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Photovoltaic Simulators 

PVS series 

PVS 1000/LV 

The High Speed Simulators 

The relating standards: 

IEC/EN 50530 

IEC/EN 62116 

VDE 0126-2 

IEEE 1547 

 

 
  

 
Fig. 2: PVS 25000 

 
Fig. 1: PVS 1000/LV 

 

 

 Free programmable I/V characteristics 

 Different solar cells and also partly shadowed  

PV-generators can be simulated. 

 Fast response time to load changes:  

typical less than 100µs 

 100Hz ripple on current and voltage of single  

phase inverters is reproduced realistically 

 The I/V curve is simulated very accurately 

 Ability to simulate dynamic irradiance and  

temperature, possibility of simulation of the  

behaviour of a PV-generator during a typical  

cloudy or clear day 

 Evaluation of static and dynamic  

MPP-tracking efficiency 

 Complies with the requirements according to  

IEC/EN 50530 

 Available in standard version (up to 950VDC) and  

low-voltage version (up to 150VDC) for micro inverter 

testing 
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THE PV-SIMULATOR – FIELD OF APPLICATION 

 

The PV-Simulator reprodu-

ces in real time the beha-

viour of many different solar 

panels. 

 

The parameters influencing 

this behaviour in reality are 

the changing weather condi-

tions, the variation of the 

irradiation during the day 

and also local conditions like 

shadowing and pollution. 

To simulate this condition 

the PVS has a capability for 

fast control adjustments. 

 

Fast response time 

Due to the fast DSP based 

regulation system, the re-

sponse time to load chan-

ges is very fast. 

For the IEC/EN 50530 and 

the specified MPP tracking 

algorithm this fast response 

time is absolutely neces-

sary. 

 
See Spitzenberger & Spies Application 

note under: 

http://www.spitzenberger.de/weblink/1005 

 

The diagrams in Fig. 3-6 

show the measured rise- 

and fall-times at different 

load conditions. 

 

 

 

 

 

 

 

 

Load changes 

around MPP: 

 

 
Fig. 3: Rise-time Voltage / Current 

 
Fig. 4: Fall-time Voltage / Current 

 

 

 

 

 

 

 

 

Load between  

open circuit  

and MPP: 

 

 
Fig. 5: Fall-time Voltage / Current 

 
Fig. 6: Rise-time Voltage / Current 
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100HZ RIPPLE / FREE PROGRAMMABLE CURVES 

 

100Hz Ripple 

One of the requirements of 

the photovoltaic simulator 

according to the IEC/EN 

50530 is: 
“This requires a sufficient dynamic 

of the PV simulator in order to 

follow the dynamic voltage chan-

ges that occur in the measure-

ment (e.g. the typical ripple of 

single phase inverters with twice 

the grid frequency)” 

 

With real photovoltaic gene-

rators this typical 100Hz 

ripple on current and voltage 

when operating with a single 

phase inverter can be mea-

sured. Some inverters use 

this for a fast MPP tracking. 

 

When operating with the 

PV-Simulator this ripple-

behaviour is exactly as it is 

in reality, because of the 

very fast response time 

capability. 

 

Free programmable 

curves 

I/V-curves are adjustable via 

software over a wide range 

to simulate various conditi-

ons for dynamic irradiances 

and temperature changes. 

This includes “in the field” 

measured I/V curves, stored 

and imported into the 

Spitzenberger & Spies con-

trol software. 

 

 
Fig. 7: 100Hz ripple of voltage and current - voltage, current, power 

 

 

 
Fig. 8: XY-view: no hysteresis observably - current, power 

 

 
Fig. 9: free programmable I/V curves 
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SIMULATION OF DYNAMIC IRRADIATION  

 

Irradiation 

The intensity of the solar ra-

diation density – the irradi-

ation – is varying during the 

day. 

 

Slow variations occur be-

cause of the changing posi-

tion of the sun. 

 

Fast variations can occur at 

cloudy days, when the sun 

is shadowed within seconds 

and cleared some minutes 

later and again shadowed. 

 

Various curves – correspon-

ding to different irradiance - 

can be defined with speci-

fied time course. 

 

Transition between two 

curves will be interpolated; 

the transition time is freely 

programmable. 

 

The specified curves are 

met exactly during the com-

plete measurement dura-

tion. 

 

 
Fig. 10: various I/V curves 

 
Fig. 11: various V/P curves 
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VOLTAGE RANGES – CURRENT CHARACTERISTICS 

 

Due to different types of so-

lar generators the PVS 

standard series has five 

voltage ranges: 

- 400V 

- 500V 

- 600V 

- 800V 

- 950V 

 

The diagrams show the ma-

ximum possible current ca-

pability in the according vol-

tage ranges, depending on 

the adjusted output voltage. 

This correlates also to the 

maximum available power 

capability of the PVS depen-

ding on the adjusted output 

voltage. 

 

The current capability of the 

PVS is specified as: 

- Continuous current 

capability 

- Short time current 

capability  

(up to 2 minutes) 

- Peak current capability  

(up to 50ms) 

 

 
Fig. 12: current performance of the PVS in the 400V range 

 
Fig. 13: current performance of the PVS in the 500V range 

 
Fig. 14: current performance of the PVS in the 600V range 
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Fig. 17: PVS / Basic EMC System 

 
Fig. 15: current performance of the PVS in the 800V range 

 
Fig. 16: current performance of the PVS in the 950V range 

 

OPTIONAL VOLTAGE RANGES – CURRENT CHARACTERISTICS 
 PVS 1000 PVS 3000 PVS 7000 PVS 10000 PVS 15000 PVS 25000 

- Option 11-200/DC at 160VDC 3.2ADC 9.4ADC 22ADC 31ADC 50ADC 80ADC 

 

 

 

 

Fig. 18: 

Optional voltage range 200V 

Current performance 
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 PVS 32500 PVS 42500 PVS 50000 PVS65000 PVS 85000 PVS100000 

- Option 11-200/DC at 160VDC 100ADC 135ADC 157ADC 200ADC 270ADC 314ADC 
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TECHNICAL DATA – GENERAL 
 PVS Series 

Nominal voltage DC: +400VDC / +500VDC / +600VDC / +800VDC / +950VDC 

Voltage accuracy: 0,2% / 0,5% (typ. / max.) upper range value 

Current accuracy: 0,2% / 0,5% (typ. / max.) upper range value 

Slew rate: < 250µs / typical < 100µs 

Protection circuits: Overload / Short Circuit / Over temperature 

Interface: IEEE488 

Measurement  

(via Software) 

Voltage: 0.1V resolution 

Current: 0.01A resolution 

Power: 1W resolution 

Memory capacity for I/V curves: up to 1024 curves 

Ambient temperature: 0°C up to 40°C 

Options  

10:  Internal resistance 

compensation 

available 

11 Special voltage  

11-200/DC Additional DC voltage range 0 … 200VDC  

18 Special line voltages In the range from 110V … 300V 

 Precision Power Analyser 

for efficiency measurement 

 

 

Remarks: 

1) at nominal voltage  

2) max. voltage between earth and ground of the amplifier output -950VDC, +400VDC 

3) to increase the output power of an amplifier, up to three similar amplifiers may be connected in parallel 

4) with measurement adaptation to PAS 

5) at 230V input voltage 

6) max. / typ. (of measured value ±2 digit) 
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TECHNICAL DATA – TYPE SPECIFIC 
 PVS 1000 PVS 3000 PVS 7000 

Power DC 
1) 5)

 - continuous: 1000W 3000W 7000W 

Continuous  

Current 

UOUT
 =
 320VDC: 3.2ADC 9.4ADC 22ADC 

UOUT
 =
 400VDC: 2.5ADC 7.5ADC 17.5ADC 

UOUT
 =
 480VDC: 2.1ADC 6.3ADC 14ADC 

UOUT
 =
 640VDC: 1.6ADC 4.7ADC 11ADC 

UOUT
 =
 760VDC: 1.3ADC 4ADC 9.25ADC 

Digital instrument 

Measuring ranges 

Voltage range: 1000V 

Current range: 5A 12A 25A 

Accuracy Voltage
6
:
:
 0,5% / 0,2% 

Accuracy Current
6)

:  0,8% / 0,4% 

Power Supply  (±10%, 50Hz  60Hz) 230V 230V/400V 

Protection: 16A 3 x 16A 3 x 20A 

Contactor type: Schuko CEE 

Housing Amplifier: 19”, 7U 19”, 5U 19”,7U 

approx. dimensions (mm): 311x483x600 222x483x600 311x483x600 

Power Supply included 19”, 5U 19” 5U 

approx. dimensions (mm): - 222x483x600 222x483x600 

Weight Amplifier (approx.) 

Power Supply (approx.) 

50kg 30kg 45kg 

- 85kg 100kg 
 

 

 

 

 

 

 PVS 10000 PVS 15000 PVS 25000 

Power DC 
1) 5)

 - continuous: 10000W 15000W 25000W 

Continuous  

Current 

UOUT
 =
 320VDC: 31ADC 50ADC 80ADC 

UOUT
 =
 400VDC: 25ADC 38ADC 63ADC 

UOUT
 =
 480VDC: 21ADC 32ADC 53ADC 

UOUT
 =
 640VDC: 16ADC 25ADC 40ADC 

UOUT
 =
 760VDC: 13.25ADC 21ADC 33ADC 

Digital instrument 

Measuring ranges 

Voltage range: 1000V 

Current range: 40A 60A 100A 

Accuracy Voltage
6
:
:
 0,5% / 0,2% 

Accuracy Current
6)

:  0,8% / 0,4% 

Power Supply  (±10%, 50Hz  60Hz) 230V/400V 

Protection: 3 x 40A 3 x 50A 3 x 63A 

Contactor type: CEE 

Housing Amplifier: 19”, 10U 19” 17U 19”, 23U 

approx. dimensions (mm): 444x483x600 755x483x600 1022x483x600 

Power Supply 19”, 10U 19”, 12U 19”, 12U 

approx. dimensions (mm): 444x483x600 533x483x600 533x483x600 

Weight Amplifier (approx.) 

Power Supply (approx.) 

60kg 80kg 120kg 

220kg 240kg 250kg 
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 PVS 32500 PVS 42500 PVS 50000 

Power DC 
1) 5)

 - continuous: 32500W 42500W 50000W 

Continuous  

Current 

UOUT
 =
 320VDC: 100ADC 135ADC 157ADC 

UOUT
 =
 400VDC: 82ADC 108ADC 125ADC 

UOUT
 =
 480VDC: 68ADC 90ADC 105ADC 

UOUT
 =
 640VDC: 51ADC 67ADC 79ADC 

UOUT
 =
 760VDC: 43ADC 56ADC 66ADC 

Digital instrument 

Measuring ranges 

Voltage range: 1000V 

Current range: 120A 150A 180A 

Accuracy Voltage
6
:
:
 0,5% / 0,2% 

Accuracy Current
6)

:  0,8% / 0,4% 

Power Supply  (±10%, 50Hz  60Hz) 230V/400V 

Protection: 3 x 100A 3 x 125A 3 x 160A 

Contactor type: CEE  

Housing Amplifier: 19”, 33U 19”, 39U 19”,46U 

approx. dimensions (mm): 1467x483x600 1733x483x600 2042x483x600 

Power Supply 19”, 2x12U 19”, 39U 19”,46U 

approx. dimensions (mm): 1066x483x600 1733x483x600 2042x483x600 

Weight Amplifier (approx.) 

Power Supply (approx.) 

160kg 200kg 300kg 

2 x 250kg 2 x 250kg 800kg 
 
 

 
 

 
 

 PVS 65000 PVS 85000 PVS 100000 

= 2 x PVS 32500 = 2 x PVS 42500 = 2 x PVS 50000 

External parallel connection 

Power DC 
1) 5)

 - continuous: 65000W 85000W 100000W 

Continuous  

Current 

UOUT
 =
 320VDC: 200ADC 270ADC 314ADC 

UOUT
 =
 400VDC: 164ADC 216ADC 250ADC 

UOUT
 =
 480VDC: 136ADC 180ADC 210ADC 

UOUT
 =
 640VDC: 102ADC 135ADC 158ADC 

UOUT
 =
 760VDC: 86ADC 112ADC 132ADC 

Digital instrument 

Measuring ranges 

Voltage range: 1000V 

Current range: 2x120A 2x150A 2x160A 

Accuracy Voltage
6
:
:
 0,5% / 0,2% 

Accuracy Current
6)

:  0,8% / 0,4% 

Power Supply  (±10%, 50Hz  60Hz) 230V/400V 

Protection: 3 x 200A 3 x 250A 3 x 320A 

Contactor type:  

Housing Amplifier: 19”, 2x33U 19”, 2x39U 19”, 2x46U 

approx. dimensions (mm): 1467x483x600 1733x483x600 2044x483x600 

Power Supply 19”, 42U 19”, 42U 19”, 46U 

approx. dimensions (mm): 1867x483x800 1867x483x800 2044x483x600 

Weight Amplifier (approx.) 

Power Supply (approx.) 

2x160kg 2x200kg 2x300kg 

1000kg 1200kg 1500kg 
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TECHNICAL DATA – PVS 1000/LV 
Nominal voltage DC +37.5VDC / +75VDC / +150VDC 

Measurement resolution (via Software) U: 0.01V / I: 0.01A / P: 0.1W 

Power DC 
2) 9)

 - continuous 1000W 

Continuous  

Current 

 

 

 

UOUT = 30VDC 

24ADC 

Fig. 19: 

 
 

 

 

UOUT
 =
 60VDC 

16.7ADC 

Fig. 20 : 

 
 

 

 

UOUT
 =
 120VDC 

6.7ADC 

Fig. 21: 

 
Digital instrument 

Measuring ranges 

Voltage range: 150V 

Current range: 40A 

Accuracy Voltage 
6)

: 0,5% / 0,2% 

Accuracy Current 
6)

: 0,8% / 0,4% 

Power Supply (±10%, 50Hz  60Hz) 230V 

Protection / Contactor type: 16A / Schuko 

Housing Amplifier incl. Power supply: 19”, 4U 

approx. dimensions (mm): 178x483x700 

Weight Amplifier (approx.) 55kg 

 

 

„We can make weather“ 
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„We can make weather“  

 
THE HIGH-LEVEL PHOTOVOLTAIC SIMULATOR 

PVS FROM’ SPITZENBERGER & SPIES 

The relating standards: 

IEC/EN 50530 

IEC/EN 62116 

VDE 0126-2 

IEEE 1547 

and many manufacturers test 

specifications 
 

 

The amount of generated energy of a solar panel field (and therefore the profitable efficiency) is 

mainly depending on varying weather conditions like cloudiness and adverse weather situations. 

To achieve the maximum energy rate at heavy varying irradiation modern intelligent solar 

inverters are used. 

 

OVERALL EFFICIENCY OF SOLAR INVERTERS 
 

The overall efficiency of solar 

inverters is tested according to 

IEC/EN 50530.  

Compliant testing requires po-

werful voltage and current so-

urces and analyzer units ope-

rating in excellent harmony. 

The testing of modern solar inverters requires three main functions 

of the testing equipment: 

1. Simulation of solar panels for testing solar inverters 

according to IEC/EN 50530 

2. Generation of typical loads for the anti-islanding tests 

according to IEC/EN 62116 

3. Simulation of the connected grid 
 

 

Grid-connected photovoltaic systems are feeding the generated energy into the power distribution 

grid network. The amount of power fed into the grid defines the profitability of the whole solar site. 

The IEC/EN 50530 describes in detail the necessary calculation formulas and testing routines to 

evaluate the overall efficiency of solar inverters. 

Solar inverters must be designed to be able to deal with many different operating conditions. 

Intensive testing during the development process of inverters as well as during their production is 

requested. 

 

As a good strategy for a complete test of solar inverters three 

main tasks have to be carried out: 

- simulation of a solar generator and operating the inverter 

in the MPP (maximum power point), testing of the MPP 

tracking function, evaluation and calculation of the overall 

efficiency 

- simulation of varying load conditions and different distur-

bances like transients, harmonics, ripple, cosɸ etc. 

- simulation of the connection to the public grid during nor-

mal operating conditions as well as during irregular con-

ditions like voltage interruptions, variations and drops  

Testing of solar 

inverters: 

- simulation of the 

energy generation 

- MPP tracking testing 

- simulation of different 

loads 

- simulation of electric 

disturbances 

- simulation of the public 

grid connection 
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SIMULATION OF THE ENERGY GENERATION: 

 

The generated energy of a solar site is varying in dependency of the intensity of the solar 

irradiation, partly cloudiness or shading as well as the ambient temperature and pollution of the 

panel surface. The conversion of the panel-power through the solar inverter should be carried out 

in the maximum power point(MPP). 

To convert always the maximum available energy generated by the solar panels many inverters 

use a MPP tracking algorithm. This algorithm changes the load condition of the inverter so that the 

panel field always sees an ideal load and can transfer the maximum available energy. 
 
 

 
 

Fig. 1: Function diagram Spitzenberger & Spies PV-Simulator series PVS 
 

 

The Photovoltaic-Simulator series PVS from Spitzenberger & Spies is the perfect designed DC 

Source to reproduce the I/V characteristic curves as required according to IEC/EN 50530. 

With the PVS solar panels with different technologies can be simulated (e.g. mono-crystalline or 

poly-crystalline). The provided software package SPS_PVS offers an easy calculation of the 

necessary I/V characteristic (according to 1- or- 2-diode model). In addition, externally measured 

and stored characteristics can be imported if they have a CSV-Format.  
 

 
Fig. 2: Different I/V characteristics 

 

The sequence of different characteristics, their duration and 

transition time is free adjustable. Complete test cycles can be 

set up easily. The evaluation of measured date ca be done 

graphically as well as in a numeric format. The evaluation can 

be stored for documentation.  

 

 
Fig. 3: Phase relation at Ripple 

 

Many (single-phase) inverters are generating a type depending 

AC ripple on their DC input. The power fed into the grid has a 

pulse frequency of double the mains frequency (100Hz in 

Europe). 

The inverter consumed power is fluctuating therefore with the 

same frequency (100Hz in Europe) and produces the described 

ripple. This ripple is very close to reality conditions, if the dy-

namic response of the PV simulator is very high. 
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It is very important, that the simulator power supply is not suppressing this ripple as a result of the 

voltage adjustment. More and more inverters use the amplitude and phase shift of the ripple 

voltage and current to achieve a very fast MPP tracking. 

This method is much faster than the conventional method “disturb and perturbate”. 

Especially at cloudy weather conditions, where the solar irradiation is changing rapidly, a fast MPP 

tracking algorithm gives a much higher overall efficiency. The number of inverters using this ripple-

based MPP algorithm will increase steadily. 

PV simulators have to have the ability, to reproduce the according current/voltage characteristic 

curves at ripple condition very precisely. 

 

For a very precise simulation of the current-/voltage- characteristic a very fast response 

time of the PV simulator is essential. 

 

While switch-mode amplifiers as the simulator source have a response time of typically 2-3ms, 

linear working transistor amplifiers have a response time in µs area. 

When the PV simulators response time is too slow, the I/V-operating points are no longer located 

on the I/V-characteristic curve, they circle around the desired MPP area on the characteristic curve 

(See application note “Necessity for high-speed PV simulators”). 

A correct testing and evaluation of the solar inverter compliant to the IEC/EN 50530 is not possible 

with switch-mode amplifiers. 

 

Above and beyond the 

IEC/EN 50530 the Spitzen-

berger & Spies software 

package offers the possibility 

to store panel values of solar 

irradiation and temperature 

variation in the course of the 

day. 

External data values can be 

imported, if they have CSV-

Format. 
 

 

 
Fig. 4: Daily variation of irradiation intensity and temperature of the solar panel 

 

The long term behavior of solar inverters can be tested with this functionality. Measured data from 

all locations of the earth can be simulated in laboratory. 
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„Solar generators and islanding“ 

 
A danger for human and machine 
 

The relating standards: 

IEC/EN 50530 

IEC/EN 62116 

VDE 0126-2 

IEEE 1547 

and many manufacturers test 

specifications  
 

During normal operation the solar inverter supplies the load which is regularly supplied by the 

public network. Depending on the amount of generated energy either the solar inverter delivers 

energy into the public network or the public network delivers energy to the connected loads. 

During all operating modes each connected component must comply to the specifications stated 

in IEEE1547. To test solar inverters in a suitable way the connection between inverter and public 

network shall be simulated. 

A desired simulator like the PVS Series from Spitzenberger & Spies must be able to generate 

irregular interconnection situations and conditions for testing the inverters according to realistic 

conditions and to verify their conformity. 

 
 

 
 

Fig. 1: Schematic diagram of islanding 
 

One of the possible problems 

is a disturbance or interruption 

of the connection between the 

public grid and the connected 

solar inverter. 

 

This heavy disturbance is 

called „Islanding“.  

 

Islanding is a situation when the connection to the public network is interrupted or the public net-

work has been switched off. Interaction between the local generators and the connected loads 

causes then the islanding effect and affects the solar inverter a running public grid. 

 

The main problems during islanding are: 

1. The public power distributors can no longer control and influence voltage and frequency in 

the distribution network. Inside the islanding system deviation of voltage and frequency 

can cause malfunction and/or damage of the local connected loads. 

2. Injury of operating personnel can be caused when the public grid is cut off for mainte-

nance. The personnel has the opinion of a voltage free network whilst the solar generator 

still delivers energy and is setting the local islanding grid still under voltage. 

 

 

  

  

 

Solar 

Generator 

Solar 

Inverter 

Public 

Grid 

Local 

installation 

Disconnection 

of the public grid 

Distributed by: Reliant EMC LLC, +408­320­9644/+408­916­5750, www.reliantemc.com 



2/4 
© Spitzenberger & Spies 2013 

SPS-FA-PV-Simulator-Teil2-eng-V2013.docx 

CHECKING ANTI-ISLANDING FUNCTIONS 

 
The IEC/EN 62116 is preventing humans and machines from injury and damage. It defines test 

specifications and methods for solar inverters to check their ability to avoid the islanding 

effect. 

Practically each solar inverter 

must have an anti-islanding 

function which cuts off the con-

nection between inverter and 

the local grid on error condi-

tion. The local grid status is set 

voltage free. 

Testing equipment according to IEC/EN 62116 

 
1. Waveform recorder and power analyzer 

2. DC source simulating a realistic photovoltaic source 

3. AC source simulating the public grid 

4. AC loads – combined RLC load 
 

The IEC/EN 62116 defines an explicit test of this anti-islanding function. 

The optimal DC source for those tests is a PV simulator complying to the IEC/EN 50530. 

The PV Simulator series PVS from Spitzenberger & Spies complies to all necessities for DC 

source as defined in the IEC/EN 50530 and also in the IEC/EN 62116. 

 

SIMULATION OF THE SUPPLY NETWORK – GRID SIMULATION 

 

For the AC voltage source for the simulation of the public grid requirements for voltage and 

frequency stability and harmonic distortion are defined. When using the Spitzenberger & Spies 

Basic EMC System as the AC voltage source all requirements can be fulfilled fully compliant. 

Furthermore disturbances of the public grid as well as voltage fluctuations and frequency variations 

can be simulated and monitored. With this programmable source global products can be tested 

also (with different national voltage and frequency specifications). 

 

Fig. 2: Test setup for the IEC/EN 62116 
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RLC LOAD AS A POWER RESONANT CIRCUIT 

 

To establish a realistic environment for this testing a typical AC load as a combination of R, L and 

C is defined in the standard. 

 

The RLC load shall be adjusted according to the output power capability of the respective inverter 

and shall be in resonance condition at the nominal frequency. 

The quality Qf of the RLC load (calculated according to IEC/EN 62116) shall be adjusted to 1,0 +/- 

0,05. When carrying out the different test procedures the RLC load has to be adjusted accordingly. 

 

Three test conditions are 

defined for testing: 
 

• A: PEUT 100% 

• B: PEUT 50% 

• C: PEUT 25% 
 

The three test conditions A, B and C are adjusted via changing 

of the EUT input voltage to 90%, 50% und 10% of the nominal 

voltage. As a first step the RLC load is adjusted so, that the fun-

damental frequency components of the active and the reactive 

power as well as the fundamental frequency component of the 

current flow through the connection switch is set to zero. The 

RLC load is now a parallel resonant circuit in resonance. 

   
To start the test the connection switch to the public grid is opened. 

 

For the test condition A the 

RLC load’s active and reactive 

power have to be adjusted ac-

cording to the adjacent table. 

Percental change of the active load, reactive load from the nominal values 

-5,+5 0,+5 +5,+5 

-5,0  +5,0 

-5,-5 0,-5 +5,-5 
 

Table for test condition A 

 

For the test conditions B and C it is enough, to adjust only the reactive load (either L or C) at a 

constant active load. 

For the evaluation the run-on time tR is measured, the amount of time that an unintentional island 

condition exists. Run-on time is defined as the interval between the opening of the switch S1 (con-

nection to the public grid) and the cessation of the EUT output current. 

For all combinations stated in the test conditions A, B and C the run-on time tR is now measured. If 

the run-on time exceeds the maximum value (as stated in the according specifications of power 

distributors or national standards) the EUT’s test failed.  
 

Taking all the requirements for the RLC load according to IEC/EN 62116 into consideration a 

complex profile of necessities for the test system arises. 

 

RLC LOAD - USEFUL EXTENSION AND OPTION OF THE TEST SYSTEM 

 

Spitzenberger & Spies has developed an optional RLC load unit for the PV simulator series PVS. 

This RLC unit complies to all requirements according to IEC/EN 62116. In conjunction with com-

plying measurement units like digital oscilloscopes and power analyzers a complete test according 

to IEC/EN 50530 and IEC/EN 62116 can be carried out. 

A convenient software package for running the tests and for documentation completes the PVS 

simulator system 
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The following diagram shows a schematic overview of such a test system: 

 

 
 

 

With a complete test system from Spitzenberger & Spies compliant testing can be done not only in 

photovoltaic area, it is (as the basic emc system) the best solution also for fully compliant testing 

according to emission (IEC/EN 61000-3-xx) and immunity (IEC/EN 61000-4-xx) standards. 

 

 

MANY POSSIBILITIES FAR BEYOND THE STANDARDS 

 

Looking at the PV simulator side, the input of the solar inverter can be supplied with arbitrary solar 

panel characteristics and irradiation changes from any point of the earth. The PVS simulator just 

has to be programmed with this data files with the Spitzenberger & Spies software. Realistic 

weather and panel situations from anywhere can be simulated easily in laboratory environment. 

 

On the other hand, the solar inverter’s output is connected to the Spitzenberger & Spies Basic 

EMC system, a grid-simulator with arbitrary functions, which is able to simulate each local grid from 

any power distributor worldwide. This grid-simulator can not only simulate a stable network, it can 

perform also many disturbances like voltage drops and voltage variations, frequency variations, 

unbalances and many more, as described in the IEC/EN 61000-4 series standards. 
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Necessity for high speed PV Simulators 
 
The fast response time of PV simulator is required to realistically simulate the I/V characteristic 

when the inverter produces a ripple on DC voltage and DC current of the PV simulator. Single 

phase inverters have typically a ripple with twice the grid frequency. A ripple can also occur when 

the MPP tracker is searching very fast on the I/V characteristic. Real solar cells have a I/V 

characteristic like shown in Fig. 1: 

 
Fig. 1: Current/voltage characteristic of real solar cells 

 

So when the voltage goes up 

the current goes down and 

vice versa. The PV simulator 

has to simulate this 

characteristic as realistically as 

possible. To achieve the maxi-

mum accuracy to reach the I/V 

characteristic the PV simulator 

measures voltage and current 

and controls its output accor-

dingly.  

 

 
Fig. 2: Phase shift between current and voltage at ripple 50Hz 

 

When there is an abrupt load 

change it takes typically 100µs 

with the PV simulator PVS 

from Spitzenberger & Spies 

until the output is adjusted 

according to the I/V charac-

teristic. Switch mode PV 

Simulators need much longer 

time (maybe 2ms or more). For 

example: single phase inver-

ters have a typical ripple with 

twice the grid frequency. With 

50Hz mains frequency this is a 

100Hz ripple. 

 

With real solar generators as well as with the linear type PV simulator PVS from Spitzenberger & 

Spies the voltage and current characteristic look like the following diagram in Fig. 3:. 
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Fig. 3: Operating points (blue) when using PVS 

 

 

  

Fig. 4: Operating points (blue) when using switch-mode simulator 
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