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Study of Degradation Detection/Failure Prediction on Digitally
Controlled Switching Mode Power Supply

- Nagasaki University Graduate School of Engineering
Hiroshi Nakao

Recently, the rapid progress of IoT (Internet of the Thing) and the increase of data traffic
make severe requests on ICT (Information and Communication Technology) and its power
supply system. The demands on the power supply system are not only power saving with higher
efficiency but rapid response, higher availability, higher maintainability and so on. The balance
among cost, availability and reliability is a significant issue in a hyper scale datacenter with
many power supplies or mobile base stations built in the deep mountains. The availability is
supported by a multiplexing of power supply systems and an on-demand repairing. However, the

- low cost degradation detection/failure prediction enables the reliability improvement and the
maintenance cost suppression supporied by the effective predictive maintenance. The online
degradation detection/failure prediction is more effective especially in the mobile base stations
built in severe environments, because multiplexed power supply systems may be degraded
simultaneously and immediate sending maintenance personnel to the failure site is not so easy.

The electrolytic capacitors, power semiconductors and control semiconductors are known as
life limited parts in power supply systems, and there are many previous researches for failure
prediction. In the case of the electrolytic capgcitors, which have the highest failure rates, some
techniqués are made into products; evaluating thermal profile using temperature sensors instailed with the
electrolytic capacitors or evaluating voltage decay time constant after power off. However, the
former is a statistical speculation and require over margin for underestimate, the latter is not
used online. And the both require additional circuit and cost. There is not online failure
prediction technique fér' power or control semiconductors, too.

Changing from analog to digitally control of power supply were progressed from simple
replacement of analog controller to high-performance, efficiency improvement using precise
control of switching timing, communication with higher level system, online parameter
modification such as output voltage or so on. In this paper, the cost effective online degradation
detection/failure prediction technique of digitally-controlled power supply implementable on a
microcomputer for control is reported.

To predict failure online with no additional parts or circuit, failure prediction only using data




usually fetched to micro-computer or controller for power supply control.

The degradation of the electrolytic capacitors causes degradation of transient characteristics
and the degradation of power or control semiconductors causes degradation of static.
characteristics such as efficiency degradation or drift of output voltage. So failure predictioﬁ is
available with evaluating proportional and integral factor in feedback control. Over 50%, 10%,
and 1% of resolution powers for initial values are confirmed using Model in the loop simulation
with MATLAB/Simulink or SPICE and real circuit evaluation with Rapid Control Prototyping

~ system. They are enough high resolution powers for online failure prediction. Impl_ementing
production level power supply and proof of concept in field are now planning.

Tﬁis thesis is organized as following:

In chapter 1, to state the importance of this study, social meaning is reported. Then analyze of
the failure modes of power supply and previous studies of failure prediction are reported. The
digital control of power supply is also reporied briefly.

In chapter 2, the failure prediction of the electrolytic capacitors using transient characteristics
are reported.

In chapter 3, the failure prediction of the power or control semiconductors using static
characteristics are reported. | |

In chapter 4, summary and future work for failure prediction is reported.

We bglieve this cost effective online degradation detection;;failure prediction technique can

contribute reliability improvement and maintenance cost suppression in ICT systems,




