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With increasing complexity of DC Distribution 

systems and interconnectivity of multiple 

power supplies in a system, understanding 

the stability of the system is gaining prime 

importance. This design example 

demonstrates the method of determining 

stability of a system using SaberRD.   
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Stability Analysis of DC-DC Converters 

1 INTRODUCTION 

The increasing requirement for DC power and predominant usage of interconnected DC power 

supplies in industrial applications such as telecommunication systems, aircraft, electric cars, etc, 

results in an increased risk of system instability. The individual power supplies have dedicated 

feedback control loops that can become unstable under non-uniform loading. The paralleling or 

cascading of power supplies in a network also presents stability challenges. Hence, understanding 

of stability of the system is becoming crucial [1]. 

This design example demonstrates a method of determining whether a system consisting of DC-

DC converters is stable or not. This method is based on the traditional small-signal AC analysis and 

the use of averaged nonlinear and non-switching models for the converters.  

For investigating the stability of the system, the Middlebrook criterion [2] is used in this example. 

The stability of the system is determined by measuring the source (zsource) and load (zload) 

impedances. According to this method, if the |zload|>|zsource|, the system would be stable, if 

|zload|<|zsource|, the system is unstable. 

The placement of the impedance measurement instrument is crucial in determining stability in 

an interconnected DC distribution system. A single violation of the Middlebrook criterion is 

sufficient to make the entire system unstable. So, conceptually all nodes in the system should be 

verified to satisfy the criterion, and when more than two components are connected to a node, 

all permutations of components as either part of the load set or the source set connected to that 

node should be envisaged. In practice, the number of configurations to exhaustively examine 

quickly becomes intractable and engineering judgment is needed to identify the nodes and 

source vs. load splitting most likely to give rise to instability. The node on a bus most likely to 

violate the Middlebrook criterion is the one closest to the converter feeding power into the bus. 

For that node, the most critical partitioning loads vs. sources is obtained by grouping all 

downstream loads on the load side and the converter feeding power on the source side. With 

this, the parallel combination of all the loads, which presents a minimum impedance; is seen at 

the load side of the instrument, while at the output impedance of a single converter is seen on 

the source side. 

SaberRD’s capability to model systems using generic component library and the availability of 

various relevant analyses to investigate on stability of a system are demonstrated in this example. 

The use of MAST language for implementing required functionality such as measuring 

impedances comes handy unlike other simulation software. The use of Experiment Analyzer 

allows for automating the simulation process and creating results in a user friendly format.  

There are two topologies tested in this example 
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1) Single DC-DC power supply connected to a DC bus through input LC filter. 

2) DC distribution system with multiple DC-DC converters working as "constant power loads" 

(CPL). 

2 MODELING IN SABERRD 

2.1 SINGLE DC-DC POWER SUPPLY WITH INPUT FILTER 
 

As mentioned in reference [2], the Middlebrook Criterion is proposed to investigate the impact of adding 

an input filter for a feedback controlled power converter. The topology shown in Figure 1 is a dc-dc buck 

converter with an input LC filter.  

 

Figure 1: Stability Analysis of DC-DC Converter with Input Filter 

This design can be viewed by opening the Stability_DCDCconverter_avg.ai_dsn design from 

the Single_DCDCconverter_stability_analysis folder in the design files.  

The input filter parameters are altered to determine their impact on the stability of the power converter. 

In addition to this, the effect of altering the feedback loop parameters is also examined in this design. The 

key subsystems modeled in the topology shown in Figure 1 are: 

1) DC source with input filter: The dc source is a constant dc voltage source model. The input filter 

is an LC low pass filter whose corner frequency is tuned by altering the values of inductance and 

capacitance.  

2) Impedance measurement block: The impedance measurement block is modeled using the MAST 

language and can be used to calculate the source and load impedances. The MAST code of the 

zmeas block is provided below. During dc and transient analyses, the model simply implements a 

short circuit between source and load so it has no effect on simulation results. During the ac 

analysis, it injects a small signal voltage perturbation on top of the biasing point and seen from 

both the load and the source side. The small signal currents induced by this perturbation are 

measured on both the source and load side. Because the amplitude of the voltage perturbation is 

1 and its phase 0, the measured currents directly match the complex impedances Zload and 

Zsource. Note that during the ac analysis, the internal ac voltage source ensures a complete 

decoupling (from small signal standpoint) between load and source sides while sharing the same 

large signal voltage biasing point. 
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element template zmeas source load ref = enable 

electrical source, load, ref 

number enable = 0 

{ 

    electrical internal 

    var i isource, iload, imeas 

    val v vinternal 

    var v v 

    val nu active 

    values { 

        active = 0 

        if (freq_domain & enable == 1) { 

             active = 1 

         if (freq_mag) vinternal = 1 

         else if (freq_phase) vinternal = 0 

   } 

    } 

    equations { 

        i(internal->source) += isource 

        i(internal->load)   += iload 

        i(internal->ref)    += imeas 

        isource : v(source,internal) = 0 

        iload   : v(load,internal)   = 0 

        v : v = vinternal 

        imeas   : active * (v(ref,internal)-v)+(1-active)*imeas = 0 

    } 

} 

3) Power Stage: An averaged non-switching buck converter model is used to represent the power 

stage (switch and freewheeling diode). The averaged model is based on the seminal late 80’s work 

by Vatche Vorperian (student of Middlebrook). It simulates fast while providing a good correlation 

with the full switching model. The user can easily use this model to suit the switching 

requirements of a buck, boost, buck-boost or cuk converter topology. This is advantageous in 

focusing on the stability analysis instead of using simulator resources to simulate the power 

converter.  

4) Feedback Loop: A simplistic closed loop voltage control is used in this topology. The control 

algorithm drives the ideal switch and this in turn outputs the dc voltage in correspondence with 

the control signal.  

2.2 DC DISTRIBUTION SYSTEM 
 

The DC distribution system modeled in this example is shown in Figure 2. This can be viewed in SaberRD 

by opening Stability_DC_distribution_system.ai_dsn design from the 

Stability_analysis_DC_distribution_system folder.  
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Figure 2: DC Distribution System for Stability Analysis 
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A DC distribution system is modeled in this example to investigate the impact of stability because of 

interaction between various converters. The Middelbrook criterion is applied to a multi converter system 

by replacing the input filter with a power converter and measuring the input and output impedances of 

the system, as viewed from the power converter that acts as the source. 

In this system, the dc-dc converter tested in previous section is used. This is to make sure that the 

individual blocks used in the interconnected system are stable. This design demonstrates the stability of 

the DC distribution network when a number of power supplies are connected to a common source/power 

converter.  The system is said to be stable when the DC bus is maintained at its rated voltage (10V in this 

case) for whatever happens on the load side. On the load side, each power supply is switched on at one 

time and the dc bus is checked whether stable or not. In addition, the impedance measurement also shows 

the condition of the system with each extra element added.  

3 SIMULATION AND RESULTS 

In Section 2, the use of SaberRD in modeling systems was shown. The availability of various models and 

ease of modeling user-defined functions makes it easier to create designs in SaberRD. This section details 

the various simulations performed on the two designs and the results are evaluated to check stability. 

SaberRD is equipped with several options to understand the stability of a system such as Pole Zero Analysis, 

Nyquist plots, Impedance measurements, etc. This design demonstrates the use of impedance 

measurement to investigate the stability of the system. For guaranteed results, it is required that  

1) The AC Analysis be done at the steady-state condition of the system. 

2) For good correlation of results, the truncation error should be sufficiently tightened. Otherwise the 

damping of the numerical integration fictitiously absorbs oscillations that likely exist in the real system. 

3.1 SINGLE POWER SUPPLY WITH INPUT FILTER SIMULATION 
A transient simulation is performed to take the system to steady state and then a small signal analysis is 

run to get the frequency response. The impedance measurement block “zmeas” gives the measurements 

of source voltage, source current, load voltage and load current. With these measurements, the source 

and load impedances are calculated. The stability of the system is assessed by inspecting the impedance 

waveforms. The transient output voltage graphs also show the system of the system and the good 

correlation between the stability analysis results in the time and frequency domains.    

For the purpose of this analysis, the filter inductance value is changed and its impact on the stability is 

assessed. When the filter inductance affects the stability of the system, the parameters in the voltage 

feedback control loop are changed to improve stability. This is demonstrated by the two experiments 

included in this design.  

The experiment stability_analysis.ai_expt performs a transient to bring the system to steady 

state and an AC analysis at the biasing point corresponding to the end of the transient analysis is 

performed to get the frequency behavior. This is done for three values of input filter inductance to observe 

its impact on the source and load impedances. From the zmeas block, the source and load impedances 
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are calculated and plotted using an AIM script (stability_analysis.aim). Once the experiment is 

run, all the tasks are performed one after the other and the results are shown in graphs.  

The other experiment is the stability_analysis_feedback_gain.ai_expt. This experiment 

alters the proportional gain of the voltage feedback control loop from 1 to 0.1 and demonstrates the 

effect of this change with all the input filter inductance values from the previous experiment.  

3.1.1 Running the Experiments 

To run the experiments: 

1) Open the Stability_DCDCconverter_avg.ai_dsn design from the 

Single_DCDCconverter_stability_analysis folder in the design files.  

2) Go to Simulate Tab. Select “Experiment” in the Analysis and stability analysis in the 

experiments list. Click the GO Button. 

3) Once the experiment progress is 100%, go to SaberRD Tab and enter the following command to 

plot the graphs shown in Figure 3 to Figure 5.  

source stability_analysis.aim 

4) To simulate the next experiment, go to Simulate Tab. Select “Experiment” in the Analysis and 

stability analysis feedback gain in the experiments list and click the GO Button. 

5) Once the progress is 100%, go to SaberRD Tab and enter the command given in point 3) above, to 

plot the shown in Figure 6 to Figure 8. 

3.2 RESULTS OF SINGLE POWER SUPPLY WITH INPUT FILTER SIMULATION 
The source and load impedances from the signals of zmeas block are also calculated in the script. This 

makes it easier to analyze the graphs and identify the stability of the system. 

Figure 3 to Figure 5 show the results from stability analysis experiment.  
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Figure 3: Simulation Result with Input Filter Inductance = 1mH showing unstable condition 

 

Figure 4: Simulation Result with Input Filter Inductance = 100uH showing marginal stability 

 

 

Figure 5: Simulation Result with Input Filter Inductance = 1uH showing stable operation 

As per Middlebrook Criteron, the Source Impedance must be less than the load impedance. So, from the 

graphs shown in Figure 3, Figure 4 and Figure 5, it can be observed that for higher values of filter 

inductance, the system becomes unstable. This can also be seen on the output voltage of the converter.  
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As mentioned in Section 3.1, an additional analysis is performed to tune the converter in order to make 

the system stable even at higher values of input filter inductance. Figure 6 to Figure 8 shows the results 

from running the stability analysis feedback gain experiment. In this case the proportional 

gain of the voltage feedback loop is changed to 0.1 from 1.0 and the same simulations are performed.  

 

Figure 6: Simulation Results with Reduced Proportional Gain and Input Filter L=1mH 

 

Figure 7: Simulation Results with Reduced Proportional Gain and Input Filter L=100uH 
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Figure 8: Simulation Results with Reduced Proportional Gain and Input Filter L=1uH 

It can be seen that by adjusting the proportional gain of the voltage feedback loop, stability can be 

achieved. With the input filter inductance L set to 1mH, the system was tuned into stability by changing 

the feedback loop parameter. Thus the system stability is checked and necessary corrections are made to 

the design to improve stability. 

3.3 DC DISTRIBUTION SYSTEM SIMULATION 
 

As shown in the Figure 2, the design has a common DC power supply connected to a number of DC-DC 

converters. The stability of this system is investigated by adding power supplies one after the other. The 

same analysis performed in Section 3.1 is performed here and the system stability is checked.  

To automate the simulation flow, an experiment stability_analysis.ai_expt is included in the 

design.  The experiment simulates a transient and then an AC analysis for each power supply added. In 

the end, the results are plotted to check the stability of the system. 

3.3.1 Running the Experiment 

To run the experiment: 

1) Open the Stability_DC_distribution_system.ai_dsn design from the 

Stability_analysis_DC_distribution_system folder in the design files.  

2) Go to Simulate Tab. Select “Experiment” in the Analysis and stability analysis in the 

experiments list.  

3) Click the GO Button. 

4) Once the experiment progress is 100%, graphs shown in Figure 9 and Figure 10 are plotted by the 

AIM script which is part of the experiment to investigate the stability of the system. 
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3.4 RESULTS OF DC DISTRIBUTION SYSTEM SIMULATION 

 

Figure 9: Simulation Results for DC Distribution System 
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The source and load impedance comparison shown in Figure 9 shows that the system goes into instability 

with the growing number of power supplies connected to the bus. There is only sufficient margin between 

source and load impedances up to 4 power supplies. After that the system tends to become unstable. The 

graph of 10V DC Bus voltage as shown in Figure 10 clearly shows the oscillations and instability. 

 

 

Figure 10: Transient Analysis Waveforms with Increasing Loads 
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4 CONCLUSION 

SaberRD is used to investigate stability of a Single DC power supply with input filter and a DC Distribution 

System. To access the stability, Middlebrook criterion is used where the input and output impedances are 

measured and checked for the stability criterion. The required models to measure impedance and the 

PWM controller are modeled with ease using the MAST language.  

It is established that the input filter impedance impacts the stability of the system in case of a single DC 

power supply and adjusting the control parameters could improve stability. Hence, the design can be 

optimized for the desired input filtering requirements, along with retaining the system stability. Similarly, 

in a DC Distribution system, as the loads are random and assessing stability is of prime importance, it is 

clearly shown the instance where the system becomes unstable and the design can be modified to 

improve stability.  
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