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Agenda:

1. Drive frequency converters as common use converter in industry

2. Local industry 600V DC microgrid with green energy

3. Drive frequency converter as a fast battery charging system

Industrial Scenario of Electro Mobility Development
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The main documents changing the production and use of electricity 
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• Key importance for current policies and activities is the so-called the Paris 

Agreement concluded in December 2015 at the 21st Conference of the United 

Nations Convention on Climate Change (COP21).

• In 2019, the European Commission published a communication on the 

European Green Deal, i.e. a strategy whose ambitious goal is to achieve 

climate neutrality by the EU by 2050 - as a world leader in this field.

• In 2020 was establish document 

“Energy policy of Poland until 2040”
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Future industrial power network Heavy EV road and of road vehicles

Prediction of development of industrial EV mobile vehicles and work machines
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Truck & Bus

Off-Highway
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Off-highway – market size and growth
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© Valmet Automotive

Better solution: long-term rental of heavy loaded EV (off-highway) in place of sale!
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Topology of industrial frequency drives – components easy

to use to other kinds of applications, ex. fast EV chargers 

Over 50 years of production of drive frequency converters

1968 1998 2018

https://1drv.ms/u/s!Avw6RtlpJhda5FIncxcmyXE0aK1f?e=GcYZIO
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AC drive
configuration examples
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Main component
topologies

Block diagram of an AC drive
with an intermediate circuit

Main components of voltage drive converters (Variable Speed Drive)
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High-Power Electronic Devices

The application of two 

level inverters for 

powering the tram drives.
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Overview of the electrical power system in EV

The onboard charger (OBC) is an essential part 
of the EV. 
OBC has two main roles: 

- first - charging the battery through the main 
power grid;

- second - power factor correction (PFC) to 
provide high power factor (≈0.99) and low 
harmonic distortion following the standard
power network.

Source - DOI: 10.1109/JPROC.2020.3031041
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Polish Scientific Research Committee purposeful projects:

[1] Modernization of lignite coal excavators’ electrical drive type 

SRs 1200 

–

[2] Study and realization of  electrical drives in conveyor belts 

system with automatic control of belt’s speed

excavators’ electrical
drive type SRs 1200 

Conveyor with control
of belt’s speed

My research projects: VFC in electric drives 

of lignite (brown) coal machines
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Drive of open coast caterpillar machines

The frequencies

for individual frequency converter

The turn radii of the center of individual caterpillar

for right turn are calculated from equations like above

(According to Pythagoras theorem)
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Control of the conveyor drive with adjustable belt speed

High efficiency low speed square cage motors:

SXh355H8Es315kW/500V/742rpm

Voltage frequency converters:

Type FOC 400kW/160%Tnom, then Trush= 2.2Tm nom 13

Drive frequency converters: A, B, C, D the tensioning 

Cage motors: SK11, SK12, SK21, SK22 (4x315kW/500V/742rpm)

the tensioning drum

the drive drum 1

the drive drum 2the turning drum
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The power of the motors and drive sets

of the coal conveyor belts system

of the new opencast “Drzewce”

in „Konin” brown coal mine.

Total length of technological set 

of 7 conveyors with regulated belt’s speed

is about 6 km 

Drive of the conveyor with regulated belt speed
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Drive of the conveyors set  with regulated belt speed

(lignite mine “KWB Konin“) 

15



Prof. Jerzy Szymanski 
University of Technology and Humanities in Radom, Poland

Energy Management

System EMS

Battery Management 

System BMS

Electricity Storage in AC power electricity grid
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Power and energy management

German manufacturer of power backup systems

Hybrid Diesel-PV-Battery System - Australia

Energy storage 800 kW / 1,982 kWh (Lithium-ion)

1,000 kWp photovoltaic system

Diesel generators

http://qinous.de/references/community-electrification-australia/
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Li-ion battery set or energy storage

Single Li-ion cell: Qn=200Ah/Un=3.2V
Set with 100 cells in series connection and 4 paralel branchs creates: 
The set: 3.2Vx100 and 200Ax4 – 320V/800A/256kWh
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https://shop.gwl.eu/Winston-12V-sets/48V-33-6kWh-LiFeYPO4-set-with-700Ah-
cells-BMS-mobile-monitoring.html#tab1

9,000EUR

Li-ion battery set or energy storage - producers

https://www.europe-solarstore.com/storage-and-system-
solutions/solar-battery-packages/byd-sma/byd-battery-box-premium-
lvs-16-0-sma-sunny-island-4-4m-solar-battery-inverter-storage-
package.html
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Battery management system

(BMS) in EV vehicles Normal "Master-on-Top (MOT)" Connectivity

Optional "Redundant Ring" 

Connectivity(e.g. broken wire protection)

https://www.infineon.com/cms/en/applications/solutions/battery-management-
system/battery-balancing/

Cell monitoring

and balancing (CMC)

CMC Isolated   

Transceiver
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DC/DC converter connected between the DC link

and the energy storage

• This brings the load power 
close to the consumption.

• Provides  different voltage 
BES and technology 
adaptations. 

• It increases expandability 
and enables the battery stack 
to be replaced as needed.



Prof. Jerzy Szymanski 
University of Technology and Humanities in Radom, Poland

Road                          Bridges                                         Railway

PV power electronics and control systems steer 

the EU towards green energy
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Dimensions [mm] LxWxH162x150x20

IGBT power electronic chip
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Drive Frequency Converter as a DC/AC/DC Converter

for EV Fast Battery Charging

Components of the FC drive powered from

the DC 600V microgrid has two functions: 

1. motor power supplying (S55 contactor is on) 

2. fast EV battery charging

Drive Frequency 

Converter

Rectifier

u/f special 

characteristic for EV 

battery charging
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5b. Experimental Tests of the DC/AC/DC Converter

Voltage and current of the DC/AC/DC converter rectification load

for various load resistances:

a) maximum rectifier output voltage 500V at stabilized current at

IDC = 5.5A, Rload = 91Ω,

b) reduced rectified voltage to 320V with reduced load

resistance to 58Ω, IDC = 5.5A.

a) b)

Drive FC as DC/AC/DC 

converter for charging EV 

batteries with programmed 

DC output current value (4.0A)

1. Fast 6-diode rectifier

2. Constant voltage side

3. DC chokes

4. Current probe

5. Drive frequency converter outputs
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FAST POINT CHARGER

Low cost FAST CHARGER with VFC’s components

Model of fast charger with VFC’s components
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• Existing drive frequency converter can be adapted for battery charging.

• After using a rectifier attached to the drive inverter, a DC voltage source with 
adjustable value was obtained in such a way that a constant current of battery 
charging was ensured.

• The software functions of drive FCs are used here to shape the inverter voltage 
characteristics and thus the value and quality of the rectified voltage. 

• The use of rectification and inverter implemented in one power integrated circuit 
decreases the negative side effects of the inverter CM voltage. 

Conclusions
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More about it you can find here:
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https://link.springer.com/article/10.1007/s00542-020-05038-7

https://www.mdpi.com/1996-1073/13/18/4791

https://link.springer.com/article/10.1007/s00542-020-05038-7
https://www.mdpi.com/1996-1073/13/18/4791
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Low cost FAST CHARGER with VFC’s components
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Journal of civil engineering and transport

“transEngin” - academic periodic

Journal of civil engineering and transport is a 
scientific journal published since 2019, financed by 
the Kazimierz Pulaski University of Technology and 
Humanities in Radom. It comes out four times a year 
and contains original articles published free of 
charge.
Each article is signed with an individual DOI (Digital Object Identifier) number.

https://transengin.uniwersytetradom.pl/
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Thank you very much for 

participating in my seminar
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