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Summary 

In recent years, traditional power distribution systems, based on a centralized architecture, have been 

progressively replaced by distributed power systems in many applications such as telecommunications, 

More-Electric Aircraft or microgrids. Distributed architectures offer different advantages such as the use 

of standardized converters (commercial off-the-shelf, COTS), the easy addition of redundancy, the 

capability of on-line replacement (hot-swapping) of damaged converters. However, new challenges 

must be addressed, since the active nature of power electronic converters results in complex dynamic 

behavior when they are interconnected to each other.  

Regarding the proper power system integration, one important issue is the suitable design of the control 

loop of the Bus converter that should supply the regulated DC voltage to the converters connected 

downstream. From the point of view of the control design, the small-signal stability of the system must 

be complied as necessary condition. Hence, the closed-loop input impedance of the load converters 

must be determined in order to design the feedback-loop of the Bus converter for small-signal system 

stability. On one hand, sometimes, analytical techniques for closed-loop input impedance calculation 

require complex derivations. Moreover, this approach is not suitable in case of using commercial 

converters since internal parameters of the converters are unknown due to the manufacturer´s 

confidentiality. On the other hand, behavioral modeling techniques allow obtaining the required 

information of the converters input impedance avoiding the datasheet limitation. Nevertheless, they are 

difficult, expensive and time consuming since complex measurements, using high-cost instrumentation, 

plus powerful but complicated identification techniques should be used. Hence, a new approach is 

proposed in the tutorial trying to overcome these limitations. 

The purpose of this tutorial is to review the different state-of-art approaches for deriving the closed-

loop input impedance of load converters. To overcome their limitations, a new proposal to calculate the 

closed-loop input impedance that will be helpful for practicing power system engineers is provided. 

Finally, automatic regulator design by means of a CAD tool will be also described. 


