
 

How do I choose the right AC power supply for my application? 

 

As a developer, you would also like to test all products with a plug for specifications. Does the 

product work well in the voltage range from 196V to 256V and higher? Or is your product sold 

worldwide and do you also come across other voltages and more phase grids? Which frequencies do 

you need; 50Hz, 60Hz, 400Hz and 800Hz or higher? Does the product meet all local standards? And 

there are many other specifications that apply to the AC grid that your design must comply with.  

There is a wide range of AC power supplies available in the market but, what should you pay 

attention to when making the right choice? With this white paper we are going to inform you as well 

as possible about the most important specifications: 

- Output voltage 

- Frequency range 

- Power range 

- The power factor 

- The Crest Factor 

- Inrush currents 

- Response time  

- Harmonic distortion 

- Standardisation tests 

- Automation requirements 

- Other requirements 

Let us take a closer look at the specifications. 

The output voltage 

Starting from the design, you look at the voltage range that your design must meet. We then see 

specifications as 230Vac ±10% 50/60Hz or for three phase systems 400Vac ±10% 50Hz.  At 230V + 

10% 253V is the maximum voltage. Nevertheless, we see voltages of up to 260V and higher in 

neighbourhoods with many solar panels. Is your design tested for this? In the LED driver industry we 

come across a standard for a universal input voltage of 90V to 305V. For some applications it is even 

necessary to create a DC offset on the AC voltage.  



We also encounter extreme two and three phase grids in the world with a middle tap on a single 

phase and a difference in the phase angle between the phases. For more information on this we 

would like to refer you to this document.  

The frequency range 

Generally a fairly simple specification, 50Hz, 60Hz and for the aircraft industry 400Hz and 800Hz to 

1200Hz. In the railway industry we also come across an application with 16.7Hz. Here the selection is 

actually already split up. A range of AC power supplies cannot handle the 16.7Hz and/or the higher 

frequencies. In addition, the accuracy of the frequencies in relation to the standard testing needs to 

be closely examined (see later in this white paper). 

The current range 

In itself a simple but important specification. What is the rated current consumption at a certain 

voltage? For a resistive load, the formula P=U x I and so the calculation is made quickly. In practice, 

however, we have to take into account many more factors in the current range, including the power 

factor, the Crest Factor and the inrush current. 

The power factor 

With capacitive or inductive loads, we have to deal with the power factor (or power factor). This is 

the ratio between actual power and apparent power.  

 

A low power factor results in a large phase shift between voltage and current. This results in a 

considerably higher current. This is also the reason why the power of AC power supplies is indicated 

in VA and not in W.  

Examples of devices with a low power factor are a DC power supply and an LED driver. At the higher 

power levels, electronics are often added for a better power factor (power factor correction). 

 

https://tt-ms.com/wp-content/uploads/sites/4/2020/11/Worldwide-three-phase-grid-configurations.pdf


The Crest Factor 

The Crest Factor is the ratio between the peak value of an AC waveform and its effective (RMS) 

value, i.e. Ip peak/Irms.    

 

In the above graphs an example of two waveforms which both have an RMS value of 5A but with 

different Crest values.  

The Crest Factor of the blue -perfect- sine wave is 1,414, so its peak value is about 7.07 A. IPiek = 

IRMS x Crest Factor = 5 A x 1,414 = 7.07 A peak. The Crest Factor of the red waveform is many times 

higher and the RMS current is the same, i.e. 5A. This makes the Peak current a lot higher. 5 A x 4.24 = 

21.21A peak. The higher the Crest Factor, the greater the peak value relative to its nominal value. 

For non-linear loads such as frequency regulators and rectifiers, which induce a current with a high 

Crest Factor, it is therefore important to choose a power supply with a low impedance and a high 

instantaneous peak current capability. The narrower the pulse width, the higher the instantaneous 

peak value processing of the power supply should be. If the power supply is not suitable for 

processing high Crest values, the voltage will drop or the unit will go into Over Current protection. 

Either way the DUT will not be tested correctly. 

The peak current specification of an AC power supply cannot be confused with the starting current 

required to supply motors, for example. This high current lasts longer than half a period and the RMS 

value is considerably higher. 

The inrush or starting current 

Switched power supplies and electric motors can have an inrush current of up to 10x the rated 

current. This is therefore an important factor in the selection of an AC power supply.  

Some AC power supplies can provide up to two or three times the rated power when switched on for 

an extended period of time. These are often IGBT controlled AC power supplies or Grid emulators. 

Some of these power supplies also have a possibility to reduce the voltage (current limiting foldback) 

in case of overload for a longer period of time so that the current remains within the limit and the 

application starts (delayed). Most FET-controlled AC power supplies cannot do this and switch off 

completely when currents are too high. One possibility is often to slow down the output voltage in 

order to start the application. 



 

How long an electric motor needs this current depends on the mechanical load and the design of the 

motor. This current-limiting foldback technique can be used if no measurements need to be carried 

out that are directly related to the starting of the motor. However, for specification purposes it is 

often desirable to determine the maximum inrush current. Depending on the AC supply, you can 

sometimes also switch on the maximum output voltage of the sine wave (90 degrees) to determine 

the maximum inrush current. Another important specification for selecting the right power supply.  

The response time 

For some applications, it is important that the AC power supply responds quickly and accurately to a 

change in load. You do not want a voltage drop on the output when the load suddenly increases. 

AC sources with a fast response time generally have a low impedance. AC sources with these 

characteristics are often referred to as constant voltage sources because the output remains 

constant even when switching from zero load to full load. This can then be compared to what we call 

"a strong grid". The response time is also important if we are going to do tests according to certain 

standards. 

Creating harmonic distortion and other functionalities 

In a normal mains voltage environment we see that an AC voltage is not a perfect sine wave, but the 

sum of different harmonic components that influence the ground frequency. This is due to the many 

switched power supplies, motor controls, solar panel inverters and other equipment connected to 

the grid. If we want to simulate these distortions, the power supply must have a harmonic generator. 

This allows us to recreate distorted waveforms with harmonic and inter-harmonic components up to 

the 40th order and more. (The 40th order is often mentioned because there is legislation for 

harmonic distortion up to 2kHz) 

The ability to build complete sequences with voltage and frequency changes by means of a LIST 

function can also be useful for automatic testing.  



 

 Phase Angle Control in turn makes it possible to start the signal at a self-selected phase angle 

between 0° and 360°.  

Standardization tests 

Some AC power supplies have the possibility to perform standard tests automatically. Here we think 

of the various IEC 61000-4 tests that have to be carried out on a wide variety of electrical equipment. 

Depending on the class related to the equipment, different conditions are simulated by the AC power 

supply. 

- IEC 61000-4-11 voltage dips , short interruptions and voltage variations immunity test. 

- IEC61000-4-13 Harmonic and interharmonic immunity test 

- IEC61000-4-14 Voltage fluctuations immunity test   

- IEC61000-4-17 Wrinkle on DC voltage immunity test 

- IEC61000-4-27 Immunity test for imbalance 

- IEC61000-4-28 Mains frequency variation immunity test  

- IEC61000-4-34 Short-term voltage drops and interruptions immunity test 

- IEC61000-3-3 Flicker testing - An AC power supply with an adjustable output impedance can 

provide a solution here. 

Some AC power supplies can also use pre-programmed standards such as DO-160D, ABD0100, ABD-

A350, ABD-AMD24, Boeing 787, MIL-STD-704F and MIL-STD-1399-300B to perform compliance 

testing for commercial and military aviation. 

For industrial applications with higher powers we also see the SEMI F47 standard and the IEC1668 

standard.  

The automatic execution of these tests can save the user an enormous amount of time and gives 

certainty that the tests have been carried out correctly according to the standards. It is very 

important that if you also want to carry out these tests, you thoroughly investigate which standard 

your device must meet so that you can also make the right choice for a specific AC power supply. 

  

 

Automation requirements 



AC power supplies can be equipped with a wide range of communication ports. The most common 

are RS-232, USB, GPIB CAN and LAN for integrating the power supply into a test system, available as 

an option or not. Depending on the measurement software used (LabView, MatLab), specific drivers 

must be available to communicate with the AC power supply.  

A user-friendly user interface can be of great added value to the power supply. For the more complex 

power supplies with extensive possibilities, it can be useful to work with a large TFT screen on which 

all settings and simulated waveforms are clearly visible and even a real-time graphical representation 

of voltage and current is possible. 

Robust software is also indispensable for the demanding user. For example, there is the general 

software to control the power supply, create waveforms, take measurements and store them. The 

better manufacturers also develop software for specific applications such as, for example, carrying 

out standardisation tests or real-time monitoring of complex test set-ups. 

 

 

  

Other possible requirements 

In some situations it can be useful that the AC power supply can also be used as an amplifier. In this 

way, a signal with a low voltage and current can be amplified many times, depending on the power 

of the power supply. This feature can be very useful in Power Hardware-in-the-Loop simulation 

testing. A 'closed loop' simulation environment is created in which it is possible to test systems with 

the actual power required. 

 

  

 

Some standards of solar inverters require that a DC offset can be given to the AC signal. If you have 

to meet this requirement, it becomes much more difficult to find a suitable AC power supply.  



Are there any requirements in your application regarding the accuracy of the measurements in the 

AC power supply? Some AC power supplies have a comprehensive power analyzer integrated in the 

unit. Including inrush current measurement, W, VA, VAR, PF, THD etc. 

But are the specifications of these measurements sufficient for your application? 

Conclusion 

 

Selecting the right AC power supply for your application involves a large number of specifications. 

The behaviour of the load to be connected also plays a major role. Prepare yourself well for such a 

purchase and let the specialists in this field advise you. 

For an extensive overview of our AC power supplies, please refer to our website; 

https://tt-ms.com/products/power-en/ac-power-supplies/ 

 

Next to the AC power supplies we see nowadays a complete new line of grid emulators. 

AC power supplies that can also absorb power (AC load function) and can often deliver this absorbed 

power back to the grid. The regenerative grid emulators. 

This is not a subject for this white paper but we would like to point out the existence of this 

equipment.  

 

https://tt-ms.com/products/power-en/ac-power-supplies/
https://tt-ms.com/products/power-en/ac-power-supplies/?filter_ac-power-supplies=regenerative

