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Abstract : This paper is analyzed for the thermal characteristics(1 year) of the 6 components(DC breaker, DC filter(including capacitor
and discharge resistance), IGBT(Insulated gate bipolar mode transistor), AC filter, AC breaker, etc.) of a photovoltaic power
generation-based PCS(Power conditioning system) below 20 kW. Among the modules, the discharge resistance included in the DC filter
indicated the highest heat at 125 C, and such heat resulting from the discharge resistance had an influence on the IGBT installed on the
rear side the board. Therefore, risk priority through risk priority number(RPN) of FMEA(Failure modes and effects analysis) sheet is
conducted for classification into top 10 %. According to thermal characteristics and FMEA, it is necessary to pay attention to not only the
in-house defects found in the IGBT, but also the conductive heat caused by the discharge resistance. Since it is possible that animal, dust
and others can be accumulated within the PCS, it is possible that the heat resulting from the discharge resistance may cause fire.
Accordingly, there are two options that can be used: installing a heat sink while designing the discharge resistance, and designing the
discharge resistance in a structure capable of avoiding heat conduction through setting a separation distance between discharge resistance
and IGBT. This data can be used as the data for conducting a comparative analysis of abnormal signals in the process of developing a
safety device for solar electricity-based photovoltaic power generation systems, as the data for examining the fire accidents caused by
each module, and as the field data for setting component management priorities.
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T.ME HE R B Ay e HYSHA Gtk

o Eetal BFAA A" disas vt

g ollM= At e W) ugs Sashal 27 ¢Fa BN ShREw vpE 3] 7HEA7|I Q)
AR = A7 2 ek 53] Al 82} A t}. o]2 o]G uwjEof EjoFd HhA ol FeA ) MY
7| 2A G AR LA s AF 245 Abero] By, AeEAO] As), KEO ugoR 7
Tk 2030714 AN A A 7F A A= AAdef Al At 27} 8 So] A1 22 A7} WSt TP 2 A
Aok Hl&E 20%E Sk, o] " A= 2035 e Y 2 dule 270 e WHEE =
G7HA] 11%2] SR 2 e Aof disf AeF#]olch olt}rl, 21 TAEs}F WolR| 1L o] & Qg Fe] A

A IA FoIAE BA Ho] /14 we 2
eapziA] 7]ure] e M AlZgojolch ejo
) S A ALRE 19} Hel i
57) whiol] 7)ol oS mgsteh T 715 A

S & oA el WASH: 20 ol2ck ol 4
A ol sps St ofwl 2ol tig 1 B of
4w A e WAREAS L 57t QP G
o A Aule S9 Ei Sujo] AxHTh Sejo) A

i

* Corresponding Author : Sung-Chul Kim, Tel : +82-43-267-2463, E-mail : ksc3650@naver.com
Department of Safety Engineering, Chungbuk National University, 1 Chungdae-ro, Seowon-gu, Cheongju 28644, Korea



==
Ijzl_l_

ra

A &= Aels BFHEA ofgolet A Eutloln, &
U&= PCS(Power conditioning system)Q} ©|& #&|sl=
BUEY sxegelz FRAL A AHHo o
oFeH Aol WASHET] At W BBl o3 Tk,
BEARS] A3, weld BAY, B4 2AYE 5
4% B A WAH o714 A U F
ol oJgt wewt Al BAYE Sotow At
oz 1 BAHe] 2 MARGO, et 5E
AA 9] Akt wed FAlR s AN Al
E= HAAFE Aol REI1Y] 94 EA4e &

7 giek Algzaet A=y HAE Fololut

£4, FMEA(Failure modes effects analysis

SESAENS Hohed 28T 4 gk w3
S A9 ZAgeole o 1¥7ke] go]
TR SRS G Aol MY B

[eR=

—_

S

|u}
=}
flo wu rt

=l
B9 AR, 4HEYL U S| 1Y Wi
A7} 710 ojyElojof Wt Ea RE
RO Y mEv} e S
B T A L mEsof Ak

webd B QApolAE 34 2E A9 A7 dlofe]
sk s}7] Sfato] 35 Cofsk AAE 20 K ol5} ¢
w B2 AT 1azke] B HlojE
. 3 PCSO| LARIE S HEsl1 FMEA
9 10%2] ABSAE0E = E5 At 25
3} BLAEAE st REL] A

al

AAIShmA B,

g

ox ofd
_?L
2
v

*

-

o
L

A

oL

tlo Jm mu Ay o2

Ol

2. ENEEN PCS2| shxfAll R FMEA 7|'H

2.1 EtRErN PCSO| SIAHAL|

eloFs PCSO A 71 293k 2o IGBT (DC/AC
convert)o|t}. IGBT= TheFeh ARMA|EL A4 Eo] 9l
o, go| s <QF =7 ufite] WEdWMS 714
o8 A5t Qlrk IGBTE A gufrty thE 2|0 €
FF FHo] =2 5~9Y Afololl A vehar ok
A HolMe SAZE glod =2 99 Ae=
IGBTY] 3-§2%E ZI5HA =il UFols ddo]
uty]Elof ZRbslA "o, IGBTE] Akl Alojl= PCS)
719 WA =R s AAHCh Fig. 12 20 KW
9] PCSollA ALLE et Sl Fig 1 a)yc)=
IGBTS] Z4t2 Qlato] S 4, Hi why), Az
Arsg Yep ok

o =

<71
=

g

I3

.21
=

=
=

o
s

Fig. 1. Incident cases of IGBT,
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Table 1, Severity ranking criteria™®

Rank Description

Failure is of such minor nature that the customer (internal or

! external) will probably not detect the failure.

Failure will result in slight customer annoyance and/or slight

2 deterioration of part or system performance.

3 Failure will result in customer dissatisfaction and annoyance and/or
deterioration of part or system performance.

4 Failure will result in high degree of customer dissatisfaction and
cause non-functionality of system.

5 Failure will result in major customer dissatisfaction and cause

nonsystem operation or non-compliance with government regulations.

Table 2. Occurrence ranking criteria™®

Rank Description

An unlikely probability of occurrence during the item operating time
interval. Unlikely is defined as a single failure mode (FM)
probability < 0.001 of the overall probability of failure during the
item operating time interval.

A remote probability of occurrence during the item operating time
interval (i.e. once every two months). Remote is defined as a single
FM probability > 0.001 but < 0.01 of the overall probability of
failure during the item operating time interval.

An occasional probability of occurrence during the item operating
time interval (i.e. once a month). Occasional is defined as a single
FM probability > 0.01 but < 0.10 of the overall probability of failure
during the item operating time interval.

A moderate probability of occurrence during the item operating time
interval (i.e. once every two weeks). Probable is defined as a single
FM probability > 0.10 but < 0.20 of the overall probability of failure
during the item operating time interval.

A high probability of occurrence during the item operating time
interval (i.e. once a week). High probability is defined as a single
FM probability > 0.20 of the overall probability of failure during
the item operating interval.

NOTE: Quantitative data should be used if it is available.
For Example:

0.001 = 1 failure in 1,000 hours

0.01 = 1 failure in 100 hours

0.10 = 1 failure in 10 hours

Table 3, Detection ranking criteria®

Rank Description

Very high probability that the defect will be detected. Verification
1 |and/or controls will almost certainly detect the existence of a
deficiency or defect.

High probability that the defect will be detected. Verification and/or
2 |controls have a good chance of detecting the existence of a
deficiency or defect.

Moderate probability that the defect will be detected. Verification
3 |and/or controls are likely to detect the existence of a deficiency
or defect.

Low probability that the defect will be detected. Verification and/or
controls not likely to detect the existence of a deficiency or defect.

Very low (or zero) probability that the defect will be detected.
5 | Verification and/or controls will not or cannot detect the existence
of a deficiency or defect.
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Fig. 2. Schematic of 20 KW photovoltaic power generation system,
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Table 4, FMEA worksheet
S| O| D| R
Item no. |Potential failure modes Potential causes Potential effects E| C| E| P
V| C| T| N
100 MCCB(DC/AC)
101 No operation Faulty sthch,‘damages to-structural paFts, flashover/arc, No disconnection, safety, fire, arcs | S| 4| 1| 20
1mproper maintenance, aging
102 Opens without Bad syste‘m conﬁgurat{on, construc"ﬂon defect, No energy output slal 1] 20
command mechanical defects, improper maintenance
q q G @ q q g Reduced energy output,
103  |Intermittent operation Corrosion, improper installation, lightning damage T T @ (e dg 5| 4| 2|40
104 Does not open Faulty SWltCh’. 8es to.structural p@, flashover/ar, No disconnection, safety, fire, arcs 50 3| 2130
improper maintenance, aging
105 Mechanical failure Damages, improper installation, disconnections, animals Reduced energy output, no energy output| 4| 1| 1| 4
106 Degraded operation Damages, improper installation, disconnections, animals No disconnection, safety, fire, arcs | 3| 1| 3| 9
107 Induced Bad systgm conﬁgurat%on, construcFlon defect, Reduced energy output, 30 1] 3] 9
mechanical defects, improper maintenance no energy output, safety, fire
108 Induced failure Bad systgm conﬁgurat%on, construcFlon defect, Reduced energy output, 30 1] 3] 9
mechanical defects, improper maintenance no energy output, safety, fire
Bad lamination, high voltage stress, hot spots, Humidity/water/contaminant entrance,
109 Contamination high cell/ module temperature, damage from frame distortion, |increased degradation, reduced energy| 3| 1| 1| 3
cleaning actions, animals, lightning, earthquake output, no energy output
200 DC bus capacitor
201 Cracked Damages, improper installation, disconnections, animals Reduced energy output, no energy output‘ 2 ‘ 2 ‘ 1 | 4
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V| C| T| N
300 Discharge resistor
Insulation breakdown, damages to structural parts,
301 Improper output water/particles in oil, continuous overvoltage, shorting, o liz(:ucedozllf:tg’ys:;lettp;ut,fm 5| 4| 2| 40
lack of protective device, improper maintenance, aging ey >
L . Humidity/water/contaminant entrance
. Lo Bad lamination, high voltage stress, hot spots, . . ’
302 Binding/Sticking damage from frame distortion, cleaning actions, animals, lightning increased degradation, reduced energy | 4| 1| 4| 16
output, no energy output
303 Broken Bad system configuration, construction defect, Excessive increase of current in the sloal 1] 10
mechanical defects, improper maintenance system, overheating, safety, arcs, fire
304 Cracked Damages, improper installation, disconnections, animals Reduced energy output, no energy output| 4| 2| 1| 8
305 Loose Bad system configuration, construction defect, Excessive increase of current in the s|o1l 4l
mechanical defects, improper maintenance system, overheating, safety, arcs, fire
306 No output Damage, disconnection, animals, pulled cables No energy output 5131 1|15
400 Resistor assembly
401 Broken Bad system configuration, construction defect, Excessive increase of current in the 2l 2l 1] 4
mechanical defects, improper maintenance system, overheating, safety, arcs, fire
400 Loose Bad system configuration, construction defect, Excessive increase of current in the slo1l 4l 2
mechanical defects, improper maintenance system, overheating, safety, arcs, fire
403 Open Damage, disconnection, animals, vandalism, strong wind, pulled cables No energy output S| 1] 1|5
500 IGBT
Fail to operate  |Contact damage, card/board problem, software failure (within working
501 (Fail to transfer) conditions), ventilation obstruction, extreme weather conditions No energy output S| 41
Bearing failure Failure of tap changer, damages to structural parts, . .
302 (Parameter change) improper maintenance, aging Loss of efficiency, improper energy output| 3| 2 2| 12
Insulation breakdown, damages to structural parts, water/particles in|
503 Erratic operation |oil, transient overvoltage disturbance, continuous overvoltage, shorting,| Reduced energy output transformer | 3| 2| 2| 12
lack of protective device, improper maintenance, aging
504 Degraded output MPPT unbalance, extreme weather conditions, improper design | Reduced energy output Transformer | 4 | 4| 3| 48
Insulation breakdown, damages to structural parts, water/particles in Reduced enerey output
505 Improper output |oil, transient overvoltage disturbance, continuous overvoltage, shorting, 1o enerey ou ufysafetp ’ﬁre 512 1|10
lack of protective device, improper maintenance, aging gy output, 28
Lightning, earthquake, explosion,
306 No-output(Open) exposuretonon-electric fire/burning, shorting, aging No energy output 3| 2|t
Insulation breakdown, damages to structural parts, Reduced enerey output
507 ‘Worn(Short) water/particles in oil, continuous overvoltage, shorting, 1o eneray ou ufysafetp ’ﬁre 41 21 2]16
lack of protective device, improper maintenance, aging gy output, v,
600 Inductor
. . Bad system configuration, construction defect, Excessive increase of current in the
601 Alignment-improper mechanical defects, improper maintenance system, overheating, safety, arcs, fire 4z 26
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