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1    Introduction 

The integration of solar energy into the global energy landscape has necessitated 

advancements in safety protocols and technology efficiency. One critical aspect of solar 

system design is the implementation of rapid shutdown capabilities, which are essential for 

ensuring the safety of both personnel and equipment during emergency situations or 

maintenance. This report focuses on the rapid shutdown testing of a solar photovoltaic (PV) 

system equipped with Huawei's PV optimizers, which are designed to enhance performance 

and facilitate improved safety measures. 

Huawei's PV optimizers play a pivotal role in maximizing energy yield while providing 

real-time monitoring and individual module management. However, the effectiveness of 

these optimizers in executing a rapid shutdown during fault conditions is of paramount 

importance. This study aims to evaluate the functionality, reliability, and compliance of the 

rapid shutdown mechanism, examining how it interacts with the overall solar system to 

mitigate risks. 

Through a series of controlled tests, this report will outline the procedures, findings, and 

implications of the rapid shutdown performance, contributing valuable insights into the 

operational safety of solar energy systems. The results will be instrumental for installers, 

operators, and regulatory bodies in assessing the viability of deploying Huawei's PV 

optimizers within modern solar installations.  

 

If a PV module catches fire due to other causes, firefighters cannot put out the fire because 

of high DC voltage on the roof. Otherwise, life may be endangered. Therefore, the RSD 

function in the PV system to eliminate the DC high voltage on the roof is of great significance 

to ensure personal safety. The following describes AFCI test with RSD in the lab and onsite. 
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2  Equipment Specification 

2.1 Inverter Specification 

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

bellow: 
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2.2 Optimizer specification  

Here in this test SMART MODULE CONTROLLER MERC-1100W-P inverter has been used. Inverter 

datasheet attached bellow: 
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3  Onsite test for RSD 

3.1 Connection diagram 

 

When the PV system is not powered on, the DC optimizer outputs >30 V by default, ensuring 

personal safety. 

3.2 RSD Methods 

To implement fast power-off, perform the following operations to trigger fast power-off: 

1) Method 1: Disconnect the AC circuit breaker so that the inverter triggers a power-off 

state. Turn off the voltages of all PV strings connected to the inverters under the open 

circuit. 

2) Method 2: Turn off the DC switch of the inverter (only the voltage of the PV string 

connected to the inverter is turned off). 

3) Method 3: Remote shutdown of inverter using FusionSolar management system 

1） The time between the power grid disconnection and the voltage between PV+ to PV - 

voltage, PV+ to PE voltage and PV- to PE voltage are less than 30 V. 

3.3 Test metric 

2）  PV+ to PE voltage and PV- to PE voltage are less than 30 V. 

 

 

3.4 Testing procedure： 

1) Fast shutdown triggered by AC power failure: 
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1. By keep the inverter running properly. We used a multimeter to collect the voltage of the 

inverter power grid voltage, PV+ to PV - voltage, PV+ to PE voltage and PV- to PE 

voltage；Then we Turned off the power grid switch on the AC, and recorded the voltage 

between PV+ to PV - voltage, PV+ to PE voltage and PV- to PE voltage are less than 30 

V. 

 

Figure: After AC switch turned off the string voltage is 3.8V DC (>30V DC) 
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2) Fast shutdown triggered by the DC switch 

 

1. By keep the inverter running properly. We Used a multimeter to collect the voltage of the 

inverter power grid voltage, PV+ to PV - voltage, PV+ to PE voltage and PV- to PE 

voltage；Turn off the power grid switch on the AC, and record the voltage between PV+ 

to PV - voltage, PV+ to PE voltage and PV- to PE voltage are less than 30 V. 

 

Figure: After DC switch turned off the string voltage is 8.9V DC (>30V DC) 
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2) Fast shutdown triggered by the Remote Shutdown 

• We turned off the inverter remotely from smartphone using FusionSolar management 

system 

 

 

 

 

 

 

 

 

 

Figure: Inverter remotely shutdown from FusionSolar management system 

• The voltage between string positive terminal PV+ and negative PV- terminal is less than 

30 V.  

 

 

 

 

 

 

 

Figure: After remote shutdown the string voltage is 8.6V DC (>30V DC) 
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Figure: All string current is 0.61A DC after remote shutdown 

3.5 Testing verification： 

During the final phase of our testing, we conducted a verification step to assess the system's behavior 

under rapid shutdown conditions. After confirming that all strings were operating within safe voltage 

and current ranges, we connected the positive (PV+) and negative (PV-) terminals of one string 

together. This action resulted in a measured current of 0.5 A flowing through the shorted connection. 

This finding indicates that, while the rapid shutdown function effectively reduces the voltage and current 

to safe levels, there remains a small residual current when the string terminals are shorted. This 

observation highlights the importance of understanding potential residual currents in safety protocols 

and underscores of such findings for system design and safety standards. 
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Figure: PV+ and PV- is shorted after remote shutdown 

3.6 Testing outcome： 

SN Equipment Usage Result Outcome 

1 
AC switch Disconnect the power grid 

The string voltage is less than 

30V and current is close to 0, 

insuring safety 

Rapid shutdown from PV side 

insured 

2 DC switch Disconnect the PV string 

The string voltage is less than 

30V and current is close to 0, 

insuring safety 

Rapid shutdown from PV side 

insured 

3 Remote shutdown 

Remotely shutdown from 

FusionSolar management 

system 

The string voltage is less than 

30V and current is close to 0, 

insuring safety 

Rapid shutdown from PV side 

insured 

 

4  Conclusion 

The rapid shutdown tests conducted on the rooftop solar plant utilizing MERC 1100W-P optimizers and 

a Huawei SUN2000-50KTL-M3 inverter demonstrated the effectiveness and reliability of the rapid 

shutdown protocols across multiple methods. All three methods—cutting off the inverter AC, turning off 

the inverter DC switch, and remote shutdown—successfully activated the rapid shutdown feature, also 
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if there is an alarm on the inverter and the inverter shuts down the RSD triggered also, ensuring 

compliance with safety regulations. During the rapid shutdown state, the system maintained a PV string 

voltage of 8.7 V and a current of 0.61 A, both within safe operational limits. 

However, the observation of a 0.5 A residual current flowing when the string terminals were shorted 

regarding potential residual currents. Overall, the test results affirm the system’s ability to perform 

effectively under rapid shutdown conditions, reinforcing the importance of robust safety measures in 

solar energy installations. 


