing such as EMC electromagnetic compatibility [5], wa-
tertightness and gas tightness.

The chassis and cover are flat components that can be produced in series with constant
quality and low material consumption. The frame structure can also be made of com-
posite material using new manufacturing processes [4]. When analysing the total cost,
battery modules made from composite material may even reach the price level for alu-
minium and steel products in the future.

The original concept was to create a battery module purely from composite material.
Reinforcements from three fibre types (basalt, carbon, glass) and several epoxy matrix
systems with different mechanical properties were available. Table 3 summarises the
list of textiles that have been selected for the module production. These are textile re-
inforcements for which (directly or by combination) after hardening of the composite
unit, sufficient strength and stiffness of the composite module can be achieved while
minimising the number of layers. Several epoxy matrix systems have also been tested.

Table 3. Textile fibre reinforcement.

Name Specifications Basis weight
HP-Q800E QDR-Glass-Fabric 800 g/m?
HP-Q305C QDR Carbon-Fabric 300 g/m?
KC Carbon fabric 200 g/m2
AEROGLASS Glass fabric 390 g/m2
AEROGLASS Basalt fabric 400 g/m2

Ten samples were tested from each sample of the system (a statistical evaluation of the
test was also carried out) and the results of the bending strength measurements are pre-
sented in Figure 1. As the measurements show, the LG285/285 and LG285/287 systems
achieved a high bending strength, which is close to the bending strength declared by
the manufacturer. The LG100/100 system proved to be the least suitable, which was
very fragile even after hardening.

The material concepts were made as plate laminates. The bending strength test and
chemical resistance test were carried out with the laminate samples. According to the
material concepts 1 and 3, two test modules were made by manual lamination. Both
modules are fully composite and meet both dimensional and stiffness parameters.
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Table 4. Epoxy matrices.

Name Specifications  Basis

EPO 531 Telalit Universal lamination system for watering, sealing,
bonding, casting and impregnation

LG 285 HG 285 High-strength lamination system for the aerospace in-
dustry

LG 285 HG 287 High-strength lamination system for the aerospace in-
dustry

LG 120 HG 350 Low-viscosity lamination resins with high adhesion and
good temperature resistance

LG 100 VE 100 Low viscosity, flexibility, suitable for winding

LG 700  HG 700 Low viscosity, high flexibility, high strength

The matrices were evaluated according to other criteria: processing time, viscosity and
affinity to fibre reinforcement. For this purpose, epoxy systems (except LG100/100)
were used for laminate production in combination with the reinforcing fabrics from
Table 4. All the criteria described were eventually met by the epoxy system LG
120/350. The systems LG 285 and LG 700 proved incompatible with NCF fibre rein-
forcements and therefore could not be used. Applicable concepts illustrated in Table 5.

Table 5. Concepts fully compatible with the epoxy system LG 120/HG 350 (1:35).

Concept number Concept
1 QDR-Glass-Fabric : AEROGLASS; 2:1
2 QDR-Glass-Fabric : Carbon fabric; 2:1
2 QDR-Glass-Fabric : Basalt fabric; 2:1

2.7  Choice of material for 3D printed part

The choice of material for 3D printing will not take too long here, as the 3D printed
part is only a carrier element of the composite material. There are a large number of
materials available on the market today. It is an important feature that the printed part
can withstand a sufficiently high temperature. High strength and low weight are a mat-
ter of course. All these required features are met by the HIPS material, which among
other things is well printable and available at a low price. The characteristics of the
HIPS material are shown in Table 6.
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Table 6. Spectrum HIPS-X

Quantity Value
Available diameter 1,75 mm
Diameter tolerance: +/- 0.05 mm

Density 1,05 g/cm?
Thermal resistance up to 100 °C

3 Results and discussion

Since the maximum possible dimensions of the entire traction battery box are fixed, it
is necessary to place as many battery cells as possible in the battery box in order to
maximize the capacity of the traction battery. The voltage of the traction battery is also
fixed. Since the voltage of a fully charged battery cannot exceed the limit of 120 V,
Characteristics of the final traction battery are shown in Table 7. We therefore get the
number of battery cells connected in series, it is 28 cells in the series or 28S. We only
have to find a possible variation of the multiples of cells of number 28. Due to the
dimensions, it is possible to place a maximum of 7 parallel combinations in the battery
box, a total of 196 cells. This gives us the resulting configuration of 28S7P. The mod-
ules themselves are placed in the battery box 14. Each module contains 14 battery cells,
in the 2S7P connection. All these modules are by default connected in series with each
other.

For the combination of 3D printing and composite material, it was necessary to produce
an internal part that precisely dimensions the internal space for the cells. The terminals
will be welded to the battery cells by laser welding technology. All cells must be ideally
aligned for the laser welding technology, the bottom of the battery module must be
perfectly straight. Using this inner forming part the bottom is perfectly straight and at
the same time it can be simply pulled out of the box after hardening of the composite
material.

Fig. 2. Battery module (right) with inner shaping part (left)
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Table 7. Characteristics of the final traction battery.

Quantity Value
Nominal voltage 100 V
Nominal capacity 350 Ah

Nominal capacity 35 kWh

Peak discharge / charge power 150 kW
Peak discharge / charge current 1500 A

Fig. 3. First prototype of Battery module with innner shaping part

Fig. 4. Battery module with battery cells
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Fig. 6. Final Battery box with battery modules
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4 Conclusions

The design of an atypical type of modern traction battery for special applications is
always a challenge, especially in academic environments where special requirements
can be imposed. Battery requirements such as maximum battery voltage or peak output
current are precisely designed for academic environments. Thanks to these battery char-
acteristics we are able to test other devices, as traction batteries for an autonomous
platform may not have only one purpose of use. This resulting traction battery will be
used for testing its own recharging stations. The performance is increased only by the
battery voltage, an important variable for extreme testing of components but also re-
charging stations is high current, which is what this battery is designed for. A similar
issue was addressed in the experimental electric car eSus [3].

The result of the design is a functional prototype traction battery for high output cur-
rents. The combination of 3D printing technology and composite fibres reduced the
weight by approximately one quarter of the total weight. These technologies also im-
proved the properties of the whole traction battery. One of the most important is in-
creasing stiffness and safety despite the use of 3D printing technology, using composite
materials.
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