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DC Arcs in PV arrays
What types of situations?

Parallel arc

= Parallel fault due to breakdown in insulation
between + and — due to eg mechanical damage,
aging or rodent damage.

= Earth fault in systems that are earth referenced or
have a transformerless inverter

= Series arc due to a bad connection or a break in the
wiring
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Parallel Fault

= Parallel fault is obviously the most
dangerous as the entire array
could feed the fault. Maximum
voltage and maximum current
available.

Parallel arc
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‘Earth Fault

= Earth fault is also very dangerous
depending on the array
configuration and the actual
situation the entire array could
feed the fault. Maximum voltage
and maximum current could be
available.

Parallel arc
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Series Fault (break)

= Series arc —Generally less energy
available to it than the parallel arc
but:

= A Series arc is a much higher
probability event due to the
number of connections in an array.

— If an arc develops in only one string
the consequences are less than if it
were in the array output cable
connections

Parallel arc
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ARCS
- o
= Small gap with no
breakdown will support a 498
high voltage __||._High ignition voltage
3000-5000 V

= Once struck an arc will burn
with relatively low voltage ||

d rOp . N Low electric arc voltage
e.g.30V

48V nominal 2 strings 48V nominal 1 string
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| Arc Characteristics
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| Arc Characteristic Curves
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Arc Operating Point

Vs - Source Voltage
R - Resistance
I - Current

/Typlcal { Vs - Rl ) Load Line

Arc Voltage, Volts
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Series Arc on Array with
series R
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- Arc Characteristic curves

A
mmi—  Centre for Energy and

Environmental Markets

| IV Characteristics of an array with a series arc

—
‘_ Centre for Energy and © CEEM. 2005
Environmental Markets ’



THE UNIVERSITY OF NEW SOUTH WALES = SYDNEY = AUSTRALIA

—
f Centre for Energy and
Environmental Markets
— Arc 6mm
== Arc 3mm —+ PV-Generator
Cusrrsenll[A] —— Arc imm
g P
o Jge“-' iﬁg"‘
5 i
e b o
E; 45 3 o ANEER TS ——— SR
; I f‘* PESR
PV 4 ™ N
TN
- 35 1 & 4
s =T T \
| g 41| T4
~ F2EF
v 0 Dhm Lr L /ﬁ
L | 25 T 4 g ESEe &
|| A 1
2 [ Ler N a.0n
AT [ TN 3 A Ay ii
N 15 T == =
LFILH “\‘n = ’
PV 1 - Generator output voltage = Electric arc voltags| g
P4 E4T ]
¢ |~ - -1
| e 27 LHFT Total voltage | REENN T
0 &t [JTT1 ]
0 10 20 30 40 50 60 70 80 ) 100 110 120 anlggev [‘J]AE

f Centre for Energy and
Environmental Markets

- Arc 20mm

== Arc 10mm —+ PV-Generator
e ottt
vl [pv PV PV 20A = ap._ﬁ..________"‘q__h_h__‘_ T

- g P

MM M M AR T £
PV PV PV PV ; il \‘

g !
MMMM T L

B3
| A
2% 2% PV 2% ] A i r e ﬂt LU
T AT LT =l q
[ (T A e
MMM M 2 [T il b
—= sene fator output voltage = Electric arc voltage|
PV PV PV PV ’: P TE+T g ‘
XdIINEET S Total volta -] T
— T T T 420 s he] ]
0 10 20 30 40 50 60 70 80 90 100 110 120 anggev 40

a—
‘_ Centre for Energy and

) © CEEM, 2005
Environmental Markets



THE UNIVERSITY OF NEW SOUTH WALES = SYDNEY = AUSTRALIA

A
s~ Centre for Energy and

‘Multistring 140V single string series arc

I (Amps) Vs

]

3

25

20 TI\
\

IRGEEGEE
RGEEGEE
IRGEEGEE
:H 2

|
- 15 '
— ~ |
M ~ I vai

N N N 10 ] 'Q.Z'Zg':bfﬁt

MMM M M 5 |
ol [ | \
— T T T | |
0 25 50 75 1d|0 125 150 \%

A
mmi—  Centre for Energy and

Environmental Markets

Multistring 400V single string series arc
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‘Multistring 600V single string series arc
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Arc Conclusions

= Arcs of any type are a real problem
= Series arcs are the most probable

= Earth faults and parallel faults very dangerous if
they occur.

= Severity of arc related to:
— location in array
— Voltage and current available
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