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1. Background 
1.1 Introduction 

Electricity is the most valuable type of energy consumed by humanity in an uninterrupted 

rhythm because most applications require electricity in different forms, e.g. heating, cooling, 

cooking, cell phone use. All these basic daily needs require different energy quantities, 

summing up a certain amount of electricity. At the moment, everything related to technology 

is also related to electricity, as it acts as a driving force for every new technological innovation 

that exists. 

The installation of photovoltaic systems has been increased rapidly during the recent years, 

as technology continues to evolve and the performance ratio of these systems increases 

accordingly. As PV installations have increased and take place in a variety of environments, 

such as large agricultural fields (for utility scenarios), as well as C&I rooftops and residential 

rooftops, safety issues should be even more seriously considered. Arc faults can easily 

represent a cause of fire in PV inverters, in PV systems and consequently in the house where 

the PV system is installed. This has harmful effects on the environment and also on humans. 

 
1.1 Fire Danger from Distributed PV System 

 
This century is characterized by the increased installation of Renewable Energy Sources in 

any form, mainly of Photovoltaic and Wind Parks. The size of such installations varies from a 

few kWs up to MWs. Thousands of such investments are already in operation and even more 

are planned for the near future. All this dispersed or distributed power production through 

PV and wind systems is opening a new era in the electric power networks. Smart grids are 

being installed and tested utilizing dispersed resources. 

Rooftop PV systems are usually divided into residential (kW size) and industrial/commercial 

(kW-MW size) ones. Risk is a concept that is determined by the probability of occurrence and 

the severity of loss. Independently from the rooftop size and the kWs of the PV system, many 

representative cases of fire incidents have been noted around the world. The wide wiring 

range, possible inverter faults, high current-carrying cables, loose electrical connections may 

be causes of an arc phenomenon that can lead to a fire. The problem is multiplied because 

the place of installation is above resident or working people. Nevertheless, the lost energy 



because of such a severe fault is significant due to the increased difficulty and extended time 

of restoration of the whole system. 

 

 

More specifically, PV systems are composed of electrical components, so they are at risk of 

the traditional fire ignition types that are usually associated with electrical systems. Within 

internal PV systems, the following are the most common primary ignition scenarios: 

• Incorrect or poor mechanical installation can cause DC arc faults and overheating. 

• PV components of poor-quality result in DC arc faults and overheating. 

• Overheating and DC arc faults caused by age or deterioration of PV components, 

resulting in spontaneous igniting. 

• Hot spot effects that cause localized overheating. 

• Product failure or system component defect that causes localized overheating. 

The causes of fire in PV systems can be classified into DC arc fault and localized overheating of 

PV components. In comparison to AC arcing, DC arcs are more dangerous because the voltage 

continues to remain after the arcing is established. 

As a result, it is important to investigate the possible causes of fire hazard of both new and old 

PV modules, as well as other PV components. 

 



In conclusion, together with the PV modules, the number of connectors is proportional with the 

capacity of the PV system, and it is assumed that the quantity of PV modules and connectors are 

significantly higher than the quantity of isolators and inverters, which indicate a higher failure 

rate of the two last-mentioned components despite the similar failure frequency. 

 

2. Technical Description 
2.1 ARC Faults in PV System 

There are three main types of arcs, which are Series arcs, Parallel arcs and arc to earth. The most 

frequent arcs in these installations are series arcs, which are mostly brought on by poor cable 

connections. A partial short circuit between two neighboring wires or circuits with varying 

potentials might result in parallel arcs. Inadequate insulation of the system to the earth leads to 

arcs to the earth. Arcs to ground and series arcs are more likely to occur in PV systems than 

parallel arcs because the wire is double insulated, a fact which reduces the chance of a parallel 

arc. 

 

 



Several accidents involving fire hazards have been reported in recent years, but most of these 

accidents are caused by a lack of knowledge about different types of failures in photovoltaic 

systems. Photovoltaic systems installed today do not have built-in self- contained protection 

against fire, personal injury and death due to DC electrical failure. Arc flashes and fires pose the 

biggest threat to personnel safety in a PV system. 

 

 

2.2 Technical Features of Huawei AFCI Function 
The AFCI (Arc Fault Circuit interrupter) is a device that interrupts a circuit when it detects an arc. 

This can prevent an intense fire from spreading. The arc is characterized by a white high 

frequency noise signal with frequencies between 

10 kHz and 100 kHz. AFCI can detect an arc by monitoring its signal and the noise it produces. 

There have been developed mature technologies for the detection of AC arcs, which make the 

detection process easy. There are several methods to detect an arc like acoustic physical 

characteristics, waveform characteristic, harmonic analysis, and frequency domain. 

However, detecting DC arcs is more difficult than AC arcs. The waveform of the DC arc is similar 

to the normal status, with only the amplitude of it being different. This results in difficulties 

detecting arcs in frequency or energy bands, 



which can cause instability and a lack of efficiency in detecting them. Regarding the noise 

adaptability, the thresholds that are set and the detection algorithm are mainly based on human 

experience. If the environmental noise spectrum is close to the arc noise spectrum, it can be 

difficult to distinguish the arc, resulting in missed detections or false alarms which can cause 

tripping by interrupting the operation of the system, affecting the energy generation data. 

Regarding the adaptability of the scenarios, in commercial and industrial scenarios the cable 

length of the PV system can exceed 200 m and the maximum MPPT current 26 A. The main 

problem is that the longer cable length may affect the ability to effectively detect arc faults. 

Therefore, the main difficulty is to accurately detect the actual arc fault without causing false 

alarms. 

Achieving this goal is not trivial, and often the AFCI function has been disabled by the 

owner/installer to avoid unnecessary trips due to false alarms, but at the same time, the 

likelihood of an actual arc fault occurring increases, as do the potential hazards. 

 

 

 

 

 

 

 

 

 

In most cases of PV installations, the mechanism of AFCI is consisted of three different forms: The 

Arc Fault Detector (AFD) and Arc Fault Interrupter (AFI) which are installed separately as external 

devices, the Arc Fault Detector (AFD) which is integrated in the inverter, and the AFCI (AFD + AFI) 

integrated in the inverter 



 

 

Huawei’s AFCI can overcome the problem of complexed algorithms trying to accurately detect 

the features of the DC arc with AI and deep learning technology based on neural network 

algorithm. It has the ability to rapidly calculate, process and iterate massive data that helps to 

effectively distinguish characteristic signals with similar waveforms. 

 

With the AI and deep learning function, the AFCI also is able to continuously learn unknown 

spectrums, leading to effectively improve the noise adaptability of the device. These features 

have helped in order to effectively distinguish the DC arc from these two characteristics which 

in traditional methods many times lead to false alarms. 

 



1.2 Inverter Specification 
 
Here in this test SUN2000-50KTL-M3 inverter has been used. Inverter datasheet attached bellow: 
 



1.3 Panel Specification 

Here used Trina solar TSM-550DE19 panel. Panel datasheet attached bellow: 

 

 

 



 

 

2. Onsite AFCI Test 

2.1 Test Site Details 

 

 

 Testing Date  16th October 2024 

 Location  United City, Madani Avenue, Badda, Dhaka 1212, Bangladesh 

 Customers Company  United International University (UIU) 

 Team 1.  Zaidullah Zubiar  

2.  MD Nazmul Sadik 

3.  Md Mahmudul Hasan 

 Site Name  United International University (UIU) 

 Point of Connection  Inverter end and Panel end 

 DC Capacity  20.35 kWp 

 AC Capacity  50 KW 

 Inverter Model  SUN2000-50KTL-M3 

 Quantity of Inverter  01 

 No. of Strings / Inverter 

 (SUN2000-50KTL-M3) 

2 strings per inverter. One string 18 Panels & another sting 19 

panels connected. 

 Monitoring System  Fusion Solar APP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

1.1 Test Method 

 

The on-site testing was carried out to verify inverter detection and interruption of electric 

series DC arc in PV array circuit. While inverter AFCI is evaluated by R&D and certification test 

lab in accordance to UL 1699B and IEC 63027, this on-site testing is to validate if the inverter 

has the correct capability of detecting and extinguishing DC arc fault upon installation as the 

AFCI effectiveness ultimately depends on installation condition as well. Other parameters 

such as tripping time and arc energy measurement are excluded from this exercise. 

 

 

Arc generator was placed between the PV modules and test distance is given below: 

Arc generator was placed between the PV modules and test distance is given below: 

 

1.2 Test Instrument and Test person 

• Arc generator with PV connector input (see below photo). 

• External PV cable with PV connectors to connect DC array and PV inverter to 

arc generator. 

• Smartphone with Huawei Fusion Solar APP that has access and control the 

Huawei inverter. 

 

 

 

 

 

Description Cable Length 

 Near the Inverter 1 m 

Cable length from PV Module to PV Module 180m-190m 

Huawei  

AFCI enabled 

Inverter 



 

 

Our service specialist ensures testing procedure maintain its standard during this testing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure: On-site AFCI testing by Huawei Service Engineer 



2.2 Test Procedure and Results 

AFCI disabled test 

• Use Fusion Solar App to disable AFCI function. 

• Turn off the inverter in accordance to user manual. 

• Disconnect DC connector from DC+ from inverter. 

• Connect the DC+ input array to arc generator at AFCI 1 (DC+) position and to the 

inverter string input by using External PV cable. 

• Make sure that the arc generator electrodes are closed to form a complete circuit. 

• Turn on the inverter in accordance to user manual and wait until the PV system is 

operating normally. 

• Slowly separate the arc generator electrode to create DC arc fault condition. 

 

Test outcome: 

• DC arc happened continuously within the arc generator. 

• Inverter did not trip and no DC arc fault warning was received in Fusion Solar App. 

 

AFCI Enabled Test 

• Check in Fusion Solar App that AFCI function is enabled. 

• Repeat Step 2 to 7 in Section AFCI disabled procedure. 

 

Test outcome: 

• Inverter detected DC arc, AFCI function was triggered, and the inverter tripped 

automatically. DC arc was extinguished due to open circuit. 

• Inverter display LED lighting showed warning blinking indication and subsequently 

switched off. 

• FusionSolar App received DC arc fault alarm. 

• From SmartLogger monitoring system we also got the Arc fault alarm 

  

Figure: Arc generating from the Arc generator and inverter alarm LED blinking 



 

 

 

 

 

 

 

 

 

 

 

Figure: DC arc fault alarm from FusionSolar management system  

 

Figure: DC arc fault alarm from SmartLogger management system  

 

 



3. Conclusion 

 

DC arc fault condition was created at PV array to simulate poor contact arcing condition. 

Huawei inverter SUN2000-50KTL-M3 (AFCI function enabled) successfully detected the DC arc 

fault and automatically tripped to extinguish the arc. Inverter physical display showed alarm 

warning and Fusion Solar app received DC arc fault alarm.  

Performance requirements of IEC 63027 and Huawei AFCI performance test & verification 

results are tabled below: 

 

Performance requirements of IEC 63027 AFCI performance test & verification results are 

tabled below: 

 

Item IEC 63027  Huawei SUN2000-50KTL-M3  Compliance 

Arc type Series arc Series arc Comply 

Cable length 140 meters 

Tested at 190 meters 

(Actual detection capability up to 

200 meter) 

Comply 

Protection 

threshold 

Arc duration < 2.5s  Arc duration < 2.5s  

(self-learning capability; faster 

tripping subsequently)  

Comply 

Fault clearing 

1.When the protection device 

needs to reset for the second 

time, the automatic reset 

waiting time should be at least 

10 minutes. 

2. If the protection device 

automatically has reset 5 times 

in a day, the next reset must be 

performed manually.  

1. Automatic reset waiting time 

was about 15 minutes after DC 

arc fault. 

  

 

2. After 5 times of automatic 

reset (in a day), the next reset 

must be performed manually.  

Comply 

 


