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ABSTRACT: The modular multi-active-bridge(MMAB) based
high-frequency bus(HFB) topology is preferred to be applied to
the electric power router(EER). However, the sudden change of
the H-bridge voltage will cause serious free-oscillation of HFB
voltage, which is produced by distributed capacitance and
inductance of the high-frequency transformer(HFT). The time
scale of oscillation is much smaller than that of the H-bridge
control period known as the transient behavior. Therefore, it
can be regarded as an ultra-transient behavior of the HFB. The
ultra-transient process can easily cause electromagnetic
interference(EMI) and trigger drive failures, thus damaging the
reliability of the system. In this paper, firstly, the distributed
parameter network of the oscillation branch was simplified, and
the mathematical model of the ultra-transient process was
deeply studied. Secondly, based on the mathematical model,
the main factors influencing the ultra-transient behavior were
analyzed, and through the conversion of time-scale, an oscillation
attenuation countermeasure of "uncontrolled rectifier & damping
resistor" in parallel on the high-frequency bus was proposed,
and the design method of damping resistance was introduced.
At the same time, the relationships between the distribution
parameters of HFT and the transient process of HFB were
presented. Finally, experiments performed on the module-level
and device-level prototypes verified the effectiveness and
practicality of the proposed theoretical analysis and attenuation
strategy.
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The modular multi-active-bridge (MMAB) (as
shown in Fig. 1) based high-frequency bus (HFB)
topology is preferred to be applied to the electric power
router (EER). However, the sudden change of the
H-bridge voltage will cause serious free-oscillation of
HFB voltage, which is produced by distributed
capacitance and inductance of the high-frequency
transformer (HFT). The time scale of oscillation is much
smaller than that of the H-bridge control period which is
known as transient behavior, so it can be regarded as an
ultra-transient behavior of the HFB. The ultra-transient
process can easily cause electromagnetic interference
(EMI) and trigger drive failure, thus damaging the
reliability of the system. In order to solve this problem,
the mechanism of the ultra-transient process is analyzed,

and a feasible oscillation-suppression scheme is
proposed in this paper.
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Fig.1 MMAB-based multi-port converter topology

Firstly, the distributed parameter network of the
oscillation branch is simplified, and the mathematical
model of the ultra-transient process is deeply studied.
Secondly, based on the mathematical model, the
relationships between the distribution parameters of HFT
and the transient process of HFB are presented, which
can be used for the extraction and design of the
distribution parameters of HFT. Thirdly, through the
analysis of the influencing factors of the super-transient
behavior, it is found that this type of ultra-transient
behavior is essentially a step-response transition process,
which is crucial to the suppression of the initial
oscillation peak. The most effective method is to add a

damping resistor to accelerate the decay of the oscillation.
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With the conversion of time-scale, an oscillation
attenuation countermeasure of “uncontrolled rectifier &
damping resistor" in parallel on the high-frequency bus is
proposed, as shown in Fig. 2, and the design method of
damping resistance is introduced. Finally, experiments
verify the effectiveness and practicality of the proposed
theoretical analysis and attenuation scheme, which is
demonstrated in Fig. 3 and Fig. 4.
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Fig. 2 Proposed oscillation-suppression scheme
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Fig. 4 Experimental waveforms with the proposed
oscillation-suppression scheme



