
 

TESTING EV CHARGERS AND FAST CHARGERS 

 
Introduction 
 
The infrastructure that forms the crucial link between an electric vehicle (EV) and the electrical source that 

will charge the batteries is the Electric Vehicle Supply Equipment or EVSE. In this article, we will take a 

closer look at current and emerging EVSE technologies. The standards associated with them and the 

opportunities to test them. 

 

Charging methods 

A distinction is made between four charging modes whereby the term 'mode' refers to the charging 
technology (power, communication and safety). 

• Mode 1 is unlimited charging via a standard 230V AC socket. The maximum charging current is 10A 
depending on the region. This charging method works without a current limiter and is therefore rarely 
used for larger vehicles for safety reasons. This charging method is more suitable for e-bikes. 

                        

• Mode 2 is a safer method of charging via a standard 230V AC socket. It makes use of a charging cable 
with a built-in current limiter. The electronics in the charging cable communicates with the car to start 
or stop the charging process. As in Mode 1, the charging current is also 10A or 2.3kW. Fully charging a 
100kW battery like in the Tesla X will then take several days. In practice, this method is therefore only 
suitable for hybrid vehicles equipped with batteries of less than 20kW. 

                       

 

 

 



 

• Mode 3 is metered charging where there is communication between the charge point and the vehicle 
about the correct power. A separate circuit is provided to which the AC charging point is connected. 
This allows for higher capacities up to 7.4kW single-phase, 22kW (32Ax3) three-phase and even 43kW 
(63Ax3) three-phase. This charging method is the only one that is standardised and must comply with 
the IEC61851 standard. To charge the battery, in Mode 1 to 3 the alternating current is converted to 
direct current by the inverter in the vehicle. 

                                                          

 

 

• Mode 4 is charging with direct current, also called fast charging. The conversion of alternating current 
to direct current takes place at the charging point itself. So no inverters are used in the electric vehicle. 
Also the control of the charging and the monitoring of the safety limits is taken care of by the charging 
station. Because the limits of the inverter in the vehicle do not have to be taken into account, much 
greater capacities can be used. This mode is used for fast charging with powers from 50kW to >1MW. 
For example, the recently launched Tesla V3 DC supercharger, a charging station with 4 charging points 
of 250kW and a total capacity of 1MW. 

 

                          



 

 

Automated charging 

In addition to manual connection to charge the battery, there are also ways of automated charging, or 

Automated Connect Device (ACD). 

 

• Charging with pantograph. This charging method delivers a high conductive energy transfer from 

the charging infrastructure in a very short time. This charging method is mainly used for charging 

large electric vehicles such as buses but also other applications such as E-trucks and port and 

airport vehicles. Currently, two variants of these ACD systems are widely used in buses, namely the 

top down pantograph (built into the charging structure) and the roof top pantograph (built on the 

roof). These systems are available in both AC and DC versions and can generate up to +600kW. 

There are already developments up to 900kW and 1200kW loaders. Communication to position the 

vehicle and to make contact with the charging point takes place wirelessly or via PLC. 

 

Pantograph charging is mainly used for very rapid recharging of buses, for example at the end of a 

journey or at interchanges. In this way, city buses can be charged within minutes for the next 

journey. In this method, the pantograph is built into the charging infrastructure. The rooftop 

method is the most commonly used ACD charging variant. The pantograph is located on the roof of 

the bus and makes mechanical contact with the charging infrastructure above it before charging. 

 

  



Wireless Induction Charging. This form of charging is done without the need for cables. Energy is 

transferred via a magnetic field. This field is created between two magnetic coils. One of these coils is 

located in the car and the other in the charging platform. Energy is transferred via a magnetic field between 

the two coils. With induction charging, charging takes place using alternating current, which is converted to 

direct current in the vehicle. Efficiency is another point that is being worked on. The power losses with 

induction charging can be as high as 25%. This type of charging is still under development and is currently 

only used for smaller capacities. No standards are foreseen yet. 

- There are many applicable standards in the field of electric mobility. International standards that define 

the requirements of all equipment to ensure safe use. Think of the standards that apply to the 

development of components such as the inlet and outlet plugs used for charging. The charging points, the 

electric vehicle and the communication interfaces are also subject to imposed standards. Due to the many 

and rapid developments in electro-mobility, some of these standards are still being developed. This is the 

case, for example, with the IEC 61851 standard for conductive charging. 

 

 

Connector types and standards 

There are various types of connectors (outlet, plug, inlet) for charging electric vehicles. Different car brands 

use different types of connectors. This depends on the region where they are most commonly used and 

whether they charge on alternating or direct current. The European Commission has designated the Type 2 

Mennekes connector as the standard for regular AC charging up to 22kW at home and 43kW at public 

charging stations.  To have the possibility to charge the car with both AC and DC current, the CCS Combo 2 

connector has been the standard since 2017. Almost all new electric cars are equipped with this type of 

connector. DC charging is hereby possible up to 350kW. To cope with even higher charging capacities, there 

are currently a lot of developments in the field of liquid-cooled CCS1 and CCS2 connectors. 

Below is an overview of the most common connectors.   

 

 

 



• There are many applicable standards in the field of electric mobility. International standards that 

define the requirements of all equipment to ensure safe use. Think of the standards that apply to 

the development of components such as the inlet and outlet plugs used for charging. The charging 

points, the electric vehicle and the communication interfaces are also subject to imposed 

standards. Due to the many and rapid developments in electro-mobility, some of these standards 

are still being developed. This is the case, for example, with the IEC 61851 standard for conductive 

charging. 

 

Smart charging technologies 

Is smart charging the future? 

Smart Charging is a broad term used to describe the ability of smart technologies to remotely control the 

charging transaction. There is currently a strong increase in the use of electric vehicles and simultaneous 

charging brings with it peak loads. This can cause negative impacts such as power grid failures and on 

energy transport infrastructure. However, the extent of the negative impact on the network infrastructure 

can be mitigated by integrating smart charging into the network. When charged smartly, electric vehicles 

can not only avoid overloading the local electricity grid, but can also provide energy to flexibly fill energy 

gaps. Smart charging can also ensure that an electric vehicle is charged at the most optimal time, when 

costs are low and the supply of (renewable) energy is high.   

 

 

 

 

 

 

 

 

 



From V1G to bi-directional V2G  

V1G charging, also known as uni-directional controlled charging, has been known for a few years now. The 

charging of electric cars is regulated in such a way that the charging capacity can be increased and 

decreased when necessary. In some regions, it is even impossible to charge between 5 and 8 because the 

network load is too high then. 

Vehicle-to-Grid or V2G goes one step further with its bi-directional concept and makes it possible to also 

temporarily send the charged power back to the electricity grid to balance variations in energy production 

and consumption. This balance is becoming increasingly complex with the advent of renewable energy 

sources with highly variable production levels. With V2G, the energy in the electric vehicle's battery can be 

fed back into the grid. This allows the electric vehicle to serve as a buffer capacity to support the grid and 

absorb possible peak loads. On the other hand, excess electricity produced can be absorbed by the vehicles. 

V2G technology works by means of specially designed  

bi-directional charging stations. These charging stations may soon become an essential part of the energy 

transition and a stable energy network. 

Source: https://english.rvo.nl/sites/default/files/2020/10/V2X%20in%20the%20Netherlands-

%20Report.pdf 

 

In the near future, any battery on wheels can contribute to the balance between supply and demand in the 

electricity grid. 

 

Vehicle to Everything (V2X) 

Another development in the field of smart charging is V2X or Vehicle to Everything. V2X is also a bi-

directional concept and can best be described as V2G with additional benefits such as accessibility and 

efficiency. Some applications of V2X include Vehicle to Home (V2H) or Vehicle to Building (V2B). Depending 

on the concept, the energy from an EV battery is used for the consumers of a household or office. The 

electric vehicle can make energy available even when feeding it back to the grid is not possible. 

V2X increases accessibility and efficiency compared to V2G charging points. V2G chargers do serve their 

purpose, but they are extremely large. As a result, the installation processes are not as simple and require a 

lot of resources to install. The V2X charger is characterised by its small size and low weight, making it more 

suitable for easy installation at private homes, offices and many other locations. In addition, the response 

time for changing the charging direction has increased significantly, making the V2X superior in terms of 

energy efficiency.  

Source: 

https://newmotion.com/en/knowledge-

center/news-and-updates/the-future-of-ev-

charging-with-v-2-x-technology 

 

 

https://english.rvo.nl/sites/default/files/2020/10/V2X%20in%20the%20Netherlands-%20Report.pdf
https://english.rvo.nl/sites/default/files/2020/10/V2X%20in%20the%20Netherlands-%20Report.pdf
https://newmotion.com/en/knowledge-center/news-and-updates/the-future-of-ev-charging-with-v-2-x-technology
https://newmotion.com/en/knowledge-center/news-and-updates/the-future-of-ev-charging-with-v-2-x-technology
https://newmotion.com/en/knowledge-center/news-and-updates/the-future-of-ev-charging-with-v-2-x-technology


EVSE test set-ups 

The safe, convenient and efficient charging and discharging of electric vehicles is essential for the 

breakthrough of electromobility. High demands are placed on the interface between charging point and 

electric vehicle. The charge point must also meet high standards when feeding power back into the grid to 

guarantee grid quality and stability. For the optimisation and further development of these crucial factors, 

extensive tests with network emulation and vehicle emulation are indispensable. 

These are therefore the two most important elements in testing charging stations. The grid emulation 

simulates the grid with all possible fluctuations and contaminations. An adjustable load in combination with 

a vehicle communication simulator simulates the characteristics of the electric vehicle and battery.  

An overview of the various test set-ups for the different charging modes, extensions for the V2G / V2X 

charging stations and a multifunctional set-up: 

EVSE Mode 2 test set-up for charging cables with current limiter and Mode 3 single-phase charging 

stations. 

The test set-up consists of a single-phase AC grid emulator, an AC electronic load, a power analyzer and 

possibly a communication simulator. The maximum power when using a charging cable is 2.3kW. With 

single-phase charge points this is 3.6kW or 7.2kW. 

We can simulate the mains voltage offered by the charging cable with a single-phase mains emulator. With 

the network emulator, we can create voltage variations such as peaks and dips. It is also possible to 

simulate frequency fluctuations or to add harmonic components to the 50Hz/60hz fundamental frequency. 

Most emulators have a LIST function with which these patterns and events can be easily programmed to 

perform normality tests.  

The AC electronic load here replaces the electric vehicle and the OBC (On Board Charger). The regenerative 

nature of the electronic load ensures that the power demanded is not just lost in heat but is returned to 

the grid. Efficiency levels of <90% are no exception with the most recent models. If necessary, a 

communication simulator can be used and a power analyzer can be used. More info about this at the 3-

phase test setup. 

 

       



                 

EVSE Mode 2 

The solutions that TTMS can offer in the area of 1-phase grid emulation include the Itech 7300, 7600 and 

7800 series. At Chroma we find the 61500 and 61600 series AC power supplies. But also AC loads like the 

Itech IT8600 (non-regenerative) and the Chroma 63800 series are suitable solutions. 

 

• EVSE Mode 3 test setup for 3-phase load stations 

For a 3-phase mode 3 test setup, we have to consider power ratings up to 43kW. The 3-phase grid emulator 

must be capable of simulating all possible variables of a 3-phase grid. This includes voltage peaks and dips, 

variable frequencies, phase shifts and harmonic distortion. Preferably, the possibilities are then adjustable 

per phase. Cinergia, Itech and Chroma all have interesting solutions for this. For example, for simulating 

mains disturbances, built-in IEC 61000-4/11/13/14/28 standards tests are a practical addition. 

With higher power ratings, the regenerative concept of an AC load becomes even more important to 

reduce effective consumption. Regenerative 3-phase AC loads from 7.5kW can be found at Cinergia, Itech 

and Chroma. 

A communication simulator between the charging station and load provides a simple test procedure and 

analysis of the complex charging process. Thus, the most common charging standards AC/DC-CCS Type 1 + 

Type 2, CHAdeMO and GB/T China can be easily verified. 

 

 

https://tt-ms.com/product/it7300-programmable-ac-power-supply-itech/
https://tt-ms.com/product/itech-it7600-series-ac-power-supplies/
https://tt-ms.com/product/itech-it7800-high-power-programmable-ac-dc-power-supplies/
https://tt-ms.com/product/chroma-61500-series-single-and-three-phase-ac-power-supplies/
https://tt-ms.com/product/chroma-61600-series-single-and-three-phase-ac-power-supplies/
https://tt-ms.com/product/the-itech-it8600-series-ac-loads/
https://tt-ms.com/product/63800-series-ac-loads-chroma-ate/


 

With the power analyzer, precision measurements can be performed and logged. Among others V, A, Hz, 

W, VA, VAR and PF and a graphical analysis of the harmonic spectrum. 

 

To obtain higher powers, power supplies or loads can be placed in parallel. In this way, a test setup can 

easily be expanded if required. 

 

 

 

EVSE Mode 3 

 

 



• EVSE Mode 4 test stand for fast charging DC power stations 

The development in DC fast charging stations is evolving rapidly, with capacities exceeding 1MW. A 

modular test rig offers the flexibility to expand as needed. With the Cinergia GE+ vAC grid emulator, up to 

eight power supplies can be connected in parallel for powers in excess of one megawatt. A good emulator 

efficiency is obviously important with these high powers, as we want to convert as little power as possible 

into heat.    

The Cinergia B2C+ can be used as a DC load. Here, too, there is the option of modular expansion for high 

power outputs and the regenerative design for energy saving.      

 

 

 

EVSE Mode 4 

  

https://tt-ms.com/product/cinergia-ge-ac-series-regenerative-grid-emulators/
https://tt-ms.com/product/b2c-series-bidirectional-battery-charger/


• EVSE Multifunctional Bi-directional Test Set-up (V2G and V2X) 

In order to provide a test solution for both AC and DC charging stations - uni-directional and bi-directional - 

there is a multifunctional test stand that integrates all possibilities in one set-up. These all-terrain 

converters combine the full functionality of an AC/DC power supply with all the possibilities of an AC/DC 

electronic load. The possibility of modular expansion gives the user maximum flexibility and security for the 

future. In this way, the set-up can also be used for testing and simulating batteries, AC and DC electric 

motors and all types of inverters. 

 

EVSE Multifunctionele bi-directionele testopstelling (V2G en V2X)    
 

 

 

 


