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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.
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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.



2 Equipment Specification

2.1 Inverter Specification

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

bellow:

Technical Specification

Max. Efficiency
European Efficiency

Max. Input Voltage !

Max. Current per MPPFT

Max. Current per Input

Max. Short Circuit Current per MPFT
Start Voltage

MPFT Operating Voltage Range *
Rated Input Voltage

hNumber of Inputs

Number of MPP Trackers

Rated AC Active Power

Max. AC Apparent Power

Max. AC Active Power {cosd=1)
Rated Output Voltage

Rated AC Grid Frequency

Rated Output Current

Max. Output Current
Adjustable Power Factor Range
Mazx. Total Harmonic Distortion

Input-side Disconnection Device
Anti-islanding Protection

AC Owercurrent Protection

DC Reversa-polarity Protection
PV-array String Fault Monitoring
DC Surge Arraster

AL Surge Arrester

DC Insulation Resistance Detection
Residual Current Monitoring Unit
Arc Fault Protection

Ripple Receiver Control
Integrated PID Recovery *

Display
R5485

Smart Dongle
Monitoring BUS (MBLUS)

DC MEUS Compatible Optimizer

Dimensions (W x H x D)
Weight (with mounting plate)
Operating Temperature Range
Coaoling Method

Max. Operating Altitude
Relative Humidity

DC Connector

AL Comnector

Protection Degres

Topology

Wighttime Power Consumption

Safety

Grid Connection Standards
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tieniizer M ERIC- 1100/ 130004 ). The current version does not suppart this function and

SUN2000-50KTL-M3
Technical Specification

SUN2000-30KTL-M3

Efficiency
98.5%
98.0%

Input
1100V
30 A
20h
A0 A
200V

200V ~ 1,000V
GOO W
8
4

Output
50,000W
55,000 VA
55.000W
400 Vac [ 480 Vac, IW+(N) + PE
50 Hz / 60 Hz
722 A@ 400Vac, 601 A @ 480Vac
79.8 A @ 400Vac, 66.5 A @ 480Vac
0BLG ..08LD
=3%

Protection
Yes
Yes
Yes
Yes
Yes

Type Il
Type Il
Yes
Yes
Yes
Yes
Yos

Communication
LED Indicators, Bluetooth + APP
Yes
WLAMN/Ethernet via Smart Dongla-WLAN-FE (Optional)
4G/ 3G J 2G via Smart Dongle-4G (Optional)
Yes (lsolation Transformer required)

Optimizer Compatibility
MERC-1100/1300W-P

General Data
540 x 530 x 270 mm (25.2 = 20.9 » 10.6 inch)
49 kg (108.1 1)
-25°C ~ 60°C (-13°F ~ 140°F)
Smart Air Cooling
4,000 m {13,123 ft.)
0% RH ~ 100% RH
Amphenol HH4
Waterproof Connector + OT/DT Terminal
IP 66
Transformerless
< 5.5

Standard Compliance (more available upon request)
EM 62108-1/-2, IEC 62108-1/-2, EN 50530, IEC 62116, IEC 60068, IEC 61683
|IEC 61727, VDE-AR-N4105, YDE 0126-1-1, BDEW, G593, UTE C 15-712-1, CEI 0-16, CEI 0-21, RD 661, RD 1699,
P.0. 123 RD 413, EN-50438-Turkey, EN-50438-Ireland, C10/11, MEA, Resolution No.7,
MRS 0597-2-1, DEWA
C voltage would peobably dama ge insestes
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ough integrated PID recovery functionto re
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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:

Technical Specification MERC-1100W-P MERC-1300W-P

Input
Rated input DC power ' 1100 W | 1300'W
Absolute max. input voltage 125
BPFT operating voltage range 125105
bax. short-cirouit current (ksc) 2004
bdax. efficiency 99.5%
Weighted efficiency 99.0%
Orvervoltage category [}
Cutput
Bdas. output voltage B0
Bdas. output current 228
Output bypass * Yes
Safety output voltage 1
Standards Compliance
Safety IECE2108-1 (class |l safety)
RoHS Yes
General Specification
Dimension (W X H X D) 149 mm = 104 mm x 488 mm (59 in.x 41 in. x 19 in)
Weight (including wires) 1.0 kg {2210}
Installation part (optional) P hodule Frame Plate/T-shaped Bolt*
Input connector Staubli MC4
Input wire length 0.1 m (#/-} (short-input-cable version) *
Cutput connector Staubli MC4
Output wire length 01 m {+), 5.1 m (-} (short-input-cable wersion) *
Operating temperature -40°C to +85°C °
Relative humidity 0% ~ 100%
IP rating PS8
Compatible inverters SUN2000-8/1012/15/17/H0KTL-M2, SLUM2000-30/36/40xTL-043,
SUN2000-12/15/17/20/25KTL-M5, SUNZ000-50KTL-b3

1 ] a 8

Bdinimum String Length
[Power Optimizers)
Baximum String Length
o 25 25 5 0
[Poswer Optimizers)
paximum DC Power per String 20,000 W 20,000 W 20,000 W 20,000 W
A

Shart-input-cable Version

*1 The masmum pawer of PY module at 5TC shall NOT exceed the “Rated input DC Power” of MERC-1100/1300W-F. PV Modules with up 1o +5% power tolerance are allowed.

*2 Arty power optemazer, which is conrected 1o an aperating irverter in & PV string, will be bypassed when it Fais.

*3 When the MERC-1100/1300W-P is disconnactsd from inverter ar when the sverter & off, #S cutput voltsge will becorme 14

*4 1t & for PV module rame/extruded sluminum profile racking systern nstallation.

*5 Pay attention to the PV module wire length To match PV modules with 2 split junction bax and shart autput wire, the long-input-table version [input ware 1.3 m (=/-); output
wires 01m [(+)/2.8m (-)) of MERC- 11001 3000W-P & avaslable upon request

5 When the cperating temperature of the MERC-1100/1 300W-P reaches 70 °C to BS °C, it may shut down due to over-termperature prodection and report an over-termnperature alarm.
After the temperatre decreases, it can automatically resurne warking without causing any damage.

*T Each PV module urder the same irvester must be equipped with & MERC-11001300W-E

“8 SUMI000-A50W-P2500W-P and MERC-1 1001 300W-F can NOT be wsed in mixture under the same Smart Enengy Py Controlies

"3 |t & recomemended that strings under the same inverter have an equal capadty. IF ths & not feasible, the capacity difference between strings under the same irverter must not
exceed 2 KW Otherwise, the energy yeeld will be reduced.

Disclaimer: the preceding values are messured by an internal laboratery of Huaws in & specific emironment. The sctual valuss may vary with products, software versions, usage
conditions, and environmental factors.
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3 Onsite test for RSD

3.1 Connection diagram
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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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AC switch

PV + —@—
- 1

PV -
T CHZ: PV+to PE voltage

L 4
i CH4: Grid voltage
CH3: Pv-toPE voitage

CH1: PV+to PV-voltage
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

/ DC switch

AC switch

PV+ ————
| INv ﬁ

FV—

CH3: pv-to PE voltage

CHI: PV+ to PV- voltage -

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.

\ AR

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

system

Maintenance Maintenance

Connection Test > Connection Test >

Inspection 3 Inspection >

AFCI self-check s AFCI self-check >

Diagnose insulation resistance > Diagnose insulation resistance >

PV string access detection > PV string access detection >

Adjust total energy yield > . Adjust total energy yield >
Information

Performance data > Are you sure you want to shut down Performance data >
the inverter?

O&M via WLAN connection Always ON O&M via WLAN connection Always ON v/

Cancel

Inverter ON/OFF () Inverter ON/OFF

Reset > Reset >

Restore defaults > Restore defaults >3

Clear alarms > Clear alarms >

Clear historical energy yield > Clear historical energy vyield >

License management > License management >

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) 7
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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

Result

Equipment Usage Outcome
The string voltage is less than
AC switch ] ] Rapid shutdown from PV side
1 Disconnect the power grid | 30V and current is close to 0,
insured
insuring safety
The string voltage is less than
] ] ] Rapid shutdown from PV side
2 DC switch Disconnect the PV string 30V and current is close to 0,
insured
insuring safety
The string voltage is less than
Remotely shutdown from Rapid shutdown from PV side
3 Remote shutdown | FusionSolar management

system

30V and current is close to 0,

insuring safety

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

9
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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.
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