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Important Note:

e This test report of test results only related to testing samples, which can be duplicated
completely for the legal use with the approval of the applicant; it shall not be reproduced except
in full, without the written approval of Shenzhen BALUN Technology Co., Ltd. BALUN
Laboratory. Any objections should be raised within thirty days from the date of issue. To validate
the report, please contact us.

Test Report Historical Revision:

Test Report Version

Date

Resume

BL-DG19C0016-B01

20/12172019

First issuance base on BL-SZ1910095-B01 issue
co-report:

The EUT in this report is same with the testing
samples of report No. BL-SZ1910095-B01 which
was issued by Shenzhen BALUN Technology Co.,
Ltd. on Apr. 10, 2019, only with different applicant
information, model name, brand name, label and
appearance, So all the test data reference from the
report BL-SZ1910095-B01, which was issued by
Shenzhen BALUN Technology Co., Ltd. on Apr. 10,
2019.
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1 SCOPE

Shenzhen BALUN Technology Co., Ltd.has been contract by NingBo Deye Inverter Technology Co.,
Ltd., in order to perform the testing according the standard:

- NRS 097-2-1: 2017 Edition 2: Grid Interconnection of Embedded Generation
PART 2: Small-Scale Embedded Generation
SECTION 1: Utility Interface
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2 GENERAL INFORMATION
21 Testing Period and Climatic conditions

The necessary testing has been performed along 15 working days between the 20™ of Mar. and the 9t of
Apr. of 2019.

All the tests and checks have been performed in accordance with the reference Standard (the tests are
done at 25 1 5°C, 96 kPa + 10 kPa and 45% RH £+ 10% RH).

SITE TEST
NAME...ooi i Shenzhen BALUN Technology Co., Ltd.
AdAress ...coooeeeieeeeeee Block B, 1st FL, Baisha Science and Technology

Park, Shahe Xi Road, Nanshan District, Shenzhen,
Guangdong Province. P.R. China

2.2 Equipment under Testing

Apparatus type.......cccovveeeiiiiiiieee e, . Hybrid Inverter

Installation ... :  Fixed(permanent connection)
Manufacturer.......ccccooveccieieieee e, . NingBo Deye Inverter Technology Co., Ltd.
Trade mark........ccccueeeeiiiiiiiie e

' Deye

TYPE oo : SUN
Model / Type reference............cccoceeeevcinenene . SUN-8K-SGO1LP1-EU
Serial NUMber .......c.ccoooviiiieiec e, ;1810254025 SD
Software Version.........c.cccoeeeveeeeeeeeeeeeennenn. : COMM:0250

MCU: Ver1585
Rated Characteristics........ccccccovviiiiieennnnn. . Refer to page 7

Date of manufacturing: 2018

INpUt ..o : DC

OULPUL . AC

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

Degree of protection against moisture........ : IP20/IP 65

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

Co0liNG GrOUP ..eeveeeieeeeeiiieeee e : Heat sink and Fan
Modular ... : No

Internal Transformer ...........ccceevviiviieiiiinnnnes : No
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Copy of prototype marking plate (representative):

Deye

Model No: SUN-8K-SGO1LP1-EU
Product type Hybrid inverter
Enclosure IP&5
Ambient Temperature -25-600C ( =45 T derating )
Charge Mode
Battery Voltage 48Vd.c.(40V-60V)
Battery Current 190Ad.c.Max
AC Input Voltage: 230Va.c. (185Y -265V)
AC Input Frequency 50Hz(47 .5Hz-51.5Hz)
AC Input Rated Current 38 5Aa.c.
Max AC Input Current 40Aa.c.Max
Max AC Input Power asoow
PV Input Voltage 370Vd.c(100Vd.c-500Vd.c)
MPPFT Input Range 125Vd.c-425Vd.c.
PV Input Current 18Ad.c.*2
Max PV Input Power 10400W
Utility-Interactive
AC Output Voltage 230Va.c. (185V -265V)
AC Qutput Frequency 50Hz(47 .5Hz-51.5Hz)
AC Output Rated Current 38.5Aac.
AC Qutput Current 40Aa.c.Max
Max AC Output Power 8800w
AC Output Rated Power sooow
Battery discharge Voltage 40v-60vd.c.
Battery discharge Current 190Ad.c Max
Battery discharge Power 8800w
Stand Alone
AC Output Voltage 230Va.c. (185V -265V)
AC Output Frequency 50Hz(47 5Hz-51.5Hz)
AC Output Rated Current 38.5Aac.
AC Output Power soo0ow
Max Continuous AC Passthrough 50Aa.c.
Peak Output Power 16000W 105econd
Discharge Battery Voltage Range 40V-60Vd.c.
Max Discharge Current 190Ad.c.Max
L3
G
!
t’.’_ # 5min
This Grid support interactive inverter complies with
VDE 0126-1-1:2013,IEC/EN62109-1:2010,IEC/
EN62109-2:2011 ,AS/NZS 4777.2:2015,NRS 097-
2-1: 2017.

SN:[ ]

Add: No.26 South YongJiang Road Beilun NingBo China

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 SUN-8K-SGO01LP1-EU’s except the parameters of rating.
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Equipment under testing:
- SUN-8K-SGO1LP1-EU
The variants models are:
- SUN-7.6K-SGO01LP1-EU
- SUN-6K-SGO01LP1-EU
- SUN-5K-SGO01LP1-EU
- SUN-3.6K-SGO01LP1-EU
- SUN-8K-SGO01LP1-EU-B
- SUN-7.6K-SGO01LP1-EU-B
- SUN-6K-SGO01LP1-EU-B
- SUN-5K-SGO01LP1-EU-B
- SUN-3.6K-SGO01LP1-EU-B
Model Numb SUN-8K- SUN-7.6K- SUN-6K- SUN-5K- SUN-3.6K-
odel Number SGO1LP1-EU | SGO1LP1-EU | SGO1LP1-EU | SGOILP1-EU | SGO1LP1-EU
Max. input power 8800w 8360w 6600w 5500w 3960W
Max. input voltage 500Vvd.c.
Max. input current 18Ad.c.*2 18ad.cr2 | 20AdCHIOAd | yoag e 10Ad.c.*2
MPPT voltage range 150-425Vd.c.
Battery type Lead-acid battery or lithium —ion battery
Battery voltage(V) 48Vdc
Max.Charger ~ and | gg4q,, 8360w 6600w 5500w 3960W
Discharger power(W)
Rated grid voltage 230Vac
Rated grid frequency 50Hz
Rated output power 8000w 7600w 6000w 5000w 3600w
Power factor 09 Ieading to 09 Iagglng
Ambient temperature -25°C~60°C( > 45°C derating)
Class |

Protective class
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Model Numb SUN-8K- SUN-7.6K- SUN-6K- SUN-5K- SUN-3.6K-
odet Number SGO01LP1-EU-B | SG01LP1-EU-B | SGO01LP1-EU-B | SG01LP1-EU-B | SG01LP1-EU-B

Max. input power 8800w 8360w 6600w 5500w 3960W

Max. input voltage 500Vd.c.

Max. input current 18Ad.c.*2 18Ad.c.*2 ZOAd'Cé_"mAd' 10Ad.c.*2 10Ad.c.*2

MPPT voltage range 150-425Vd.c.

Battery type Lead-acid battery or lithium —ion battery

Battery voltage(V) 48Vvdc

Max.Charger  and 8800w 8360w 6600w 5500w 3960W

Discharger power(W)

Rated grid voltage 230Vac

Rated grid frequency S0Hz

Rated output power 8000w 7600w 6000w 5000w 3600w

Rated output current 38.5Aa.c 33.5Aa.c 26.1Aa.c 20.8Aa.c 15.7 Aa.c

Power factor 0.9 leading to 0.9 lagging

Ambient temperature -25°C~60°C( > 45°C derating)

Ingress protection IP 20 IP 20 IP 20 IP 20 IP 20
Class |

Protective class

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 2,5 and 2/3 of the EUT or Modular inverters.
- Same Firmware Version

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 (cemma) is used as the decimal separator.
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2.3 Manufacturer and Factory information

Manufacturer Name

Manufacturer Address

Factory Name
Factory Address

24 Test Equipment List

NingBo Deye Inverter Technology Co., Ltd.

No.26 South YongJiang Road, Dagqi, Beilun,
NingBo, China.

NingBo Deye Inverter Technology Co., Ltd.

No.26 South YongJdiang Road, Dagqi, Beilun,
NingBo, China.

. . Equipment
No. Equipment Name MARK/Model No. Equipment No. calibration due date
1 Current clamp CT6863-05 BZ-EP-L0O06 2019.05.22
2 Current clamp CT6863-05 BZ-EP-L0O07 2019.05.22
3 Current clamp CT6863-05 BZ-EP-L008 2019.05.22
4 Differential probe DP6130 BZ-SFT-L061 2019.11.04
5 Temperature & ZH-A BZ-SFT-L081 2019.06.22
Humidity meter
6 Power analyzer PW6001-16 BZ-EP-L005 2019.05.22
8 Digital MS04054B BZ-EP-L016 2020.03.12
oscilloscope
Temperature &
9 Humidity 8m3 BZ-KKX-L018 2019.10.31
Chamber
10 Current clamp CT6863-05 BZ-EP-L0O06 2019.05.22
11 Current clamp CT6863-05 BZ-EP-L0O06 2019.05.22
12 True RMS Fluke / 287C BZ-EP-L041 2020.03.24
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 1.5%

Current measurement 2.0 %

Frequency measurement 0.2 %

Time measurement 0.2 %

Power measurement 2.5 %

Phase Angle +1°

Temperature +3°C

Note1: 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 petitioner.

Note2: Where the standard requires lower uncertainties that those in this table. Most restrictive
uncertainty has been considered.

2.6 Test set up of the different standard

Below is the simplified construction of the test set up.

EUT

LTINS S

,.
=
[
17

PV GEMERATOR ACSIDE

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:

No. Equipment Name MARK/Model No. Equipment No.

1 AC source KACM-75-33 BZ-EP-L001
Chroma 62150H-

2 PV array simulator BZ-EP-L002
1000S

3 RLC load ACLT-38160H BZ-EP-L003
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2.7

p.u
Pn
Sn
PGU
Pst
Pt

WK
Sr
Sk
Kimax

Zret
a.c.
EG
PCC
PV

Definitions

Nominal Current

Per unit

Nominal Power

Apparent Power

Power Generation Unit
Short-term flicker strength
Long-term flicker strength

Flicker coefficient for continuous operation

Apparent Power Rated
Short-circuit Apparent Power

Maximum switching current factor

The reference impedance
alternating current
embedded generator
point of common coupling

photovoltaic

PWHD
THD
Ztest

EUT
d.c.

I_SC
POC
QOS

Power

Current

Change for real power
Change for reactive power
Frequency

Quality factor

Network and System

Nominal Voltage

Partial weight harmonic distortion
Total harmonic distortion

Test circuit impedance at which the
emission test

Equipment under test

direct current

short-circuit current

point of connection

quality of suppl
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3 RESUME OF TEST RESULTS

INTERPRETATION KEYS

Test object does meet the requirement....................... P Pass

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

Test case does not apply to the test object................. NJA  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

CHAPTER OF THE STANDARD, DESCRIPTION AND VERIFICATION

4 Requirements

41 Utility compatibility (Performance aspects) P
4.1.1 General -
41.2 Normal voltage operating range P
41.3 Reference source impedance and short-circuit levels (fault levels)

41.4 General QOS requirements

41.5 Flicker and voltage changes P
41.6 Voltage unbalance N/A
41.7 Commutation notches P
4.1.8 DC injection P
41.9 Normal frequency operating range P
4.1.10 Harmonics and waveform distortion P
41.11 Power factor P
4112 Synchronization P
4.1.13 Electromagnetic compatibility (EMC) P
4.1.14 Mains signalling (e.g. PLC and ripple control) N/A
4.2 Safety protection and control P
4.2.1 General -
422 Safety disconnect from utility network P
423 Emergency personnel safety N/A
424 Response to utility recovery P
425 Isolation P
4.2.6 Earthing P
427 Short-circuit protection P
428 Maximum short-circuit contribution P
429 Labelling P
4210 Robustness requirements P
4.3 Metering N/A
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4 TEST RESULTS

4.1 NORMAL VOLTAGE OPERATING RANGE
Normal voltage operating range tests have been measured according to Clause 4.1.2 of the standard.

In accordance with IEC 61727, utility-interconnected embedded generators do not normally regulate
voltage, they inject current into the utility. Therefore, the voltage operating range for embedded
generators is designed as protection which responds to abnormal utility network conditions and not as a
voltage regulation function.

The results are offered in the table below:

Normal operating at 195.5V
250.0 1100
245.0 1.050
240.0 W 1.000
235.0 0.850
0.0 e———————————— 0.800
225.0 0.850
220.0 0.500
215.0 750
210.0 0.700
< 205.0 0.650 5
_;:- 200.0 0.500 “:%’
= =z
= 1050 o T T T T T T P T P P T T T P PRI T T PP PP EA P Py v i 0550 &
150.0 0.500
1E5.0 0.450
160.0 0.400
175.0 0.350
170.0 0.300
165.0 0.250
160.0 0.200
155.0 0.150
150.0 - - - - 0.100
° &% &% ® 8§ ® 8 R 8% 8 g 3 § 3 3 3 8 B & @ 8 % § R %
Time(s)
—oltEge{pn] =——Powerp.u.)
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Normal operating at 253V

285.0

2BE5.0

2B0.0

275.0

iF0.0

265.0

260.0

I55.0

250.0

Voltage(V)

z40.0

235.0

225.0

220.0

Z15.0

210.0

205.0

z00.0

1.100

1.050

20,0 Mmm 1.000

0.950

0.500

D.B50

0.B800

0.750

0.700

0.650

R e

B B 8 B § 32 § 8§ § 3 ¥ &

Time(s)

—oltage{p] Powerp.u.)

180

180

200
0
220
230

0.600

Power{p.u.}

0.550
0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150

0.100
=]
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4.2 MAXIMUM SHORT-CIRCUIT CONTRIBUTION

Maximum Short-circuit tests have been measured according to Clause 4.1.3, Clause 4.2.7 and 4.2.8 of
the standard.

Short-circuit Test

M 2.00s

0
Zoom Factor: TkX Zoom Position: 5.71s

(O 5.709s 0.0004 ]
5.710s -160.0A ||
A460.0us INITR TSR

@ seov @ oA j(z2.0ms |[s00ksrs ] ‘ @ 5 7934
J 1 10M points | | J

Short-Circuit Current: 160Amax.

Note: network strength: Z_source = 1.05 +j 0.32 ohm, i.e. _SC =210 A
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4.3 FLICKER AND VOLTAGE CHANGES

Flicker and voltage tests have been measured according to Clause 4.1.5 of the standard.
4.3.1 Flicker test

The flicker test result as following:

Pn(%) Limit 5% 15 % 25% 33 % 45%
PST <0.35 0.08 0.09 0.07 0.08 0.08
PLT <0.30 0.08 0.08 0.07 0.08 0.08
Pn(%) Limit 55 % 66 % 75% 85% 100%
PST £0.35 0.08 0.10 0.08 0.08 0.07
PLT <0.30 0.08 0.11 0.08 0.08 0.07

As it can be seen in the next screenshots, this test has 12 steps. The values took of Pst, PIt, dc and
dmax are the most unfavorable of the 12 steps.

Network strength: Z_source = 1.05 +j 0.32 ohm

Power=5% Pn

Flicker Mode Uover:= = = m
Iover:= = = = Flicker:

Count 12-12
Interval —e—eesssssss {0m00s~10m00s
Element 1
Yolt Range  600v~30Hz Element1 Judgement: Pass
un (U1l 230.042 v Total Judgement: Pass
Freq(u1) 50.001 Hz (Element1)

Q00 TmsT [ Pst [ PIE |

L1m11‘. 3.30 a00 I] 65
3. 3I](/) 12
I]

============
I — I — I — I — I — I — I — I — i — i — I —}
============

0.

I].
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

Resulf Pass| Pass|  Pass|_ Pass | 0-08 Fass
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Power=15% Pn

Flicker Mode Upver:= = = =
Iover:= = = = Flicker:

Count 1212
Interval ———— 10m00s~10m00s
Element 1
Yolt Range  600v-30Hz Element1 Judgement: Pass
un (1) 230.030 v Total Judgement: Pass
Freq(u1) 50.001 Hz (Element1)

a0 msT [ Pst [ PIt |

L1m1t 3.30 500 ﬂ 65
3. 3ﬂ(/] 12

.16 Pass
.23 Pass
.21 Pass
.17 Pass
.23 Pass
.16 Pass
.15 Pass
.20 Pass
Pass
Pass
Pass
Pass

============
============
I — I — I — I — I — i — i — i — i — I — I —}

============

Power=25% Pn

Flicker Mode Uover:= = = =
Iover:= = = = Flicker:

Count 1212
Interval ——— 10m00s-10m00s
Element 1
Yolt Range  600V-/50Hz Element1 Judgement: Pass
Un (1) 230.673 v Total Judgement: Pass
Freq(u1) 40.000 Hz (Element1)

d(t)Ims]

L1m1t 3.30 500
3.30C2)

=

0.

ﬂ.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

============
CcCooooooooo s
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Power=33% Pn

Flicker Mode Uover:= = m =
Iover:= = = = Flicker:

Count 12-12
Interval ———eeesssssssss {0m00s10m00s
Element 1
Yolt Range 600V~ 50Hz Element1 Judgement: Pass
un W1 230.362 v Total Judgement: Pass
Freq(u1) 50.001 Hz (Element1)

[ delZ1 [ amaxZ] | aCOmsT| Pst [ PIE |

Limit | 3.30 a00 ﬂ 65
3. 3ﬂ(/) ‘12

============
============
I — I — i — I — i — I — i — I — i — I — ]

============

Resul_ Pass | Pass|  Pass|  Pass | 0.08 Pass

Power=45% Pn

Flicker Mode Uover:m m m m
Iover:= = = = Flicker:

Count 12-12
Interval m—————10m00s~10m00s
Element 1
VYolt Range  600v~50Hz Element1 Judgement: Pass
un (W1l 230.469 v Total Judgement: Pass
Freq(u1) 50.000 Hz (Element1)

ﬁﬂﬂ
““
.16 Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

0.

ﬂ.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

============
[— N —N— I — I — N — I — I — I — I — I — I — ]

e e e e R e e e e e e [ e Y e
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Power=55% Pn

Flicker Mode Uover:= = = m
Iover:= = = = Flicker:

Count 12-12
Interval ————— 10m00s-10m00s
Element 1
Yolt Range  600W~30Hz Element1 Judgement: Pass
un W1 230.715 v Total Judgement: Pass
Freq(u1) 50.000 Hz (Element1)

Power=66% Pn

Flicker Mode Uover:= = m =
Iover:= = = = Flicker:

Count 12/12
Interval ———== {0m00s-10m00s
Element 1
Yolt Range 600V~ 50Hz Element1 Judgement: Pass
un W1 230.688 v Total Judgement: Pass
Freq(u1) 50.000 Hz (Element1)

dC0TmsT [ Pst [ PIE |

L1m1t 3.30 500
3. 3I](/)

0.3

0.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

============
I — I — i — i — i — i — i — I — I — i — ]
============




w Report N. BL-DG19C0016-B01 Page 20 of 90

NRS 097-2-1: 2017 Edition 2

Power=75% Pn

Flicker Mode Uover:m m m m
Iover:= = = = Flicker:

Count 12-12
Interval ———— 10m00s-10m00s
Element 1
Yolt Range  600%-30Hz Element1 Judgement: Pass
un (W1l 230.866 v Total Judgement: Pass
Freq(u1) 50.000 Hz (Element1)

B 32 7 2 €217

500
3. 30(/)

============
[—— I — I — I — I — I — I — I — i — I — I — ]

e R e e e R e e Y e e e e [ e Y e

Power=85% Pn

Flicker Mode Uover:= = m =
Iover:= = = = Flicker:

Count 12-12
Interval e—esssss {0m00s~ 10m00s
Element 1
Yolt Range  600v-30Hz Element1 Judgement: Pass
Un (W1 231.003 v Total Judgement: Pass
Freq(u1) 40.000 Hz (Element1)

[ [ debA [ dmaxiz1] | d(OmsI[ pst | pit |

Limit | 3.30 s00 0.65
3. 30(/) H:12

0.

ﬂ.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

============
T — I — I — I — I — i — i — i — i — I — i — |
============

0.08 Pass
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Power=100% Pn

Flicker Mode Uover:= = m =
Iover:= = = = Flicker:

Count 12-12
Interval m————— 10m00s-10m00s
Element 1
Yolt Range 600V~ 50Hz Element1 Judgement: Pass
un (ut) 231.360 v Total Judgement: Pass
Freq(u1) 49.999 Hz (Element1)

dC0msT [ Pst [ PIt |

L1m1t 3.30 500 0.635
3. 30(/) H:12

0.

ﬂ.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

I — I — I — I — I — i — i — i — i — I — I — |
============

0.08 Pass
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4.3.2 Voltage change test

The rapid voltage changes test has been measured according to the paragraph 5.4.2 of VDE-AR-N 4105:
2011-08 and the paragraph 5.1.2 of VDE V 0124-100:2012-07, at the required conditions. The maximum
voltage change does not exceed a value of 3%Umax and it is calculated as follows:

AUmax < 3%

Semax

AU =k Xx
max Skv

e Semax is the maximum apparent power of inverter.
e Skv is the network short circuit power.
e K=0.5 (for synchronous generators with fine synchronization, inverters)

In the tested equipment, the value of Skv is much greater than the value of Semax, so Semax/Skv will be
approximately 0, so Aumax=0.

According to the performed tests, the Skv minimum for with the inverter can be installed is 270 kW.

The information provided above should be taken into account for the particular conditions of the
installation of the inverter.

Vmax (dc) to Vmin (dc) at 50% Pn

500v/ W 50.0A/ 5.00v/ i 20.00s/  Stop
i

Delay = -62.20000000000s

AX = 72.53000000000s 1/AX = 13.787mHz AY(1) = 256.25V

Mode Source )
Manual 1
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Vmax (dc) to Vmin (dc) at 100% Pn

0 soov/ @ 5004/ @ 200v/ @ i 6.000s/ Bt

AX = 64.00000000ms
X ‘
F 7

Shut-down at full power

0 500v/ B 500A/ @ 500v/ @ i 30.00s/  Stop

AX = 73.28740000000s

Mode 23 Source
Manual 1
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Change of section

cHi = 100.00V/div - Fomwa
Position = 0.00 div : ' CH3 Hain:2 0N

CH1 500007 <Naim>

500, 0oy

40000, 8005 ; | 3 . ivs
ik »20ms/div

¥1:CH1 1 RHS  -CH1
Y2 8 ; RMS  :CH2

69.10ns
14.47178H2
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4.4 VOLTAGE UNBALANCE

Voltage unbalance have been measured according to Clause 4.1.6 of the standard. In this case is not
applicable due to the single-phase inverters does not use for uniform distribution of the power supplied to
the three line conductors
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4.5 COMMUTATION NOTCHES

The commutation notches test has been measured according to Clause 4.1.7 of the standard. The
standard requires a maximum relative depth of commutation notches, dkom, 0f 5 % of nominal voltage at
the POC for any operational state.

By the next picture it is obtained that the inverter start connects to PCC.

Commutation notches

i s00v/ @ 5004/ @ s5.00v/ @ W 30.00s/  Stop

AX = 73.29740000000s 1/AX = 13.643mHz
Mode <3 Source X
Manual 1 v

"l 5009/ B 500A/ @ 500V/ [ % 20002/  Stop Roll

e A S PINAA1UL LULAPMPAih PUINtr AUPALIL prAHPPUILL nd  AAPIALRE gL RL

AX = 73.29740000000s 1/AX = 13.643mHz AY(11 = 30625V
Mode Source X 2 Y2
Manual 1 v 0.0V 306.25V

For this frequency of commutation, it is measured that the product has a relative depth of commutation of
0.9417 %.
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4.6 DC INJECTION

DC injection test has been measured according to Clause 4.1.8 and Clause 4.2.2.5 of the standard.

The embedded generator shall not inject d.c. current greater than 0.5 % of the rated a.c. output current into
the utility interface under any operating condition, measured over a 1-minute interval. The EG shall cease to
energize the utility network within 500 ms if this threshold is exceeded.

Measured d.c. current
Power Bin 10%Pn 20%Pn 30%Pn 40%Pn 50%Pn Limited
d.c. current measured
result (mA) 80 76 90 96 122 192.5
(max. value)
Power Bin 60%Pn 70%Pn 80%Pn 90%Pn 100%Pn Limited
d.c. current measured
result (mA) 113 111 118 161 104 192.5
(max. value)

d.c. current test result

220 1100
200 1050
180 e —— 1 000
150 0.950
140 0.900
120 0.850
100 0.300
20 0.750
&0 0.700
a0 0.650
- 20 0,600 3
£ o 0.550 %
=5 z
- -z 0500 2

-40 o450

-60 ' 0.400
-80 0350
-100 0300

0.250

-140

@150

-160

-1B0  ees— 0.100
-200 0.050
220 [=] Q [=] Q [=] Q [=] Q [=] [=] o [=] [=] o 0-000
R B® 58833 R BB ¥ EI 8 B2 I EE R RERAREEIEEREE R §
Time(s)

= |dcima) Lmited_p{ma) Limited_n{ma} = Powerp.u.)
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Measured protection time when d.c. current over 0.5%In

Power Bin 10%Pn 20%Pn 30%Pn 40%Pn 50%Pn Limited
Disconnection time(ms) 46 170 47 45 45 500

Power Bin 60%Pn 70%Pn 80%Pn 90%Pn | 100%Pn | Limited
Disconnection time(ms) 45 46 45 45 500

Disconnection time d.c. current over 0.5%In at 10% Pn

Zopm F=act=0r: '|=0 A

(@ 200maA

Zoom Position: 2.31§ i

M 1.00s

I (2 100ms

2.374 s
2.420s
Ad46.20ms

115M points

—60.00mA |
116.0ma ||

A176.0mA &

="||"500k5/s : || [1) 7 —200mv]
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Disconnection time d.c. current over 0.5%In at 20% Pn

Zoom Factor: 10 X

(@ 200maA

_Zoom Position: 2.31s

Z 100ms

115M points | |

2.198s
2.368s
A170.2ms

—60.00mA |
116.0ma |

A176.0mA &

" @B S5 —200mVv]|

Disconnection time d.c. current over 0.5%In at 30% Pn

Zoom Factor: 10

(@ =200maA

Zoom Position:

100ms

Y (500Kks75 | |

3.073s
3.120s
Ad7.20ms

—-60.00mA | |
116.0ma ||

A176.0mA |

T @ 7 -200mV]
J15M points || ]
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Disconnection time d.c. current over 0.5%In at 40% Pn

Zoom Factor: 10 X

_Zoom Position: 3.22 s

Z00mA

3.300s
3.345s
A45.20ms

1 0:0n:15 W| |

J15M points ||

—60.00m ]
116.0mA

A176.0maA |

T & 7 -200mVv)|

Disconnection time d.c. current over 0.5%In at 50% Pn

200ma

3.151s
3.196 s
A45.20ms

W| |

—60.00m
116.0mA
A176.0mA =

& - 200mv)
J15M points || ]
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Disconnection time d.c. current over 0.5%In at 60% Pn

T00ms

3.178 s —60.00m
3.223s 116.0mA

A45.20ms A176.0mA &

500Kk | | @ 7 —200mv|
), ._5’\"‘ pOIntS JL J

Zoom Factor: 10 X

200mA

_Zoom Positio

100ms

2.566 s —60.00mA
2.612s 116.0mA

A46.00ms A176.0ma M

& 7 —200mv|
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Disconnection time d.c. current over 0.5%In at 80% Pn

Zoom Factor: 1 “Zoom Positio 65

2.524 s 116.0maA

| Ads.0oms  A176.0mA M

[ 200mA 100ms 1(500kS/s || & - -200mv]
J15M points || |

Disconnection time d.c. current over 0.5%In at 90% Pn

Zoom Factor: 10 X _Zoom Position: 2.28 s

2.340 s 116.0mA

I 2.205s —-60.00mA L
: A45.00ms A176.0mA

(@ =z00mA — — [ B ' 00KS/S || & 7 —200mv)
- J15M points || )
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Disconnection time d.c. current over 0.5%In at 100% Pn

2.318s 116.0mA

i 2.2715s —60.00mA L
. A47.00ms A176.0mA |

(@ 200mA &b 50.0A )(z100ms | |"500k5/s | | & J -200mVv]
J15M points || ]
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4.7 NORMAL FREQUENCY OPERATING RANGE

Normal frequency operating range tests have been measured according to Clause 4.1.9 of the standard.
While the utility frequency is in the range of 47 Hz and 50.5 Hz, the system shall operate normally.

The results are offered in the table below:

Normal operating at 47Hz
50.500 1200
50.300 1150
50.100 1100
P na— 1050
28700 1000
28500 o850
29300 0800
40100 0.850
45500 0.500
46700 0750
__4ss00 0700
£ a5300 0650 5
& &
g 8100 0800 g
@ 47900 0550 B
© 47700 0500
47500 0450
47300 0400
47.100 0350
26500 0300
26700 0250
46500 0.200
46300 0150
26100 0.100
45800 0050
45700 0.000
o 10 20 30 40 50 &0 70 B0 S0 100 110 120 130 140 150 150 170 130 150 200 210 220 230 240
Time(s)
—Frequency[Hz) = Power(pu}
Normal operating at 50.5Hz
51.000 1200
s0.850 1150
50.900 1100
50.850 1050
50900 QUSRS Ry e e
50.750 .50
50.700 0.500
50.650 0.850
50.600 0.800
s0.550 a.750
_ s0.500 sl e Fnrprelab s b e A« e
£ spaso 0850 3
5 g
7 so.em 0800 g
§ 50.350 asso @
* s0zm 0.500
s0.250 0.450
50.200 0.400
50.150 0.350
50.100 0.300
50.050 0.250
50000 iiideiuigyyindpig 0.200
49.950 0.150
49.500 0.100
49.850 0.050
49.800 0.000
¢ 1 20 30 40 50 60 70 B0 S0 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240
Time(s)
—Frequency{Hz} = Power{p.u.)
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4.8 HARMONIC AND WAVEFORM DISTORTION

Harmonic and waveform distortion tests have been measured according to Clause 4.1.10 of the standard.

The values measured for current harmonics is respectively offered in the following points.

Pn(%) 0 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | LIMIT

Nr. /Order | (%) | In(%) | 1n(%) | (%) | 1n(%) | 1n(%) | (%) | (%) | In(%) | (%) | (%) | (%)
2 0.110 | 0.109 | 0.110 | 0.116 | 0.122 | 0.125 | 0.134 | 0.137 | 0.224 | 0.137 | 0.013 1
3 0.444 | 0469 | 0.284 | 0.192 | 0.115 | 0.121 | 0.102 | 0.104 | 0.194 | 0.104 | 0.053 4
4 0.012 | 0.016 | 0.011 | 0.012 | 0.015 | 0.019 | 0.023 | 0.028 | 0.037 | 0.028 | 0.070 1
5 0.023 | 0.129 | 0.100 | 0.023 | 0.024 | 0.062 | 0.090 | 0.108 | 0.199 | 0.108 | 0.078 4
6 0.017 | 0.015 | 0.017 | 0.017 | 0.017 | 0.023 | 0.028 | 0.029 | 0.059 | 0.029 | 0.005 1
7 0.090 | 0.047 | 0.105 | 0.090 | 0.071 | 0.032 | 0.015 | 0.021 | 0.045 | 0.021 | 0.017 4
8 0.013 | 0.013 | 0.013 | 0.013 | 0.013 | 0.020 | 0.024 | 0.028 | 0.028 | 0.028 | 0.007 1
9 0.071 | 0.052 | 0.037 | 0.071 | 0.066 | 0.046 | 0.032 | 0.029 | 0.029 | 0.029 | 0.016 4
10 0.023 | 0.008 | 0.013 | 0.023 | 0.023 | 0.024 | 0.021 | 0.020 | 0.020 | 0.020 | 0.005 1
11 0.031 | 0.033 | 0.032 | 0.031 | 0.054 | 0.066 | 0.064 | 0.066 | 0.066 | 0.066 | 0.053 2
12 0.020 | 0.009 | 0.009 | 0.020 | 0.022 | 0.026 | 0.026 | 0.024 | 0.024 | 0.024 | 0.009 0.5
13 0.027 | 0.014 | 0.034 | 0.027 | 0.035 | 0.044 | 0.041 | 0.040 | 0.040 | 0.040 | 0.059 2
14 0.033 | 0.009 | 0.019 | 0.018 | 0.017 | 0.025 | 0.031 | 0.037 | 0.037 | 0.037 | 0.007 0.5
15 0.017 | 0.013 | 0.020 | 0.023 | 0.013 | 0.033 | 0.047 | 0.049 | 0.049 | 0.049 | 0.017 2
16 0.016 | 0.011 | 0.010 | 0.016 | 0.019 | 0.017 | 0.014 | 0.017 | 0.017 | 0.017 | 0.003 0.5
17 0.016 | 0.016 | 0.015 | 0.023 | 0.020 | 0.016 | 0.023 | 0.032 | 0.032 | 0.032 | 0.019 1.5
18 0.012 | 0.007 | 0.013 | 0.015 | 0.013 | 0.016 | 0.020 | 0.020 | 0.020 | 0.020 | 0.004 0.38
19 0.014 | 0.010 | 0.015 | 0.016 | 0.028 | 0.017 | 0.026 | 0.028 | 0.028 | 0.028 | 0.008 1.5
20 0.014 | 0.008 | 0.012 | 0.010 | 0.015 | 0.013 | 0.012 | 0.015 | 0.015 | 0.015 | 0.003 0.38
21 0.018 | 0.008 | 0.015 | 0.016 | 0.023 | 0.021 | 0.012 | 0.012 | 0.012 | 0.012 | 0.008 1.5
22 0.031 | 0.009 | 0.010 | 0.010 | 0.017 | 0.016 | 0.014 | 0.014 | 0.014 | 0.014 | 0.007 0.38
23 0.031 | 0.010 | 0.014 | 0.012 | 0.016 | 0.031 | 0.018 | 0.014 | 0.014 | 0.014 | 0.018 0.6
24 0.041 | 0.006 | 0.012 | 0.015 | 0.014 | 0.024 | 0.023 | 0.018 | 0.018 | 0.018 | 0.004 0.15
25 0.023 | 0.014 | 0.013 | 0.023 | 0.023 | 0.027 | 0.035 | 0.031 | 0.031 | 0.031 | 0.030 0.6
26 0.034 | 0.018 | 0.018 | 0.024 | 0.020 | 0.025 | 0.031 | 0.031 | 0.031 | 0.031 | 0.013 0.15
27 0.021 | 0.008 | 0.014 | 0.021 | 0.032 | 0.023 | 0.031 | 0.034 | 0.034 | 0.034 | 0.038 0.6
28 0.017 | 0.026 | 0.035 | 0.038 | 0.057 | 0.048 | 0.055 | 0.063 | 0.063 | 0.063 | 0.011 0.15
29 0.018 | 0.053 | 0.073 | 0.079 | 0.110 | 0.089 | 0.095 | 0.098 | 0.098 | 0.098 | 0.020 0.6
30 0.035 | 0.040 | 0.053 | 0.053 | 0.062 | 0.061 | 0.063 | 0.066 | 0.066 | 0.066 | 0.013 0.15
31 0.023 | 0.012 | 0.025 | 0.028 | 0.042 | 0.034 | 0.041 | 0.040 | 0.040 | 0.040 | 0.026 0.6
32 0.028 | 0.008 | 0.013 | 0.015 | 0.023 | 0.020 | 0.023 | 0.032 | 0.032 | 0.032 | 0.004 0.15
33 0.018 | 0.011 | 0.014 | 0.021 | 0.028 | 0.032 | 0.034 | 0.043 | 0.043 | 0.043 | 0.016 0.6
34 0.016 | 0.011 | 0.011 | 0.015 | 0.018 | 0.021 | 0.021 | 0.024 | 0.024 | 0.024 | 0.008 0.15
35 0.018 | 0.011 | 0.013 | 0.012 | 0.016 | 0.022 | 0.017 | 0.024 | 0.024 | 0.024 | 0.006 0.3
36 0.011 | 0.009 | 0.010 | 0.012 | 0.018 | 0.018 | 0.018 | 0.018 | 0.018 | 0.018 | 0.005 0.08
37 0.020 | 0.012 | 0.014 | 0.015 | 0.026 | 0.017 | 0.035 | 0.032 | 0.032 | 0.032 | 0.012 0.3
38 0.026 | 0.009 | 0.016 | 0.017 | 0.019 | 0.024 | 0.020 | 0.023 | 0.023 | 0.023 | 0.011 0.08
39 0.011 | 0.008 | 0.014 | 0.025 | 0.018 | 0.028 | 0.026 | 0.028 | 0.028 | 0.028 | 0.011 0.3
40 0.011 | 0.007 | 0.013 | 0.020 | 0.023 | 0.025 | 0.023 | 0.021 | 0.021 | 0.021 | 0.013 0.08
41 0.003 | 0.008 | 0.005 | 0.008 | 0.022 | 0.014 | 0.021 | 0.020 | 0.020 | 0.020 | 0.006 0.3
42 0.008 | 0.012 | 0.007 | 0.005 | 0.003 | 0.000 { 0.003 | 0.012 | 0.012 | 0.012 | 0.016 0.08
43 0.002 | 0.009 | 0.006 | 0.001 | 0.008 | 0.012 | 0.014 | 0.023 | 0.023 | 0.023 | 0.004 0.3
44 0.004 | 0.009 | 0.009 | 0.005 | 0.002 | 0.001 [ 0.001 | 0.004 | 0.004 | 0.004 | 0.012 0.08
45 0.002 | 0.009 | 0.007 | 0.008 | 0.004 | 0.002 [ 0.003 | 0.004 | 0.004 | 0.004 | 0.014 0.3
46 0.009 | 0.011 | 0.010 | 0.008 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.002 | 0.015 0.08
47 0.000 | 0.008 | 0.006 | 0.005 | 0.006 | 0.003 | 0.015 | 0.012 | 0.012 | 0.012 | 0.008 0.3
48 0.006 | 0.011 | 0.004 | 0.003 | 0.001 | 0.004 | 0.000 | 0.003 | 0.003 | 0.003 | 0.009 0.08




E0:

Report N. BL-DG19C0016-B01

Page 36 of 90

NRS 097-2-1: 2017 Edition 2

Pn(%) 0 10 20 30 40 50 60 70 80 90 100 LIMIT
Nr. /Order | 1n(%) | Ih(%) | (%) | 1h(%) | 1n(%) | 1n(%) | 16(%) | Ih(%) | 1h(%) | (%) | 1n(%) (%)
49 0.009 | 0.012 | 0.006 | 0.005 | 0.002 | 0.008 | 0.006 | 0.008 | 0.008 | 0.008 | 0.009 0.3
50 0.009 | 0.013 | 0.007 | 0.000 | 0.003 | 0.005 | 0.003 | 0.001 | 0.001 | 0.001 | 0.007 0.08
THD(%) 1.205 | 1.129 | 1127 | 1.107 | 1.142 | 1.162 | 1.186 | 1.222 | 1.351 | 1.222 | 0.849 5
Harmonics Current
i
Nmemer®ogDyNIYeNEA 8 AN NENSSANNAR8ERR99 Y0328
Nr. f Order
— P — 10PN —— 0% PN 30%PN =———d40% PN =———50%PN =———C0¥PN =——T0HPN —E0PN ——O0%PN ——100%Pn  =—LMIT %)

THD

%Ih

0.00

THD(%)

L]

10%Pn 20%Pn

30%Pn

403 PR

50%Pn
Pbin

0% PR

To% PN

a0%Pn

o0%Pn

100%Pn
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Power 0 10 20 30 40 50 60 70 80 90 100
P/Pn[%] LIMIT
FIOqueNcY | (%) | W) | h(%) | W) | h#) | W) | b%) | W | b%) | W | b |
75 0.000 | 0.014 | 0.020 | 0.034 | 0.036 | 0.037 | 0.048 | 0.051 | 0.064 | 0.064 | 0.087 0.1
125 0.000 | 0.004 | 0.008 | 0.009 | 0.014 | 0.016 | 0.017 | 0.019 | 0.024 | 0.025 | 0.035 0.1
175 0.000 | 0.007 | 0.008 | 0.009 | 0.016 | 0.014 | 0.013 | 0.013 | 0.015 | 0.019 | 0.020 0.1
225 0.000 | 0.006 | 0.008 | 0.010 | 0.006 | 0.010 | 0.017 | 0.013 | 0.017 | 0.019 | 0.016 0.1
275 0.000 | 0.004 | 0.006 | 0.006 | 0.008 | 0.009 | 0.008 | 0.008 | 0.010 | 0.012 | 0.009 0.1
325 0.000 | 0.004 | 0.006 | 0.006 | 0.011 | 0.015 | 0.010 | 0.012 | 0.007 | 0.016 | 0.012 0.1
375 0.000 | 0.005 | 0.006 | 0.008 | 0.010 | 0.010 | 0.011 | 0.010 | 0.013 | 0.015 | 0.019 0.1
425 0.000 | 0.005 | 0.008 | 0.008 | 0.011 | 0.009 | 0.009 | 0.009 | 0.009 | 0.011 | 0.016 0.1
475 0.000 | 0.005 | 0.006 | 0.005 | 0.012 | 0.012 | 0.014 | 0.012 | 0.015 | 0.010 | 0.017 0.1
525 0.000 | 0.005 | 0.014 | 0.006 | 0.015 | 0.014 | 0.012 | 0.009 | 0.019 | 0.016 | 0.019 0.1
575 0.000 | 0.005 | 0.008 | 0.008 | 0.010 | 0.014 | 0.011 | 0.014 | 0.015 | 0.014 | 0.020 | 0.25
625 0.000 | 0.005 | 0.006 | 0.006 | 0.010 | 0.011 | 0.012 | 0.016 | 0.020 | 0.015 | 0.015 | 0.25
675 0.000 | 0.007 | 0.006 | 0.011 | 0.011 | 0.010 | 0.014 | 0.013 | 0.011 | 0.021 | 0.017 | 0.25
725 0.000 | 0.004 | 0.007 | 0.006 | 0.009 | 0.014 | 0.012 | 0.012 | 0.011 | 0.022 | 0.020 | 0.25
775 0.000 | 0.005 | 0.007 | 0.007 | 0.010 | 0.012 | 0.009 | 0.010 | 0.013 | 0.012 | 0.014 | 0.25
825 0.000 | 0.004 | 0.009 | 0.005 | 0.011 | 0.014 | 0.012 | 0.009 | 0.011 | 0.015 | 0.013 | 0.25
875 0.000 | 0.005 | 0.008 | 0.010 | 0.016 | 0.018 | 0.012 | 0.010 | 0.013 | 0.017 | 0.014 | 0.19
925 0.000 | 0.006 | 0.010 | 0.008 | 0.013 | 0.012 | 0.013 | 0.010 | 0.009 | 0.020 | 0.019 | 0.19
975 0.000 | 0.007 | 0.007 | 0.011 | 0.009 | 0.012 | 0.009 | 0.009 | 0.014 | 0.016 | 0.018 | 0.19
1025 0.000 | 0.007 | 0.008 | 0.006 | 0.011 | 0.017 | 0.013 | 0.013 | 0.014 | 0.017 | 0.020 | 0.19
1075 0.000 | 0.007 | 0.011 | 0.011 | 0.010 | 0.007 | 0.013 | 0.015 | 0.012 | 0.015 | 0.016 | 0.19
1125 0.000 | 0.006 | 0.008 | 0.010 | 0.008 | 0.009 | 0.015 | 0.012 | 0.016 | 0.015 | 0.027 | 0.19
1175 0.000 | 0.007 | 0.011 | 0.004 | 0.017 | 0.014 | 0.012 | 0.015 | 0.010 | 0.020 | 0.019 | 0.08
1225 0.000 | 0.007 | 0.014 | 0.012 | 0.011 | 0.014 | 0.021 | 0.022 | 0.019 | 0.016 | 0.016 | 0.08
1275 0.000 | 0.010 | 0.012 | 0.012 | 0.018 | 0.017 | 0.021 | 0.022 | 0.021 | 0.017 | 0.019 | 0.08
1325 0.000 | 0.008 | 0.013 | 0.009 | 0.013 | 0.013 | 0.020 | 0.025 | 0.024 | 0.012 | 0.024 | 0.08
1375 0.000 | 0.010 | 0.012 | 0.009 | 0.021 | 0.020 | 0.015 | 0.017 | 0.022 | 0.023 | 0.026 | 0.08
1425 0.000 | 0.023 | 0.023 | 0.032 | 0.026 | 0.033 | 0.042 | 0.039 | 0.039 | 0.054 | 0.054 | 0.08
1475 0.000 | 0.045 | 0.051 | 0.067 | 0.060 | 0.069 | 0.072 | 0.076 | 0.065 | 0.040 | 0.063 | 0.08
1525 0.000 | 0.027 | 0.035 | 0.039 | 0.038 | 0.039 | 0.040 | 0.045 | 0.049 | 0.047 | 0.057 | 0.08
1575 0.000 | 0.010 | 0.016 | 0.015 | 0.020 | 0.023 | 0.020 | 0.027 | 0.027 | 0.032 | 0.031 | 0.08
1625 0.000 | 0.008 | 0.012 | 0.014 | 0.015 | 0.014 | 0.022 | 0.021 | 0.021 | 0.033 | 0.034 | 0.08
1675 0.000 | 0.012 | 0.013 | 0.017 | 0.016 | 0.019 | 0.025 | 0.026 | 0.029 | 0.042 | 0.036 | 0.08
1725 0.000 | 0.006 | 0.012 | 0.016 | 0.020 | 0.015 | 0.026 | 0.018 | 0.031 | 0.031 | 0.048 | 0.08
1775 0.000 | 0.010 | 0.013 | 0.014 | 0.013 | 0.016 | 0.016 | 0.017 | 0.021 | 0.024 | 0.023 | 0.03
1825 0.000 | 0.009 | 0.001 | 0.016 | 0.014 | 0.010 | 0.023 | 0.019 | 0.018 | 0.011 | 0.013 | 0.03
1875 0.000 | 0.006 | 0.002 | 0.014 | 0.015 | 0.018 | 0.016 | 0.020 | 0.014 | 0.013 | 0.028 | 0.03
1925 0.000 | 0.010 | 0.002 | 0.015 | 0.018 | 0.016 | 0.017 | 0.027 | 0.012 | 0.017 | 0.010 | 0.03
1975 0.000 | 0.014 | 0.002 | 0.018 | 0.014 | 0.023 | 0.021 | 0.021 | 0.022 | 0.028 | 0.015 | 0.03
2025 0.000 | 0.007 | 0.008 | 0.006 | 0.011 | 0.017 | 0.013 | 0.013 | 0.014 | 0.017 | 0.020 | 0.03
2075 0.000 | 0.007 | 0.011 | 0.011 | 0.010 | 0.007 | 0.013 | 0.015 | 0.012 | 0.015 | 0.016 | 0.03
2125 0.000 | 0.006 | 0.008 | 0.010 | 0.008 | 0.009 | 0.015 | 0.012 | 0.016 | 0.015 | 0.027 | 0.03
2175 0.000 | 0.007 | 0.011 | 0.004 | 0.017 | 0.014 | 0.012 | 0.015 | 0.010 | 0.020 | 0.019 | 0.03
2225 0.000 | 0.007 | 0.014 | 0.012 | 0.011 | 0.014 | 0.021 | 0.022 | 0.019 | 0.016 | 0.016 | 0.03
2275 0.000 | 0.010 | 0.012 | 0.012 | 0.018 | 0.017 | 0.021 | 0.022 | 0.021 | 0.017 | 0.019 | 0.03
2325 0.000 | 0.008 | 0.013 | 0.009 | 0.013 | 0.013 | 0.020 | 0.025 | 0.024 | 0.012 | 0.024 | 0.03
2375 0.000 | 0.010 | 0.012 | 0.009 | 0.021 | 0.020 | 0.015 | 0.017 | 0.022 | 0.023 | 0.026 | 0.03
2425 0.000 | 0.023 | 0.023 | 0.012 | 0.026 | 0.013 | 0.022 | 0.019 | 0.019 | 0.024 | 0.024 | 0.03
2475 0.000 | 0.025 | 0.021 | 0.027 | 0.020 | 0.028 | 0.022 | 0.026 | 0.025 | 0.020 | 0.023 | 0.03
2525 0.000 | 0.027 | 0.015 | 0.019 | 0.018 | 0.019 | 0.020 | 0.025 | 0.028 | 0.027 | 0.027 | 0.03
2575 0.000 | 0.010 | 0.016 | 0.015 | 0.020 | 0.023 | 0.020 | 0.027 | 0.027 | 0.012 | 0.011 | 0.03
2625 0.000 | 0.008 | 0.012 | 0.014 | 0.015 | 0.014 | 0.022 | 0.021 | 0.021 | 0.013 | 0.014 | 0.03
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Power 0 10 20 30 40 50 60 70 80 90 100
P/Pn[%] LIMIT
0,
Fre?l_tllze]ncy %) | %) | %) | %) | k%) | %) | k%) | k%) | k%) | W) | %) (%)

2675 0.000 | 0.012 | 0.013 | 0.017 | 0.016 | 0.019 | 0.025 | 0.026 | 0.028 | 0.022 | 0.016 | 0.03

2725 0.000 | 0.006 | 0.012 | 0.016 | 0.020 | 0.015 | 0.026 | 0.018 | 0.011 | 0.011 | 0.028 | 0.03

2775 0.000 | 0.010 | 0.013 | 0.014 | 0.013 | 0.016 | 0.016 | 0.017 | 0.021 | 0.024 | 0.023 | 0.03

2825 0.000 | 0.009 | 0.001 | 0.016 | 0.014 | 0.010 | 0.023 | 0.019 | 0.028 | 0.021 | 0.013 | 0.03

2875 0.000 | 0.006 | 0.002 | 0.014 | 0.015 | 0.018 | 0.016 | 0.020 | 0.024 | 0.023 | 0.028 | 0.03

2925 0.000 | 0.010 | 0.002 | 0.015 | 0.018 | 0.016 | 0.017 | 0.027 | 0.012 | 0.017 | 0.020 | 0.03

2975 0.000 | 0.014 | 0.002 | 0.018 | 0.014 | 0.023 | 0.021 | 0.021 | 0.022 | 0.028 | 0.015 | 0.03

3025 0.000 | 0.006 | 0.012 | 0.016 | 0.020 | 0.015 | 0.026 | 0.018 | 0.011 | 0.011 | 0.028 | 0.03

Inter - harmonics Current

0.280

0.260

0.240

0.220

0.zo0

0.180

0.160

0.140

0.120

0.100

0.080
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0.040

0.0z0

0.000

10%P 20%P 30%P ———a0%pP ——50HP ——50%P ——T70%P ——B0HP ——00HP ——I100%P
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49 POWERFACTOR

Power factor tests have been measured according to Clause 4.1.11 of the standard.
Three different tests have been done:

Test 1: PF=1

Test 2: Rectangular Curve Q fixed (Q=130% Sn)

Test 3: Triangular Curve PF fixed (PF=10.8)

Test 4: Semicircular Curve S fixed (S=100% Sn)

Test 5: Settable to operate according to a characteristic curve

As the inverter is capable of different power factor settings, the test has been repeated varying the power
factor within the range 0.8 leading to 0.8(*) lagging.

(*)0.8 leading to 0.8 lagging is more restrictive than 0.95 as the standard required.

The maximum tolerance allowed for the measured Power Factor is + 0.01, for measurements from 25%Sn.
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4.9.1 Test1:

PF=1

The following table and graphs show test results for measurements of power factor set to unity (PF=1):

Unity Power Factor (PF=1.0)
P Desi Power Factor Power Factor Power Factor
esired P measured Q measured desired measured Deviation
(%Sn) (%Sn) (%Sn) esire
(cos @) (cos @) (cos @)
3% 3.5 3.9 1.000 0.671 -0.329
8% 8.5 3.3 1.000 0.930 -0.070
10% 10.5 3.2 1.000 0.957 -0.043
15% 15.5 2.8 1.000 0.984 -0.016
18% 18.5 2.7 1.000 0.990 -0.010
20% 20.6 2.6 1.000 0.992 -0.008
25% 25.5 2.6 1.000 0.995 -0.005
28% 28.6 2.6 1.000 0.996 -0.004
30% 30.4 3.3 1.000 0.994 -0.006
33% 33.6 3.3 1.000 0.995 -0.005
37% 37.7 3.2 1.000 0.996 -0.004
40% 40.5 3.1 1.000 0.997 -0.003
43% 43.5 3.1 1.000 0.997 -0.003
47% 47.3 3.1 1.000 0.998 -0.002
50% 50.4 3.1 1.000 0.998 -0.002
53% 53.4 3.1 1.000 0.998 -0.002
57% 57.0 3.1 1.000 0.999 -0.001
60% 60.2 3.1 1.000 0.999 -0.001
63% 63.2 -3.2 1.000 0.999 -0.001
67% 67.0 -3.3 1.000 0.999 -0.001
70% 69.8 -3.4 1.000 0.999 -0.001
75% 74.5 -3.5 1.000 0.999 -0.001
78% 77.9 -3.6 1.000 0.999 -0.001
80% 80.0 -3.7 1.000 0.999 -0.001
84% 83.8 -3.8 1.000 0.999 -0.001
87% 86.8 -4.0 1.000 0.999 -0.001
90% 90.0 -4.1 1.000 0.999 -0.001
92% 92.0 -4.2 1.000 0.999 -0.001
94% 94 .1 -4.3 1.000 0.999 -0.001
96% 96.0 -4.4 1.000 0.999 -0.001
98% 97.8 -4.5 1.000 0.999 -0.001
100% 100.2 -4.7 1.000 0.999 -0.001
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Unity Power Factor (PF=1.0)
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4.9.2 Test 2: Rectangular Curve (Q =x30%Sn)

This test verifies the capability of the inverter to provide a fixed value of reactive power. In addition, it is
verified the Q control mode.

At high active power levels the reactive power provided by the inverter is automatically limited by the
inverter in order to protect against over current.

Allowed tolerance to be considered is 5%Sn when possible.

The following table shows the test results:

Rectangular Curve (Q=30.0%Sn / Inductive)

P Desired | P measured | Q desired | Q measured Q Deviation Power Factor
(%Sn) (%Sn) (%Sn) (%Sn) (%Sn) (cos @)
0% 0.1 <10(*) 4.3(*) -- 0.028
3% 3.5 <10(*) 4.9(*) -- 0.585
8% 8.5 <10(*) 5.8(%) -- 0.823
10% 10.4 <10(*) 7.6(%) -- 0.809
15% 15.5 <10(*) 10.4(%) -- 0.830
18% 18.5 <30(*) 13.0(%) -- 0.818
20% 20.5 <30(*) 15.6(%) -- 0.795
25% 25.3 30.0 30.0 0.0 0.644
28% 28.2 30.0 304 0.4 0.681
30% 30.3 30.0 30.5 0.5 0.705
33% 33.2 30.0 304 0.4 0.737
37% 37.2 30.0 30.5 0.5 0.773
40% 40.2 30.0 30.2 0.2 0.800
43% 43.2 30.0 30.4 0.4 0.818
47% 471 30.0 30.7 0.7 0.838
50% 50.1 30.0 30.3 0.3 0.856
53% 53.1 30.0 30.9 0.9 0.867
57% 57.0 30.0 30.9 0.9 0.879
60% 60.0 30.0 30.7 0.7 0.890
63% 63.1 30.0 30.8 0.8 0.899
67% 67.0 30.0 31.1 1.1 0.907
70% 69.9 30.0 31.0 1.0 0.914
75% 75.0 30.0 31.1 1.1 0.923
78% 78.0 30.0 30.8 0.8 0.930
80% 80.0 30.0 31.0 1.0 0.932
84% 84.3 30.0 31.1 1.1 0.938
89% 89.1 30.0 31.2 1.2 0.944
94% 93.6 30.0 31.0 1.0 0.949
97% 96.5 <30 25.2 -- 0.968
100% 98.6 <30 14.5 -- 0.989

Rectangular Curve (Q=30.0%Sn / Capacitive)

P Desired | P measured | Q desired | Q measured Q Deviation Power Factor
(%Sn) (%Sn) (%Sn) (%Sn) (%Sn) (cos @)
0% 0.1 <10(*) 4.2 () -- 0.026
3% 3.5 <10(*) 3.4 (%) -- 0.766
8% 8.5 <10(*) 2.3 (%) -- 0.965
10% 10.5 <10(*) -2.2(%) -- -0.980
15% 15.4 <10(*) -4.9(%) -- -0.952
18% 18.3 <30(*) -8.2(%) -- -0.912
20% 20.6 <30(*) -11.2(*%) -- -0.878
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25% 25.1 30.0 -29.6 04 -0.647
28% 28.2 30.0 -29.1 0.9 -0.696
30% 30.1 30.0 -29.9 0.1 -0.710
33% 33.1 30.0 -29.4 0.6 -0.747
37% 371 30.0 -29.9 0.1 -0.778
40% 40.2 30.0 -29.6 04 -0.805
43% 43.0 30.0 -29.5 0.5 -0.825
47% 47.2 30.0 -29.1 0.9 -0.851
50% 50.3 30.0 -29.4 0.6 -0.863
53% 53.0 30.0 -29.2 0.8 -0.876
57% 571 30.0 -29.2 0.8 -0.891
60% 60.1 30.0 -29.3 0.7 -0.899
63% 62.9 30.0 -29.3 0.7 -0.907
67% 66.8 30.0 -29.1 0.9 -0.917
70% 70.1 30.0 -28.9 1.1 -0.924
75% 74.9 30.0 -29.1 0.9 -0.932
78% 77.9 30.0 -29.1 0.9 -0.937
80% 80.0 30.0 -28.8 1.2 -0.941
84% 83.9 30.0 -29.0 1.0 -0.945
89% 89.2 30.0 -29.0 1.0 -0.951
94% 93.7 30.0 -28.6 1.4 -0.956
97% 97.7 <30 -23.4 - -0.973
99% 98.6 <30 -13.1 - -0.991
100% 100.0 <30 -7.1 - -0.997

(*) When operating in this mode for all inverter current outputs below 25% of rated current, it is acceptable
for the displacement power factor to be controlled such that the vars supplied or drawn are less than the
amount of vars supplied or drawn at 25% current output.




w Report N. BL-DG19C0016-B01 Page 44 of 90

NRS 097-2-1: 2017 Edition 2

Test results are represented at diagrams below.

Rectangular Curve (Q=30.0%Sn / Inductive)
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Rectangular Curve (Capacitive vs Inductive)
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The following table and graphs show test results for measurements of power factor set to 0.80 inductive:

Unity Power Factor (PF=0.80 / Inductive)
P Desi Power Factor Power Factor Power Factor
esired P measured Q measured desired d Deviation
(%Sn) (%Sn) (%Sn) esire measure viati
(cos ¢) (cos ¢) (cos @)
3% 3.5 44 0.800 0.627 -0.173
8% 8.4 8.5 0.800 0.706 -0.094
10% 10.5 9.3 0.800 0.748 -0.052
15% 15.4 11.4 0.800 0.804 0.004
18% 18.4 12.5 0.800 0.828 0.028
20% 20.5 16.5 0.800 0.779 -0.021
25% 25.5 19.1 0.800 0.800 0.000
28% 28.6 21.6 0.800 0.798 -0.002
30% 30.4 23.0 0.800 0.798 -0.002
33% 33.4 25.0 0.800 0.800 0.000
37% 37.2 27.8 0.800 0.801 0.001
40% 40.3 30.2 0.800 0.800 0.000
43% 43.3 32.6 0.800 0.799 -0.001
47% 47.0 35.4 0.800 0.799 -0.001
50% 50.0 37.9 0.800 0.797 -0.003
53% 52.9 40.1 0.800 0.797 -0.003
57% 56.7 42.9 0.800 0.797 -0.003
60% 59.7 44.8 0.800 0.800 0.000
63% 62.8 46.9 0.800 0.801 0.001
67% 66.5 49.9 0.800 0.800 0.000
70% 69.5 52.2 0.800 0.800 0.000
75% 74.0 55.5 0.800 0.800 0.000
78% 77.6 57.9 0.800 0.801 0.001
80% 79.1 59.6 0.800 0.799 -0.001
84% 83.8 54.2 0.800 0.840(") 0.040
87% 86.6 49.3 0.800 0.869(*) 0.069
90% 89.9 44 1 0.800 0.898(") 0.098
92% 90.0 44 1 0.800 0.898(") 0.098
94% 92.1 39.8 0.800 0.918(1) 0.118
96% 93.6 34.1 0.800 0.940() 0.140
98% 95.4 28.7 0.800 0.958(") 0.158
100% 98.0 21.2 0.800 0.977() 0.177

(*) The inverter does not reach the fixed power factor value of 0.8 due to the current limitation function.




E0:

Report N. BL-DG19C0016-B01

Page 47 of 90

NRS 097-2-1: 2017 Edition 2

The following table and graphs show test results for measurements of power factor set to 0.80 capacitive:

Unity Power Factor (PF=0.80 / Capacitive)
P Desi Power Factor Power Factor Power Factor
esired P measured Q measured desired d Deviation
(%Sn) (%Sn) (%Sn) esire measure viati
(cos ¢) (cos ¢) (cos @)
3% 3.5 3.9 0.800 0.671 -0.129
8% 8.4 -2.6 0.800 0.955 0.155
10% 10.6 -5.2 0.800 0.898 0.098
15% 15.5 -9.0 0.800 0.865 0.065
18% 18.5 -11.8 0.800 0.842 0.042
20% 20.2 -13.8 0.800 0.826 0.026
25% 25.4 -18.8 0.800 0.804 0.004
28% 28.5 -21.3 0.800 0.801 0.001
30% 30.3 -22.4 0.800 0.804 0.004
33% 33.2 -25.3 0.800 0.796 -0.004
37% 37.2 -27.8 0.800 0.801 0.001
40% 40.0 -30.1 0.800 0.799 -0.001
43% 42.7 -32.2 0.800 0.799 -0.001
47% 46.9 -35.4 0.800 0.798 -0.002
50% 49.9 -37.6 0.800 0.799 -0.001
53% 52.5 -39.8 0.800 0.797 -0.003
57% 56.4 -42.1 0.800 0.801 0.001
60% 60.4 -44.9 0.800 0.802 0.002
63% 63.4 -47.6 0.800 0.800 0.000
67% 67.0 -50.7 0.800 0.798 -0.002
70% 69.8 -52.7 0.800 0.798 -0.002
75% 74.7 -56.0 0.800 0.800 0.000
78% 78.4 -58.3 0.800 0.802 0.002
80% 80.2 -59.7 0.800 0.802 0.002
84% 83.3 -54.0 0.800 0.839(") 0.039
87% 86.6 -48.9 0.800 0.870(") 0.070
90% 89.8 -43.5 0.800 0.900(") 0.100
92% 91.4 -38.9 0.800 0.920(") 0.120
94% 93.3 -33.6 0.800 0.941(1) 0.141
96% 95.3 -27.5 0.800 0.961(%) 0.161
98% 97.7 -18.9 0.800 0.982(1) 0.182
100% 99.8 -6.7 0.800 0.998(") 0.198

(*) The inverter does not reach the fixed power factor value of 0.8 due to the current limitation function.
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Triangular Curve (PF=0.80 / Inductive)
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4.9.3 Test 3: Triangular Curve (PF=%0.8)

This test verifies the capability of the inverter to provide a fixed value of power factor. In addition it is
verified the PF control mode.

At high active power levels the reactive power provided by the inverter is automatically limited by the
inverter in order to protect against over current.

The maximum tolerance allowed for the measured Power Factor is + 0.01, for measurements from 25%Sn.

The following table shows the test results:

Triangular Curve (PF=0.8 / Inductive)
P Desi Power Factor | Power Factor | Power Factor
esired | P measured | Q measured desired measured Deviation
(%Sn) (%Sn) (%Sn) esire
(cos @) (cos @) (cos @)
3% 3.6 4.4 -- -- --
8% 8.5 8.5 -- -- --
10% 10.5 9.3 -- -- --
15% 15.5 11.3 -- -- --
18% 18.4 12.6 -- -- --
20% 20.6 16.5 -- -- --
25% 25.5 19.1 0.800 0.800 0.000
28% 28.4 21.7 0.800 0.794 -0.006
30% 30.6 23.1 0.800 0.798 -0.002
33% 33.4 25.0 0.800 0.800 0.000
37% 37.2 27.9 0.800 0.801 0.001
40% 40.7 30.3 0.800 0.802 0.002
43% 43.0 32.2 0.800 0.800 0.000
47% 46.6 34.4 0.800 0.804 0.004
50% 50.0 37.9 0.800 0.797 -0.003
53% 53.1 40.1 0.800 0.798 -0.002
57% 57.0 42.9 0.800 0.799 -0.001
60% 59.8 44.8 0.800 0.800 0.000
63% 62.6 47.2 0.800 0.799 -0.001
67% 66.8 49.9 0.800 0.801 0.001
70% 69.4 52.3 0.800 0.799 -0.001
75% 74.5 55.3 0.800 0.803 0.003
78% 771 57.9 0.800 0.800 0.000
80% 79.5 59.4 0.800 0.801 0.001
84% 83.7 54.3 0.800 0.839 0.039
87% 86.7 494 0.800 0.869 0.069
90% 89.5 44 1 0.800 0.897 0.097
92% 91.5 39.7 0.800 0.917 0.117
94% 93.9 34 .1 0.800 0.940 0.140
96% 95.7 29.0 0.800 0.957 0.157
98% 97.9 21.2 0.800 0.977 0.177
100% 99.7 -4 .1 0.800 0.999 0.199
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Triangular Curve (PF=0.8 / Capacitive)
P Desired | P measured | Q measured Power _Factor Power Factor Powelf F?ctor
(%Sn) (%Sn) (%Sn) desired measured Deviation
(cos @) (cos @) (cos o)
3% 3.5 3.9 -- 0.663 --
8% 8.5 -2.7 -- 0.953 --
10% 10.3 -4.9 -- 0.901 --
15% 15.6 -9.2 -- 0.861 --
18% 17.6 -11.0 -- 0.848 --
20% 20.7 -14.2 -- 0.824 --
25% 25.3 -18.8 0.800 0.803 0.003
28% 28.1 -21.2 0.800 0.798 -0.002
30% 30.3 -22.4 0.800 0.804 0.004
33% 33.2 -25.1 0.800 0.797 -0.003
37% 37.1 -27.8 0.800 0.800 0.000
40% 40.2 -30.3 0.800 0.798 -0.002
43% 42.9 -32.5 0.800 0.797 -0.003
47% 46.8 -35.5 0.800 0.797 -0.003
50% 50.1 -37.5 0.800 0.800 0.000
53% 52.5 -39.8 0.800 0.797 -0.003
57% 56.8 -42.5 0.800 0.801 0.001
60% 60.1 -45.2 0.800 0.799 -0.001
63% 63.8 -47.6 0.800 0.801 0.001
67% 66.9 -50.5 0.800 0.798 -0.002
70% 70.3 -52.5 0.800 0.801 0.001
75% 74.5 -56.3 0.800 0.797 -0.003
78% 78.2 -58.2 0.800 0.802 0.002
80% 79.7 -60.1 0.800 0.798 -0.002
84% 83.2 -54.5 0.800 0.837 0.037
87% 86.8 -48.9 0.800 0.871 0.071
90% 89.7 -43.3 0.800 0.900 0.100
92% 91.3 -38.8 0.800 0.920 0.120
94% 93.5 -33.6 0.800 0.941 0.141
96% 95.7 -27.4 0.800 0.961 0.161
98% 97.6 -19.2 0.800 0.981 0.181
100% 99.8 -6.6 0.800 0.998 0.198
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Test results are represented at the diagrams below.

Triangular Curve (PF=0.8 / Inductive)

Time {s]

11 11
105 105
i
1
! I- 1 =
0.95 i 095
D& 1 04
o] b |
0.85 - = o 0as
0 0a
= '.
0.75 g 0.7s
o7 = |l I a7
065 = "" 0.65
S =
0.6 1 H 06
iy
055 = i 055
3 os - 0s
= " = o —Power (pof
T 045 - 045 % .
] - = e 5 [ 10 |
a 04 0.4
& N sl AN u —0fpu}
0.35 0.3s
) In el I
0.1 E= i fi=ts
0.25 028
0.2 - L™ N — 0z
015 L - .15
et T TR
0.1 +H 01
005 ==l 008
o 0
005 = 008
041 01
015 015
02 0z
[=2=] 50 060 00 0 5 o i 0 0 0 0 0 D 0 i R 00 0 10 603 €03 1 603 R0 1 3 600 0 0 0 K0 G0 0 3 S S
RS B B R S e e R R R R R R B P S S R e R R R r on e TR
Tirne {)
Triangular Curve (PF=0.8 / Capacitive)
11 T
108 1.05
1 = - 1
nas Nl E.gs
08 .
0Es G Ml 085
0E 0.8
075 0.75
0F 07
n5s e - = 0.65
0.6
06 _
055 i 055
05 05
0.45
n;: == - 0.4
' e 035
035 nn == o2
3 o mu 025
= 0.25 . " — e ()
g 02 nx Siont
= pas 015 —5{pu.
o
= 01 == 01 ——0{p.u.}
0.05
n.n; a —FF
005 = == gL
01 T H 01
015 | 015
02 -0z
] ! 028
025 H e 02
e ! = I a3s
035 : - o
;:; - -045
' it 05
05 H !
055 L 055
0.6 -0
0.65 065
07 07




Report N. BL-DG19C0016-B01 Page 53 of 90

NRS 097-2-1: 2017 Edition 2

Triangular Curve (Inductive vs Capacitive)
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4.9.4 Test 4: Semicircular Curve (S=100%Sn)

This test verifies the capability of the inverter to provide a fixed value of apparent power.

Allowed tolerance for reactive power measurements is to be considered inside +5%Sn when active power

more than 25%

Test results are offered at the tables below.

Semicircular Curve (Inductive)

P Desired | P measured | S measured i:::ﬁ: Q desired | Q measured | Q deviation
(%Sn) (%Sn) (%Sn) (%Sn) (%Sn) (%Sn)
(cos @)

0% 0.1 99.8 0.001 100.0 99.8 -0.2
3% 3.5 99.8 0.035 100.0 99.7 -0.3
8% 8.5 99.8 0.085 99.7 99.4 -0.3
10% 10.4 99.6 0.104 99.5 99.1 -0.4
15% 15.4 99.8 0.155 98.9 98.6 -0.3
18% 18.4 99.8 0.184 98.4 98.1 -0.3
20% 20.4 100.2 0.204 98.0 98.1 0.1
25% 25.2 100.2 0.253 96.8 97.0 0.2
28% 28.2 100.2 0.282 96.0 96.1 0.1
30% 30.0 99.6 0.301 954 95.0 -0.4
33% 33.2 100.2 0.331 94.4 94.5 0.1
37% 37.0 99.6 0.372 92.9 92.5 -0.4
40% 40.0 99.8 0.401 91.7 914 -0.3
43% 43.0 100.0 0.430 90.3 90.3 0.0
47% 47.2 100.2 0.472 88.3 88.4 0.1
50% 50.0 100.2 0.499 86.6 86.8 0.2
53% 53.2 100.2 0.531 84.8 84.9 0.1
57% 57.0 99.8 0.572 82.2 81.9 -0.3
60% 60.0 100.0 0.600 80.0 80.0 0.0
63% 63.0 99.6 0.633 77.7 771 -0.6
67% 67.0 99.8 0.671 74.2 74.0 -0.2
70% 70.0 100.0 0.700 71.4 71.4 0.0
75% 74.8 99.6 0.751 66.1 65.8 -0.3
78% 78.2 100.0 0.781 62.6 62.3 -0.3
80% 80.0 99.6 0.802 60.0 59.3 -0.7
83% 84.0 99.8 0.840 55.8 53.9 -1.9
87% 88.4 100.0 0.885 49.3 46.7 -2.6
90% 89.0 99.8 0.890 43.6 45.2 1.6
94% 93.6 99.8 0.939 34.1 34.6 0.5
97% 96.6 100.0 0.967 24.3 25.9 1.6
100% 99.6 99.8 0.997 0.0 3.3 3.3
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Semicircular Curve (Capacitive)

P Desired | P measured | S measured i:::ﬁ: Q desired | Q measured | Q deviation
(%Sn) (%Sn) (%Sn) (%Sn) (%Sn) (%Sn)
(cos @)

0% 0.1 99.8 0.001 -100.0 -99.6 0.4
3% 3.6 99.6 0.036 -100.0 -99.6 0.4
8% 8.4 99.5 0.084 -99.7 -99.2 0.5
10% 10.3 99.5 0.104 -99.5 -98.9 0.6
15% 15.4 99.5 0.154 -98.9 -98.3 0.6
18% 18.4 99.7 0.185 -98.4 -98.0 0.4
20% 204 99.6 0.205 -98.0 -97.5 0.5
25% 25.3 99.6 0.254 -96.8 -96.3 0.5
28% 28.3 99.7 0.284 -96.0 -95.6 0.4
30% 30.1 99.3 0.304 -954 -94.6 0.8
33% 33.2 99.5 0.334 -94.4 -93.8 0.6
37% 37.2 99.2 0.375 -92.9 -92.0 0.9
40% 40.1 99.2 0.404 -91.7 -90.8 0.9
43% 43.0 99.2 0.434 -90.3 -89.4 0.9
47% 47 1 99.3 0.474 -88.3 -87.4 0.9
50% 50.0 99.3 0.503 -86.6 -85.8 0.8
53% 52.9 99.3 0.532 -84.8 -84 .1 0.7
57% 56.8 100.1 0.568 -82.2 -82.4 -0.2
60% 60.0 99.8 0.601 -80.0 -79.8 0.2
63% 63.3 99.6 0.635 -77.7 -76.9 0.8
67% 67.3 99.2 0.679 -74.2 -72.8 1.4
70% 70.0 98.9 0.707 -71.4 -69.9 1.5
75% 75.1 99.6 0.754 -66.1 -65.4 0.7
78% 78.0 99.3 0.785 -62.6 -61.5 1.1
80% 80.1 99.7 0.803 -60.0 -59.4 0.6
83% 83.1 99.3 0.837 -55.8 -54.3 1.5
87% 86.6 100.1 0.865 -49.3 -50.3 -1.0
90% 89.9 100.0 0.899 -43.6 -43.7 -0.1
94% 93.8 99.5 0.943 -34.1 -33.1 1.0
97% 97 .4 99.3 0.980 -24.3 -19.6 4.7
100% 99.9 100.1 0.998 0.0 -3.5 -3.5
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Test results are represented at the diagrams below.
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Semicircular Curve; Capacitive vs Inductive
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4.9.5 Test 5: Settable to operate according to a characteristic curve

It has also to be verified the capability of the inverter for providing a fixed value of the power factor in
function of the active power according to the next picture:

0.9 leading to 0.9 lagging is more restrictive than 0.95 as the standard required.
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The results are offered in the table below (Note: 10%Pn have not measured in following test):

Setting cos ¢(P) with the standard characteristic curve (20%Pn to 100%Pn)
Active Active Reactive Transient
Power Power Power cos ¢ Desired | A cos ¢ eriod
Setting Measured Measured | Measured | cos ¢ (<0,01) '(3 <10s)

(% PEmax) (pu) (pu)

20 0.203 0.012 0.998 1.000 -0.002
30 0.303 0.015 0.999 1.000 -0.001 0.4s
40 0.408 0.016 0.999 1.000 -0.001 0.3s
50 0.507 0.018 0.999 1.000 -0.001 0.4s
60 0.601 0.119 0.981 0.980 0.001 0.4s
70 0.702 0.207 0.959 0.960 -0.001 0.4s
80 0.803 0.291 0.940 0.940 0.000 0.3s
90 0.902 0.382 0.921 0.920 0.001 0.4s

100(*) 0.904 0.439 0.899 0.900 -0.001 0.3s

(*) Because of limited by apparent power, the active does not reach to 100% when cos ¢ = 0.9
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Setting cos ¢(P) with standard characteristic curve (20%Pn to 100%Pn)
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4.10 SYNCHRONIZATION AND RESPONSE TO UTILITY RECOVERY

Synchronization have been measured according to Clause 4.1.12 and Clause 4.2.4 of the standard.
The embedded generator shall ensure synchronisation before re-energizing at all times.

After a voltage or frequency out-of-range condition that has caused the embedded generator to cease
energizing the utility network, the generator shall not re-energize the utility network until the utility
service voltage and frequency have remained within the specified ranges for a continuous and
uninterrupted period of 60 s.

Controllable generators may reconnect immediately after the 60 s delay confirming recovery of the
system voltage and frequency at a maximum rate of 10 % of rated power per minute, i.e. full power
output will only be reached after 10 minutes.
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Recovery after Over voltage
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Recovery after Over frequency
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4.11 ELECTROMAGNETIC COMPATIBILITY (EMC)

Synchronization have been measured according to Clause 4.1.13 of the standard.
This Clause will be considered in EMC report.

4.12 MAINS SIGNALLING (E.G. PLC AND RIPPLE CONTROL)

Synchronization have been considered according to Clause 4.1.14 of the standard.

The EUT is not use PLC-based communication. This clause is not applicable.

4.13 SAFETY DISCONNECT FROM UTILITY NETWORK

Synchronization have been considered according to Clause 4.2.2 of the standard.
The safety requirements in accordance with IEC 62109-1:2010 and IEC 62109-2:2011.
The compliances with these requirements are stated in the following test report:

- Test report n° SHES190301262471, SHES190301262472 on 28/03/2019
4.13.1 Disconnection device (previously disconnection switching unit)

Disconnection device have been considered according to Clause 4.2.2.2 of the standard

The output is switched off redundant by two relays in serial on both line and neutral. This assures that the
opening of the output circuit can operate in case of single fault.
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4.13.2 Overvoltage and undervoltage

Disconnection device have been considered according to Clause 4.2.2.3.2 of the standard

The accuracy for voltage trip values shall be within 0 % to +1 % of the nominal voltage from the upper
boundary trip setting, and within -1% to 0% of the nominal voltage from the lower boundary trip setting.

The disconnection time should comply with following table:

1

2

Voltage range
(at point of connection)

Maximum trip time
S

V<50 %

02s

50%=V<85%

10s

85%=V=110%

Continuous operation

110% <V<115%

40s

115% =V < 120%

2s

120% =V

0,163

voltage.

NOTE If multi-voltage control settings are not possible, the more stringent
trip time should be implemented, e.g. 2s between 110% and 120% of

The following table shows the test results:

Voltage Voltage Deviation T"P t!me UGe
Voltage level Setting (p.u.) | Trip (p.u) | (within £0.01) limit measured
g (p.u. p (p-u. *0. (ms) (ms)
U <50% Un 0.500 0.497 -0.003 200 35
U <85% Un 0.850 0.846 -0.004 10000 213
U>110% Un 1.100 110.4 0.004 40000 229
U >115% Un 1.150 1.156 0.006 2000 169
U >120% Un 1.200 1.205 0.005 160 37
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U >115% Un

Trip Value
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4.13.3 Overfrequency and underfrequency

Disconnection device have been considered according to Clause 4.2.2.3.3 of the standard

The random disconnect frequency shall be selected so that all generators from any specific
manufacturer will disconnect uniformly over the range with 0.1 Hz increments

When the utility frequency is less than 47 Hz, the embedded generator shall disconnect from the utility

network within 0.2 s.

When the utility frequency is more than 52 Hz for longer than 4 seconds, the embedded generator shall
cease to energise the utility line within 0.5 s.

Power curtailment during over-frequency

=
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=]
& System frequency [Hz]

Frequency PR IEREY ey Deviation T”I?rr::;n © me-l;iglf'ed
Setting (Hz) Trip (Hz) (within £0.1Hz) (ms) (ms)
f<47Hz 47.000 46.903 -0.097 200 52
f > 52Hz 52.000 52.052 0.052 500 204
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f > 52Hz
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When the utility frequency exceeds 50.5 Hz, the active power available at the time shall be stored as the
maximum power value Pw; this value Pm shall not be exceeded until the frequency has stabilized below 50.5
Hz for at least 4 seconds

The EG system shall control the output power as a function of Pmat a gradient of 50 % per Hertz as illustrated
in figure 5. The power generation shall follow the curve shown in figure 5 up and down while the system
frequency is in the range 50.5 Hz to 52 Hz.

The following table shows the test results:

F P Desired P Measured AP (p.u.)
(Hz) (p-u.) (p.u.)
49.00 1.000 0.999 -0.001
49.50 1.000 0.999 -0.001
50.00 1.000 0.999 -0.001
50.50 1.000 0.999 -0.001
51.00 0.750 0.723 -0.027
51.90 0.300 0.275 -0.025
52.00 0.000 0.000 0.000
P&F vs Time Curve 100%Pn
52.000 i
R 8 8 § 8 8 8 8 8B § ¢ § =f-Tim§5] 8§ 8 3§ B B & 8 8 8 8 8 8
— Frequencyf Hz) Power(p.u.)
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4.14 PREVENTION OF ISLANDING

Prevention of islanding tests have been measured according to Clause 4.2.2.4 of the standard.

An islanding condition shall cause the embedded generator to cease to energize the utility network

within 2 s, irrespective of connected loads or other embedded generators.

Active islanding detection used for EUT. The test method according to IEC 62116: 2014

Table: tested condition and run-on time

No. | Peut(% | Reactiv Pac Qac Run-on Peut Actual Vbc Which
of EUT | eload time(ms) (kW) Q¢ (d.c.V) load is
rating) (% of selecte

normial) d to be
adjuste
d(Ror
L)
Test Condition A
1 100 100 0 0 1028 7359 0.98 425 -
2 100 100 -5 -5 1652 7371 0.99 425 R/L
3 100 100 -5 0 672 7367 1.02 425 R
4 100 100 -5 +5 528 7366 1.02 425 R/L
5 100 100 0 -5 1328 7356 1.04 425 L
6 100 100 0 +5 940 7361 0.99 425 L
7 100 100 +5 -5 1552 7371 0.96 425 R/L
8 100 100 +5 0 704 7370 0.98 425 R
9 100 100 +5 +5 736 7362 1.00 425 R/L

10 100 100 -10 +10 544 7356 1.01 425 R/L

11 100 100 -5 +10 572 7359 0.96 425 R/L

12 100 100 0 +10 624 7371 1.03 425 L

13 100 100 +10 +10 756 7371 1.05 425 R/L

14 100 100 +10 +5 1280 7364 1.01 425 R/L

15 100 100 +10 0 632 7355 0.99 425 R

16 100 100 +10 -5 1436 7356 0.99 425 R/L

17 100 100 +10 -10 480 7372 1.00 425 R/L

18 100 100 +5 -10 488 7369 1.04 425 R/L

19 100 100 0 -10 464 7362 1.04 425 L

20 100 100 -5 -10 360 7358 1.04 425 R/L

21 100 100 -10 -10 380 7353 1.03 425 R/L

22 100 100 -10 -5 1432 7369 0.99 425 R/L

23 100 100 -10 0 1044 7371 0.99 425 R
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Table: tested condition and run-on time

No. | Peur(% | Reactiv Pac Qac Run-on Peur Actual Vbc Which
of EUT | eload time(ms) (kW) Q¢ (d.c.V) load is
rating) (% of selecte

normial) d to be
adjuste
d(Ror
L)
24 100 100 -10 +5 876 7362 0.99 425 RIL
Test Condition B

10 66 66 0 0 994 5250 1.02 290 -

11 66 66 0 -5 826 5252 1.03 290 L

12 66 66 0 -4 882 5251 1.03 290 L

13 66 66 0 -3 812 5251 0.98 290 L

14 66 66 0 -2 888 5240 0.99 290 L

15 66 66 0 -1 966 5253 0.98 290 L

16 66 66 0 1 566 5250 0.97 290 L

17 66 66 0 2 680 5251 1.01 290 L

18 66 66 0 3 536 5254 1.04 290 L

19 66 66 0 4 798 5248 1.04 290 L

20 66 66 0 5 790 5251 1.04 290 L

Test Condition C

21 33 33 0 0 992 2635 1.01 190 -

22 33 33 0 5 648 2626 1.01 190 L

23 33 33 0 -4 688 2624 1.01 190 L

24 33 33 0 -3 628 2635 1.01 190 L

25 33 33 0 -2 546 2630 0.99 190 L

26 33 33 0 -1 524 2635 0.97 190 L

27 33 33 0 1 760 2632 0.97 190 L

28 33 33 0 2 664 2628 1.04 190 L

29 33 33 0 3 594 2632 1.04 190 L

30 33 33 0 4 442 2629 1.02 190 L

31 33 33 0 5 422 2630 1.00 190 L

Remark:

For test condition A:
If any of the recorded run-on times are longer than the one recorded for the rated balance condition, then
the non-shaded parameter combinations also require testing.
For test condition B and C:
If run-on times are still increasing at the 95 % or 105 % points, additional 1 % increments is taken until run-

on times begin decreasing.
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4.15 ISOLATION

The embedded generator shall provide circuit break between EG and grid to isolating from the utility
interface in order to allow for safe maintenance of the EG. The disconnection device is a double pole for
a single-phase EG.

4.16 EARTHING

Installations with utility-interconnected inverters without simple separation shall make use of earth
leakage protection which are able to respond to d.c. fault currents including smooth d.c. fault currents
(i.e. without zero crossings) according to IEC 62109-2.

4.17 LABELLING

A label on the distribution board of the premises where the embedded generator is connected shown in
figure 6, shall state: “WARNING: ON-SITE EMBEDDED GENERATION . DO NOT WORK ON THIS
EQUIPMENT UNTIL IT IS ISOLATED FROM BOTH MAINS AND ON-SITE GENERATION SUPPLIES.”
as following. Disconnection points for all supplies shall be indicated in use manual.

WARNING: ON-SITE

EMBEDDED GENERATION
DO NOT WORK ON THIS QUIPMENT
UNTILITIS ISOLATED FROM
BOTH MAINS AND ON-SITE
GENERATION

ISOLATE ON-SITE GENERATOR AT

ISOLATE MAINS SUPPLY AT

Note: The label shall be permanent with lettering of height at least 8 mm.

4.18 ROBUSTNESS REQUIREMENTS

Robustness requirement have been considered according to Clause 4.2.10 of the standard.

The safety requirements in accordance with IEC 62109-1:2010 and IEC 62109-2:2011.
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5 PICTURES
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Left Side

Rigt Side




Report N. BL-DG19C0016-B01

Page 81 of 90

NRS 097-2-1: 2017 Edition 2

Back view
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Connection interface
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Front view of Control Board
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Back view of Control Board

Front view of Connection Board
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Back view of Connection Board

Front view of Driving Board

® 9
T
'.
T
\
@
%
®
&
>

i

Fi
|

e S




w Report N. BL-DG19C0016-B01 Page 86 of 90

NRS 097-2-1: 2017 Edition 2

Back view of Driving Board

Front view of BOOST Board
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Back view of BOOST Board
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Front view of Display Board
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Back view of Display Board

Front view of Main Board
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Back view of Main Board

Serial Number and Software Version

System Setup

-ID:1810254025 SD
-COMM:0250
-MCU:Ver1585
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6 ELECTRICAL SCHEMES

END OF REPORT






