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MW Scalability Level PV/ESS Test System Solution
Overview
1.1 Introduction

The PV/ESS Testing System is a system solution provided by Actionpower for photovoltaic inverters, power conversion system (PCS), and battery modules (clusters). It is mainly used to test whether the functions and performance characteristics of photovoltaic inverters, energy storage inverters, and battery modules (clusters) meet the design and related standards requirements. The grid simulator and DC power supply have parallel expansion interfaces to meet the testing requirements of various power levels of test specimens.
Throughout the entire testing process, the system conducts procedural tests according to pre-selected test items, automatically records test data, analyzes data, and generates reports with a single click, greatly improving testing efficiency, saving time, and reducing costs for equipment manufacturers and testing agencies.

1.2 Solution
The schematic diagram example (7.5MW)of the principle is as follows:
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Clarification
This area consists of one set of 6MW testing platform and one set of 1.5MW testing platform, mainly used for electrical performance testing of photovoltaic inverters, energy storage inverters, and other equipment up to 6MW, and also capable of connecting the 1.5MW system to the 6MW system to form a 7.5MW testing system for testing equipment up to 7.5MW.

The system consists of 6 workstations(7.5MW, 1.5MW, 3MW, 1.5MW, 1.5MW, 750kW), which can be flexibly paralleled to form testing systems of different capacities for testing specimens of different capacities, improving the efficiency of system operation.

The AC grid simulator in the system is mainly used to simulate various grid disturbances such as voltage deviations, frequency deviations, unbalanced three-phase voltages, voltage fluctuations and flickers, frequency fluctuations, voltage harmonics, and inter-harmonics caused by grid faults. It can also simulate various operating conditions such as voltage drops and rises caused by grid faults, used for voltage adaptability testing, frequency adaptability testing, unbalance adaptability testing, flicker adaptability testing, harmonics adaptability testing, inter-harmonics adaptability testing, high/low voltage ride-through testing, etc., meeting the grid connection testing requirements of photovoltaic inverters, energy storage inverters, etc.

The DC power supply is mainly used for P-V simulation, battery simulation, etc. It can simulate various output characteristics of photovoltaic panels, provide various customized curves, static and dynamic I-V curve simulations, and can simulate standard curves such as Sandia, EN50530, CGC/GF004, etc. It should include at least 7 common battery models such as lithium iron phosphate, ternary lithium, nickel-metal hydride, lead-acid batteries, etc., simulate the output characteristics, charge and discharge characteristics of battery packs, set parameters such as series-parallel quantity, temperature, SOC, internal resistance, single-cell battery capacity, etc.; open 1st, 2nd, 3rd order RC battery models, and customize battery parameters. In addition, it should have programming capabilities, simulate different waveforms output through Step, List, and Wave programming modes to meet other testing requirements.

Feature
 Support for the latest standard test project requirements.
 The system meets all electrical performance testing requirements for PV inverters and energy storage inverters up to 7.5MW.
 The system can conduct charge and discharge tests for battery packs.
 The high-capacity testing area includes 6 workstations, capable of simultaneously testing 6 specimens, thereby increasing the utilization of the experimental system.
 The switchgear allows for both local and remote operation, with reliable safety interlocking functions.
 The performance of the grid simulator and battery simulator in parallel are equivalent to those of a single power supply.
 The grid simulator can simulate normal and abnormal characteristics of the grid, meeting the adaptability testing requirements of grids in various countries.
  Fully automated testing process, completing testing content with one click and exporting reports.
 All test data within the system is automatically saved, ensuring the authenticity and accessibility of the raw data.
Test regulation
 Regulation followed

	No.
	Regulation
	Description

	1
	NB/T 32004-2018
	Technical specification of PV grid-connected inverter

	2
	CGC/GF 035：2013

CNCA/CTS 0002-2014
	光伏并网逆变器中国效率技术条件

	3
	GB/T 19964-2012
	Technical requirements for connecting photovoltaic power station to power system

	4
	Q / GDW 1617-2015
	Technical requirements for connecting photovoltaic power station to power grid

	5
	GB/T 13422-2013
	Semiconductor converters -- Electrical test methods

	6
	GB/T 34120-2017
	Technical specification for power conversion system of electrochemical energy storage system

	7
	GB/T 34133-2017
	Testing code for power converter of electrochemical energy storage system

	8
	NB/T 31016-2011
	General specification for power control system of battery energy storage system

	9
	GB/T 33593-2017
	Technical requirements for grid connection of distributed resources

	10
	NB/T 33011-2014
	Technical specification for test of equipments interconnecting distributed resources with power grid

	11
	NB/T 32015-2013
	Technical rule for distributed resources connected to distribution network

	12
	Q/GDW 666-2011
	Technology Specification for Testing of Connecting Distribution Generation into Distribution Network

	13
	GB/T 33589-2017
	Technical requirements for connecting micro-grid to power system

	14
	GB/T 34129-2017
	Specification for test of micro-grid connected to distribution network

	15
	GB/T 36547-2018
	Technical rule for electrochemical energy storage system connected to power grid

	16
	GB/T 36548-2018
	Test specification for electrochemical energy storage system connected to power grid

	17
	NB/T 32004-2018
	Technical specification of PV grid-connected inverter

	18
	GB/T 34120-2017
	Technical specification for power conversion system of electrochemical energy storage system

	19
	GB/T 34133-2017
	Testing code for power converter of electrochemical energy storage system

	20
	GB/T 36547-2018
	Technical rule for electrochemical energy storage system connected to power grid

	21
	GB/T 36548-2018
	Test specification for electrochemical energy storage system connected to power grid

	22
	GBT 36276-2018
	Lithium ion battery for electrical energy storage

	23
	NB/T 31016-2011
	General specification for power control system of battery energy storage system

	24
	VDE-AR-N 4105:2017
	Generators connected to the low-voltage distribution network - Technical requirements for the connection to and parallel operation with low-voltage distribution networks

	25
	BDEW Technical Guideline: 2008
	Technical Guideline Generating Plants Connected to the Medium-Voltage Network

	26
	CEI 0-21: 2016
	Technical rules for Low Voltage (LV) connections of active and passive users to Utilities of electrical energy

	27
	CEI 0-16: 2016
	Reference technical rules for the connection of active and passive consumers to the HV and MV electrical networks of distribution company

	28
	UL1741SA
	Standard for Inverters, Converters, Controllers and Interconnection System Equipment for Use With Distributed Energy Resources

	29
	GB/T 37408-2019
	Technical requirements for photovoltaic gird-connected inverter

	30
	EN 50530-2010
	Overall efficiency of grid connected photovoltaic inverters

	31
	VDE-AR-N 4105:2017
	Generators connected to the low-voltage distribution network – Technical requirements for the connection to and parallel operation with low-voltage distribution networks

	32
	BDEW Technical Guideline: 2008
	Technical Guideline Generating Plants Connected to the Medium-Voltage Network

	33
	UL 1741-1999(R2016)
	Standard for inverters, converters, controllers and interconnection system equipment for use with distributed energy resources

	34
	CEI 0-21: 2016
	Technical rules for Low Voltage (LV) connections of active and passive users to Utilities of electrical energy

	35
	CEI 0-16: 2016
	Reference technical rules for the connection of active and passive consumers to the HV and MV electrical networks of distribution company

	36
	Grid-interconnection code JEAC 9701-2012
	Measures for facilities required for grid interconnection

	37
	IEC TS 62910:2015
	Utility-interconnected photovoltaic inverters – Test procedure for low voltage ride-through measurements

	38
	IEEE 1547
	Standards Coordinating Committee 21(Fuel Cells, Photovoltaic ,Dispersed Generation,and Energy Storage)

	39
	IEC 61000-3-15
	Limits-Assessment of low frequency electromagnetic immunity and emission requirements for dispersed generation systems in LV network

	40
	IEC 62116 Ed.2 (2014)
	Utility-interconnected photovoltaic inverters – Test procedure of islanding prevention measures

	41
	DIN-VDE0126-1-1
	Automatic disconnection device between a generator and a public low voltage

	42
	CGC/GF004TM.1:2012
	并网光伏发电专用逆变器试验方法 第1部分：电性能

	43
	IEC61000-4-7
	Testing and measurement techniques - General guide on harmonics and interharmonics measurements and instrumentation,for power supply systems and equipment connected thereto

	44
	IEC61000-3-12
	Limits -Limits for harmonic currents produced by equipment connected to public low-voltage systems with input current 16 A and 75 A per phase

	45
	GB/T 12325-2008
	Power quality -- Deviation of supply voltage

	46
	GB/T 12326-2008
	Power quality -- Voltage fluctuation and flicker

	47
	GB/T 14549-1993
	Quality of electric energy supply. Harmonics in public supply network

	48
	GB/T 15543-2008
	Power quality -- Three-phase voltage unbalance

	49
	GB/T 15945-2008
	Power quality -- Frequency deviation for power system


 Test items followed
	Electrical performance test capacities of PV/ESS

	MPPT efficiency test
	Fault ride-through
	Grid voltage adaptability detection
	Overload detection

	conversion efficiency
	Anti-island performance detection
	Grid frequency adaptability detection
	Voltage deviation

	THD
	Current interharmonic detection
	Interharmonic adaptability
	Flicker adaptation

	Unbalanced 3-phase detection
	Current harmonic detection
	Power factor detection
	Voltage sag, interruption, fluctuation

	Active power detection
	Reactive power detection
	DC component detection
	Flicker detection

	Charge and discharge conversion time detection
	Current error detection
	Current accuracy detection on CC mode
	Current ripple coefficient detection on CC mode

	Voltage error detection
	Voltage accuracy detection on CV mode
	Voltage ripple coefficient detection on CV mode
	Grid Interconnection/Disconnection Switching Time Measurement

	Efficiency detection
	Output frequency deviation detection
	Voltage harmonic detection
	Output voltage deviation detection

	Voltage interharmonic detection
	Voltage transient value detection
	Low/High temperature operating test
	Humidity range test

	Insulation
	
	
	

	Battery pack charging and discharging test content

	Capacity and Energy Testing
	Energy efficiency test
	Over-temperature protection
	Overcharge protection

	High/low temperature start
	Room temperature capacity and energy
	Room temperature power
	Standard cycle life

	Overdischarge protection
	
	
	


 Support for future upgrades
The system support to add battery charging and discharging functions. Battery charge-discharge testing system is a comprehensive testing system designed for the comprehensive performance testing of power battery packs in accordance with industry-related standards requirements.

Software
4.1 Overview
Action 2020 Industry Solution Integrated development environment, applicable to various industries: manufacturer R&D testing, system integration, production line automated testing, testing agency verification testing, etc. 

Providing virtual control panels for equipment, visually displaying the operation status of each device.
4.2 Feature

	Device management
	 Support for ATE integrated equipment registration

 Ability to add, delete, and publish various types of devices

 Equipped with one-click device diagnosis function

 Ability to set source-load type of combinations

 Support for hardware configuration import and export

 Ability to perform system hardware replication

	Test case services
	 Drag-and-drop for complex test item editing

 Compilation checks for test case

 Highlighting of compilation and simulation errors

 Support for importing and exporting test items via Excel

	Test program services
	 Integration of standards, product testing, and inspections through test case combination
 Support for compliance checks
 Highlighting of compilation and simulation errors

 Support for importing and exporting test items via Excel

	Solution services
	 One-click to start testing
 Highlighted execution items
 Quick display of PASS/FAIL results
 Automatic adaptation of EUT parameters

	Test report service
	 Customization of report style and content
 Support for importing Word templates
 Automatically adapting template to fill in test data and generate reports

	Statistical Analysis Services
	 Test data analysis and statistics
 Built-in selection of statistical rules
 Daily, monthly, yearly reports
 Reserved MES push interface

	Multi-user login
	To meet the software permission management requirements of customers, different interface levels are set up for testing, R&D, production line, and other positions, including operator, programmer, and administrator levels, providing more flexible operation and easier management.

	User-friendly operation
	 User-friendly operating interface, making operations easy and the interface friendly. During testing, the status of running steps is clearly visible, with real-time display of current and voltage curves. The testing process data is very intuitive, and specific values can be viewed through the data box.

 Test waveform can be exported as image files, making it convenient for writing test reports and other purposes.

 It supports multi-channel display, requiring only one workstation to control the operation of multiple devices, allowing real-time monitoring of data from each device.



	Multiple editing
	Three editing interfaces are provided, namely CAN Data, MODBUS Data, and Step Management.
 For CAN Data, it supports direct import of dbc files into CAN data files, and allows for content editing. Different CAN data files can be configured for different products.

 For MODBUS Data, it supports functional expansion. By editing or importing MODBUS data protocols, data from environmental chambers, salt spray chambers, and other equipment can be fed back to the TAS platform for real-time monitoring and control.

 For Step Management, it supports up to 9999 steps, meeting the maximum requirements for complex testing processes. The diverse types of steps also provide users with different testing methods.

	Efficient system management
	 File management, testing data path interface support querying test reports and testing data from the local database, facilitating data recording for production, maintenance, and debugging, and making it convenient for problem tracing. Additionally, it can be integrated with the factory MES system to meet customers' needs for data query and report printing anytime and anywhere.

 User management can be assigned different levels of access to meet the usage requirements of various positions such as production, process, and research and development.

 System settings can set system protection values, record interval times, etc., to provide a safe and convenient user experience.

	Customizing Reports
	 At the end of system test, the test items and results will be displayed, making it convenient for users to view the test results at the end of each test without having to check local record files or records stored in the MES system.

 A report will be automatically generated at the end of each test, and users can customize the format of the report.
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Specification
The main devices list is as follows,
	Item
	Feature
	Parameter

	Grid simulator
	Testing for grid adaptability of devices and produce stable voltage and frequency outputs, meeting relevant national standards requirements for voltage variations, frequency fluctuations, harmonics, interharmonics, imbalance, flicker, and various other power quality-related characteristics of the power supply environment.

In addition to providing a power supply environment for electrical devices, grid simulator can also receive energy returned from loads and feed it back to the grid, saving energy and improving the testing environment.
	Voltage accuracy ±0.1%F.S.

Slew rate 1V/μs
50 harmonics

300kW ~ 1MW for single unit and scalability up to 8MW

 0 ~ 700V

	AC Switchgear
	AC Switchgear #1: The input consists of four 1.5MVA grid simulator, with an additional connection port reserved for AC switchgear #2. By toggling the switches on the switchgear, it is possible to alter the parallel operating conditions of the four grid simulator, thus varying the output capability of the power supply current. This configuration enables five different output capacities.

When there is a need for larger capacity testing in the future, it is possible to connect to AC switchgear #2 and output to workstation 1, achieving a maximum output power of 7.5MW.

AC Switchgear #2: The input end consists of two 750kVA grid simulator. By toggling the switches on the switchgear, it is possible to alter the parallel operating conditions of the two power sources, thus varying the output capability of the power supply current. It offers two different output capacities.
	AC Switchgear #1

Workstation1 (1.5MW), WS2 (1.5MW), WS3 (1.5MW), WS4 (1.5MW)

WS1 (3MW), WS3 (1.5MW), WS4 (1.5MW)

WS1 (3MW), WS3 (3MW)

WS1 (4.5MW), WS4 (1.5MW)

WS1 (6MW)

AC Switchgear #2

Workstation5 (1.5MW)

Workstation5 (750kW) Workstation6 (750kW)

	Bidirectional DC power supply
	Constant voltage, constant current, constant power, constant resistance, programming, battery simulation, and photovoltaic standards (EN50530\Sandia) dynamic and static MPPT tracking, photovoltaic array, simulation of 7 common battery output characteristics; 

Battery charge and discharge testing.


	300kW ~ 1MW for single unit and scalability up to 8MW
1200V&2000V
Battery simulator

	DC Switchgear
	DC Switchgear #1:The input consists of four 1.5MVA bidirectional DC power supply, with an additional connection port reserved for DC switchgear #2. By toggling the switches on the switchgear, it is possible to alter the parallel operating conditions of the four power supplies, thus varying the output capability of the power supply current. This configuration enables five different output capacities.

When there is a need for larger capacity testing in the future, it is possible to connect to DC switchgear #2 and output to workstation 1, achieving a maximum output power of 7.5MW.

DC Switchgear #2: The input end consists of two 750kW power supplies. By toggling the switches on the switchgear, it is possible to alter the parallel operating conditions of the two power sources, thus varying the output capability of the power supply current. It offers the two different output capacities.
	DC Switchgear #1

Workstation1 (1.5MW), WS2 (1.5MW), WS3 (1.5MW), WS4 (1.5MW)

WS1 (3MW), WS3 (1.5MW), WS4 (1.5MW)

WS1 (3MW), WS3 (3MW)

WS1 (4.5MW), WS4 (1.5MW)

WS1 (6MW)

DC Switchgear #2

Workstation5 (1.5MW)

Workstation5 (750kW) Workstation6 (750kW)

	Workstation junction box
	The test specimen is interfaced with the testing equipment and signal acquisition system, facilitating the connection of devices such as power analyzers, waveform recorders, etc.
	Workstation1 (7.5MW)

Workstation2 (1.5MW)

Workstation3 (3MW)

Workstation4 (1.5MW)

Workstation5 (1.5MW)

Workstation6 (750kW)

	Power analyzer
	Customizable

	Oscilloscope
	Customizable
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