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Important Note:

This document is issued by the Company under its General Conditions of service accessible at
http://www.sgs.com/terms_and _conditions.htm. Attention is drawn to the limitation of liability,
indemnification and jurisdiction issues defined therein. Any holder of this document is advised that
information contained hereon reflects the Company's findings at the time of its intervention only and
within the limits of Client's instructions, if any. The Company's sole responsibility is to its Client and
this document does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents.

Any unauthorized alteration, forgery or falsification of the content or appearance of this document is
unlawful and offenders may be prosecuted to the fullest extent of the law.

Unless otherwise stated the results shown in this test report refer only to the sample(s) tested as
received. Information of derived or extension models of the range as provided by the
applicant, (if any), is included in this report only for informative purposes. The Company
SGS shall not be liable for any incorrect results arising from unclear, erroneous, incomplete,
misleading or false information provided by Client. This document cannot be reproduced except in
full, without prior approval of the Company.

Test Report Historical Revision:

Test Report Version

Date

Resume

GZES240300433002

2024-05-16

First issuance

Remarks: According to the declaration from the
applicant, the only difference between the EUT (test
samples in this report) and testing sample of report
GZES220801676702, which was issued by SGS-
CSTC Standards Technical Services Co., Ltd.
Guangzhou Branch as below:

-Update applicant, manufacturer, trademark,
models name, label, appearance and equipment
type ect.

After evaluation, no clause needs to retest. All test
data originate from the report GZES220801676702,
which was issued by SGS-CSTC Standards
Technical Services Co., Ltd. Guangzhou Branch.
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1 SCOPE

SGS-CSTC Standards Technical Services Co., Ltd. Guangzhou Branch has been contract by Huizhou

Foryou Optoelectronics Technology Co., Ltd, in order to perform the testing according the “Engineering
Recommendation G98 Issue 1 - Amendment 6 September 2021, Requirements For The Connection Of
Fully Type Tested Micro-Generators (Up To And Including 16 A Per Phase) In Parallel With Public Low

Voltage Distribution Networks On Or After 27 April 2019”.
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2 GENERAL INFORMATION
2.1  TESTING PERIOD AND CLIMATIC CONDITIONS

The necessary testing has been performed along between the 28™ of February and 13" of April of 2023.
All the tests and checks have been performed at 25 + 5°C, 96 kPa + 10 kPa and 50% RH + 10% RH).

SITE TEST
NAME ... Dongguan BALUN Testing Technology Co., Ltd.
AdAreSS ..ooveeiiie e Room 104, 204, 205, Building 1, No. 6, Industrial South
Road, Songshan Lake District, Dongguan, Guangdong,
China.
2.2  EQUIPMENT UNDER TESTING
Apparatus type .........ccoceeviiiiiiiciii,  Hybrid Inverter
INStallation ... : Fixed installation
Manufacturer ..o, : Huizhou Foryou Optoelectronics Technology Co., Ltd
AAArESS .. : Building 6, B Area, No.1 North Shangxia Road, Dongjiang

High-Tech Industry Park, Huizhou, Guangdong, China

Trade Mark .......coccoeveveeeeeeeeeeeeeereee e . ADAYO

Model / Type reference .......oooeeeeeervevnnnn. . ED3600A

Serial NUMDBET ..., . DN22222222

SOftware Version...........cocooeeeeeereeeescernenn. : GA01.001-001-001

Rated CharacteristiCS ..........coovvcvvvivireeninnnns : DC input: 150-500 V, Max. 2x 15 A

AC output: L/N/PE 230 V, 50 Hz, 15.6 A
(17.2 A), 3600 W

Date of manufacturing: 2020

Test item particulars

INPUL e : DC

OULPUL. ... AC

Class of protection against electric shock...: Class |

Degree of protection against moisture......... : IP 65

Type of connection to the main supply ....... © TN

(©7e]o] g ]o [e [ £o 1V ]« FS SR : See model list on page 8
MOAUIA ...eeeiiieiii : No

Internal Transformer..........ccoeeevvveiieiivnenenee, : No
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Copy of marking plate (representative) :

f !

Model Name: ADAYNO ED3600A
PV Input:
PV max power : S300W
PV max Vollaga: 500Vdg
PV input voltage range 150-500V de
MPPT Valtage rang 120-430Vdc
e e T
Starting Volatge: 150vde
AC Qutput:

Narminal operating voltge: 230Vac
Max aparating currrnt: 17.2Aac
Norminal operating frequency: 50Hz
Maximum power: I600W
Powar Faclor Range: +0.8
Back-Up Output:

Output Power: asoow
Output Voltage: 52ﬂﬁ;z%ﬁ§%'ptn nal)+0.2%
Battery:

Battery voltage range: 41.6V-58.5V
:ﬂuz:f:;r[::nhz‘?::!:ﬂ?isc harge): B0A/BSA
General Data:

Dimension(HW/D): 230" 350*580mm
Waaight 25Kkg
Transfarmer Transformerless
Protect Class: IPES
Coaling MNatural cooling
Interface: USB/RS485/CAN

Display: LCD

This Grid support interactive inverter complies

I\EEHEZ 109-1:2010,|1EC 62109-2:2011

EM IEC 61000-6-1:2019 EN IEC 61000-6-3:2021
EM 505489-1:2019
WDE-AR-N 4105:2018
IG99:2021 & G98: 2021

NTs:2021-09 &UEN 217002:2020
ICEI-021:2019 J

Note:

1. The above markings are the minimum requirements required by the safety standard. For the final
production samples, the additional markings which do not give rise to misunderstanding may be added.

2. Label is attached on the side surface of enclosure and visible after installation.
3. Labels of other models are as the same with ED3600A’s except the parameters of rating.
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Equipment Under Testing:

- ED3600A
The variants models are:

- NA

The variants models have been included in this test report without tests because the following features
don’t change regarding to the tested model:

- Same connection system and hardware topology

- Same control algorithm.

- Output power within 1/710 and 2 times of the rated output power or the EUT or Modular

inverters.
- Same Firmware Version

Following table shows the full ratings of the all models referenced in this report, marked in bold letters

the ones subjected to testing:

Model | ED3600A
PV Input

Max. input voltage 500 Vvdc
Start-up operating voltage 150 Vdc
Rated input voltage 360 Vvdc
MPPT operating voltage range 150-500 Vdc
Full power MPPT voltage range 150-430 Vdc
Max. input current 15 A/15 A
Max. short current 19.8 A/19.8 A

Battery Input

operating voltage range

41.6V-58.5 Vdc

Maximum battery charge current

80 A

Maximum battery discharge current)

85 A

AC Output

Nominal grid voltage

L/N/PE, 230 V

Nominal grid frequency 50 Hz
Rated AC power 3600 W
Max. AC power 3960 VA
Rated AC current 156 A
Max. AC current 17.2 A

Output power factor

1 default (adjustable+/-0.8)

General Data

Operating temperature range -30 °C ~ +60 °C
Protection degree IP65
Protective class Class |

Cooling method

Natural Cooling

Topology

Transformerless

The results obtained apply only to the particular sample tested that is the subject of the present test
report. The most unfavorable result values of the verifications and tests performed are contained herein.

Throughout this report a point (comma) is used as the decimal separator.
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2.3 MANUFACTURER AND FACTORY INFORMATION
Manufacturer Name..........ccccoeovcvvveeeiciiee e, :  Huizhou Foryou Optoelectronics Technology
Co., Ltd
Manufacturer AJdress..........cocvevvveereeneeneenn, :Building 6, B Area, No.1 North Shangxia Road,
Dongjiang High-Tech Industry Park, Huizhou,
Guangdong, China
Factory NamMe.......cccveveeeieeeeereiee e sreeie s : Shenzhen Donnergy Power Technology Co.
Ltd .
Factory Address .......ccccveeeeeereeeecereeeeeeeens : A305, Zongtai E-commerce Science and
Innovation Park, Shiyan Street, Baoan District,
Shenzhen, China.
2.4  TEST EQUIPMENT LIST
Equipment Trademark / . . . :
From | No. Name Model No. Equipment No. Calibration Period
ZLG/
1 Power analyzer PAG00OH BZ-DGD- L059 2022/10/13 to 2023/10/12
HIOKI/
2 Current probe CT6863-05 BZ-DGD- L026-1 2023/02/20 to 2024/02/19
HIOKI/
3 Current probe CT6863-05 BZ-DGD- L026-2 2023/02/20 to 2024/02/19
4 | current probe HIOKY/ BZ-DGD- L026-4 | 2023/02/20 to 2024/02/19
CT6863-05
CYBERTEK/ 2022/03/01 to 2023/02/28
g | 5 | Voltage probe VP5200A BZ-DGD-L241-1 5073703109 to 2024/03/08
<
CYBERTEK/ 2022/03/01 to 2023/02/28
s} N . -
6 | Voltage probe VP5200A BZ-DGD-L241-2 1 5053/03/09 to 2024/03/08
CYBERTEK/ 2022/03/01 to 2023/02/28
7 | Voltage probe VP5200A BZ-DGD-L241-3 175023703109 to 2024/03/08
Temperature & CEM/ 2022/03/01 to 2023/02/28
8 | Humidity meter DT-322 BZ-DGD-LO0S 2 172103/13 1o 2024/03/12
Digital TEKTRONIX/ i i 2022/03/01 to 2023/02/28
9 oscilloscope MS04054B BZz-DGD-L064 2023/03/07 to 2024/03/06
10 Power Analyzer DEWETRON / BZ-DGD-L305 2022/08/18 to 2023/08/17
TRIONet
Bl 1 True RMS Fluke/187 GZE012-16 2022/05/21 to 2023/05/20
] Multimeter
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2.5 MEASUREMENT UNCERTAINTY

Associated uncertainties through measurements showed in this this report are the maximum allowable
uncertainties.

Magnitude Uncertainty
Voltage measurement +0.05 %
Current measurement +0.05 %
Frequency measurement +0.001 Hz
Time measurement +0.001s
Power measurement +0.5%
Phase Angle +0.1°
Temperature +3°C

Notel: Measurements uncertainties showed in this table are maximum allowable uncertainties. The
measurement uncertainties associated with other parameters measured during the tests are in the
laboratory at disposal of the solicitant.

Note2: Where the standard requires lower uncertainties that those in this table. Most restrictive
uncertainty has been considered.
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2.6 TEST SET UP OF THE DIFFERENT STANDARD

Below is the simplified construction of the test set up.

RECTIFIER EUT

aaaaaaaaaa

RLC Load

PV GENERATOR AC SIDE

Different equipment has been used to take measures as it shows in chapter 2.3. Current and voltage
clamps have been connected to the inverter input / output for all the tests.
All the tests described in the following pages have used this specified test setup.

The test bench used includes:

EQUIPMENT MARK / MODEL | RATED CHARACTERISTICS | OWNER /ID. CODE
KEWELL / KACM- 60 kVA max.
AC source 75.33 45-65 Hz BZ-DGD-L193
CHROMA /
PV source Chroma 6215011- 15 kVA max. BZ-DGD-L009
1000s
RLC load Q“”L'ggZ/OACTL' 68 KW, 68 kvar BZ-DGD-L063
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2.7 Definitions

EUT
A
VAr
EMC
Un

PST

d max

uv

Equipment Under Testing Hz
Ampere \
Volt-Ampere reactive w
Electromagnetic Compatibility p.u
Nominal Voltage Pn
Nominal Current Qn
Active Current Sn
Reactive Current THD
Harmonic Current TDD
Partial Weighted Harmonic PLT
Distortion d(t)
Severity of Flicker Short-Term ov
Maximum Absolute Value of OF

Voltage Variation
Under Voltage UF

Hertz

Volt

Waltt

Per unit

Nominal Active Power
Nominal Reactive Power
Nominal Apparent Power
Total Harmonic Distortion
Total Demand Distortion
Severity of Flicker Long-Term
Variation of Voltage

Over Voltage

Over Frequency

Under Frequency
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3 RESUME OF TEST RESULTS

INTERPRETATION KEYS

Test object does meet the requirement..........c.ccccveeeee, P Pass

Test object does not meet the requirement................... F Fails

Test case does not apply to the test object................... N/A  Not applicable
To make a reference to a table or an annex. ................ See additional sheet
To indicate that the test has not been realized ............. N/R  Not realized

STANDARD REQUIREMENTS

STANDAARD
G98 Issue 1 Amendment 3 March 2019 RESULT
CLAUSE
TEST REMARKS
EN 50438 D.3.1. Operating Range P
EREC G98 Annex Al Harmonics p
Al1.3.1
EREC G98 Annex Al Voltage fluctuations and Flicker P
A1.3.3
EN 50438 Annex D.3.10 | DC injection P
EN 50538 Annex D.3.4.1 | Power factor P
EREC G98 Annex Al Frequency tests =
A123 quency
EREC G98 Annex Al
A1290 Voltage tests P
BS EN 62116 Loss of Mains test P
ERlEZCBGQS Annex Al Frequency change, Vector Shift Stability test P
ERlEZCBGQS Annex Al Frequency change, RoCoF Stability test P
EN 50438 Annex D.3.3 Overfrequency test P
EN 50438 Annex D.3.2 Power output with falling frequency test P
EN 50438 Annex Al2 Re-connection timer. P
EREC G98 Annex Al I
A135 Fault level contribution P
EREC G98 Annex Al . . oo No solid state
A136 Self-Monitoring solid state switching switching devices N/A
iF:QLESCYGQS Annex Al Electromagnetic Compatibility (EMC) N/R (%)
EREC G989.4.4 Logic Interface P
EREC G98 9.7 Cyber security P

The compliances with these requirements are stated in the following test reports:

(Y)EMC Test Report: Test Report no. GZEM220800488101C11, issued by SGS-CST Standards

Technical Services Co., Ltd. Guangzhou Branch on May 06 of 2024.
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4  TEST RESULTS

4.1 Operating Range

This test should be carried out as specified in EN 50438 D.3.1.

Active Power shall be recorded every second. The tests will verify that the Micro-generator can operate

within the required ranges for the specified period of time.

The Interface Protection shall be disabled during the tests.

In case of a PV Micro-generator the PV primary source may be replaced by a DC source.

In case of a full converter Micro-generator (eg wind) the primary source and the prime mover

Inverter/rectifier may be replaced by a DC source.

In case of a DFIG Micro-generator the mechanical drive system may be replaced by a test bench motor.

Test 1

Voltage = 85% of nominal (195.5 V)
Frequency = 47.0 Hz

Power factor = 1

Period of test 20 seconds

Test 2:

Voltage = 85% of nominal (195.5 V)
Frequency = 47.5 Hz

Power factor = 1

Period of test 90 minutes

Test 3:

Voltage = 110% of nominal (253 V).
Frequency = 51.5 Hz

Power factor = 1

Period of test 90 minutes

Test 4:

Voltage = 110% of nominal (253 V).
Frequency = 52.0 Hz

Power factor =1

Period of test 15 minutes

Test5

Voltage = 100% of nominal (230 V).
Frequency = 50.0 Hz

Power factor = 1
Period of test 90 minutes

Test 6 RoCoF withstand

Confirm that the Micro-Generating Plant is capable of staying connected to the Distribution Network
and operate at rates of change of frequency up to 1 Hzs-1 as measured over a period of 500 ms.

This is not expected to be demonstrated on site.



SGS

Report N. GZES240300433002

Page 14 of 115

ENA Engineering Recommendation G98 Issue 1 Amendment 6 September 2021

Test results are graphically shown in following pages.
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Test 3
1.200 52.00
1.150 51.00
1.100 T 7 T 7 50.00
1.050 45.00
a
1.000 48.00
— ] i T I
c
o
3 0950 47.00 W
= ==
H :
= g
o 0.9500 46.00 ]
e o
= @
< 0850 45.00
]
]
=
5]
= 0.800 44.00
0.750 43.00
0.700 42,00
0.650 41.00
0.600 40.00
0 544 1088 1632 2176 2720 3264 3808 4352 4836 5440
Timel[s]
Voltage(p.u.) Power(pu.) ——PF Frequency(Hz)
Test 4
1.200 54.00
1.150 53.00
T 5 & e e e S S S S S —r— N7 '} ) §
1.050 51.00
o
o 1.000 50.00
-
c
©
S 0950 2900 W
= =
H 3
z T
5 0500 4800 9
e o
= @
< oass0 47.00
oo
o
=
=]
> 0.800 46.00
0.750 45.00
0.700 44,00
0.650 43.00
0.600 42.00
0 a0 80 120 160 200 240 280 320 360 400 440 480 520 3560 600 640 680 20 V60 800 340 880 920
Time[s]
Voltage(p.u.) Power(p.u) ——FPF Frequency(Hz)




SGS Report N. GZES240300433002 Page 16 of 115

ENA Engineering Recommendation G98 Issue 1 Amendment 6 September 2021
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4.2 POWER QUALITY

4.2.1 Current Harmonics

The tests should be carried out as specified in BS EN 61000-3-2 and can be undertaken with a fixed
source of energy at two power levels firstly between 45 and 55% and at 100% of Registered Capacity.
The test requirements are specified in Annex Al A.1.3.1 (Inverter connected) or Annex A2 A.2.3.1
(Synchronous).

Measures have been repeated at 50%P» and 100%Pn.

Following tables show the test results:

Micro-generator rating per phase 3.6 kw
(rpp)
Harmonic | At 45-55% of Registered 100% of Registered
Capacity Capacity
Measured Value | Ih(%) Measured Ih(%) Limit in BS Higher limit for odd
MV in Amps Value MV in EN 61000-3- | harmonics 21 and
Amps 2 in Amps above
2 0.019 0.116 0.038 0.236 1.080
3 0.060 0.373 0.112 0.700 2.300
4 0.008 0.051 0.017 0.105 0.430
5 0.050 0.311 0.079 0.494 1.140
6 0.005 0.031 0.015 0.091 0.300
7 0.042 0.262 0.069 0.430 0.770
8 0.002 0.010 0.006 0.036 0.230
9 0.038 0.240 0.055 0.342 0.400
10 0.002 0.015 0.009 0.055 0.184
11 0.030 0.189 0.045 0.283 0.330
12 0.002 0.011 0.007 0.041 0.153
13 0.026 0.166 0.014 0.089 0.210
14 0.001 0.004 0.002 0.014 0.131
15 0.021 0.133 0.011 0.072 0.150
16 0.001 0.008 0.003 0.022 0.115
17 0.017 0.105 0.019 0.121 0.132
18 0.001 0.006 0.002 0.015 0.102
19 0.015 0.095 0.016 0.100 0.118
20 0.001 0.005 0.002 0.014 0.092
21 0.010 0.064 0.010 0.065 0.107 0.160
22 0.001 0.004 0.002 0.010 0.084
23 0.010 0.065 0.007 0.042 0.098 0.147
24 0.001 0.006 0.001 0.008 0.077
25 0.007 0.046 0.006 0.037 0.090 0.135
26 0.001 0.006 0.001 0.006 0.071
27 0.006 0.037 0.003 0.021 0.083 0.124
28 0.001 0.007 0.001 0.004 0.066
29 0.005 0.031 0.003 0.021 0.078 0.117
30 0.001 0.005 0.001 0.008 0.061
31 0.003 0.020 0.003 0.016 0.073 0.109
32 0.001 0.006 0.001 0.004 0.058
33 0.003 0.021 0.002 0.013 0.068 0.102
34 0.001 0.006 0.001 0.005 0.054
35 0.002 0.010 0.003 0.020 0.064 0.096
36 0.001 0.004 0.001 0.006 0.051
37 0.002 0.014 0.003 0.018 0.061 0.091
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38 0.001 0.005 0.001 0.004 0.048
39 0.002 0.010 0.003 0.017 0.058 0.087
40 0.001 0.007 0.002 0.013 0.046

Note the higher limits for odd harmonics 21 and above are only allowable under certain conditions, if
these higher limits are utilised please state the exemption used as detailed in part 6.2.3.4 of BS EN

61000-3-2 in the box below.

Current Harmonics

1.8

1.6

1.4

1.2

In(%)
=

—50%Pn

e 1 00% PN

0.8

s - /N

./ \
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~

Nr./ Order
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4.2.2  Voltage fluctuations and Flicker

These tests should be undertaken in accordance with EREC G98 Annex Al A.1.3.3 (Inverter connected)
or Annex A2 A.2.3.3 (Synchronous).

The measurements of voltage fluctuations have been measured according to the standard, at 100 % of
the nominal power value of the inverter.

The test impedance is recorded in the table below:

Test R 0.24 Q X 0.15 Q
Impedance
Standard R 0.24 Q X 0.15 Q
Impedance
Maximum R 0.24 Q X 0.15 Q
Impedance
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Starting operation and Stopping operation
Pbin (%) 100%
Limit Starting measured values | Stopping measured values

PST <1 0.131 0.034

PLT <0.65 0.105 0.105

dc < 3.30% 0.250% 0.000%

d(t) < 3.30% 0.000% 0.000%
dmax 4% 0.345% 0.000%

As it can be seen in the next screenshots, this test has two steps:
1. Starting operation
2. Stopping operation

All values are the most unfavorable of the two steps.

Starting operation and Stopping operation

100% Pn

Flicker Mode REGs (s = SCLEW Line Filter B

Flicker S AVG I Freq Filter B9

Count 272 Complete
Interval I 00:00s/10:00s

Element 1

Volt Range 300 V/50Hz Element1 Judgement

Un (U1) 230.539v Total Judgement

Freq (U1) 50.000Hz (Element1,2,3)

Dmin

[ @ | dmed | dume | P [ PR
3.

Limit 4.00 500 1.00 0.65
N:2
b 0.0

a1 1

T A[RPAW)
Ul 3Jo00v
n 504
Sync Src: U1
Integral: Reset
uz  3Jo00v
12 504
Sync Src: U1
Integral: Reset
u3s  3Jo00v
13 504
Sync Src: U1
Integral: Reset

Element 4
u4 1000V

14 504
Sync Src: U1
Integral: Reset

Element 5
us 1000V

15 5A
Sync Src: U1
Integral: Reset
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Running operation 2 hours

100%
Pbin (%)
Limit Measured values

PST <1 0.078

PLT <0.65 0.068

dc <3.30% 0.127%

d(t) < 3.30% 0.000%
dmax 4% 0.203%

As it can be seen in the next screenshots is running operation. The values took of Pst and PIt are the
most unfavorable of the twelve steps.

Running operation

100% Pn

Flicker Mode Range Over m==rem  SCL™W Line Filter ™
Flicker ~ % AVGIW Freq Filter m

TA[EPAW)

Count 12112 Complete Ut 600V
1 504

Interval I, 00:00s/10:00s Sync Sre: U1
Element 1 Integral: Reset

Volt Range 600 V/50Hz Element1 Judgement lljzz Eggx

Un (U1) 230.674V Total Judgement ! Sync Sre: U1
Freq (U1) 50.000Hz (Element1,2,3) Integral: Reset

i o U3 600V
Dmin 0.10% 5 oA

T dmax(?] dims] | Pt | Pk Sy U
Limit 3. 4.00 500 . Integral: Reset
3.30% : Element 4
u4 1o000v
14 504
Sync Src: U1
Integral: Reset

Element 5
us 1000V

15 54
Sync Src: U1
Integral: Reset

.1
2
3
4
5
6
7
8

Tl'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l
Tl'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l'l
V|V VD UTDOUDDUDUDDUDODDODT
V|V VD UTDOUDDUDUDDUDODDODT
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4.2.3 DC Injection

The DC component shall be measured under steady-state conditions for the following power levels:
20 %, 50 %, 75 %, and 100 % of nominal power with a tolerance of £ 5 % of nominal power and as far
as adjustable for the tested micro-generator. These tests should be undertaken in accordance with
Annex Al1.3.4.

Following tables show the test results:

Power quality — DC injection: This test should be carried out in accordance with EN 50438
Annex D.3.10

Test power level 20% 50% 75% 100%
Recorded value in Amps 0.024 0.016 0.015 0.013
as % of rated AC current 0.153 0.102 0.096 0.083
Limit 0.25% 0.25% 0.25% 0.25%

DC injection test result

0.200 1.100
0.180 1.050
0.160 1.000
0.140 0.950
0.120 0.900
0.100 0.850
0.080 0.800
0.060 0.750
0.040 0.700
0020 0650
% 0.000 0_600%‘
-0.020 W’WMWWWWMWMWW 0_550§
-0.040 0500
-0.060 0.450
-0.08D 0.400
-0.100 0.350
-0.120 0.300
-0.140 0.250
-0.150 0.200
-0.180 0150
-0.200 0100

0 0 20 30 40 50 60 70 B8O S0 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 260 270

Time[s]
= |dC_Phase A Limited_L Limited_H Power{p.u.)
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4.2.4 Power Factor

This test shall be carried out in accordance with EN 50538 Annex D.3.4.1 but with nominal voltage -6%
and +10%. Voltage to be maintained within +1.5% of the stated level during the test.

The following table shows the test results at required voltage levels:

216.2V 230V 253V
20% of Registered Capacity 0.956 0.976 0.961
50% of Registered Capacity 0.996 0.994 0.986
75% of Registered Capacity 0.993 0.988 0.994
100% of Registered Capacity 0.996 0.994 0.986
Limit >0.95 >0.95 >0.95

Test results are graphically shown below.

Power Factor 216.2V

1.200 1.100

1.150 1.000

1.100 0.500

1.050
0.800

1.000
0.700

0.950

0.600

0.500

Active Power(p.u.)

0.500

Voltage(p.u.) and PF

0.850

0.400
0.800

0.300
0.750

0.700 0.200

0.650 0.100

0.600 0.000
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Time(s)
Voltage(p.u.) PF Limit({PF) Power(p.u.}
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Power Factor 230V

1.200 1.100
1.150 1.000
1.100
0.900
1.050
0.800
1.000 - —
" -
& | o700 3
] =
= ! :
T 0.950
3 :
3 0.600 2
1 ¢
0.900 =
g g
3 0500 <
=
0.850
0.400
0.800
0.300
0.750
0.700 0.200
0.650 0.100
0.600 0.000
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 250
Time(s)
Voltage(p.u.) PF Limit{PF) Power(p.u.)
Power Factor 253V
1.200 1.200
1.150 1100
I 1.000
1.100
0.900
1.050
0.800
1.000 I —_
a L, 0700 3
] =
= @
[+
= 0350 0.600 2
3. g
=2 o
=, 0.500 0.500 2
g g
g
0.850 0-400
0.300
0.800
0.200
0.750
0.100
0.700
0.000
0.650 0100
0.600 0200
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 200 250
Time(s)

Voltage(p.u.) PF Limit{PF}) Power(p.u.}
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4.3 PROTECTION

43.1 Frequency tests
These tests should be carried out in accordance with EN 50438 Annex D.2.4 and the notes in EREC
G98 Annex Al A.1.2.3 (Inverter connected) or Annex A2 A.2.2.3 (Synchronous).

To establish a trip frequency, the test frequency should be applied in a slow ramp rate of less than 0.1
Hz/s, or if this is not possible in steps of 0.05 Hz for a duration that is longer than the trip time delay.

To establish the trip time, the test frequency should be applied starting from 0.3 Hz below or above the
recorded trip frequency and should be changed to 0.3 Hz above or below the recorded trip frequency in
a single step. For each trip setting five tests shall be carried out.

Following tables show the test results:

Function Setting Trip test (5 times) “No trip tests”
Frequency | Time Frequency Time delay | Frequency /time Confirm no trip
delay (Hz2) (s)
47.50 20.090
47.50 20.090
U/F stage 1 47.5 Hz 20s 47.50 20.070 47.7Hz/30s Pass
47.50 20.070
47.50 20.040
47.00 0.545
47.00 0.560
U/F stage 2 47 Hz 0.5s 47.00 0.555 47.2Hz/195s Pass
47.00 0.555
47.00 0.540
46.8 Hz/0.45s Pass
52.01 0.575
52.02 0.575
O/F stage 1 52 Hz 05s 52.02 0.585 51.8Hz/120s Pass
52.02 0.565
52.02 0.570
52.2Hz/0.45s Pass
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Test results are graphically shown below.

U/F stage 1-1

51.50 1.300
51.30 1.250
51.10 1.200
50.50 1.150
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U/F stage 1-2

51.50 1.300
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U/F stage 1-3
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U/F stage 1-4
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U/F stage 1-5
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U/F stage 2-1
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U/F stage 2-2
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U/F stage 2-3
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U/F stage 2-4
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U/F stage 2-5
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O/F stage 1-1
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O/F stage 1-2
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O/F stage 1-3

Frequency(Hz)
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O/F stage 1-4
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O/F stage 1-5
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No trip tests - 47.7Hz
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No trip tests — 47.2Hz

Frequency(Hz)
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No trip tests — 46.8Hz

Frequency(Hz)

Power(p.
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MS05104 Mon March 27 10:44:34 2023
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No trip tests - 51.8Hz
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54.30 1.250
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No trip tests — 52.2Hz
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4.3.2 Voltage tests

To establish the certified trip voltage, the test voltage should be applied in steps of + 0.5% of setting for
a duration that is longer than the trip time delay.

To establish the certified trip time, the test voltage should be applied starting from + 1.8% below the
certified trip voltage in a step of at least + 0.5% of setting for a duration that is longer than the trip time
delay. For each trip setting five tests shall be carried out.

Following tables show the test results:

Function Setting Trip test “No trip tests”
Voltage | Time delay Voltage Time delay Voltage /time Confirm no trip
V) (s)

184.17 2.530
184.37 2.535

unN 184V 25s 184.35 2.505 188V /5.00s Pass
184.16 2.530
184.23 2.510

180V /245s Pass
261.82 1.060
262.03 1.055

O/V stage 1 262.2V 10s 262.17 1.055 258.2V/5.00s Pass
262.13 1.045
262.35 1.055
274.34 0.555
274.98 0.585

O/V stage 2 273.7V 05s 273.91 0.570 269.7V/0.95s Pass
273.84 0.555
274.05 0.560

277.7V10.45s Pass

Note for Voltage tests the Voltage required to trip is the setting £3.45 V. The time delay can be measured
at a larger deviation than the minimum required to operate the protection. The No trip tests need to be
carried out at the setting 4 V and for the relevant times as shown in the table above to ensure that the
protection will not trip in error.
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Test results are graphically shown in following pages.

u/nN -1
1.200 1.300
1.180 1.250
1.160 1.200
1.140 1.150
1.120 1.100
1.100 1.050
1.080 1.000
1.060 0.950
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1.200
1.180
1.160
1.140
1.120
1.100
1.080
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u/v -3
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U/ -4
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O/V stage 1-1
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O/V stage 1-2
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O/V stage 1-3
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O/V stage 1-4
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O/V stage 2-2
1.300 1.300
1.280 1.250
1.260 1.200
1.240 1.150
1.220 1.100
1.200 1.050
1.180 — —————— ™ 00
60 o 0.550
1.140 0.900
1120 0.850
1.100 0.800
1.080 0.750
— 1060 0700 —
3 3
4 1040 0650 &
T 1o 0.600 5
£ 1000 0550 2
2 s 0s00
0.960 0.450
0.940 0.400
0.920 0.350
0.900 0.200
0.880 0.250
0.860 0.200
0.840 0.150
0.820 0.100
0.200 0.050
0.780 0.000
0.760 -0.050
0.740 -0.100
0.720 -0.150
0.700 -0.200
36 37 38 39 40 a 42 43 a5 46 47 a3 a8 50 51 52 53 54 55
Time(s)
——Voltage(p.u.) Power(p.u.)

MSO5104 Thu April 13 16:59:03 2023
Roll Mode

RIGOL H 500ms Measure
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O/V stage 2-3

1.300
1.280
1.260
1.240
1.220
1.200
1.180
1.160
1.140
1.120
1.100
1.080
1.060
1.040
1.020
1.000
0.980
0.960
0.940
0.920
0.900
0.880
0.860
0.840
0.820
0.800
0.780
0.760
0.740
0.720
0.700

36 37 38 39 40 41

Voltage(p.u.)

MSO5104 Thu April 13 16:57:33 2023

H

500ms

45A
570ms

TR

42 43 44 45 46 a7 a8 49 50 51 52 53 54

Time(s)
—— Voltage(p.u.) Power(p.u.)

Roll Mode
Measure

v g 16:57

1.300
1.250
1.200
1.150
1.100
1.050
1.000
0.950
0.500
0.850
0.800
0.750
0.700
0.650
0.600
0.550
0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000
-0.050
-0.100
-0.150
-0.200

Power(p.u.)
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O/V stage 2-4
1.300 1.300
1.280 1.250
1.260 1.200
1.240 1.150
1.220 1.100
1.200 1.050
1.180 e 1.000
1.160 _J—/—-’—'_ 0.950
1.140 0.900
1.120 0.850
1.100 0.800
1.080 0.750
—~  1.060 0.700 —
3 =
S 1.040 0.650 &
T 100 0.600 &
2 1o 0550 2
2 oss0 0500
0.960 0.450
0.940 0.400
0.920 0.350
0.900 0.300
0.880 0.250
0.860 0.200
0.840 0.150
0.820 0.100
0.800 0.050
0.780 0.000
0.760 -0.050
0.740 0.100
0.720 -0.150
0.700 -0.200
36 37 38 39 40 41 42 43 aa 45 46 47 48 49 50 51 52 53 54 55
Time(s)
—Voltage(p.u.) Power(p.u.)

MSO5104 Thu April 13 16:56:12 2023

RIGOL H

500ms

245A
555ms
208.3A

X: 1.801Hz

Roll Mode
Measure

¥ ¢ 16:55
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O/V stage 2-5
1.300 1.300
1.280 1.250
1.260 1.200
1.240 1.150
1.220 1.100
1.200 1.050
1.180 —— 1.000
160 —0 — 0.950
1.140 0.900
1.120 0.850
1.100 0.800
1.080 0.750
— 1060 0700 —
p= =
G 1040 0650 g3
T 1020 0.600 &
2 1000 0550 2
2 oseo os00
0.950 0.450
0.940 0.400
0.920 0.350
0.900 0.300
0.880 0,250
0.850 0.200
0.840 0.150
0.820 0.100
0.800 0.050
0.780 0.000
0.760 -0.050
0.740 -0.100
0.720 0150
0.700 -0.200
36 37 38 39 20 a1 22 43 am a5 a6 a7 as a9 50 51 52 53 54 55
Time(s)
— Voltage(p.u.) Power(p.u.)

MSO5104 Thu April 13 16:53:44 2023

H 500ms

Roll Mode
Measure
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No trip tests — 188V

1.300 1.300
1.260 1.250
1.220 1.200
1.180 1.150
1.140 1.100
1.100 1.050
1.060 1.000
1.020 0.950
0.980 0.900
0.940 0.850
0.900 0.800
0.860 0.750

T 0820 0700 =

4 0780 0.650 4

$ om0 0.600 §

£ 0.700 0550 3

2 oss0 0s00 &
0.620 0.450
0.580 0.400
0.540 0.350
0.500 0.300
0.460 0.250
0.420 0.200
0.380 0.150
0.340 0.100
0.300 0.050
0.260 0.000
0.220 -0.050
0.180 -0.100
0.140 -0.150
0.100 -0.200

0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Time(s)
Voltage(p.u.) Power({p.u.)

MS05104 Mon March 27 11:52:57 2023
Roll Mode

RIGOL H 1.00s Measure D -5.00s

BY

10000

T, Ascmmeazs L
AY: -25.33V :
BX: -1.68s
BY: -44V
AX: 52s
AY: 8.66V
(: 396.8mHz
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No trip tests — 180V

1.300
1.260
1.220
1.180
1.140
1.100
1.060
1.020

0.980
0.940
0.900
0.860
0.820
0.780
0.740
0.700
0.660
0.620
0.580
0.540
0.500
0.460
0.420
0.380
0.340
0.300
0.260
0.220
0.180
0.140
0.100

Voltage(p.u.)

14.1,0.785

4 5 6 7 2 5 10 11 12 13 14 15
Time(s)

—Voltage(p.u.) Power{p.u.)

MS05104 Mon March 27 11:52:57 2023

RIGOL

I A
AY:

Roll Mode

H 1.00s

Measure

16.65, 0.000

-5.00s

Ve 11:52

1.300
1.250
1.200
1.150
1.100
1.050
1.000
0.950
0.9500
0.850
0.800
0.750
0.700
0.650
0.600
0.550
0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000
-0.050
-0.100
-0.150
-0.200

Power(p.u.)
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No trip tests — 258.2V

1.300 1.300
1.260 1.250
1.220 1.200
1.180 1.150
1.140 1.100
1.100 1.050
1.060 1.000
1.020 0.950
0.980 0.900
0.940 0.850
0.900 0.800
0.860 0.750

— 0820 0.700

3

o 0780 0.650

&% 0740 0.600

*_E 0.700 0.550

> 0.660 0.500
0.620 0.450
0.580 0.400
0.540 0.350
0.500 0.300
0.460 0.250
0.420 0.200
0.380 0.150
0.340 0.100
0.300 0.050
0.260 0.000
0.220 -0.050
0.180 -0.100
0.140 -0.150
0.100 -0.200

0o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 42 44 46 48 50 52 54 56

Time(s)

—oltage(p.u.) Power(p.u.)

MS05104 Mon March 27 13:54:06 2023

RIGOL H

Roll Mode

p <
2.00s Measure

-10.1s

-18.66V
(: 200mHz

Power(p.u.)
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No trip tests — 269.7V

1.300 L300
1.260 1.250
1.220 23.55,1.172 1200
1.180 1.150

1.140 1.100
1.100 1.050
1.060 1.000
1.020 0.350

0.980 0.300
0.940 0.850
0.900 0.800
0.860 0.750

— 0.820 0700 —

3 =]

5 0780 0.650 g

T o7 0.600 B

£ o700 0550 B

2 s o500 &
0.620 0.450
0.580 0.400
0.540 0.350
0.500 0.300
0.460 0.250
0.420 0.200
0.380 0.150
0.340 0.100
0.300 0.050
0.260 0.000
0.220 - - 0.050
0.180 24.6,-0.001 -0.100
0.140 0.150
0.100 -0.200

0 2 4 6 ] 10 12 14 16 18 20 2 2 26 28 30 32
Time(s)
——Voltage(p.u.) Power(p.u.)

MS05104 Mon March 27 13:59:20 2023
Roll Mode

RIGOL H 1.00s Measure
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Sty g

RAE
411.30V

= 50.0A
-72.0A
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No trip tests — 277.7V

1.300 1.300
1.260 24.2,1.206 1.250
1.220 1.200

1.180 1.150
1.140 1.100
1.100 — 1.050

1.060 1.000
1.020 0.850

0.980 0.900
0.940 0.850
0.900 0.800
0.860 0.750

— 0820 0700 —

3 3

a 0780 0650 &

T o740 0.600 §

3; 0.700 0.550 E

> 0.660 0.500
0.620 0.450
0.580 0.400
0.540 0.350
0.500 0.300
0.460 0.250
0.420 0.200
0.380 0.150
0.340 0.100
0.300 0.050
0.260 0.000
0.220 -0.050
0.180 24.75, -0.001 0.100
0.140 -0.150
0.100 -0.200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Time(s)
— Voltage(p.u.) Power(p.u.)

MSO5104 Mon March 27 14:04:16 2023
Roll Made

RIGOL H 1.00s Measure

L\Y:

WA HMMHNMWM“\MMMNHMMNMYNHWMHMM\HMHMH\MMHMN NMMWNHNMHMMHWMHMH\MMHMM\MMMNN\WMHWM\

1 = 500V 2, = 50.0A

+320V -72.0A

\
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4.3.3 Loss of Mains test

For PV Inverters shall be tested in accordance with BS EN 62116.

The maximum trip time is 0.5 s.

Note for technologies which have a substantial shut down time this can be added to the 0.5 s in
establishing that the trip occurred in less than 0.5 s. Maximum shut down time could therefore be up to

1.0 s for these technologies.

Following tables show the test results:
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Table: tested condition and trip time P
No. Peut (% of Reactive load (% Pac Qac Trip Which load is
EUT rating) of normial) time(s) selected to be
adjusted (R or L)
Test condition A
1 100 100 0 0 0.452 -
2 100 100 -5 -5 0.250 R/L
3 100 100 -5 0 0.236 R
4 100 100 -5 +5 0.247 R/L
5 100 100 0 -5 0.443 L
6 100 100 0 +5 0.253 L
7 100 100 +5 -5 0.239 R/L
8 100 100 +5 0 0.232 R
9 100 100 +5 +5 0.279 R/L
10 100 100 -10 +10 - R/L
11 100 100 -5 +10 - R/L
12 100 100 0 +10 - L
13 100 100 +10 +10 - R/L
14 100 100 +10 +5 - R/L
15 100 100 +10 0 - R
16 100 100 +10 -5 - R/L
17 100 100 +10 -10 - R/L
18 100 100 +5 -10 - R/L
19 100 100 +5 +10 - R/L
20 100 100 0 -10 - L
21 100 100 -5 -10 - R/L
22 100 100 -10 -10 - R/L
23 100 100 -10 -5 - R/L
24 100 100 -10 0 - R
25 100 100 -10 +5 - R/L
Test condition B
1 66 66 0 0 0.251 -
2 66 66 0 -5 0.232 L
3 66 66 0 -4 0.237 L
4 66 66 0 -3 0.232 L
5 66 66 0 -2 0.243 L
6 66 66 0 -1 0.244 L
7 66 66 0 1 0.268 L
8 66 66 0 2 0.333 L
9 66 66 0 3 0.246 L
10 66 66 0 4 0.234 L
11 66 66 0 5 0.230 L
Test condition C
1 33 33 0 0 0.249 -
2 33 33 0 -5 0.241 L
3 33 33 0 -4 0.243 L
4 33 33 0 -3 0.245 L
5 33 33 0 -2 0.238 L
6 33 33 0 -1 0.232 L
7 33 33 0 1 0.240 L
8 33 33 0 2 0.232 L
9 33 33 0 3 0.228 L
10 33 33 0 4 0.230 L
11 33 33 0 5 0.228 L
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Test results are graphically shown in following pages.

Test Condition A

Disconnection time[ms]

1600
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E00

600 443
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232

—247

200

239
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236

0 2 4
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—e—Time P=95%Pn  —e—Time P=100%Fn Time P=105%Pn

Test Condition B
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Test Condition C

Disconnection time[ms]
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Test A

M(%)=0 & N(%)=0

Node] [A]

emote

en1nelR:

1/3@[RemoteNode] [A]

© EE -] 00575 [>]
A B aE
i[5 6.0694836 65163912 04519076
©A11/U2@[RemoteNode] [V] s1e141 7.459403 1244547
©411/12@[RemoteNode] [A] 7071495 0118256 T.189751
®A11/12@[RemoteNode] [A] 3774643 0054717 3820360
R AN AN AN AN AN AN AN AN ANAYH I WAWAWANA AW NANAWA NAWAWA
g
e e e B B B
) D SRS SRSRRSRRSSRURSSN S ISR HSSRSSRPSSSRN EURRRS SRR SRR SR RS
3 P SRS NSRRI S ISR HSSSSRSSSRN SRR SRR SRR ISR RS
g
]
-3 e e I
w00 100 TEET - ) 05300 05,400 [=] 5500 w0 00 [>]
A B aE
iRl [ 52095555 54621925 02526370
©A11/U2@[RemoteNode] [V] 237608 0860453 -322.909
©411/12@[RemoteNode] [A] 221439 039952 -22.00401
®4A11/3@[RemoteNode] [A] 075102 0051378 -0.023723
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Test A

M(%)=0 & N(%)=-5

Node] [A]

H

eNode] [4]

g
-3 s e e
0500 %% a [>]
A B aE
i[5 5.1611468 56036881 04425412
©411/U2@[RemoteNode] V] 1561921 006721 1261249
©411/12@[RemoteNode] [A] 1226061 0156959 -12.10761
®A11/12@[RemoteNode] [A] 0043154 0.048995 0.092149

M(%)=-5 & N(%)=0

®A11/13@[RemoteNode] [A]

e a0 05500 15600 5700 (=) 03,800 03300 006,000 [>]
A B HiE
il 55356862 57718052 02361183
©411/U2@[RemoteNode] V] 235092 15,5340 2505737
©411/12@[RemoteNode] [A] e 0119925 1715624
1750946 0058174 1809120
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Test A

M(%)=-5 & N(%)=+5

iode] [v]

SN L W
500 o0 00 (2] 50 005,300 [ = FTe) 0100 06200 [>]
A B aE
i[5 7405141 59872305 2467164
©411/U2@[RemoteNode] V] 1945105 1063156 183.6789
©411/12@[RemoteNode] [A] 167520 0148852 182413
®A11/12@[RemoteNode] [A] 0472088 059366 531435

%00 500 O o 0 500 o S0 T05.000 [>]
A B HiE
il 581287 58315232 02502361
©411/U2@[RemoteNode] V] 1309142 L8935 129028
©411/12@[RemoteNode] [A] 1127768 0133276 1141095
®411/13@[RemoteNode] [A] 273726 0.05790 1793
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Test A

M(%)=+5 & N(%)=0

=
H

eNode] [4]

g
-3 T e
004300 03,000 00 00 5,300 (=) %00 05,50
A B aE
i[5 51186216 53510079 02323864
©411/U2@[RemoteNode] V] 2375138 2809598 2085078
©411/12@[RemoteNode] [A] 1737080 0154972 17.21903
®A11/12@[RemoteNode] [A] 0.061631 0.055909 5723

M(%)=+5 & N(%)=+5

20 05300 w0 300 &0 (=] %0 00380 [>]
A B HiE
il 53654303 56442620 02788317
©411/U2@[RemoteNode] V] 1435425 1346450 1550071
©411/12@[RemoteNode] [A] 1205421 0131369 12.18557
®411/13@[RemoteNode] [A] 0058293 0.055313 0.113606




SGS Report N. GZES240300433002 Page 75 of 115

ENA Engineering Recommendation G98 Issue 1 Amendment 6 September 2021

Test A M(%)=+5 & N(%)=-5

®A11/u2@(RemoteNiode] [V]

@1 jn@{Remoteode] [A]

®11/3@[RemoteNode] [A]

06300 06400 (2] 06,500 6600 [ = =) 06500 05500
A B aE
i[5 64522428 66914753 02392325
©411/U2@[RemoteNode] V] 241,896 2249003 2396476
©411/12@[RemoteNode] [A] 1731932 0125527 -17.18879

®411/13@[RemoteNode] [A] 0063896 0.058532 5364e3
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Test B M(%)=0 & N(%)=0

800.0

®411/U2@[RemoteNode] [V]

70.00-800.0

®411/12@[RemoteNode] [A]

20.00-70.00

‘®A11/13@[RemoteNode] [A]

e 0:05.100 0:05.200 [~] 0:05.300 0:05.400 EEE ] 0:05.600 0:05.700
A B HRE
FhiEl [s] 52609739 55118415 02508676
@Al 1/U2@[RemoteNode] V] 136.6508 2410197 -160.7528
@Al 1/12@[RemoteNode] [A] £.859861 0.069976 6789685
@Al 1/13@[RemoteNode] [A] 0254860 0085075 0300944
Test B M(%)=0 & N(%)=+1

®411/U2@[RemoteNode] [V]

70.00-800.0

®411/12@[RemoteMode] [A]

20.00-70.00

‘®AI1/13@[RemoteNode] [A]

0:05.700 0:05.800 800 0:06.000 0:06.100 E 0:06.200 0:06.300 0:08.
A B =1
B8 (=] 5.8040611 61617879 0.2677268
@Al 1/U2@[RemoteNode] [V] 41.17632 6193877 4737020
@Al 1/12@[RemoteNode] [A] 2452850 0114799 -2.338052

@Al 1/13@[RemoteNode] [A] -0.111341 0056982 0.168324
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Test B

M(%)=0 & N(%)=+2

B
b
H
£
&
T
3
2
.

®A11/13@[RemoteNode] [A]

200.0

70.00-800.0

15.00-70.00

15,00

T TR I YR YO L YRR
L ol i il L o i

0:05.000 [4] 005250 o 005750 [> ]
A B =151
B4iEl (5] 51673958 55003035 0.3320077
@Al 1/U2@[RemoteNode] [V] 30,9840 35.92205 66.90646
@Al 1/12@[RemoteNode] [A] -2.301693 0.180244 2481938
@Al 1/13@[RemoteNode] [A] 0.095844. 0057220 -0.038624

M(%)=0 & N(%)=+3

®411/U2@[RemoteNode] [V]

41 1/12@[RemoteNode] [A]

®A11/13@[RemoteNode] [A]

800.0

70.00-800.0

10.00-70.00

10.00

0:06.400 00 0:06.600 0:06.700 [ &) 0:06.800
A B HE
B [s] 6.4966583 6.7428243 0.2461660
@Al 1/U2@[RemoteNode] [V] 228.0285 -17.84086 2458694
@Al 1/12@[RemoteNode] [A] 10.70082 0.098586 10.60224
@Al 1/13@[RemoteNode] [A] 0.017405 0.054479 0.037074
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M(%)=0 & N(%)=+4

®411/U2@[RemoteNode] [V]

®411/12@[RemoteNode] [A]

‘®A11/13@[RemoteNode] [A]

800.0

70.00-800.0

20.00-70.00

‘ 0:05.000 0:05.100 005,400
HRE
FhiEl [s] 5.0884301 02344183
@Al 1/U2@[RemoteNode] [V] 2211335
@Al 1/12@[RemoteNode] [A] -0.756446
@Al 1/13@[RemoteNode] [A] 89413

® 41 1/12@[RemoteNode] [A] ®411/U2@[RemoteNode] [V]

‘®AI1/13@[RemoteNode] [A]

800.0

70.00-800.0

20.00-70.00

‘ 0:05.400 0:05.500 0:05.600 n 0:06.000 0:06.100
<15
Bl [s] 5.6367826 0.2297901
@ AI1/U2@[RemoteNode] [V] -111.0745 8160687
@ Al 1/12@[RemoteNode] [A] 3.080845
@Al 1/12@[RemoteNode] [A] -1.491189 1550078
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Test B

M(%)=0 & N(%)=-1

®411/12@[RemoteNode] [A] ®411/U2@[RemoteNode] [V]

®A11/13@[RemoteNode] [A]

200.0

70.00-800.0

20.00-70.00

i 1) o Soiam o mom w3
A B HE
Bi8] [s] 02437728
® A1 1/U2@[RemoteNode] [V] -182.5099
®A11/12@[RemoteNode] [A] -7.061840
@41 1/12@[RemoteNode] [A] 0571728
[ [ O N B! R K S
3
H
3
g
&
@
3
-3 AN SRR SRR SRR SRR (N R RN RS SR N SRR RSN
.
S ) Y ) U Nt U S
3
i
g
&
5
H
o s
3 ) N IS N
b1
3
g
&
@
H
-3 e e )
T omem 0.04.900 0050y 0:05.100 05200 (&) 0:05.300 0.05.200
A B HRE
A iE [s] 50092122 5.2524760 0.2432637
Al 1/U2@[RemoteNode] [V] 295.0661 -12.35366 307.4198
@ Al 1/12@[RemoteNode] [A] 12.88557 0.109911 12.77566
® Al 1/13@[RemoteNode] [A] 074839 0.057101 0691295
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Test B

M(%)=0 & N(%)=-3

200.0

®411/u2@[RemoteNode] [V]

70.00-800.0

®411/2@[RemoteNode] [A]

20.00-70.00

®A11/13@[RemoteNode] [A]

‘ 08 100 008,200 008 300 08,200 oo 08,600 sl
A B =151
B4iEl (5] 82703089 85024085 0.2321006
@Al 1/U2@[RemoteNode] [V] -320.6482 2970457 317.6778
@Al 1/12@[RemoteNode] [A] 14.25409 0.122309 1437640
@Al 1/13@[RemoteNode] [A] 0.076771 0.054479 -0.022292

800.0

®411/U2@[RemoteNode] [V]

70.00-800.0

41 1/12@[RemoteNode] [A]

20.00-70.00

®A11/13@[RemoteNode] [A]

20.00

0:05.600 005700 0:05.800 voson 0:06.000 o
A B HE
B [s] 5.6827879 5.9195796 02367918
@Al 1/U2@[RemoteNode] [V] -135.6115 -12.37154 123.2400
@Al 1/12@[RemoteNode] [A] 5.273462 0.105023 5.378485
@Al 1/13@[RemoteNode] [A] 0.128508 0.059962 -0.068545
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M(%)=0 & N(%)=-5

®411/12@[RemoteNode] [A] ®411/U2@[RemoteNode] [V]

‘®A11/13@[RemoteNode] [A]

800.0

70.00-800.0

20.00-70.00

2000

0:05.200 0:05.300 0:05.400 0:05.500 G 0:05.600 0:05.700
A B HRE
FhiEl [s] 5.3422288 55742479 02320191
@Al 1/U2@[RemoteNode] [V] -162.7154 2512455 137.5900
@Al 1/12@[RemoteNode] [A] -9.339810 0.049591 9389401
@Al 1/13@[RemoteNode] [A] 0.746012 0056744 -0.689268
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Test C

M(%)=0 & N(%)=0

@1 jn@{Remoteode] [A] ®A11/u2@(RemoteNiode] [V]

1/3@[RemoteNode] [A]

o088 0500 €Y 005,000 ) [=) 00 05300
A B aE
i[5 49122403 51615592 02493189
©411/U2@[RemoteNode] V] 1razerr 2488494 -42.30571
©411/12@[RemoteNode] [A] 1682758 0.058532 1741290
®A11/12@[RemoteNode] [A] 1440406 0.051260 1380146

©411/U2@(Remotetiods] V]

®411/12@(RemoteNode] (A]

1/13@[Remotetode] (a]

= (] PRI - | o

A B =153
Bl [s] 48836525 51238756 02402231
©411/U2@[RemoteNode] [V] 139735 30,0885 1739724
©411/12@[RemoteNode] [A] 2060388 0.058532 -4.001855
®411/13@[RemoteNode] [A] oomz87 0.054240 0017047
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Test C

M(%)=0 & N(%)=+2

@1 jn@{Remoteode] [A] ®A11/u2@(RemoteNiode] [V]

1/3@[RemoteNode] [A]

008,000 n O 008200 0 (=] 008 400 500

A B aE
i[5 81188998 83513219 02324221
©411/U2@[RemoteNode] V] 5235778 3023148 23,3964
©411/12@[RemoteNode] [A] 7390738 051579 7442117
®A11/12@[RemoteNode] [A] 0.039540 0.056624 -0.042015

©411/U2@(Remotetiods] V]

®411/12@(RemoteNode] (A]

1/13@[Remotetode] (a]

w £ £ - [ - FEET) = =
A B =153

Bl [s] 52500709 54878309 02279100

©411/U2@[RemoteNode] [V] 1386137 -32.62639 1059873

©411/12@[RemoteNode] [A] 4233361 0.030160 4263520

®411/13@[RemoteNode] [A] 0076175 0.053883 002229
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Test C

M(%)=0 & N(%)=+4

eNode] [v]

emats

@1 jn@{Remoteode] [A]

®11/3@[RemoteNode] [A]

00 0 =0 005400 (=] 00 &0
A B aE
i[5 5.1952851 54254965 02302114
©411/U2@[RemoteNode] V] 2863846 2913261 2572520
©411/12@[RemoteNode] [A] 5802751 0061512 5864263
®A11/12@[RemoteNode] [A] 0636333 0.057936 0.694275

©411/U2@(Remotetiods] V]

®411/12@(RemoteNode] (A]

®n13/13@(RemoteNode] (4]

e = £ o (=] FEe Fre
A B =153

Bl [s] 82148604 84423924 02275320

©411/U2@[RemoteNode] [V] 2547953 30.36356 2244318

©411/12@[RemoteNode] [A] 6674290 0.054121 6728411

®411/13@[RemoteNode] [A] 0515580 0.054636 0460744
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Test C

M(%)=0 & N(%)=-1

®411/2@([RemoteNode] [A] ®13/U2[RemotaNods] V]

f13@[RemoteNode] [A]

fre e Fe Fren T = 1 o
A B AR
A s 47696463 50015515 02319052
©411/U2@[RemoteNode] V] 241.0813 23,6672 2araus
© 41 1/12@[RemoteNode] [A] 6206990 o517 6282807
®411/13@[RemoteNode] [A] 0112891 0.056863 0056028

M(%)=0 & N(%)=-2

®211/u2@(RemoteNode] [V]

®11/2@[RemoteNode] (A]

1/13@[RemoteMode] (A]

03600 005, 5,500 500 [=) 06,000 0 100
A B 1]
HE 5] 57055684 59440439 02384755
©411/U2@[RemoteNode] V] 2000432 237832 1762643
©411/12@ [RemoteNode] [A] 381281 0.054508 3.805670
®A11/13@ [RemoteNode] [A] LEE) 0057340 -.085831
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Test C

M(%)=0 & N(%)=-3

®411/2@([RemoteNode] [A] ®13/U2[RemotaNods] V]

f13@[RemoteNode] [A]

=
- O S N Y SN | P (SN IS
£ % FEe £ = £ £
A B AR
A s 51515030 53963671 02448641
©411/U2@[RemoteNode] V] 2462471 -18.79850 2650457
© 41 1/12@[RemoteNode] [A] 6213032 0079989 6133042
®411/13@[RemoteNode] [A] 0571728 0055909 0627637
g
H

®a11/2@[RemoteNode] [A]

/3@ [RemoteNode] [A]

05,000 00 005200 30 [ = ¥ 500 COR |
A B HiE
il 5.1525803 5.3956207 02430404
©411/U2@[RemoteNode] V] 2032473 2863598 1746113
©411/12@[RemoteNode] [A] 35396 0041435 3560451
®411/13@[RemoteNode] [A] 1226425 0.051141 1271586
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Test C M(%)=0 & N(%)=-5

®111/U2@(RemoteNode] [V]

500 00 [2] 0 500 .5y 06,000 06,100
A B AR
WA (5] 56686652 59092831 02406179
© Al 1/U2@[RemoteNode] V] 2356792 2581167 2098675
@ Al 1/12@[RemoteNode] [A] -4.986544 0.040203 5.026937

® Al 1/13@[RemoteNode] [A] 0.081062 0.056028 0.025034
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4.3.4  Frequency change, Vector Shift Stability test and RoCoF Stability test

Four tests are required to be carried out with all protection functions enabled including loss of mains.
For each stability test the Micro-generator should not trip during the test.

For the step change test the Micro-generator should be operated with a measurable output at the start
frequency and then a vector shift should be applied by extending or reducing the time of a single cycle
with subsequent cycles returning to the start frequency. The start frequency should then be maintained
for a period of at least 10 s to complete the test. The Micro-generator should not trip during this test.

For frequency drift tests the Micro-generator should be operated with a measurable output at the start
frequency and then the frequency changed in a ramp function at 0.95 Hzs-1 to the end frequency. On
reaching the end frequency it should be maintained for a period of at least 10 s. The Micro-generator

should not trip during this test.

Test results are graphically shown in following pages.
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Protection — Frequency change, Vector Shift Stability test: This test should be carried out in
accordance with EREC G98 Annex Al A.1.2.6 (Inverter connected) or Annex A2 A.2.2.6 (Synchronous).

Start Frequency Change Confirm no trip
Positive Vector Shift 49.0 Hz +50 degrees Pass
Negative Vector Shift 50.0 Hz - 50 degrees Pass

Positive Vector Shift:

moteNode] [V]

e Node] [A]

®211/U2@[RemoteNode] [V]

200.0-2000

®411/2@[RemoteNode] [A]

-200.0

0:30.500

0:20.600

0:30.700

0:20.800
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Protection — Frequency change, RoCoF Stability test: The requirement is specified in section 11.3,
test procedure in Annex A.1.2.6 (Inverter connected) or Annex A2 A.2.2.6 (Synchronous).

Ramp range Test frequency ramp: Test Duration | Confirm no trip
49.0 Hzt0 51.0 Hz +0.95 Hzs? 2.30s Pass
51.0 Hz t0 49.0 Hz -0.95 Hzs! 2.24s Pass
+0.95 Hz/s:
53.00 1.600
52.50 1.500
52.00 1.400
51.50 51.22, 51.00 1.300
51.00 1.200
50.50 1.100
50.00 1.000
~
=S iy
< 49.50 0900 S
] 2
g 49.00 0.800 g
g 48.92, 49.00 } 2
u‘: o
48.50 0.700
48.00 0.600
47.50 0.500
47.00 0.400
46.50 0.200
46.00 0.200
45.50 0.100
45.00 0.000
0 2 4 6 8 10 12 14 16 18 20 22 24 26 23 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
Time[s]
Frequency(Hz) ——Power(p.u.)
-0.95 Hz/s:
53.00 1.600
52,50 1.500
52.00 1.400
51.50 1.300
51.00 47.9, 51.00 1.200
50.50 1.100
50.00 1.000
-
= -
= 49.50 0500 3
2 =
g g
) 49.00 0.800 =
g &
b 48.50 50.14, 49.00 0.700
48.00 0.600
47.50 0.500
47.00 0.400
46.50 0.300
46.00 0.200
45.50 0.100
45.00 0.000

0 2 4 6 8 10 12 14 16 18 20 22 24 26 22 30 32 24 36 28 40 42 44 46 48 50 52 54 56 58 b0 62 b4 66 68 70 72 74 76 72 80
Time[s]
Frequency(Hz)

Power(p.u.)
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4.4 Limited Frequency Sensitive Mode - Overfrequency test

The test serves to verify the active power reduction of the micro-generator at over-frequency. We

perform the test according to EN 50438 Annex D.3.3 Power response to over-frequency.

The tests for providing evidence of the frequency dependent active power feed-in of the micro-generator

shall be carried out on a network simulator.

The test should be carried out using the specific threshold frequency of 50.4 Hz and Droop of 10%.

Following tables show the test results:

Test sequence at Registered M.easured Frequency Primary Power Active Power
Capacity >80% B FONTEL (Hz2) Source Gradient(%)
Output (W)

Step a) 50.00 Hz +0.01 Hz 3650.28 50.00 N/A
Step b) 50.45 Hz +0.05 Hz 3622.38 50.45 12.9
Step ¢) 50.70 Hz £0.10 Hz 3437.32 50.70 10.1
Step d) 51.15 Hz +0.05 Hz 3108.77 51.15 DC Source 10.0
Step e) 50.70 Hz £0.10 Hz 3437.52 50.70 10.2
Step f) 50.45 Hz £0.05 Hz 3622.86 50.45 13.1
Step g) 50.00 Hz +0.01 Hz 3649.96 50.00 N/A

Test sequence at Registered Aclytliiis;:)e\:/\(/jer Frequency Primary Power Active Power

n O _ 0 i 0,

Capacity 40% - 60% Output (W) (H2) Source Gradient(%)
Step a) 50.00 Hz +0.01 Hz 1804.66 50.00 N/A
Step b) 50.45 Hz +0.05 Hz 1767.43 50.45 9.7
Step ¢) 50.70 Hz +0.10 Hz 1583.32 50.70 9.8
Step d) 51.15 Hz +0.05 Hz 1252.24 51.15 DC Source 9.8
Step e) 50.70 Hz +0.10 Hz 1573.04 50.71 9.3
Step f) 50.45 Hz +0.05 Hz 1767.42 50.45 9.7
Step g) 50.00 Hz +0.01 Hz 1804.50 50.00 N/A
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Test results are graphically shown in following pages.

Over-frequency curve (droop of 10 % at 100% Pn)

1.200
o 1.160
o 1.120
52.30 e
52.20 o
52.10 e
o ___._J 0.960
51.50 i,
- 0.880
51.70 -
51.60 e
oy 0.760
51.40 o
HSLEU 0.680 -
T 5120 oe0 g
8,51.10 o B
% roo 0.560 %
350.90 0.520 o
C o 0.480
Y s0.70 020
50.80 o,
o 0.360
50.40 o,
o 0.280
o 0.240
50.10 o
s 0.160
49.50 o
o 0.080
45.70 o
49.60 o,
’ [=1 [=3 %
"o ¢ s 3 %8 %88 %8s ¢ s %83 8 R EE 3R B &
Time(s)
—— Frequency (Hz) Power (p.u.)
Remark:Test for frequency threshold 50.4Hz with droop 10%, intentional delay is setting to Os.
Over-frequency curve (droop of 10 % at 50% Pn)
1.200
52.50 o
- 1.120
e 1.080
52.20 T
52.10 e
52.00 Vo
e 0.920
51.20 o
51.70 o
51.60 .
e 0.760
51.40 s
. 0.680 -
£ =
T 5120 oo 3
351.10 0.600 a}.
% 51.00 i, %
350.90 0.520 o
E o 0.480
“ 50.70 o0
50.60 .,
- 0.360
50.40 .
. 0.230
50.20 o
oo 0.200
pooposl I 0.160
45.50 o,
o 0.080
45.70 Do
o 0.000
[ = =] [=1 o
S 259882328333 33828803 R AR R RARRARGRRRRES535588¢88
Time(s)
——Frequency (Hz) Power (p.u.)

Remark:Test for frequency threshold 50.4Hz with droop 10%, intentional delay is setting to Os.
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4.5 Power output with falling frequency test

This test should be carried out in accordance with EN 50438 Annex D.3.2 active power feed-in at under-
frequency.

Test sequence Measured  Active | Frequency (Hz) Primary power source
Power Output (W)

Test a) 50 Hz + 0.01 Hz 3650.25 50.00 -
Test b) Point between 49.5 Hz -
and 49.6 Hz 3648.76 49.50

Test c¢) Point between 47.5 Hz 3645.45 47 50 -

and 47.6 Hz

NOTE: The operating point in Test (b) and (c) shall be maintained for at least 5 minutes

Test results are graphically shown in following pages.

POWER OUTPUT WITH FALLING FREQUENCY TEST

52.50 1.200
52.30 1.160
52.10 1.120
51.90 1.080
51.70 1.040
51.50 + 1.000
51.30 0.960
51.10 0.920
50.90 0.880
50.70 0.840
50.50 0.800
50.30 0.760

5010 0.720

_f, 49.90 0680 =

& 1970 0640 &

< 49.50 0600

3 43.30 0.560 :é

© 49.10 0520 o

% ag.50 0.480
48.70 0.440
48.50 0.400
48.30 0.360
48.10 0.320
47.50 0.280
47.70 0.240
47.50 0.200
47.30 0.160
47.10 0.120
46.90 0.080
46.70 0.040
46.50 0.000

° & & 8§ § & 8§ & & g g & 8§ 8 g B § & 8
Time(s)

——Frequency (Hz) ——Power (p.u.)
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4.6 Re-connection timer

Test should prove that the reconnection sequence starts after a minimum delay of 20 s for restoration of
voltage and frequency to within the stage 1 settings of Table 2. These tests should be undertaken in
accordance with Annex A.2.2.5.

4.6.1 Voltage Reconnection Conditions

The following table detail tests performed.

Time delay Checks on no reconnection when voltage is
Test at setting(s) Measured delay(s) | brought to just outside stage 1 limits of table 1.
uv 60.0 74.0
At 266.2V At 180.0 V
(0)Y] 60.0 74.2
Confirmation that the Micro-generator does not re- . .
Not reconnection Not reconnection

connect.
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Test results are graphically shown below.

Voltage(p.u.)

Voltage(p.u.)

1.200
1.180
1.160
1.140
1.120
1.100

1.080
1.060
1.040
1.020
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0.920
0.300
0.880
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0.820
0.800
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605.6, 0.836

=

0
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Time(s)
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4.6.2  Frequency Reconnection Conditions

The following table detail tests performed.

Time delay Checks on no reconnection when frequency is
Uesiel setting(s) Measured delay(s) | prought to just outside stage 1 limits of table 1.
UF 60 77.8
At 47.4Hz At 52.1Hz
OF 60 78.8
Confirmation that the Micro-generator does not re- . .
connect Not reconnection Not reconnection
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Test results are graphically shown below.

Frequency(Hz)

51.50
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Frequency(Hz)
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4.7  Fault level contribution

These tests shall be carried out in accordance with EREC G98 Annex Al A.1.3.5 (Inverter connected)
and Annex A2 A.2.3.4 (Synchronous).

They have been performed different short circuit tests that are detailed in the table and pictures below.

Short circuit current
Time after fault Volts(V) Amps(A)
20ms 0.075 -0.401
100ms 0.060 -0.405
250ms 0.046 -0.403
500ms 0.044 -0.410
Time to trip 0.004 In seconds
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L1-N

Time after 20ms fault
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Time after 250ms fault
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Time to trip
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4.8  SELF-MONITORING SOLID STATE SWITCHING

The evaluation of this point has been made according to EREC G98 Annex A1 A.1.3.6.

This test does not apply because in the inverter there are not solid-state switching devices.

4.9 ELECTROMAGNETIC COMPATIBILITY (EMC)

All equipment shall conform to the generic EMC standards: BS EN61000-6-3: Electromagnetic
Compatibility, Generic Emission Standard; and BS EN61000-6-1: Electromagnetic Compatibility,
Generic Immunity Standard.

The compliances with these requirements are stated in the following test report:

- EN IEC 61000-6-3: 2011; EN IEC 61000-6-1: 2019: Test Report no. GZEM220800488101C11, issued
by SGS-CST Standards Technical Services Co., Ltd. Guangzhou Branch on May 06 of 2024.
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4.10 LOGIC INTERFACE.

Confirm that an input port is provided and can be used to shut down the module.

The evaluation of this point has been made according to Clause 9.4.3 of the standard.

Power Generating Modules connected to the DNO’s Distribution Network shall be equipped with a logic
interface (input port) in order to cease Active Power output within 5 s following an instruction being

received at the input port.

Test results are graphically shown as below.

MS05104 Fri March 03 20:06:51 2023

Roll Mode
H Measure

I EERRRRR]

=7.80V B =
17,20V | 2

Chl: AC Voltage
Ch2: Output Current
Ch3: Signal of logic interface.
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4.11 CYBER SECURITY

Confirm that the Manufacturer or Installer of the Micro-generator has provided a statement describing how the
Micro-generator has been designed to comply with cyber security requirements, as detailed in 9.7.

The Manufacturer of the Micro-generator has provided a statement describing how the Micro-generator has
been designed to comply with cyber security requirements in 9.7.

Additional comments.

The DNO logic interface will take the form of a simple binary output that can be operated by the switch. When
the switch is turned off the Power Generating Module can operate normally. When the switch is turned on the
Power Generating Module will reduce its Active Power to zero within 5 s. The signal from the Power
Generating Module that is being switched is DC (maximum value 3.3Vdc)
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5

PICTURES

Front view

Back Side
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Connection interface

Top Side




SGS Report N. GZES240300433002 Page 108 of 115

ENA Engineering Recommendation G98 Issue 1 Amendment 6 September 2021

External grounding

:
WIFIUSB F
=

\2

General Internal view of inverter

= YTYYY

m¢@QOQ%O$§a




SGS

Report N. GZES240300433002 Page 109 of 115

ENA Engineering Recommendation G98 Issue 1 Amendment 6 September 2021

Front of main power board
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Front of Bus capacitance board

Back of Bus capacitance board
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Front of capacitance board

Back of capacitance board
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Front of control board

Back of control board
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Front of display board
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Back of control board
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Serial Number
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6 ELECTRICAL SCHEME

Electrical Scheme of EUT
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