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Detection of Aging Modules in Solar String with Jerk Function

Han-Byeol Son!, Seong-Mi Park?, Sung-Jun Park

Abstract

In this study, major problems, such as licensing problems due to civil complaints, deterioration of facility
period, and damage of modules, are exposed to many problems in domestic businesses. Particularly, the
photovoltaic (PV) modules applied to early PV systems have been repaired and replaced over the past two
decades, and a new module-based aging detection method is needed to expand the maintenance market and
stabilize and repair power supplies. PV modules in a PV system use a string that is configured in series to
generate high voltage. However, even if only one module of the solar modules connected in series ages, the
power generation efficiency of the aged string is reduced. Therefore, we propose a topology that can measure
the instantaneous PV characteristic curve to determine the aging module in the solar string and the aging
judgment algorithm using the measured PV characteristic curve.
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TABLE 1
STRESS FACTORS AND INFLUENCE OF SOLAR
MODULES
No. | Failure mode | Stress factor Module Impact
1 Seal UV, high Isc degradation,
discoloration temperature reduced efficiency
o Ribbon Wire |High temperature, Rs increase,
Corrosion high humidity |efficiency decrease
Reduction of
3 Peeling back |High temperature, |corrosion efficiency
sheet high humidity by moisture
penetration
4 Frame joint Temperature Rs increase,
crack difference efficiency decrease
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Fig. 1. VI characteristic curve of aging of the same condition.
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Fig. 2. VP characteristic curve of aging of the same condition.
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Fig. 3. VI characteristic curves due to different conditions
of aging.
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Fig. 5. Velocity, acceleration, correlation with jerk function.
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Fig. 11. Energy consumption mode.

TABLE II

PHOTOVOLTAIC MODULE SPECIFICATIONS

Pmax 420[W] Voc 60.7[V]

Isc 9.0[A] Vmp 49.7[V]

Imp S45[A] Size 1.96%1.308

Eff 16.4[%] Weight 35lkg)
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Fig. 12. Photovoltaic deterioration verification algorithm
schematic.
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Fig. 16. Normal string voltage, current curve (output less
than 15%).
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Tek Stop__|  —T -

/——‘-

]

Chi[ 100V

M4.00ms| A Ch1 5 48.0V|
EEE 1.00V Jan 2019
)

18
Wi+~ [14.3200ms 12:21:0

Fig. 24. Two aging modules included curve (output 50%
more).

[

| \¥—\
Lot
I8 v MET00ms A ChTTF ARGV

EE 1.oov | 18 Jan_ 2019
i~ [14.3200ms 11: o

Fig. 25. Three aging modules included curve (output 50%

HZgo] Ar)E HEO w | el Curve 2
Aol de7t vebdth Y 2EFS] 4= 29 15%
olstel Hlas) W WASHE mo]=e] o] HojA|n]



m
]
—~ B o
L E]FOOHLE ,I
z D L.%ﬂmﬁmiﬁ&m%%ﬁu
5 _ N G U Y ey
8 2 joﬁM&r]oiTmﬂE _M:Aﬁ]_ﬁ
X . 50 uwﬂxkbawﬁ:‘_du i [ - i el
2 5 o e [QOW}ﬂM o B B R
o rigions :i ™0 E_l o o o . o ~ = FL X° (RS
5 = e o < o B T Lm < &hﬁw,ﬁ wmnim T oo e N Mo
= - dl?%1o€_d_mﬂ§% d.l.ﬁolr zﬂ}mﬂav Amﬂ% e%ﬂ%ﬂoiﬁ
2 AT TE T D R L VBT <y
= = 2 }aegoMozu Tmﬁuoﬂaﬂmﬁﬁ mj L .4ume§ T < A <
h & g ﬁ%%Lﬂ%ol@%aﬂﬂé V&ﬂyb H% 1%@@Vg@4
A g 2 2 ]4@24&11% | < wo = wrﬁomMuummg? E dmnaﬂEﬂP oo W
i ! o0 Z.ﬁmﬁ > ol ,ﬁmaﬂhmv% | ﬁ,ﬁﬂ]ﬁvﬂﬂdﬂ X _ 3 deq %o he vl el Wﬂ_ orhcm
iy = _ IS} ! —
.mﬂ m o &a;o_zﬁ%m_x,ur._Emew‘ﬂﬁm Ml,muE dﬂ%ﬂn%ﬁ@“;ﬁﬁﬁﬂ ijﬂﬂnﬂwg znA
- 5 8 < 4 ,fa1ﬁ¢l 4 N B R mﬁﬂ%ﬂﬁﬂu s @Eﬂﬂﬁﬂﬂi
o = g quLWﬂLWoWQMomdF Tnmuliﬂ Mzti‘_]?mmﬂ g 7}1d.|rfﬂ,_wm1ﬂm.w
H ) < _zﬁga}@_ = U ;olﬂa_/ ° oﬂdlo Aﬁdr_nn _@r,_xlo;o 3 or
. : g ﬂ%ml%%g@%%%QWﬂ o N o b %7gw%@%%
= 3 i g B AR o g 2o df T -
v S S — H B 0w T P BN
b 4 : %ﬂ%M@ %@ﬂ@ﬂgo @ﬂ1%%%%% ~ B T R o
L . ERTTSIEY S £ %Lo],_iurw%ﬂzﬁ I O T M%urgo Eou:w o mf I e o
2 I gy PR T LN %%117@@% o @7 B 5 2 o
® - it & e A " N5 o0 w0 1 o % oF : o TR o
i ; ﬂﬂxbdlnuu omﬂewrﬂﬂlga ~ aﬂ_ao,.imﬂdlegﬂbwdmzaﬂ
= ~ 2 ﬁﬁ?%% W%é%w " =T ﬂﬂ%%ﬂﬂ%%%?ﬂ%ﬂg%ﬁﬂ
o o B W R w o B ol N = Nb o ok @ _ﬂ__.l _ =7 BB E B = ol o el o| oF
Mw 2 A S ,mﬁiﬂ dr.%zer wﬂmm/wﬁ_.LtVAﬂéaeEowméamMNr
o —_— el pr—
iy W oMo oof X mﬂo@aommuoi‘_@mw HﬂEWM_ZTH%%o»ﬂATAT
" = gavoUr BT T No o me_z_abo75m_.m1_wTﬂﬁeoATJle%E
P E W o o o NE AW o0 W o % el A of
£ z . o BH ﬂ:ﬂzsiﬂ . mOR AR ﬁgao;fo_n
= = B wﬁﬂ%ao o~ e - bo o - o M = o ﬂoﬂﬂﬁ%@%ﬁo
m 2 WWEL% ﬂd..%ﬂr%gadr.egdl.i _Mﬂ% 1 y T AN T 80
o _ < 5 F — X
g S EZL mumfcﬂﬂﬂofxz.oﬁi o 2 2 W o
= i B — hﬁlao? i = T ] oﬁlmum
A A ﬂa$ET;M¢L?w¢ﬂ, i S caﬁémmim%mv
g ER %%ﬂvﬁgo%%%w@m > & S i
< E TR E%apwjgagﬂ%@m P T EEiEd
E 5 T ﬂﬁ%%l@a@ﬁﬂ¢z1 ez R gy F
. £ W 7o 9 <0 ) A o0 o o g0 = o M o e R
¥ = "RE T n B gﬁgnwwga LT
5 s BT 1§%o$mﬂwaa%w%%az ¥ e
- X mnﬂmouf%EE%M@]WE?%% T ﬂu1m7.@r%Mmﬂé.
Lfm = M%@?Uﬂﬂ%ﬂﬂwﬂgo%@L 7 o dﬂ%i%imw
R o mj2:xlao_ ) @.ﬂﬂdrE@% %o ! = e g i
e : e T B N o R INC I . B ™5 F B
i S , B gecncecn 5 T M T A Py s M =0 T il oy T W Zh R T po — 1= \Ul © = oy M o) 5} ol _
M e O ® =W X ﬁﬁﬂ_KTaSﬂAﬁT W = %R = og_]iﬁo
< i N .ﬁE o_uﬂﬂ.o|;1}| T o#.eT o R ],_ouP_E T ol X
ﬁ o \Mﬂ“@l‘ﬂuo#eﬂ ‘mlw_,mﬂ.h LLJHE]&ELL@U;}MM&L 7¢l )AﬂAIL‘U|.._ M\XEOQ
b mm.oo\lﬂA_,oT_ﬂyl]lﬂﬂl,qﬂu 774u0t,NEHJAI‘.m_I ‘:‘_thAﬂAlL;oﬂnLy Cl
£ B = ,iﬂe]%%mTﬁS %ﬂg_}% H%&ma@ ol
A AR daﬂﬁmmlaoﬁﬂ%xféwhﬂwﬁﬂ e T
tﬁ@ﬂlpﬁoiﬂaﬂﬁéago\% N utmﬂﬂww oﬂaaoo#o
8K o 5 o . — irs \xo#a -
ﬁZkO]EZdl]anﬂ i,_ouo#o% Ea%o,%
00 o R° olirgE lrxL,aﬁ X
R %% Hfﬂxcﬁﬂ_éﬁ
i I et
cE‘aoJrﬂ,mmo_wTﬂuﬁo
Wl M B e



364 The Transactions of the Korean Institute of Power Electronics, Vol. 24, No. 5, October 2019

References

[1] H B. Kim, T. B. Jung, G. H Kang, and H. S. Chang,
“The effect of PID generation by components of the PV
module,” J. Korean Inst Electr. Electron. Mater. Eng,
Vol. 26, No. 10, pp. 760-765, Oct. 2013.

[2] D. G. Kim, “Detecting fault of solar plant using drone,”
Journal of Power Electronics, Jul. 2017.

[3]1 G S. Lee and J. J. Lee, “Test of fault detection to
solar-light module using UAV based thermal infrared
camera,” Journal of the Korean Geographical Society,
Vol. 19, No. 4, pp. 106-117, Dec. 2016.

[4] J. S. Na, “A study on high-efficiency solar reverse-
current  protection device using the synchronous
rectification switching method,” Journal of the Korean
Institute of Illuminating and Electrical Installation
Engineers., Vol. 31, No. 1, Jan. 2017.

[5] Y. N. Park, G. S. Kang, S. H. Go, G. H. Gang, and Y. C.
Ju, “Fault diagnosis sensor of photovoltaic module using
zighee communication,” Proceedings o KIEE, pp.
275-277, Oct. 2016.

[6] J. S. Lee, Introduction to solar cell engineering, Green,
2007.

[71 Y. S. Kim, “A study on the development of system for
synchronous motor drive for elevator,” Dissertation of
Ph.D. in Engineering, Pukyong National University
Graduate School, 2017.

[8] Y. Zhou, “A study on the measurement of PV moudle
characteristic ~ curve  using  capacitor  charging,”
Department of Electrical Enginering Graduate School,
Chonnam National Univ., 2017.

[91 Y. S. Jung, S. W. Ko, C. M. Lee, K. H. Kang, J. S. Lee,
and G. H. Hang, “Research of the fire probability for the
DC joint-box of PV system,” Jourmal o the Korean
Society for New and Renewable Energy, pp. 223-223,
Vol. 11, No. 3, Jun. 2015.

[10] K. M. Park, S. B. Bang, D. O. Kim, K Y. Lee, J. HL
Kim, and J. Y. Park, “A study on the electrical fire
Hazard by the tracking of Solar Connection box,” Journal
o the Korean Institute o Electrical Engineers, pp.
1531-1532, Jul. 2015.

[11] Y. M. Lee, H S. Kim, Y. K. Kamg, and C. H Kim,
“Electrical fire prevention system of photovoltaic power
system junction box,” Journal of the Korean Institute
of Illuminating and electrical Installation Engineers, pp.
109-109, May. 2016.

[12] J. H. Park, U. R. Cho, W. C. Cha, H. J. Lee, and J. C.
Kim, “A study on electrical safety of photovoltaic
system junction box,” Journal of the Korean Institute
of Illuminating and electrical Installation Engineers, pp
197-198, May. 2014.

[13] J. Weiss, Photovoltics design and installation manual,
New Society Publishers, pp. 52-54, 2007.

[14] H B Son,
measurement

“Development of solar string deterioration

topology and algorithm wusing jerk
function,” Department of Electrical Enginering Graduate
School, Chonnam National Univ., pp. 1-77, 2019.

20194 M) M7|B
19E ~ 84 = chste

=nrdol(#h R x)

19631 62 2024, 19861 Mdoh Hoks
Astnb i 2001 MEC HFEISSD)
OJ(MMH. 2011'-:1 Mo HEBEHEEA
=1 ATt

20134 ~ & Bh=

I
6

.l

N
0x
M4
w5
=
=

Ls

o B
&)]
[

=]
0

38 2024, 19918 Sy
Z¢. 19349 = hEe
Ab. 19964 = st
. 20024 & tiste Xs7IA
gh). 1996 ~20004 AHH|CH &2
. 20004 ~20034 SHEN ™IS
w2003 ~ S ﬁ:.*EH Ho|Sstat ul=

[l
NN

OK OH

2 0d 1o jor N
ATy

R TN gk
Q

R I
0K 1z
2

a3}

=

18°]

_\:._I =
by
El

2P



