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• Company Name: 

AC Power Corp. (Preen)

• Established: 1989 in Taiwan

• Factory Location: Taipei, Suzhou, Tianjin

• Specialized in power electronics, AC Power Corp. (Preen)

has been developing products based on its core

technology of Power Conversion.

Product line includes Programmable AC Power Supplies,
Programmable DC Power Supplies, Power Supplies for
Defense Industries, Renewable Energy Simulators, Line
Conditioners and UPS.

Boasting one of the broadest product lines in the industries,

Preen specializes in High Power Source and has developed

AC power source up to 2 MVA with high power density.
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About Preen Factory Location

Tianjin Factory
1993

Suzhou Factory
2001
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Taipei Headquarter & Factory
1989
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AFC

About Preen Product Lines

AC 
Power Source

(Frequency Converter)

AC 
Power Source

(Frequency Converter)

DC
Power Supply

AFV-P

PAS

AMF

ADG-L

ADC

APS

APH

BPS

ADG-P

AVR
&

UPS

2-180kW  1-400kVA0.5-2,000kVA
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AFV
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AFV series

10-2000kVA

Programmable 
AC Power Source

AFC series

0.5-2000kVA

AC Power Source
Frequency Converter

PFV series

30-200kVA

Regenerative
AC Power Source

PAS-F series

30-200kVA

Regenerative
Grid Simulator

BPS series

100-2000kVA

Solid State
Shore Power Supply

PWF series

20-200kVA

45-500Hz

300-800Hz

Programmable Wide Frequency AC 
Power Source

AMF/AMV series

0.5-400kVA

400Hz Power Supply
Ground Power
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AFV-P series

600-5000VA
40-500Hz
15-1000Hz (opt.)

High Performance Programmable
AC Power Supply



ADC series

2-64kW

Rack Mount
DC Power Supply

ADG-P series

30-100kW

Programmable High Power 
DC Power Supply

APH series

10-1000kVA

Inductive
Voltage Regulator

APS series

1-300kVA

Solid State
Voltage Regulator
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ADG-L series

4-12kW

Programmable
DC Power Supply



• Background
• Testing Standards and Regulations



Solar Array Simulator

Battery Simulator

Grid Simulator

High Power DC/DC Converter

Wind Power Simulator

PV Inverter Test Solution

EV Test Solution

Battery Test Solution

Wind Power Inverter Test Solution

Micro-Grid Test System

Grid Connect Related Test
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Background

• Distributed Resources (DR) Power



1/25/2018

Major related international regulations including the followings:

International Regulations for Verification(I)



1/25/2018

Major related international standards comparison
IEEE-1547(.1) (US) vs. VDE-AR-N-4105 (Europe)  

International Regulations for Verification(II)



IEEE Standard 1547

• IEEE Standard 1547 is presently being amended to 
provide more flexibility in the “must trip” 
requirements, which allow V/FRT to be implemented 
by utilities or other local entities, but do not mandate 
these ride-through capabilities.  The base IEEE 1547 
standard, however, is required by recently-changed 
IEEE Standards Association rules to undergo full 
review and potential revision. 



IEEE 1547.1 Test Items

• Response to abnormal voltage conditions (IEEE 
1547.1-5.2) 

• Response to abnormal frequency conditions(IEEE 
1547.1-5.3)

• Synchronization Test (IEEE 1547.1-5.4)
• DC Injection Test (IEEE 1547.1-5.6)
• Anti-Islanding Test (IEEE 1547.1-5.7)
• Open Phase Test (IEEE 1547.1-5.9)
• Reconnect Test (IEEE 1547.1-5.10)
• Harmonics Test (IEEE 1547.1-5.11)



LVRT requirements in international grid 
codes.



• Equipment Requirements



Test Instrument Requirements
Name Function Requirements

PV Array Simulation

(DC Power Supply)

•Simulate PV Array Characteristic in different lighting condition and 
temperature. (I-V Curve Simulation)

•Satisfy EN50530 Accuracy Requirements 

(0.05% + 0.05% FS and a current accuracy of 0.1%)

Grid Simulation (AC 
Power Source)

•Simulate Grid Voltage and Frequency Variation

•Support Low Voltage Rid Through Test or Fault Ride Through Testing 
(LVRT)

•Accuracy Requirements (Voltage 0.1V, Frequency 0.01%)

RLC Load

•Simulate AC Device Resonance to check the anti-islanding 
protection function

•For examination the working efficiency , maximum output capability

•To simulate different working condition for PV Inverter (V, I)

Measurement

System 

(DAQ, DMM, Power 
Analyzer)

•Each measurement shall have an uncertainty of no more than 0.5 
times the accuracy of the EUT. Measurement equipment shall be 
capable of confirming the manufacturer’s stated performance.



Test System Overview



Test System Overview Block Diagram



• IEEE 1547. 1 Test Standards



Abnormal Voltage Test(IEEE 1547.1-5.2)
• Testing under load shall be at both 

- Its minimum operating current and 
-At both unity power factor (p.f.) and the minimum DR p.f. (leading and lagging) 
as specified by the manufacturer at as close as possible to 100% full rated 
output current.



IEEE 1547.1-5.2  (Slow Voltage Test)

• OVER VOLTAGE – SLOW VOLTAGE TESTS
• UNDER VOLTAGE – SLOW VOLTAGE TESTS

a: UUT accuracy
Max: 7 times (will go into protection)
z: clearing time 



IEEE 1547.1-5.2  (Fast Voltage Tests)

• OVER VOLTAGE – FAST VOLTAGE TESTS 
• UNDER VOLTAGE – FAST VOLTAGE TESTS

Rate voltage – 2a to:
120% 0.16sec



Example Test Result



Over voltage Test Result (Slow)

Nominal Voltage 240



Under voltage Test Result (Slow)



Slow Voltage Test Results Example-
Overvoltage



Slow Voltage Test Results Example-
Undervoltage



Overvoltage fast trip limit magnitude 
verification tests 



Overvoltage fast trip clearing time 
verification tests



Undervoltage fast trip limit magnitude 
verification tests 



Undervoltage fast trip clearing time 
verification tests



Response to abnormal frequency 
conditions(IEEE 1547.1-5.3)

Ex: 61Hz accuracy: 0.1Hz 
1. 60.8Hz (+2a)
2. 61.2 (+4a)
……. Until trip



Overfrequency trip clearing time 
verification tests



Underfrequency trip clearing time 
verification tests



Synchronization Test (IEEE 1547.1-5.4)

• Synchronization parameter limits for 
synchronous interconnection to an EPS or an 
energized local EPS to an energized Area EPS

Test under Full load,
Measure max. current when PV Inverter connect to grid
(for protect the equipment damaging from inrush current)



Synchronization Test Result –
Voltage Variation



DC Injection Test (IEEE 1547.1-5.6)

• LIMITATION OF DC INJECTION FOR 
INVERTERS WITHOUT INTERCONNECTION 
TRANSFORMERS)



Anti-Islanding Test (IEEE 1547.1-5.7)

• Unintentional islanding test:
• The purpose of this test is to verify that the DR 

interconnection component or system ceases to energize 
the area EPS as specified in IEEE Std 1547 when an 
unintentional island condition is present. This test deter-
mines the trip time for the test conditions specified in 5.7.1. 
(Response to Anti-Islanding protection within 2 sec)

Key Grid Simulator Indicators:
1. Power: ~ 0W (ex: +/- 10W) (Adjust R)

Qf of 1.0 ± 0.05
2. F:  1st harmonic current must adjust 
< 2% (Rated current) (Adjust L,C)

Ex: Frequency disturbance method



UNINTENTIONAL ISLANDING TEST OF EUT 
POWER OF 100% - part1



UNINTENTIONAL ISLANDING TEST OF EUT 
POWER OF 100% - part2

…
…

To 110%

Adjust to 100% balance (record R, L, C)
L Value:  100%->90% (trip faster),  

100%->110% (trip faster),
Test 3 times to ensure the result



UNINTENTIONAL ISLANDING TEST OF EUT 
POWER OF 60% and 33%

Repeat Test for following conditions

• UNINTENTIONAL ISLANDING TEST OF EUT 
POWER OF 60%

• UNINTENTIONAL ISLANDING TEST OF EUT 
POWER OF 33%



Open Phase Test (IEEE 1547.1-5.9)

• The purpose of this test is to verify that the ICS ceases to 
energize the area EPS upon loss of an individual phase at 
the PCC or at the point of DR connection.

• Open one phase conductor disconnect while the EUT is 
operating at the greater of 
— 5% of rated output current or 
— The EUT’s minimum output current.

Check if will trip or not



Reconnect Test (IEEE 1547.1-5.10)

The purpose of this test is to verify the functionality of the DR 
interconnection component or system reconnect timer, which 
delays the DR reconnection to the area EPS following a trip event. 

• Method A

ANSI 488.1 Non-recovery level
To ensure it trip in abnormal 

condition and reconnect in 
secure limit level

F: 2 x reconnect time of EUT spec



Reconnect Test – Method A



Reconnect Test (IEEE 1547.1-5.10)

The purpose of this test is to verify the functionality of the DR 
interconnection component or system reconnect timer, which 
delays the DR reconnection to the area EPS following a trip event. 

• Method B
Rated limit voltage + 5%

½ reconnect
time

Reconnect time
(max: 2x Tr)

Ensue the EUT 
recalculate when 
abnormal 
condition 
occurred within 
reconnect time



Reconnect Test – Method B



Harmonics Test (IEEE 1547.1-5.11)

• The purpose of this test is to measure the 
individual current harmonics and total rated-
current distortion (TRD) of the DR 
interconnection component or system under 
normal operating conditions. The results shall 
comply with the requirements of IEEE Std 1547. 
Self-excited induction generators shall be tested 
using the procedure for synchronous generators. 

Maximum harmonic current distortion in percent of current



Odd Oder Harmonics



Even Oder Harmonics



Low Voltage Ride Through Test (>50kW)

• It is becoming increasingly evident that large-scale 
penetration of distributed resources (DR) that have 
sensitive voltage and frequency trip points with 
short delay times, as mandated by the current 
version of IEEE Standard 1547, pose a risk to bulk 
power system security.  This issue is well described 
in the NERC Integration of Variable Generation Task 
Force Task 1-7 report.



Challenges for equipment manufactures

• Challenges:
– How to make a AC source with high 

capacity and robust
– How to make it as a regenerative type to 

the grid system and sink the current from 
PV Inverter (reactive power)

– How to drop the voltage to the desire point 
~0V (or <5% of rated voltage)



PAS Series (Regenerative Grid Simulator)

PAS Series  Grid Simulator (IGBT Based) 

Capacity 60~2000kVA

Input Phase 3Phase

Input Voltage 277V/480V+/-15%

Output Voltage 0V~300Vac (L-N)

Output Frequency 45~65Hz

Input Power Factor 0.99

Regulation <0.5%

Efficiency >92%

Frequency Stability <0.01%

THD <1% 

Unbalance Load 100% Unbalance Load

Adjustable Voltage Resolution 0.1V

Adjustable Frequency Resolution 0.01Hz

PAS-F Series is a programmable bi-directional AC grid simulator for testing 
grid-tied PV Inverters up to 2MVA. The power source includes embedded 
setup for Low Voltage Ride Through Test (LVRT) and supports RS232, RS485, 
USB, GPIB or LAN communication interfaces.



Working Principle of Regenerative Grid 
Simulator (4 quadrant)



Method 2: By Regenerative Type Grid Simulator



Build-in LVRT Test Graph



Product Outlooking

AFV 2000kVA PAS 1600kVA



LVRT Tests (1)

LVRT Test Voltage Drop Point



LVRT Tests (2)



5kW PV Inverter / Micro Inverter Test System

Virginia Tech Future Energy Electronics Center UL Northbrook



Test Software (1)

(i). This software is the key function of the whole system, which can provide the users a fully 
automatic execution of all the procedures specified in IEEE-1547 & IEEE-1547.1
(ii). Above is the main page of the software, also the central control and monitoring page. All 
the other control and monitoring branch out from here.



Test Software (2)

(i). This page shows the flexibility and modularization of four software. All the 
procedures in IEEE-1547.1 can be individually picked and executed in a user defined 
sequence. 
(ii) Automatically Generate Test Report



TUV 120kW PV Inverter Test System



100kW PV Inverter Test System

This solution includes : 

Programmable DC Power Supply 
Programmable AC Power Source 
Digital Power Meter
Power Analyzer
Programmable AC Electric Load 
System Controller
Testing Software



500kW PV Inverter Production Test

500kW Grid Connected Test System

DC Power Supply 1200kVA Grid Simulator
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