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various types of platforms

Mirostaw CHMIELINSKI™, Krzysztof BIELAWSKI?, Oskar KREFT?, Gerard WISNIEWSKI*

L Zaktad Automatyki i Urzqdzenn Pomiarowych AREX Sp. z o.0., Gdynia, Poland

Abstract

The article presents the issues regarding the possibility of using innovative, complete electric drive
systems designed by ZAiUP AREX Sp. z 0.0. for various types of electric vehicle. The enduring activity
and a number of various projects have allowed us to gain invaluable experience and deepen our unique
skills in the projects dedicated to electromobility. This publication presents proprietary technological
solutions developed by ZAiUP AREX Sp. z 0. 0. an electric drive system that can be used in passenger,
delivery and purpose-built vehicles. This article introduces the basic parameters and advantages of the
main components of electric vehicles, such as: energy storage system with an advanced POWER
management system supervising its operation and ensuring energy supply, inverters, engines and
devices supporting the drive control system. ZAiUP AREX Sp. z 0.0. specializes in the design and
production of technologies and innovative solutions dedicated to both the civil and military markets.
Over 34 years of experience have built a solid and reliable brand.
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1 Introduction

The development of the technology of drive systems used in vehicles is currently conditioned by legal regulations,
which primarily enforce the reduction of exhaust emissions. Currently, a rapid development of the electric vehicle
market becomes apparent.

Due to this, many companies, moving with the times and striving to optimize the working process and reduce
expenses, should perceive this development process as a business opportunity that they should take hold of
(Szewczyk P, Lebkowski A., 2021).

These expectations are met by electric vehicles, which are characterized by a complete lack of exhaust emissions
at the place of operation. They also do not generate a high level of noise and maintain high efficiency of the drive
system at low operating costs. The electric motors used in vehicle drives are also characterized by high dynamics and
smaller dimensions in relation to their combustion counterparts. They do not require maintenance or replacement of
operating fluids and filters (Wisniewski G. et al., 2020).
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As part of the research and development project titled the “Development of an innovative propulsion system for
mobile platforms” co-financed by the European Union from the European Regional Development Fund under the
Intelligent Development Programme (Co-financing Agreement No. POIR.01.01.01-00-0075/17), Zaktad
Automatyki i Urzadzen Pomiarowych AREX Sp. z 0.0. WB Group, has developed a promising technology in the
field of electric drives and energy storage that uses the latest solutions available on the electromobility market. The
company has developed an innovative, fully functional electric platform that enables the construction of electric
vehicles, as well as further expansion of transport vehicles for transporting goods and people, as well as special
vehicles. This technology will enable the introduction of effective changes on the market of current tradable solutions
in the electromobility industry (Wisniewski G., 2019).

The innovative products offered by the AREX company in the field of electromobility include the following:
— direct drive resulting from the use of torque motors installed in the wheel;

— modular, scalable energy storage;

— integrated drive.

AREX company has developed a propulsion platform with an embedded central system that implements
predictive control of driving dynamics with energy management.

The product offer of the AREX company is dedicated mainly to integrators — the companies from the automotive
industry dealing with electrification of transport platforms. Due to the lack of comprehensive solutions on the market,
these companies create power systems and drives used in the construction of electric platforms on the basis of
available components usually offered by various suppliers, which causes difficulties in their integration.

Therefore, the cooperation with the AREX company offering the ready-made electrical solutions, is a great
opportunity to avoid integration problems, which in turn will attract the interest many companies in this industry.

During the development of the drive system components, the so-called “classical approach” with a central motor
was first tested, but later the AREX company also focused on the approach envisaging motors placed in wheels. The
main advantages of the latter are:

— reduction of losses due to direct drive transmission:;

— retaining more cargo space.

A direct in-wheel motor mounting increases vehicle efficiency and payload by eliminating torque loss generating
components such as gearboxes, mechanical transmissions, differentials, drive shafts and gear shafts. The elimination
of these elements has a positive effect on reducing the weight of the vehicle, contributing to the reduction of cost
spent on vehicle production and environmental protection. In addition, it increases the usable area of the vehicle,
which is an additional attractive asset for maritime operators, and container and logistics terminals. A relative
disadvantage turned out to be a large unsprung mass — which prompts the AREX company to consider applying the
solution of this type, where speeds are relatively low, the quality of the traffic-bearing surface is relatively good, and
a large torque is required due to the movement of significant loads, and these are the features of the DWH-200 electric
motors developed by our company. An additional advantage of such electrified platforms may be the possibility of
their autonomous control, which will translate into increased safety of the personnel handling the transporting
operations due to reduction of the risk of ‘human error‘ and the impacts of accidents, as well as will increase the
working efficiency (Wisniewski G. et al., 2020).

2 Electric drive system

The AREX company proposes the use of an electrification system for various types of platforms, in which the
electric motor transfers the torque to the axle of the vehicle through the drive shaft. An effective alternative to internal
combustion engines is an electric drive characterized by high efficiency of the drive system, smaller dimensions and
high dynamics against the backdrop of a complete lack of exhaust emissions and no noise generation (Hugo A.
DeCampos, 2018). In a conventional transport vehicle with an internal combustion engine, the source of mechanical
energy is fuel (gasoline, diesel oil, rarely gas), which is subjected to explosive combustion, mainly with the
participation of oxygen from the air.

Against this background, the electrification of any motor vehicle can be accomplished by replacing the current
internal combustion engine with an electric motor or installing an additional complete electric drive system. At the
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same time, the additional electric drive system can be installed, for example, in the form of the motors mounted in
the wheels of the vehicle, in line with the existing drive shaft or in the driving axle of the vehicle.

The proposed technological solution enables separate use of the combustion drive driving the front wheels of the
vehicle, the electric drive driving the rear wheels of the vehicle, and both drives acting simultaneously in generating
mode (Wisniewski G. et al., 2020).

The solution makes it possible to charge the energy storages while driving with the use of the internal combustion
engine, or to assist the vehicle’s braking and charge the energy storage during braking, without losing part of the
kinetic energy from the internal combustion engine. In addition, an important feature of the proposed solution is the
ability to replace the energy storages themselves, without having to wait long for them to be charged during working
hours. The discharged energy storage can be recharged at night, using the anti-smog tariff, via a stationary or on-
board vehicular charger. Furthermore, introduction of autonomous control to electric vehicles ensures possibility of
their operation around the clock 24/7 and even under extreme weather conditions. Autonomous electric vehicles will
be able to operate with significantly lower exhaust emissions and noise levels than conventional ones (Szewczyk P,
Lebkowski A., 2021).

3 “Classic approach” with the dce-200 central motor and the STS-202 power inverter

The main driving element of the “classic” electric system developed by the AREX company is a synchronous
motor with permanent magnets (neodymium), marked as DCE-200, coupled with a drive shaft (Fig. 1). It is an “in
runner” motor with an inner rotor and a stator bound to the outer casing, intended to be fitted as a central drive of a
vehicle with or without a transmission mechanism. This engine can be used in both heavy and automotive industry,
to power passenger cars, delivery vans, utility and special-purpose vehicles (Sprawozdanie nr proj. POIR.01.01.01-
00-0075/17). The view of the DCE-200 motor is shown in Figure 1.

/

Figure 1. DCE-200 permanent-magnet synchronous motor. Source: Arex

The 150 kW power inverter, marked as STS-202, has been developed to control the operation of the DCE-200
motor. The STS-202 power inverter is designed to power and control the operation of AC electric machines used in
the electric vehicles, electric working mechanisms, industrial equipment for operation in difficult environmental
conditions, etc. Currently, the STS-202 power inverter is produced in three versions: STS-202-1 — in IGBT
technology, STS-202-S — in SiC technology, and STS-202-M — in the version for the mining industry (Sprawozdanie
nr proj. POIR.01.01.01-00-0075/17).

Thanks to this, a wide diagnostics of parameters and performed functions is possible using the event recording
and viewing system.

The STS-202 (Fig. 2) power inverter can cooperate with the synchronous motors in which the position of the
rotor is read with the help of the resolver or Hall sensors. In order to conduct traction tests of the developed and
constructed drive system, the DCE-200 motor was integrated with the STS-202 power inverter in the rear axle drive
configuration of the Peugeot Boxer vehicle.
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Figure 2. STS-202 power inverter. Source: Arex

The system was powered by the energy storage with a capacity of about 60 kWh and an operating voltage of about
615 V obtained from the assembly of 192 LiFePO4 cells with a capacity of 100 Ah each. The vehicle prepared in
this way was subjected to traction tests and tests on a vehicle test facility, showing very promising traction
characteristics (Lebkowski A., 2017).

The tests on a vehicle test facility had shown the generated power over 150 kW and the torque reaching up to
2265 Nm. The results of on-the-road tests are presented in Table 1.

Table 1. Results of on-the-road tests of the drive system consisting of the DCE-200 motor and the STS-202
power inverter. Source: Arex

Maximum speed achieved over 100 km/h
Distance covered 105 km
Energy consumption 50 kWh
Average energy consumption 476 Wh/km
Estimated range (64kWh storage) | ca. 130 km

4 «Perspective approach” with the dwh-200 in-wheel motor and the STS-203 power
inverter

After successful traction tests of the above-mentioned drive system, it was decided to focus on the next stage of
research and development — the development and implementation of a synchronous motor with permanent magnets
(neodymium), designated as DWH-200.

It is an “outrunner” motor with an external, rotating body, intended for installation in the wheel hub of the vehicle
as a direct drive. Also, an appropriate STS-203 power inverter was designed and manufactured to be used together
with this motor. Both devices are shown in Figures 3 and 4 below (Sprawozdanie nr proj. POIR.01.01.01-00-
0075/17).
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Figure 3. DWH-200 permanent-magnet synchronous motor wheel developed by AREX Sp. z 0.0.: 1-rotor, 2-
magnets, 3-stator’s magnetic core, 4-stator winding coils, 5-supporting structure, 6-entry for supply wires, 7-wet

brake, 8-bearings system. Source: Arex

Figure 4. STS-203 power inverter. Source: Arex

The PMSM DWH-200 drive motor is designed for mounting in at least 17-inch rim wheel as a direct drive and is
intended for installation in the drive systems of industrial machines operated in harsh environmental conditions,
utility and special-purpose vehicles, motor vehicles, hydraulic devices, working mechanisms, and other specialized
technical equipment and machines. The design variants if the DWH-200 motor envisage different mounting options
depending on the operational needs. The housing material is aluminium or stainless steel, protection level IP65.

The second basic element of the drive system with the DWH-200 motor is the 40 kW power inverter, marked as
STS-203. The STS-203 power inverter is designed to power and control the operation of AC electric machines used
in the electric vehicles, electric working mechanisms, and industrial equipment intended for operation in difficult
environmental conditions (Sprawozdanie nr proj. POIR.01.01.01-00-0075/17).

First, a man-driven prototype platform equipped with in-wheel motors of this type (DWH-200) have been built
(Fig. 5), followed by their installation and performance of practical tests as a rear drive of the vehicle (3.5T) of the
Peugeot-Boxer type in a 4x2 front combustion drive configuration (factory) and a 4x2 rear electric drive (Fig. 6).
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Figure 6. DWH-200 motor mounted as a rear-drive configuration of the Peugeot Boxer. Source: Arex.

For safe operation of the motor, the liquid cooling with a maximum flow of 20 I/min of coolant at a temperature
below 65°C is necessary. At the same time, the STS-203 power inverter is passively cooled, which is completely
sufficient for the power inverter design with power modules in SiC (silicon carbide) technology. For the cheaper
version based on silicon technology with IGBT modules, it is also possible to implement active cooling after adding
a special cooling plate (Wisniewski G. et al., 2020).

The structure of the drive system in the configuration with electric motors located in the wheel hubs is shown in
Figure 7.

The simulation model consisted of the following elements: light delivery vehicle block, DWH-200 motor blocks
(maximum power up to 100 kW, maximum torque 1000 Nm), STS-203 inverter blocks (power up to 100 kW, DC-
link 12-850 VDC voltage), power data analyzing block, BAT-200 energy storage block, route profile setting block,
and block of electric loads for 12V installations (Lebkowski A., 2017).
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Figure 7. View and structure of the light delivery vehicle model with the drive system using electric motors
located in the wheel hubs. Source: Arex

5 Energy storage

As part of the works related to the aforementioned project, two types of energy storages have been developed and
manufactured. The first type was the 10 kWh battery module with adjustable output voltage, marked as BMU-200
(Figure 8), based on Li-ion NMC 3.6 V cells in the 18650 standard with a capacity of 3 Ah each. In order to build
the desired current and voltage capacity, a parallel connection into a set of battery modules is used. The connection
safety is ensured by a 2-directional DC/DC converter with a peak power of 30 kW built into each battery module.
The programmable DC/DC converter allows you to maintain a constant operating voltage on the DC Link of the
powered device (e.g. power inverters controlling motors), regardless of the voltage of the battery cell module.

The use of an intermediate converter gives full security when connecting battery modules in a configuration with
a scalable capacity. In addition, thanks to the use of a converter, it is possible to combine energy storage devices
made in different technologies (chemistry) of cells, with different nominal operating voltages and with different usage
histories.

Figure 8. The interior of the BMU-200 battery module with a maximum capacity of 15 kWh, operating voltage
of 600 V controlled by a bi-directional DC/DC converter with a load capacity of up to 30 kW. Source: Arex
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The above-mentioned BMU-200 battery module has a higher energy density, but is also a more expensive
technology (Sprawozdanie nr proj. POIR.01.01.01-00-0075/17).

Therefore, the AREX company has also developed a second, less expensive type of energy storage based on
proven prismatic cell technology, namely the 10 kWh battery module, marked as BMU-202 (Figure 9).

Figure 9. The interior of the BMU-202 battery module with a maximum capacity of 10 kWh, made of LiFePO4
prismatic cells with a capacity of 60 Ah each. Source: Arex

Additionally, as part of the research and development project, an on-board DC/DC (HV/LV) converter 1.5 kW
(12V) / 3.0 kW (24V) was developed and manufactured, marked as PSU-203. The PSU-203 DC/DC (Figure 10)
converter is designed for powering the low voltage (LV) on-board devices from high voltage (HV) battery power
source, charging lead batteries in CC/CV modes, and buffer operation with 12/24V lead battery with charging
function in accordance with programmed charging characteristic and battery parameters monitoring (voltage, current,
temperature).

Figure 10. PSU-203 on-board DC/DC converter. Source: Arex

Thanks to the proven technology, the PSU-203 on-board DC/DC converter ensures the safety of DC/DC (HV/LV)
1.5 kW (12V) /3.0 KW (24V) power supply (Sprawozdanie nr proj. POIR.01.01.01-00-0075/17).
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Innovative, complete, electric drive system, ready to be integrated for various types of platforms presents Figure
11.
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Figure 11. Complete, electric drive system, ready to be integrated for various types of platforms. Source: Arex

The implementation of the electric drive system in question was based on the innovative products of AREX from
Gdynia.

6 Conclusions

As a result of traction tests of electric drive systems developed as part of the research and development project,
we come to the following conclusions:

A. The positive synergistic effects of using an electric drive system can be even better when electric
machines mounted in the wheels of the vehicle are used for the drive. A direct in-wheel motor
mounting increases vehicle efficiency and payload by eliminating torque loss generating components
such as gearboxes, mechanical transmissions, differentials, drive shafts and gear shafts. The
elimination of these elements has a positive effect on reducing the weight of the vehicle, contributing
to the reduction of cost spent on vehicle production and environmental protection. In addition, it
increases the usable area of the vehicle, which is an additional attractive asset.

B. The final effect of the works related to the project is the creation of a comprehensive solution
enabling the so-called integrators to perform easy construction of electric vehicles, especially
transport ones, but also specialized vehicles for service stations, repair teams or groups working
increase the efficiency of work, including such activities achieved through the prospective
development of electrified platforms to the level of remotely controlled vehicles and even
autonomous systems.

C. Acrrelative disadvantage of using direct electric drives — the in-wheel motors — turns out to be a large
unsprung mass, which, however, will not cause significant awkwardness in case of using such
solutions in e.g. platforms transporting, etc., where speeds are relatively low, the quality of the
traffic-bearing surface is relatively good, and a large torque is required due to the movement of
significant load, and these are the features of the DWH-200 electric motors developed by the AREX
company.

D. The car manufacturers and integrators from the automotive industry are increasingly paying attention
to the use of electric drive system technology in their products, thanks to such operational advantages
as the lack of exhaust emissions and noise at the place of their operation, high operating dynamics
and high torque generated by the engine in full speed range, low operating costs, simple design and
a small number of mechanical components.
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To summarize, years of experience of the AREX company dealing with a number of various innovative completed
projects have led the company to become an expert in the field of projects implementation, which gives us the basis
for setting further ambitious goals in the electromobility, envisaging the following steps:

a) teaming-up with higher educational institutions in the sphere of development and further
implementation of systems for autonomous control of the presented electrical platforms,

b) establishment of non-binding collaboration with the different companies for precise investigation
of possibility to implement the electromobility solutions.

Acknowledgement

The project is funded by the European Union under the European Social Fund under the Smart Growth Regional
Operational Program 2014-2020, project number: POIR.01.01.01-00-0075/17.

Bibliography

1. Lebkowski A. Elektryczne pojazdy ciezarowe — przeglgd technologii i badania wybranego pojazdu.
Zeszyty Naukowe Akademii Morskiej w Gdyni, 98/2017, s. 157-166.
https://sj.umg.edu.pl/sites/default/files/ZN506.pdf

2. Wisniewski G. III Kongres Elektryki Polskiej 2019. Inzynieria elektryczna w transporcie. Zastosowanie
elektrycznego uktadu napedowego do elektryfikacji samochodow dostawczych.

http://3kep.sep.com.pl/program/referat-9.html

3. Wisniewski G., T. Buda. O. Kreft, Zastosowanie elektrycznego uktadu napedowego do elektryfikacji
samochodow dostawczych. Wiadomosci Elektrotechniczne nr 8/ 2020, Tom R. 88, s. 3-10. DOI
10.15199/74.2020.8.1

4. Sprawozdanie merytoryczne z projektu realizowanego ze s$rodkéw Unii Europejskiej w ramach
Europejskiego Funduszu Spolecznego w ramach Regionalnego Programu Operacyjnego Inteligentny

Rozw@j 2014-2020, numer projektu: POIR.01.01.01-00-0075/17.

5. Szewczyk P, Lebkowski A., Uklad napedowy dla pojazdow dostawczych i specjalistycznych jako odpowiedz
na zapotrzebowanie rynku elektromobilnego. Maszyny Elektryczne , Zeszyty Problemowe Nr 1/2021 (125)
s. 155-161.

6. Hugo A. DeCampos, Electrification, autonomous driving, blockchain and in-home delivery: game-changers
in today s world of transportation and logistics. Logistic and transport No. 2 / 2018, Vol. 38, s 7-12. DOLI:
10.26411/83-1734-2015-2-38-1-18

-52 -


https://sj.umg.edu.pl/sites/default/files/ZN506.pdf
http://3kep.sep.com.pl/program/referat-9.html
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-journal-0043-5112-wiadomosci_elektrotechniczne
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-a0584690-dc6c-423e-b6e7-a81dd2d79e5a
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-d99a8f9b-2564-4a70-8c45-b517dba09a2f
http://dx.doi.org/10.15199/74.2020.8.1
https://www.infona.pl/resource/bwmeta1.element.baztech-journal-1734-2015-logistics_and_transport/tab/jContent/facet?field=%5ejournalYear&value=%5e_02018
https://www.infona.pl/resource/bwmeta1.element.baztech-journal-1734-2015-logistics_and_transport/tab/jContent/facet?field=%5ejournalYear%5ejournalVolume&value=%5e_02018%5eVol.__00038,_No.__00002

