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Current PV Industry Activities in Arc Fault

With the implementation of NEC 690.11, and
UL1699B governing testing of Arc Fault
Circuit Interrupters (AFCI), the PV Industry
will be required to make hardware changes
that adds to the $/W costs.

- To reduce PV system costs, inexpensive
arc fault detectors and circuit interrupters
must be available to the market.

m Sandia National Laboratories is actively
working and partnering with Industry to
reduce these cost by understanding arcs,
signal propagation, and possible
detection challenges.

- Inverter manufacturers
- Module manufacturers

- PV electrical component manufacturers
- AFCI manufacturers

Other Measures

Testing / inspection

Visual inspection:

= Obvious failures
« Brown spots / scorching
* Inspection of rear & front

DC switching cabinet after the arcing event
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Arc Fault Testing

- — a
m Testing includes ! cI:i)iL(;:(IencgtriE(l:rCIng 5ielectric strength of air
. _ (current) || preakdown - 1 epends on pressure:
- Conditions that allow arcing OCCUS about 3000 V/mm at STP
- Materials for dielectric strength L R |
+ Geometry A A 3,)35 sl §
+ Voltages/potentials, boundary conditions E i £ i
- Introduction of simulated arcs into PV systems (VO,!:)?,?;;H-O; potential : A
+ Measure electrical frequencies present during arcing events '
- Filtering created by PV modules and other components e ”’ .
= Testing facilities T — -
- Manufacturers’ laboratories - - i (_\;M/ -
- Standard developers’ labs ¢ "”'f"m}“ = - —o
- National labs ol N s
= Sandia National Laboratories facilities: . B e .
. PSEL: Photovoltaic Systems Evaluation Lab =~ =1l &%re o

« Tests for module and cell manufacturers

- Pulsed Power, Z machine
+ The big ‘daddy’ of man made arc generators L e
- Understanding of the physics of arcs _ _agllll COPPE ~ samples, potting compounds,

il . ) conductor pads gases at different pressures,
- DETL: Distributed Energy Testing Lab

.- - f:_géxa‘ -
Same basic test apparatus will
allow testing of module material

to allow surface contact disconnects, contact gaps,
break wn test parallel path arcs and be used with
R the solar simulator and in the field
hooked up to various locations.
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- ¢ Arc Fault Testing, Sandia DETL Facility

Distributed Energy Testing Lab, DETL.: Sl?ndia_DETt_L Facfility
= Many combinations of grid tied generation, loads and storage 3;&%??:;:%;;??&%; Rowt

- Inverter, AFCIl and component manufacturers able to connectto | of a full scale PV System
PV arrays at any number of insertion points

m Advanced R&D b
- System level performance and reliability testing e e e e e e e s eaes gy _—_
- Component interoperability testing e
= Advanced Power Electronics Components and Systems oooooooooooooooo - ryrwea L3 0 ooono
- Solar Energy Grid Integration Systems (SEGIS) 22 T 3 e
. Co_nt_rollers for distributed grid equipment based on new and SEEEEEEEEEEEEET & == u | m |
existing standards A
- Advances in inverter design, integration and manufacturing @=-

through partnerships with Industry
- Long-term inverter performance characterizations
m Technology Solutions for Communications and Security

- Secure Supervisory Control and Data Acquisition (SCADA)
applications

- Technology development and applications capable of supporting
multiple communications protocols

m Solar Standards and Codes

- Development of new procedures for performance and reliability
testing

- Assuring accountability, applicability and metrics of new
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Arc Fault Modeling

PV array consisting
= Frequency modeling orsPymodses | [ |
- Development of cell, module, and array "

models for AC studies
- Studies investigate attenuation effects of
PV components
m Electrical modeling
- Simulation of current, voltage, and

resistance changes preceding and for
the duration of the arcing event e

Source: http://ecee.colorado.edu/~ecén2060/materia|s/5|muI|nk/PV/PV module_model.pdf
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~ With 43.5 V potential input, the electric
I fieldis juststarting to exceed 3 kV/mm
in the 5 micron gap when calculated
with the full integral solution, which is

lowerthanthe linear 435y kv

Smicron  mm

Jason Strauch 2/8/2011, Slide 5 of 6 @ Sandia National ]_ahnmtmes




«. « Arc Fault Modeling, Thermal and Structural
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m Thermo-mechanical % F
Al - Collector grid and busbar
modeling apparently shifted permanently to

- Simulation and prediction of FEES 5 L1 =

temperature and mechanical |

f f . 0 s Simulation showsthatthe region near 241201000
stress eftects of arcing given .= thearcandto the rightis shifted 2-2.5 lz:z:
boundary conditions, material == mmafterl second, likely enoughto ey

i s break nearby solder joints [
properties and geometry L Lo

- Simulations provide insights o |
into time scales for arc | | 1 Py
detection and material ‘::m 'ﬁg
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