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Abstract. For two subsystems cascaded DPS, the stability margin monitoring can be implanted via
current/voltage perturbation method. But for N subsystems cascaded DPS, the stability margins are
different at different interfaces, which results in the stability margin monitoring problem. This paper
analyzes the reasons of this phenomenon and proposes a new interface-less stability margin
monitoring method. Simulation results verify the proposed method.

Introduction

Distributed power system (DPS) has been widely applied in many areas such as aerospace,
aviation, power system, new energy resource, etc., due to its advantages of modularization,
integration, extensibility, maintainability and so on. However, with the development of power
technology and increasing need, there is an increasing demand in the stability and reliability of DPS.
The stability problem of DPS becomes a gradually outstanding problem.

As well as known, DPS with two cascaded subsystems, source subsystem and load subsystem,
can be described by equation (1) in small-signal sense [1]:
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where F, and F, are transfer function of source subsystem and load subsystem separately, T,
is called minor loop gain, which is the ratio of the output impedance of source subsystem z_, and
the input impedance of load subsystemz, . By treating T, as the open-loop transfer function,
Nyquist criterion can be applied to determine the stability of the whole system.

Based on aforementioned theory, many stability criteria [2-5] are proposed to judge the stability
of DPS, which can be used to ensure the stability of the DPS in design stage. Besides, online
stability margin monitoring are also needed for actual products as the stability margin of DPS may
be varied by factors such as parameter variation or changing of operating point. For two subsystems
cascaded DPS, current perturbation or voltage perturbation method [7-9], as shown in Fig. 1, is
proposed to measure the stability margin. For N subsystems cascaded DPS (as shown in Fig.2),
however, there are multiple different interfaces to judge the stability and monitor the stability
margin. It could be proved that the stability conclusions are the same [10] at different interfaces.
But the stability margins could be quite different at different interfaces, which will be proved in the
following part of this paper. Then there is a question that are these stability margin monitoring
methods suitable for two subsystems cascaded DPS still suitable for N subsystems cascaded DPS?
This paper tries to answer this question.
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(a) Current perturbation method (b) Voltage perturbation method
Fig. 1. Traditional stability margin monitoring method for two subsystems cascaded DPS
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Fig. 2. N subsystems cascaded DPS

The Reasons Why Stability Margins are Different at Different Interfaces

Take the circuit shown in Fig. 3 as an example, the parameters are as follows: r =300me,
L =10mH, C=40mF, R=24.3Q, it is easy to know that the system is stable. Fig. 5 is the T_ of the
system seen from interface A and interface B separately, it can be seen that the T are different so
the stability margin are different too.

Nyquist Diagram

04

Interface A
— — — Interface B ||

Imaginary Axle

oll

|
|
|
|
|
|
|
|
A 04

1 L 1 L L 1 L 1 L
-025 -02 015 01 005 0 005 01 015
Real Axis

Fig. 3 An example of the small-signal circuit Fig. 4 The Nyquist plot at different interfaces

Why the T, and the stability margin are different seen from different interface? The reason is as
FF, F,F,
1+T 1+T

ml m2

follows: assume at interface A, F = . Because

and at interface B, F =

_ F1F2 _ F3F4
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from interface A and interface B. Although the roots of 1+7,=0 and 1+T,, =0 are the same, the
T, and T_,could be very different, which means seen from different interfaces, the stability
conclusion are the same but the stability margins could be quite different.

,and usually FF, #FF,,s0 T, =T, and the stability margin are different seen

Stability Margin Monitoring Method for N Subsystems Cascaded DPS

For the same one system, the stability margins are different at different interfaces. This leads to a
stability margin monitoring problem: it is unreasonable to use the same impedance forbidden region
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to ensure the stability margin at different interfaces. We should find a new stability margin
definition which is interface-less to avoid this problem and a new stability margin monitoring
method under the new stability margin definition.

The characteristic equation1+T, =0 is used to judge the stability of the whole systemF as the
stability is only determined by the equation1+T_ =0. But for stability margin, the situation is
different: in traditional way, the T, is taken as open loop transfer function, the stability margin we

get is the closed system 1Tn'1r , hot the origin system F =%. So it is more reasonable to use the
+T, +T,

index of closed system F =% to define the stability margin.
+

m

Define the stability margin as :
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Where |Yn| means the relative external disturbed input voltage, %! means the relative

measured disturbed output voltage, i, =0 means the external disturbed source’s current is zero.
When s -0 , stability margin -0 ; when S -« , stability margin -« . Typically,
when S >0.1=-20dB , the stability margin of the DPS can be guaranteed in some degree,
when s >10 = 20dB, the stability margin of the DPS can be well guaranteed.
Under this stability margin definition, the stability margins can be obtained by adding an
external disturbed voltage source (G in the source side and observe the corresponding disturbed

in

voltage ¢, in the load side as shown in Fig. 5.
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Fig. 5 The new stability margin monitoring method

Simulation results

As shown in Fig. 6, an example of three buck cascaded DPS is given to verify the proposed
stability margin monitoring method. The three converters all work in CCM operating condition. The
main parameters of the DPS are also given in Fig. 6. According to the definition of stability margin
of equation (2), the stability margin s could be obtained as shown in Fig. 7, it can be seen that the
stability margin s > 20dB , which implies the stability margin is quite good.
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Fig. 6 The three buck cascaded DPS
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Fig. 7 The stability margin of the three buck cascaded DPS

Conclusion

For N subsystems cascaded DPS, the traditional method have different stability margins at
different interfaces, which could result in the stability margin monitoring problem. This paper gives
the reasons why stability margin are different at different interfaces in theory. To solve this problem,
this paper proposes a new stability margin definition and a new stability margin monitoring method.
Simulation results verify the proposed method.
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