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Failure analysis of capacitor for sub-module in HVDC

*
* < AL
, A

AR |

o

*
Feel-soon Kang” , Sung-Geun Song™

Abstract

In general, capacitors have a large influence on the life of the system due to frequent charging and discharging. In this
paper, we analyze the cause of the core failure of high voltage, high current HVDC sub-module film capacitor and
analyze the precautions of the capacitor design and manufacturing process. First, the cause of the fault, the failure mode,
and the effect are analyzed through the FMEA of the capacitor. To quantitatively evaluate the causes and effects of
faults that have the greatest effect on the failure of a capacitor, a fault tree for the capacitor is presented and the failure
rate is analyzed according to the design parameters and the driving conditions. It is verified that the main cause of
capacitor failure is the capacitance change, and it is necessary to minimize the temperature rise, corona occurrence,
electrode expansion, and insulation distance decrease during capacitor design and manufacturing process in order to
reduce the failure rate of the capacitor.
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Table 1. Failure mode and effect analysis of MKP.
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E 1L ABAE(MKPIS DE2E/GE E4A
Failure mode | [S] | [O] Cause of failure Failure effect
8 1 | Joule loss increases, temperature rise, electrode contact failure " Capacity_ nonconformj_ty due
to capacitance reduction
Opening 8 2 | Defective contact due to heat shrinkage and expansion =  Continuous self-healing
] ] ] = Corona occurrence
8 1 | Electrode damage due to vibration and impact = Insulation breakdown
8 3 | Temperature rise due to short circuit current and film melting . .
— - — = Capacity nonconformity due
3 3 Decrease in dlel_ectrlc strength due to film internal pressure decrease to capacitance reduction
as temperature increases = Continuous self-healing
3 | Loss of film insulation due to overvoltage " Corona_ occurrence
Short - - - - - = Insulation breakdown
1 | Decrease of insulation force due to moisture absorption of film = Insulation plate and internal
3 1 Decrease in internal pressure of the insulator plate due to high _filler d_amage due to
temperature insulation breakdown
: ] ; between terminal enclosures
8 2 | Internal pressure decrease of internal filler occurred at high temperature
5 3 Decrease of internal pressure by high temperature and increase of
self-healing = Capacity nonconformity due
Decrease 5 5 | Temperature rise and self-healing increase due to excessive charge to capacitance reduction
capacitance and discharge = Continuous self-healing
- - - - — = Corona occurrence
5 1 Hydrolysis or scattering of deposited metal by high humidity » Insulation breakdown
5 1 Bus plate damage due to vibration and impact
: : 8 2 | Pollution of insulation by dust * Insulation bushing breakage
Dielectric i i
breakdown S ; due to insulation breakdown
8 2 | Damage due to vibration and impact between terminal enclosures
D i . . .
estruction 7 2 | Enclosure damage due to vibration and impact =  Enclosure damage
of enclosure

# [S] @ Severity, [O] : Occurrence

£ AR F0A Weo] o7 A wi Eu
o AR EATL ANNEY LEYEe &
A4 (tan §)9) F7beh A WA G Bl Qo
bR SR tEo] aiele] AnAE g u
AE g8 g Fad adoln

(Occurrence),
ot 7o) A
I A3y AR

T A [ Rl

=

A, 8ok, 4718 ol
AuEst Ao
el ol maAAT 4
How At

£
2

H] 2] = A]

o &

=

[¢]
L=k
o H

o
o

(943)

Cause Failure factor and failure effect Result

Opening

Structural | !
design error

Conductor
Size
reduction

damage

Increased
Joule loss

Functional
degradation

Functional
degradation

Pressure rise

Tan &
increase

Leakage

Fire

Temperature
rise

Reduced
insulation

resistance
Insulation

1] corona
occurrence |
distance

reduction T

— expansion
increase

Film
thickness
reduction

Capacitance
decrease

Functional
N
degradation

Functional
degradation

Increased

i Fire
seli-healing

Dielectric |
melting ‘

explosion

Design

Failure factor and failure effect Result

Tan & Temperature
increase rise

Erosion /
corrosion

High
humidity

Poor heat
treatment

Space factor

Capacitance
decrease

Functional
L
degradation

Corona
occurrence

——

-1

Functional
degradation

i

Electrode
resislance
increase

Self-healing
failure

[
H Expansion H

Dielectric }

melting fire

Explosion

Process

(b)
Influence and result of cause of failure, (a) design
perspective, (b) manufacture process perspective.
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Fig. 6. Configuration of low events occurring capacitance
rise, (a) capacitance rise, (b) electrode expansion,
(c) corona increase, (d) temperature rise.

O3 6. HIAIEHA B35t ARMof| CHSE 519 AR 2=,
(@ AHTAHA 24 (o) M=HE

(0 2L} LM (d) 2=4s

o

% 62 MKPe| 1gEd 7H¢ & ¢S vA=
[Decrease capacitance] Aol tish 3¢ AMY 2=

Ho]Et} [Decrease capacitance] A3 [Electrode
expansion], [Corona increasel], [Temperature rise]
¥} o] ahfol Ul A} 735-¢F AA 1A
of m&#& 4 2+ [Isolation distance decrease] A}
de e 19 6@dA & Atk 11 6(h)¢]
[Electrode expansion] AHg2 [Over voltage] 53+

[e) T
g e



Failure analysis of capacitor for sub-module in HVDC

=

3 Z79]

= 87 9] el ARAY AA 27191 [Design
error]®] HAsHE F3) YAES HaAst & 5 Sk
1% 6(c)@] [Corona increase] AV ZE 57 744,
A E=Fe] AAS} AlxTAE ol HAst 7hssh,
[Space factor]®} [Humidity]e] 53742 74S S35
A EC] A7to] 7hsatth 19 6(d)e] [Temperature
rise] A3 [Decrease capacitance] Aol 713 & o
S v X AMFe R AA F [Joule loss increase] 2}
[Reduced insulation resistancels i12]s}al =274
¢l [Tan § increasel& W=late] 17 WAYS A7HAIZ
= At} [Tan § increase] AM2 5%, T3, A7+
a9 APl ols WA Eo] WAl e, FIkret
Alzbell o)t 3k Huhes FEol ok J&o] At
12 [Decrease capacitance]

7131 4] €] (MKP)
Aol Gl b A} BAROE A FRY

=

_1

o rlr

A

A
=
R

ox i rfo

L oo

ol\ L olN
E

\I
-~

of
o

[>
m
B

~

flo

R =

T L

(MKP)<]
AA D AzF
Al E1¢] FMEA
g gkl s

==
TO

Q-

(Fault-tree)

=
=
al

)

W 3} (Capacitance
gelstd oL, 7 i

A= A2 e o] A A <f

(946)

61

References

[1] Eui Min Choi, “Reliability factor and reliability
evaluation method of power electronic system,”
Journal of power electronics, vol.23, no.3, pp.34-40,
2018.

[2] S. Yang, A. Bryant, P. Mawby, D. Xiang, L.
Ran, and P. Tavner, “An industry-based survey
of reliability in power electronics converters,”
IEEE Trans. Industry Applications, vol.47, no.3,
pp.1441-1451, 2011. DOI:10.1109/TTA.2011.2124436
[3] Jun Seok Lee, “Power conversion system life
evaluation technology,” Journal of power electronics,
vol.23, no.3, pp.41-47, 2018.

[4] Film Capacitors: General technical information,
TDK, 2015.

[5] Y. Tang, L. Ran, O. Alatise, and P. Mawby,
Modular Multilevel
Converter,” IEEE Trans. on Industry Applications,
vol.52, no.4, pp.3279-3293, 2016.
DOI:10.1109/T1A.2016.2533620

[6] Vishay Roederstein, “Film capacitors, General

“Capacitor Selection for

Technical Information,” http://www.vishay.com
[7]1 KEMET, “Power Electronics Film Capacitors,”
http://www.kemet.com

[8] Military Handbook, Reliability Prediction of
Electronic Equipment, 1991.

[9] Failure Mode/Mechanism Distributions (FMD-97),
Reliability Analysis Center, 1997.

—— BIOGRAPHY |

Feel-soon Kang (Member)

2000: MS degree in Electrical
Engineering, Pusan National

University.

2003 : Ph.D degree in Electrical
Engineering, Pusan National
University.

2004~Present : Professor in Electronics and Control
Engineering, Hanbat National University.



62 j.inst.Korean.electr.electron.eng.Vol.22,No.4,941 ~947 December 2018

Sung-Geun Song (Member)

1998 : BS degree in Electrical
Engineering, Chonnam National
University.

2000 : MS degree in Electrical
Engineering, Chonnam National
University.

2007 : Ph.D degree in Electrical
Engineering, Chonnam National

University.

2007 ~Present : Senior Researcher, Energy conversion
research center, Korea Electronics Technology Institute.

(947)



