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Abstract: The growth of distributed energy resources in  power systems, mainly converter-coupled 

generators, has forced the evolution of  grid codes, increasing the requirements to be fulfilled by the 

generators before their connection to the mains. Solving this problem is crucial to guarantee the reliability 

and stability of the power system. Current standards force the generators to remain connected when facing 

voltage and/or frequency disturbances and, in some advanced grid codes, also when the generators are facing 

transient phase jumps produced as a consequence of those disturbances. If considering that the increment of 

the distributed generation is mainly done at a distribution level, it is unrealistic to consider voltage and 

frequency events as decoupled phenomena in the testing and certification procedures, as it is currently done. 

The testing device proposed in this paper is able to reproduce voltage, frequency and phase jumps 

disturbances of a controlled value simultaneously, being able to reproduce the real grid behavior reliably. Its 

design is based on standard components with a simple control system, which makes it easily replicable and 

scalable up to the power of the device to be tested. Therefore, the proposed device is an interesting 

commercially competitive testing equipment suitable for certification.  

Keywords: Distributed generation testing equipment, electrical disturbances generator, induction regulator, 

variable frequency transformer 

 

1. Introduction 

Owing to the increasing integration of renewable energy sources (RES) in electrical power 

systems, it was necessary for the system operators to adapt current grid codes, thereby establishing 

new and stricter requirements to be fulfilled for connecting the generators to the electricity 

networks. These standards lay down reference disturbances under which the sources have to remain 

connected. The disturbances are usually voltage dip/swell patterns or frequency disturbances (steps 

or ramps) and in some new and more advanced codes, they are even incorporating phase jump 

requirements [1]. The voltage dip profiles are usually defined as the envelope curves of all voltage 

dips registered over a given period in the electrical network where the code is going to be applied 

[2]. This variety of grid disturbances introduces the necessity of flexible testing equipment being 

capable of reproducing variable patterns, with the aim to certificate the capabilities of all converter-

coupled RES before their connection to the grid. For example in the Spanish system, connection 

requirements are nowadays already very demanding for wind power generators [3] due to the huge 

amount of installed wind power capacity —approximately 22% of the total capacity-23.057 MW in 

2016 [4]—. Such tough voltage dip compliances are still not required in most countries, neither for 

wind nor for other energy sources. However, in the near future the connection of these technologies 

to the grid will also be committed to compliance with equally tough requirements, because the 

European ENTSO-E Network Code on Requirements for Generators (RfG) has been recently 



  

approved (May 2017). This code forces the grid operators to implement the standards in their 

countries in less than three years [5]. 

On this basis, a novel testing device for RES certification is presented in this paper. Its main 

advantage, which makes it unique among all the existing testing equipment [6] is the capacity to 

simultaneously reproduce voltage, frequency and phase jump disturbances with an electrical 

machines-based topology, covering all the requirements demanded by current and expected grid 

codes (following the ENTSO-E guidelines). The lack of power electronics avoids additional 

harmonic pollution on the mains. Further, the proposed equipment is also a flexible, cheap and 

easily scalable device. It is very appropriate for field testing, because it is based on the use of 

asynchronous electrical machines. The device can be easily programmed to change the disturbances 

to be reproduced with simple operation through a designed human machine interface (HMI).     

This paper is organised as follows: Section 2 reviews the main topologies of different testing 

devices suitable for RES certification both at a technical-literature and commercial level, 

highlighting the main differences between them and the testing device proposed in this work. In 

section 3 the device and the operational procedure for test execution are described. Section 4 shows 

the implementation of an initial prototype at laboratory scale. In section 5, the testing device 

performance is analysed, showing different disturbances that the equipment is able to reproduce. 

Finally, in the last section, the main conclusions of the paper are presented.  

2. State of the art of current equipment for testing distribution grid technologies testing 

Owing to their significance explained in Section 1, topics related to the certification process 

and the devices required for testing and validating electrical generators before their connection to 

the grid have been broadly addressed for several years.  

Most of the testing devices proposed today in technical literature and patents focus on different 

devices that are able to reproduce voltage dips/swells. Voltage dips are the most severe disturbances 

that a grid-connected device can experience. In the recent past, these events were responsible of the 

massive disconnection of primitive wind power plants based on squirrel-cage induction generators 

[7,8]. Recently, the widespread installation of distributed energy resources (DERs) into the 

distribution grid, which is weaker than a transmission grid, has forced the evolution of more 

demanding grid requirements.  

There exist three main topologies of electrical disturbance generators (EDG) commonly found 

in literature: topologies based on impedances, on electrical machines (both static and rotating) and 

on power electronics converters.  

2.1. Impedance-based EDG 

Impedance-based EDG have been the most widely used due to their simplicity and robustness. 

However these generators are only suitable for testing low-voltage ride-through (LVRT) and high-

voltage ride through (HVRT) capabilities of the equipment under test (EUT). In [9] the most 

extended setup for the impedance-based topology(shown in Figure 1) is analyzed. The insertion of 

an impedance in parallel, named Zg, at the point of common coupling (PCC) establishes an 

alternative current path, thereby creating a sudden voltage dip with adjustable depth that depending 

on the impedance value. These devices are scalable up to the EUT power. Owing to their 

configuration it is necessary to adjust or change the impedances for the different voltage depths, 



  

thereby making them an unadaptable testing setups. With the implementation of an ad hoc control 

of the electromechanical or static contactors the devices are able to generate single-phase, two-

phase or three-phase dips. In [10], the impedances in the EDG device studied belong to a three-

phase transformer and are also further employed for reproducing single-phase, two-phase and three-

phase faults. However, the equipment maintains the classical T-configuration. Thisthis device could 

be considered as enclosed within the first group. 

 

Figure 1. Impedance-based voltage dip generators  

This configuration is required in LVRT/HVRT testing of wind turbines according to the 

international IEC 61400-21 standard [11]. In Spain, it is also the demanded configuration for testing 

and validating the behaviour of wind turbines and PV installations according to [12]. The main 

drawback of this topology is the influence that the series impedance of the testing device (Zs) 

imposes on the EUT dynamics. In order to minimise this effect, the regulation establishes that in 

case of a short-circuit power at the PCC below 5xthe EUT power and the voltage dip profile must 

be obtained at the PCC through a test with the EUT loaded. Otherwise, the reactances can be 

adjusted in a no-load test and considered suitable for the test cases with load. Despite its limitations, 

this is still the most common topology used by manufacturers, such as Enercon or Gamesa, in 

accordance with the IEC standard. The certification of their 5MW wind turbine series is 

accomplished in the Wind Turbine Test Laboratory (LEA) of the Spanish National Centre for 

Renewable Energy (CENER) [13,14]. 

2.2. Electrical machines based EDG 

Electrical machines-based EDG devices use as main element an electric machine, either static 

or rotating. Most of the testing equipment uses the combination of transformers with any kind of 

electronic power modules, such as SCRs or IGBTs [15,16] as shown in Figure 2. 

 

Figure 2. Transformer-based voltage dip generator  

As main advantage to highlight, these devices are easily scalable, because the transformers and 

power electronic modules exist commercially up to the voltage and power levels that would be 

required by the DERs to be tested. In order to make the testing device more flexible, usually tapped 

transformers are employed to check several voltage dip patterns. Reference [17] uses a combination 



  

of a tapped transformer.With tap inductances, and with this configuration, the device can test EUTs 

up to 10 MW. The main advantage of these systems is that they are able to generate voltage dips, 

frequency disturbances and phase jumps, as the EDG device proposed in this paper. However, it can 

not reproduce all of them simultaneously. Within the electrical machines-based group, only two 

EDG devices appear in technical literature that were explored as devices using synchronous 

generators [18,19]. The synchronous generators present the advantage, over the simplest 

impedance-based ones, of being able to reproduce both voltage and frequency disturbances by 

adjusting field excitation and mechanical power of the turbine respectively. However, the scalability 

of these devices implies very high costs that make them unaffordable.This caused this topology to 

be relegated in the last years with no significant improvements in the regarding research area. Apart 

from that, only symmetrical faults can be reproduced with this topology and the synchronous 

machines have high ramping times (up/down). Hence the reproduction of the grid behaviour is 

unrealistic.   

2.3. Full-converter-based EDG 

Full-converter testing devices are, up to the present, those which have been more deeply 

investigated [20–23]. 

 They are very flexible devices that can modify the amplitude of voltage, frequency and 

phase shift. Therefore they are suitable for performing a wide test range [24]. In this topology, there 

is a decoupling between the undisturbed grid and the EUT, as shown in Figure 3.   

 

  

Figure 3. Standard topology of voltage dip generator based on full-power converter 

 

The main drawback associated with full-converter testing devices is the high cost of the electronic 

components for big power EUT to be and a more complex control system [25]. Additionally, this 

equipment introduces a unnatural distortion in the voltage waveform. Owing to the currents that are 

supplied by the EUT during fault period, full-converter-based topologies need to have a high short 

circuit capacity in order to maintain a stable operation and to avoid the EUT distortion created by 

the grid emulator. This leads to the necessity of oversized converters to stand up against voltage 

disturbances. The effect can be seen in the ABB ACS 6000 [26], the mutimegawatt grid simulator 

of NREL [27] or the 8MW-full-converter  present in the Göteborg testing site (Göteborg Wind Lab) 

[28]. These devices remain still implemented for low voltage levels for inverter testing and there are 

no commercial prototypes extensively spread for high voltage (HV) applications.  

 

3. Description of proposed testing device and operational procedure 

 

The novel testing prototype presented in this paper is composed of two coupled electrical 

machines (standard asynchronous machine with a wounded rotor and an ad-hoc designed electrical 

machine) with their associated drives, a switchgear, a control gear, and a data acquisition and 



  

monitoring system. As the prototype is based on electrical machines instead of power electronics, 

the voltage waveform exhibits no additional distortion that could potentially affect the controls of 

the device under test. In addition, it is  a relatively inexpensive and easily scalable device based on 

asynchronous machines that are standard or can be standardised, thus reducing manufacturing costs. 

In a first approach, neglecting minor equipment and assuming similar costs for the control systems 

(even the control of a full-converter is highly complex), it could be concluded that this topology 

would be approximately 10% cheaper than their up scaled competitors based on full-converters (for 

a 2MW-prototype). Indicative costs have been calculated from cost breakdown of an onshore 

commercial wind turbine Vestas V80 with 2MW [29], where the asynchronous machine represents 

3% [30], while the cost of a full power converter lies between 7% and 12% of the total costs for 

wind turbine [31]. If considering that the full-power converters of the testing devices are usually 

oversized (section 2.3.), savings for a testing device with the proposed topology can be even higher.  

A general scheme of this testing device is shown in Figure 4, where the EUT has been 

assumed to be a wind turbine. 

The first electrical machine connected to the grid is a variable-frequency transformer 

(VFT).  A VFT is a phase-shifting transformer that operates with a controllable phase shift and, 

thus, is able to regulate the power flow. It is a very new electrical machine for power flow control 

and the first one started its operation in 2004 for interconnecting the asynchronous power systems 

of USA and Canada [32, 33]. 

The second electrical machine connected in cascade with the VFT is an induction regulator. Its 

possibilities were well explored in the first half of the 20
th
 century and several patents have been 

published [34–36]. The induction regulator is an economical, robust and easily scalable device. In 

spite of this, its use in industry has been infrequent (only to regulate voltage levels in electrical 

power systems, in railway electric traction or to control the voltage of a feeder) but the development 

of tapped transformers eventually replaced it [37,38]. Currently, there exists no testing device 

topologies using an induction regulator (see Section 2). The induction regulator is a classical 

asynchronous machine with a wound rotor that is blocked and the angle between both windings is 

controlled. By using a servodrive linked to the rotor, a continuous rotor/stator angle adjustment is 

achieved and full reproduction of any voltage profile, with any depth and recovery ramp can be 

done regardless of the grid code. The device proposed in this paper thus allows simultaneous 

reproduction of different types of disturbances (voltage dip/swell + frequency disturbances + 

controllable phase jumps). The design of the induction regulator in this prototype is intended to 

decouple the operation of the EUT and the disturbance generator. Thereby the design limits the 

impact of the EUT current injection on the disturbance generator and, thus, avoids the need to 

oversize the testing device, as happened with full-power converter devices (see section 2.3.).  

As the proposed testing device can reproduce all above-mentioned disturbances 

simultaneously, it is especially suitable to emulate the real behaviour of distribution grids, where the 

high R/X ratio does not allow the decoupling of voltage and frequency disturbances. Hence, DERs 

can be tested under real-field conditions.  

 



  

 

Figure 4. General scheme of the proposed testing device 

 

The testing device is placed between the mains (through contactor KM1 in the figure) and the 

DER to be tested (through contactor KM7). The electrical machine EM1 (the VFT) is powered by 

the main grid and is responsible for the phase jumps and frequency disturbances. Even the EM1 is a 

VTF, its functions in the testing device are twofold and none of them comprises the power flow 

control: 1) it modifies the frequency of the mains and 2) sets an initial angle to create a controlled 

phase jump. The control system acts on a servodrive that, by using of a servomotor adjusts the 

initial angle between rotor and stator axis as well as the rotational speed (ω) of the machine . 



  

The induction regulator, EM2, creates voltage magnitude disturbances. The rotor and the stator 

windings are connected as shown in Figure 5. The rotor is not freely moving but controlled by a 

servodrive linked to a servomotor. Hence, a simple buck-boost device can be obtained, and the 

voltage applied to the EUT, Uo, is the difference between rotor (Ur) and stator voltages (Us), as 

shown in Eq. (1).  The single-phase scheme of the induction regulator connection is shown in 

Figure 5 (a) and the corresponding phasor voltage diagram for two different shaft positions is 

displayed in Figure 5(b). 
 

                             (1) 

 

 

 

 

 

 

 

 

 

   (a)                                                                      (b) 

Figure 5. (a) Single-phase diagram of induction regulator EM2. (b) Voltage phasor diagram  

 

 Equation (1) can be rewritten as equation (2), applying the law of cosines to the phasor 

diagram (see Figure 5(a)), considering the relationship between the stator and rotor voltages 

through the transformation ratio (k) and the relative position between the coil of a rotor phase and 

the corresponding coil of the stator phase ( ),. 

 

                      
    

                    (2) 

 
In order to get the depth in the lower part of the dip as close as possible to zero (as required in 

many grid codes), the value of the transformation ratio must be close to unity. Therefore it can be 

assumed, without committing a noticeable error, that the output voltage of the induction regulator 

can be approached by a more simple expression (Equation (3)) 

 

                                      (3) 

 

The control program for the proposed testing device has been developed in a 

Matlab/Simulink® environment through its real-time interface (RTI) for hardware-in-the-loop 

simulations with dSPACE DS1104 boards. Each of the servomotors, SM1 and SM2, which drives 

each electrical machine, has been controlled by a cascade control with two nested loops, as shown 

in Figure 6. 



  

 

Figure 6. Control loops for the electrical machines of the testing device 

 

The use of a cascade structure grants a better control of the primary variable which is less 

affected by external disturbances. The Matlab/Simulink® controllers have been developed for its 

implementation into the dSPACE DSP boards, which operate as master controllers, while  

Schneider Altivar and Baumüller servo drives (SM1-SM2) control the internal loops, behaving as 

slaves. For the VFT (EM1), the difference between measured frequency in Hertz from (f) and the 

set-point (f*) given by the user sets the speed reference (n*) in rpm for the servomotor SM1. The 

frequency is estimated through the recording of the voltage curve and the use of a PLL. In a similar 

way, the comparison between measured voltage (Uo) and  reference voltage (U*) in the induction 

regulator, EM2, results in the generation of the set-point rotor-stator angle (α*) for the servomotor 

SM2.    

The implementation of the control in Matlab/Simulink® has been accomplished in a block 

structure that can be identified in Figure 7.  

 

 Block A: Initial calibration 

 Block B: Generation of voltage dips 

 Block C: Max./min. voltage and angle values from calibration 

 Block D: PI controller for voltage magnitude disturbances 

 Block E: Frequency disturbances and phase jump block generation 

 Block F. Measurement acquisition system and sensoring calibration 

 Block G: Operation of cabinet switches 

 



  

 

Figure 7. Matlab/Simulink® control  

 

In order to operate the proposed testing device, the selection of the disturbance to be applied 

must be done. If a voltage dip/swell is required for the test, the selectable parameters of this 

equipment are the following: the step magnitude, span and recovery ramp. If a frequency 

disturbance is required, multiple patterns such as steps, ramps, or swings can be selected by the 

testing equipment user. Additionally, the selection of an initial phase shift is feasible. The logic 

associated to the contactors allows an independent operation of the two electrical machines.  

When the test to be performed involves the operation of the induction regulator EM2, a 

preliminary process that has been included in the operation program must be conducted. This test is 

intended to find the angles 0º and the angle 180º of the rotor shaft, which will be later used as a 

variable parameter to determine the depth of the voltage magnitude disturbance. In a 4-pole 

machine and in a complete turn, two maximum and minimum values are reached. Ideally, the 

minimum voltage in the output of the induction regulator would be zero and the maximum would be 

2 p.u. However, this would only happen in the case of full compensation of the  rotor and stator 

e.m.f.᾽s and considering zero-internal voltage drop. As this is not feasible in a practical way, the 

calibration to find and store the real minimum and maximum voltage levels as well as their 

associated angles is essential. Once the calibration process is completed, the testing device remains 

in a standby position at the angle that gives the pre-fault voltage value and waits for the control 

program triggering signal.  If the selected disturbance is a voltage dip/swell, the contactor KM6-

KMT1 suddenly opens and, simultaneously, contactor KMT2 closes (see Figure 4). The resistor Rlim 

is installed in the equipment to avoid a short-circuit associated to the open-close transient process. 



  

An instant later, the contactor KMT4 closes and opens, causing a very brief short-circuit through 

resistor Rcc and thus, producing an initial sharp drop of the voltage dip. If required, the connection to 

the Rcc neutral point can be grounded, in order to receive zero voltage for zero-voltage ride-through 

testing (ZVRT). Otherwise, the internal drop of the induction regulator settles the minimum of the 

voltage depth. 

After this sequence of contactor operation, the EUT remains connected to the output of the 

induction regulator, EM2, with closed contactors KM4 and KM5. In addition, the angle control 

takes the lead to reproduce the full voltage dip pattern. If EM1 is connected in cascade, also the 

frequency and phase jumps disturbances are applied (in this situation,  contactor KM5 remains open 

and KM2 and KM3 are closed). A simplified flowchart of the operational procedure for creating the 

voltage disturbances is shown in Figure 8: 

 
 

Figure 8. Diagram of voltage disturbance operation mode.  

 

The dynamic of the proposed system is highly non-linear and the request to the PI controller 

regarding the voltage magnitude is extreme. The disturbances occur during a sudden change of the 

set-point, which seriously affects the performance of the PI controller. The proposed controller was 

designed by including an anti-windup back-calculation algorithm with tracking to prevent the 

integrator wind-up when actuator saturation occurs.  

 

 

 



  

4. Experimental setup 

A commercial asynchronous machine has been used for the VTF (EM1). However, the special 

implications of the induction generator have required a specific electromagnetic design in order to 

match the operational requirements of the testing device. The EUT connected to the output of the 

induction regulator determines a fixed circulating current by the stator of EM2. That value responds 

to the load levels established by the national regulations or the verification and validation 

procedures linked to the grid codes. For example, in Spain, the regulation currently in force for the 

mainland territory, PVVC 12.3, settles load values of 10-30% when the EUT is partially loaded and 

over 80% at full load [12]. In other countries, such as Great Britain, the validation tests have to be 

always conducted with a fully loaded EUT (a wind turbine, in this case) [11]. The current flow in 

the EM2 machine causes an internal voltage drop. This voltage drop establishes the minimum 

voltage dip depth that can be reached with this prototype, regardless of the profile settled by the 

user. The problem appears because, depending on the EUT, the remaining voltage at the output of 

the testing device can be higher than the grid code to test compliance with required voltage. that the 

sane happens in impedance-based commercial prototypes or in electrical-machine based prototypes 

(see section 1) where specific adjustments of the controller parameters have to be done according to 

the validation code in order to minimise the effect for any test. To overcome this problem, the 

testing prototype has been designed with an ad-hoc induction regulator (5 kVA) with a specific 

design that optimises the ampere-turns ratio and reduces leakage fluxes in the electrical machine 

with a dedicated electromagnetic slot shaping and air gap sizing.  

A schematic view of the main constituent parts in this testing prototype as well as the control 

and monitoring system is presented in Figure 9. The green arrows represent the relations between 

components through control signals and the dark blue lines represent the test points where 

measurements are collected for monitoring (output voltage of EM1 for frequency measurements and 

a resolver in the EM2 shaft for angle measurement).  

  

Figure 9. Scheme of electric drive system 

 



  

The control system is based on two dSPACE DS1104 R&D controller boards used for real-

time implementation of the closed control loops. They are responsible of controlling the set of 

electromagnetic contactors as well as the reproduction of the disturbances and have been 

programmed, with Matlab/Simulink® as previously mentioned. The associated dSPACE software 

(ControlDesk Next Generation) has been used for the development of the HMI to allow the user an 

easy and intuitive handling of the testing device.  

The DSPs, switchgear and control gear are integrated in an electrical cabinet. As the voltage 

generator is intended to be used as a field-test device, compactness is one of the most valuable 

characteristics for the prototype. The lab setup is shown in Figure 10: 

     

 

 

 

 

 

 

 

 

 

   (a)                                    (b) 

Figure 10. Laboratory setup of testing device prototype. (a) Electrical cabinet. (b) Electrical 

machines,drives, and HMI/operator screen. 

 

5. Performance evaluation of the prototype 

 

5.1. Frequency disturbances 

The programming of the SM1 drive allows the reproduction of frequency disturbances in a 

range of ±5 Hz with EM1 (VFT). This range is sufficient for EUT testing according to any grid 

code [39] applicable to an interconnected system but also to isolated systems where the 

requirements are tougher. Two general profiles, corresponding to frequency ramps and swells have 

been initially programmed. They are depicted in Figure 11, where set-point signals and the 

corresponding outputs are represented. Frequency steps can also be feasible realised with smaller 

ramping times and, in general, any other profile could be easily programmed and incorporated to 

the testing device if needed.  



  

 

Figure 11. Sample ramp and oscillation during under/over-frequency disturbances 

 

5.2. Voltage disturbances 

 

An example of the reproduction of over/under-voltage disturbances used for testing LVRT and 

HVRT compliance as well as voltage dips is shown in Figure 11(a) and Figure 11(b).  

 

(a)                              (b)                 



   
(c) 

Figure 12. Voltage disturbances. (a) Voltage swell (b) Voltage dips with rectangular profile. (c) 

Several voltage dips regarding different grid codes.  
 

A selection of feasible profiles that can be reproduced with the proposed device can be 

observed in Figure 12(c), where the maximum and minimum B, C and D profiles are those required 

in the ENTSO-E code [5]. P.O.12.3. makes reference to the current standard applied for mainland 

territories in Spain [3], while P.O.12.2.-SEIE refers to the grid code for  Spanish overseas territories 

[40]. Finally, draft P.O.12.2. is a Spanish code that could be applicable in the near future [41] and 

ISOL is a general profile that would be the evolving curve of the main grid codes in isolated 

territories [33]. The ZVRT is obtained with direct grounding of the Rcc neutral point. Otherwise, the 

voltage depth is determined by the internal drop of EM1. With the specific electromagnetic design 

of the induction regulator this remaining voltage is approximately 4% of the nominal voltage, thus 

permitting the reproduction of all the existing patterns in the grid codes. In Figure 12(a) and (b) the 

voltage reference set-points and the tracking curves have been included. Additionally, in Figure 

12(a) the output voltage in the induction regulator after calibration stage is shown. The angle is set 

in accordance with the corresponding voltage to be applied to the EUT after the contactors 

operation. Regardless of the rise time and overshoot, it can be observed that there is a constant 

delay when tracking the reference for approximately 100 ms. The servomotor has measures the 

angle internally to perform the inner loop control for the voltage disturbance (see Figure 6). To have 

external access to the inner control loops to analyse the reproduction delay of the disturbance, an 

analogous resolver that gives a 0–10 V-voltage level proportional to angle α has been installed in 

the benchmark of EM1. It can be concluded that the delay appears as systematic errors linked to the 

commercial servodrives SM1 and SM2. However, this delay has been considered in the control 

program to avoid its impact on the regulation. Thus, the disturbances last as required for the codes 

and the delay has no effect on the final device response. The delays in the voltage measurement and 

in the frequency estimation by means of the PLL have been also properly compensated in the 

control program, avoiding an addition of extra lags to the mechanical delays. 

In Figure 13 the inner control loop of EM2 has been plotted and the abovementioned delay can 

be observed (see also Figure 6).  



  

 

 
 

 

 

 

 

 

Figure 13. Angle set-point and tracking in SM2/EM2 
 

The delay, a consequence of the performance of the commercial regulator, it is analysed for a 

performance evaluation of the testing device which does not have a direct impact over the EUT. As 

the prototype is used for offline testing and certification processes, response speed is not a 

requirement of priority. As it is present in both regulators, the delay has no effects on the final 

disturbance applied to the EUT, which will have the extension set by user according to the relevant 

grid code.  

5.3. Combined disturbances 

 

For demonstrative purposes, a multi-disturbance of voltage, frequency and a phase jump is 

created with the device the results are displayed in Figure 14. In Figure 14(a) the RMS voltage set-

point and tracking can be seen. It must be kept in mind that up to the starting time of the disturbance 

(t=0s), the EUT is connected to the grid through contactors KMT4 and KM6-KMT1 and only after 

the disturbance has been launched, the EUT is connected to the grid through the EM1 and EM2 

machines. As a summary of the full operation sequence, the voltage applied to the EUT (green line) 

is effectively the full-voltage dip profile while the reference (blue line) only exists after t=0s. In 

Figure 14(b) the reference signal and tracking of the frequency disturbance is displayed. Finally, in 

Figure 14(c) the pre-fault phase jump together with the phase jump are shown. The later occurs 

naturallybecause of the modification of the circuit impedances in case of a fault. The pre-fault value 

is the controllable part of the phase jump which is added by the testing device according to the 

testing device operator requirements.  

 



  

 

(a)                                                     (b) 

 

                                          (c) 

Figure 14. Multi-disturbance reproduced with testing device. (a) RMS voltage set-point and 

tracking. (b) Frequency set-point and tracking. (c) Voltage curves: undisturbedgrid vs. 

disturbed grid at the prototype output. 

 6. Conclusions 

The expected growth of the distributed generation, mainly intermittent, in electrical systems 

has forced a tightening of the requirements in the grid codes. This forces the need to develop 

advanced but flexible devices capable of validating the behaviour of the new distribution grid 

technologies prior to their connection to the electric network. Among all the topologies that have 

been proposed in technical literature, only a few of them are commercially available. They are 

mostly based on voltage dividers, with a T-configuration for LVRT/HVRT testing. Promising 

progresses are being accomplished in the use of full converter topologies for implementation at a 

bigger scale. Even these devices are common in research and development labs, regarding low 

voltage levels for invertertesting in distributed generation, the devices are still not commercially 

spread at HV levels due to their more complex control and higher costs. In this paper, a novel 

proposal for a testing device based on induction machines has been presented. It is able to serve as 

testing device suitable for certification as it is easily scalable with standard electrical machines. It 

allows the reproduction of all voltage patterns, frequency disturbances and phase jumps required by 

regulations with a much simpler control than compared with full-converter topologies. In this work, 

the topology as well as its operational procedure have been presented. Finally, the implementation 

and preliminary tests done with a 5kVA-prototype have been reported as a proof-of-concept.  
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Symbols and abbreviations 

DER Distributed energy resources 

EDG Electrical Disturbances’ generator 

EUT Equipment under test 

HMI Human machine interface 

HVRT High voltage ride through 

IGBT Insulated gate bipolar transistor 

LVRT Low voltage ride-through 

PCC Point of common coupling 

PLL Phase locked loop 

RES Renewable energy sources 

RfG Requirements for generators 

RTI Real-time interface 

SCR Silicon controlled rectifier 

VFT Variable frequency transformer 

ZVRT Zero voltage ride through 
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 Novel testing device for distribution grid technologies’ certification 

 Able to reproduce voltage, frequency and controlled phase jumps simultaneously  

 Based on electrical machines and managed by a simple control system to make it easily 

handy by the user 

 Easily replicable, scalable and based on electrical machines that can be standardized in 

order to be commercially competitive 

 


