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Study of voltage measurement on photovoltaic modules for fault detection 
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Abstract 
PV systems have been installed in the world; however, some failures on PV systems and modules are 

reported recently. On the other hand, current fault detection methods on site measurement are not enough to 

identify failure modes and quantify degradation ratio of each module. Therefore, we have proposed the fault 

detection method for PV modules by measuring the operating voltage on site due to quantify the degradation 

ratio of PV modules. Operating voltages of failure PV modules in the string should be different because the 

operation point of PV modules are determined by the superposition technique of I-V curve calculation. In 

this study, the differential characteristics at module operating voltages were evaluated using simulation data. 

As the results, the operation voltage between normal state and failure PV module were intended to be 

different value clearly under the certain PV string voltages condition.  
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Fig. 1 I-V curve of normal modules 
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Fig. 2 Operating voltage of normal modules 
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Fig. 3 Enlarged module I-V curves near Pm 
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Fig. 4 I-V curve of failure modules 
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Fig. 5 I-V curve of string  

 
 

P077-082太エネ218-研究-関口.indd   78 2013/11/25   10:00:04



太陽エネルギー－ 79 －Vol.39. No.6

電圧計測による不具合モジュール診断方法の検討

I-V

  
 

 

I-V ( )

I-V
Pm 150 W Voc 25.4 

V Vpm 20.5 V I-V
(Spire, SPI-SUN SIMULATORTM 

1116N, SPI-SS) AM1.5

I-V (1)
9,10)

I-V
 

s s
ph 0

sh

exp 1
q V R I V R I

I I I
m n k T R

(1) 

Iph  [A]
Io  [A] Rs :  [ ] Rsh : 

 [ ] n : m : 
k :  [J/K] q :  [C] T : 

 [K] 
3

(2)
(1) 9)  

BD 0BD
BD BD

exp 1iqVI I
n k T

(2) 

IBD

 [A] I0BD [A](1.6 10-9 A)
nBD (1.0) TBD [K] (308.15 K) 

 

9 I-V

I-V
I-V

I-V   
 

Pm 90%

Fig. 1
I-V
I-V

a - i
I-V

Pm
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Fig. 2 Operating voltage of normal modules 
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Fig. 4 I-V curve of failure modules 
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(a) Voc mode 

 
(b) Isc mode 

 
(c) Rs mode 

 
(d) Rsh mode 

Fig. 6 Operating voltage of failure modules 
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Fig. 7 Measurement module voltages 
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Fig. 8 dV (module) / dV (string) -V characteristic 
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Fig. 6 Operating voltage of failure modules 
 

PV

 
OSL

PV
9 1

Pm = 150 W Voc = 
25.4 V Vpm = 20.5 V

(KEYENCE, GR-3000)

MPPT
MPPT ON OFF

Voc Vpm

Vpm Voc

1
A Isc Isc

Fig. 7 A 0V
Isc 5%

Pm 5%
Pm 5%

Fig. 7

Voc
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(a) Differential value from Vpm to Vpm + 10 V 

 

(b) Differential value from Vpm to Vpm - 10 V 

Fig. 10 Distinction of failure modes 
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Fig. 11 Distinction of failure modes by two points 
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