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Page 2 of 224 Report No,: BWDO-ESH-P24070520
RANGS. oo : MST-HIE2.5-0600 MST-HIE2.5-0800 MST-HIE2.5-1000
MST-HIE5-0600 MST-HIE5-0800 MST-HIE5-1000

Max. input voltage [V] ......ceeeeevvvevnnnnnnnnns : 60

Max. input DC current [A]...........eevvveenns : 14,5%4

Rated battery voltage [V].........cccccvvvnnnnes : 51,2

Output AC voltage .........cccoeeeeeeeeeeeeeenn. : L/N/PE, 230Va.c., 50/60Hz

Output AC current [A]......oevveeeeeeereeiinnnnn. : 2,61 ‘ 3,48 ‘ 4,35

Initial short-circuit AC current l[A] ........ : 5,46

Max. output power [VA]..........evvvvvvennnnnns : 600 ‘ 800 ‘ 1000

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01



TV
TUVEN

B U
SVLL

7828

Page 3 of 224 Report No,: BWDO-ESH-P24070520

Testing Location...........cccoeveeiniininnnn, :  LCIE China Company Limited

AdAreSS......iiieiiiee e :Building 4, No, 518, Xinzhuan Road, Caohejing, Songjiang High-Tech Park,
Shanghai, P,R, China (201612)

restedby Joell Qin Faell 6

(name, function and signature).............. :

Approved by Robin Wu Kp%’% %u

(name, function and signature).............. :

Manufacturer’'s name.......................... . Marstek energy Co., Ltd.

Manufacturer address...........cocceveeeenneee. . 1-4F, BLDG#9, 1/F, BLDG#5, West Industrial Park,
South of the Intersection of Ma'anshan Tunnel and Zhangshe Avenue, Xiangxi High-
tech Zone, Hunan Province, China

Factory’s name...........cceevvevneenenene. . Hunan Planck Esstechnology Co., Ltd.

Factory address..................................  Building 12, West Industrial Park, South of intersection of Maanshan Tunnel and
Zhangshe Avenue, Xiangxi High-tech Zone, Hunan Province

Document History

Date Internal reference Modification / Change / Status Revision

2024-07-21 Joell Qin Initial report was written 0

Supplementary information:
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Test items particulars

Equipment mobility ...........cccccvvveniinnnnnnns :  Permanent connection

Operating condition..............coeeeeeeeeeeennn. : Continuous

Class of equipment..........cccooeeeveeeeeeeenn. . Class|

Protection against ingress of water........ . IP65 according to EN 60529

Mass of equipment [Kg]........cccceeeriurnrnns . 38,2 kg for MST-HIE2.5-1000, MST-HIE2.5-0800, MST-HIE2.5-0600,

59,5 kg for MST-HIE5-1000, MST-HIE5-0800, MST-HIE5-0600

Test case verdicts

Test case does not apply

to the test object...........c.ooeeiiii, : N/A

Test item does meet

the requirement.............ccoeeeeiii, : P(ass)

Test item does not meet

the requirement...........ccccceeeeviniiiiinnen. : F(ail)

Testing

Date of receipt of test item .................... : 2024-04-29

Date(s) of performance of test............... . 2024-04-29 to 2024-05-21
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General remarks:

The test result presented in this report relate only to the object(s) tested,
The report shall state compliance of the tested objects with the requirements of VDE-AR-N 4105 / DIN VDE V 0124-100,

All information in this test report limited to the type label, warning markings, trademark, block diagram, manual and datasheets are
provided by the customer,

Conformity statements are decided in accordance with IEC GUIDE 115:2021 Procedure 2 (accuracy method), unless otherwise
normatively specified or contractually agreed, The measurement result is considered as "pass" according to the requirement if it is
within the prescribed limit or exactly on the limit,

”(see Annex #)" refers to additional information appended to the report,
"(see appended table)" refers to a table appended to the report,

Throughout this report a comma is used as the decimal separator,

o “Pg” for the rated active power:
Pie = Un x I x cos @ (single-Phase); Pe =V 3 U, X Iy X cos ¢ (three-Phase)
o “Pry for the momentary power
o “APego” in [%] = (Psetpoint — Peso) / Pre
o “AQego” in [%] = (Qexpected — Qeo0) / PEmax
o “go2” for gliding average values over 200 milliseconds
o “ggo” for gliding average values over 60 seconds
e “geoo for gliding average values over 10 minutes
e “(c)” for over-excited

e  “(i)’ for under-excited
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Active and reactive power:

The regarded system of the voltage and current vectors is the producer view (Figure 2):
o if the inverter feeds to the grid the active power is measured with positive sign,

!

p>0 0

I

R Tl L

For the representation in quadrants, a power circle is chosen whose representation is compatible with mathematical
representations of trigonometry and complex numbers (see Figure 2), Angles are counted positively counter-clockwise as in
mathematics, The phase angle is defined as the angle from the current pointer to the voltage pointer, The current pointer is always
in the real axis; the position of the voltage pointer corresponds to the apparent power and the phase angle,

Quadrant: |l Quadrant: |
{over.exited) consumption {over-exited) generation
neg. P pos. P

neg. cos Phi Q pos., cos Phi

pos. Q A 90° pos, Q

Quadrant |

. ()c
Phi > P

Quadrant IV

Quadrant: Il Quadrant: |V

(under-exited) consumption 270° (under-exited) generation
neg. P -Q pos, P
neq. cos Phi pos. cos Phi
neg. Q neg. Q
Figure 2

The different operating states can be represented in quadrants | to quadrant IV, The quadrants are named in a counter-clockwise
direction,
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This Test Report consists of the following documents:
L2 O R ST U1 PSPPI 17
ANNEX NO, 1 PiCtUIreS Of the UNit.. ..ot e e et e e e e e e s e eaeeeaneaees 217
ANNEX NO, 2 TeSt EQUIPMENT IIST.......eeiiiiiiiiiiiiiiiiiiiiit ettt e s et e esessesseensneensennne 222
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Copy of marking plate

MARS T EK

Balcony All-in-One ESS

MARS I EK

Balcony All-in-One ES5

Modal:

Battery Energy:
Type
Dapth of Discharge:

| Nominal volta ge:

- Capacily
Max, Input Yoltage
Rarge of Mppt Voltage:
Max, Inpul Current
Max, Short Current
Mominal Ouiput Voltage:
MWominal Quipul Fraguency;
Max. Continuaus Quiput Currant
Max, Dutpul Power;
Qutput Power Faclor
Protective Class:
Ingress Protection:

. Operating Ambient Temp
Size(LW"H)
Weighi:

A A A

MST-HIE2.
Z560Wh
LIFaPO4

15-50 Vdc
474,35 Adc
4*20 Adc

230 vac
S0/60 Hz

2.61 Aac

GO0 W

0,55 Defaull)

«20=55"C
045 30" &60mim

Marstek Energy Co., Limited
Mail: sales@marstekenangy.com

5-0&00 Model
Battery Energy:
Type
0%
BLZY Waminal voltage:
J0AR

a0 Vdc

Capacity:

Range af Mpat V'

Max. Cantinuous

i Protective Class
a8
Dperating Ambia
Sipa{L"W*H)
. Weight:

A A A

1B 2kg

Web: wwivi.marstelkenergy.com
Masde in Chinag

: | Depth of Discharge

Max. Input Yeltags:

Max, Input Current;

Max. Short Current:
MWominal Output Vollage

Maminal Oulpul Fraguency

M, Outpul Pawer;

Dutpul Power Faclor:

Ingress Protection:

M5T-HIER-0410
5120w
LiFaF04

20%

SLIV

1004k

6 Vi

15-50 Vdc
47145 Adc
£420 Adc

230 Vac
50760 Hz

.61 Aac

&00 Wi

0.5 {Default]

ollage:

Output Current:

iP5

=20=55 °C -
37025257 0mm
5% 5lkg

nl Tk

Marstek Energy Co,, Limitsd
Madl: s alesiEmmarstek enengy.oosm
Wieh: www.marstekenergy.com
Made in China
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MARSTEK

Balcony All-i

Model:

A A A

Eattery Energy:
Type

Depth of Discharge:

Hominal veltage
Capacity
Max. Input '.'u!tag-z'

Page 9 of 224

n-0One ESS

MST-HIEZ5-0B00
2960Wh

LiFePDu

ol

512

a0ah

40 Vdc

Modeal:
Eattery Energy

T':,'p[l

Haminal vollege
Capacity:
Max. Input Voeltage

Frange ol prl '.fﬂll:age

Ha:-l ’Inpu I I: urrl:-nl:

Depth of Discharge:

Report No,: BWDO-ESH-P24070520

MARSTEK

Balcony All-in-One ESS

MST-HIES-0800
al2UWh
LiFePd4

0%

FLIY

jlifvret

&0 Vdc

15 E-EI 1.-'|:||:

ﬁ 1-15- o .l"-l.'lc

H ax, |n11 ut Currl.'ln'l

r-'lau. Shor Current.

Mominal Cuipul Vellage:
MWominal Ouipul Fraquancy

Max. Continuous Dulput Current:

Max, Outpul Pawer
Outpul Power Faciar

Protective Class:

Ingress Pratection:

Dperating Ambienl Temp

Size(L*W"H)

. 'ﬁl'-Elght

F!:lhge ol "'«1|.L|.1| "."ullr|_.||:

15 55 "."m:
-!-"-55 -!u:'l:

&2 Adc

230 Vac
S0/el Hz
248 Aac

B0 Wi
«0.99 | Defaull)
| - | Protective Class:

IF&5
=F0=55"°C
J0&*230%460mm
34 .Eicg

Dperating Ambeen
Size(L*W*H)
Weight

Ecem

Wel:

Marstek Enenzy Co., Limited
Mail: salesmmarstekensergy.com

Maz. Short Current

Nominal Output Voltage
Maminal Ouipul Freguency

Max. Continugus Quipiut Current:
Max. Dutpul Pawer:

Output Power Faclor

Imgress Protection:

&£*20 Adc

230 Vac
50/60 Hz

148 Aac

B00 VA

«0.9% Default]
I

IR&E
=20=55°C
39025257 Bmm
0y R kg

Temp

AA A
XCE

Ww W marnstakanar gy.com
Madein China

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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MARSTEK @ NMARSTEK

Balcony All-in-Dne ES5 Balcony All-in-One ESS

Medel: MET-HIEZ 5-10800 Model: MET-HIES- 1000
[ Battery Energy 7540Wh Eattery Energy 5120%h
Type LiFePO4 Type LiFaPO4
Depth of Discharge ik Depth of Discharge 0%

| Nominal wollage 5.2 MNaminal vollege GLEV
Capacity: S0AR . Capacity: 100&kK

Max, lnpul Vollage: Al Vide . Max. Input Voltage: &0 Vdc

Range of Mppl Vellage 15-50 Vdc = Range of Mppl 'l."::ll-.-‘l-ge 15-50 Vidc

Max. Input Current: 4*146.5 Adc = | Max. Input Currant 4%14.5 Adc

Max. Shart Current: 5°20 Ade Max. Short Current: £*20 Adc

Namimal Oulput Vallage 230 Vac Mominal Output Yoltage 230 Vac

MNominal Dutpat Frequency: S0/60 Hz Mominal Dulpul Fregeency 50560 Hz
Max. Continuous Quiputl Current: 435 Aac Max. Continuous Duiput Current: 4,35 Aac
Max, Dutput Pawer 1000 WA Max. Dutpull Pawer: pOGa0 VA
Output Power Factor #0079 e Taalt} Output Power Factor «[0,99(Default)
Protective Class: I - | Protective Class: i

|m:|rm-:s Protectson IF&5 Imgress Pratection; IPAS

Dperating Ambient Temp: -20-5§ "C Dperating Ambient Temp «2=55 °C

Size[L"W"H) 204 230" 540 mim Sire(l"W*H) ¥ 252 5T mm
Weight 38.Thyg Weight 59 Shy

& &. &. Marstek Energy Co., Limited f,’?\ -ﬁ:\\ fr{g-'}\ Marstek Eneray Co,, Limited

Mail: salasi@marstekamnergy.com >_{/ Mail: salas@marstekenengy.com

LS Fa
?bi C E r['i Web: www.marstekenergy.com | c € i Web: Wiww.marstekenergy.com
— L g

- Made in China Made In China

Note:

Example of marking plate
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General product information

Datasheet Manufacturer example:

JUPITER SERIES BALCONY
PHOTOVOLTAIC INTEGRATED
MACHINE

MST-HIE2.5-0600//0800//1000
MST-HIES-0600/0800/1000
~

MY

QRORGRCROR0

P23 P4 PER Fi11

MARSTEK ENERGY CO., LIMITED WWW.MARSTEKEN ERGY.COM
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6_ Technical Specifications
Specification Type WAST-HIE2 5-0600 MET-HIE2.5-0800 MET-HIE2 51000

b€t
Max Input YoRage By
PY Typical nput Power 00RO +
Range of Irput Operating Yolage 150V
Mai lrput Curment 14,584
Max Short Currnt il
MPRET Mo i
MFPET EMficiency A%

Maw inverter feedback curvent [

- ACOwpme
Maw Dutput Fowar it BOOW (ke
Haminal Dotput VoRsgedar | 2308
Dt put Woltage Range THO-ZTSY
Haming Dutpul Frequency & Rangs GhHz/46-55H:  GOHE S5~ E5HE
Max Corimeus Cutput Curentf A0 1614 JABA 4,354
b Owerturrent 104
K awFault Curment 258
Cument (in rush| 20,

M Efficizncy 46.0%
Chitput Power Faciai =059 (Defauln
TH D < ¥

~ General Parameter
Ingrass Fratechan IPES
Clvar Valtage cegary PO, Mainsd
Irwerier Topology lsotated
Operating Ambient Temp. -2 =435
Bk v by enidling < S5HRH
Cooling Stretegy Blatural Convectian
Frotectve Clacs I
Standerd VO $005/0124,TOR R25 EMS0549- 1 LCETR-21, FETHEE PIN- BN 50549-1;-2
Supported Communication interface Wik
Sizw Mdrnm = 30men= 4a0rmm LR TER L) F0mms2 R 5 T0mml P ITER €]

21
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Report No,: BWDO-ESH-P24070520

Weight 0.2 gl ILFETER-C) 89 Skgit LPITER-E)
Bdonitoring Platfarm Power Zero

Blsirdeparce 10 Year

Fod uti on Degred Citdoor PRI indoor FOOI

Pl g cpmeration A s 0N

Aated Wihage B

Hattery Energy 25K ILPITER -C) STAWh{LETTER -E)
Life Chcle (Times) *BO0I25°C|

Battery Type LiFePO

DD 0

Capacity SOARIUFITER -C) T hLILE ITER-E]

* Mote 1: Rated voltage freq uency range can be changed according 1o the regquirements of lacal power department
* Mot 20 Pleass reler 10 local electrical pegulations to determing the number af the bakofy photavaltaic integraed

machine that car be cannedied to sach branch,
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Block diagram of the utility interactive inverter

Description of the power circuit:

The internal control is redundant built, It consists of master controller(U15) and slave controller(U17), the master controller(U15)
can control relays, measures voltage, frequency, AC current with injected DC, insulation resistance and residual current, The
slave controller (U17) can control the relays, measures the voltage and frequency, Both controllers communicate with each other,
The voltage and frequency measurement is achieved with resistors in serial which are connected directly to line and neutral, Both
controllers get these signals and calculate the data.

The unit provides one dual contact relay in L and N, The relay is tested before each start up, In addition the power bridge can be
stopped by both controllers.

» ~
»
> » .
> » > > -
» S »
»
» »
. 4
»
» - - -
v
- -
- >
- *

Differences of the models in the series

Description example:

All Identically

The PGUs MST-HIE2.5-1000, MST-HIE2.5-0800, MST-HIE2.5-0600, MST-HIE5-1000, MST-HIE5-0800, MST-HIE5-0600 use the
same hardware platform. The ‘2,5’ models have the half battery energy and capacity of the ‘5" models.

The PGUs use the same control unit, control system and software,

Therefore testing of the PGU MST-HIE2.5-1000 is applicable for the PGUs MST-HIE2.5-0800 and MST-HIE2.5-0600, MST-HIE5-
1000, MST-HIE5-0800, MST-HIE5-0600.

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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The product was tested on

The products with serial number HMMI1000W20241200001, HMMI0O800W20241200001 and HMMIO600W20241200001 were
tested on.

Hardware: V3.0

Software: V1.0.1
Note:

The tests were performed with firmware version 1.0.1. Changes in the firmware version on position 1.0.X have no effect on the
required electrical properties. "X" could be any number (or sign) higher (newer) than the tested version.

All tests were performed on EUT MST-HIE2.5-1000 and are valid for the whole series.

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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Description of the remote control in a typical installation

3 || Antenna
Fh-:rt-::nucilrain:
¥ . AL power cutle paneli
> I Ry . 2
(& 0 )

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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Test Results

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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DIN VDE V 0124-100

52 Evidence of permissible network perturbations P
53 Evidence of symmetry behaviour of inverters P
5,4 Evidence of the behaviour of the generating unit on the network P
55 NS-protection P
5,6 Connecting conditions and synchronization P
5,7 Evidence of Payg-Control P
5,8 Evidence dynamic grid support P
5,9 Test of Ancillary Unit N/A

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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DIN VDE V 0124-100

52 ‘ Evidence of permissible network perturbations

521 General P
52,2 Rapid voltage changes P
523 Flicker P
524 Harmonics and interharmonics P
52,4,13a) Test Harmonics DIN EN 61000-3-2 (< 16 A per Phase) P
52,4,14a) Test Harmonics DIN EN 61000-3-12 (= 16 A and < 75 A per Phase) N/A
5,2,4,1b) Test Harmonics and interharmonics DIN EN 61000-4-7 (= 75 A per Phase) P
525 Commutation N/A
52,6 Feed in of DC current P

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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52,1 ‘General P

The electrical installations of the customer system shall be planned, constructed and operated so that reactions to the network
operator’s network and to the systems of other customers are permanently reduced to a permissible minimum, Should interfering
reactions on the network operator’s network occur nonetheless, the customer shall apply measures to his system that are to be
coordinated with the network operator, The network operator is entitled to disconnect the power generation system concerned
from the network until the deficiencies are corrected,

System perturbations are defined as:

- Rapid voltage changes
- Flicker

- Harmonics, interharmonics and higher frequencies (up to 9 kHz)

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
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52,2 ‘Rapid voltage changes P

The purpose of the test is to determine ki and Kimax,
The following three cases must be tested (where applicable),
- Switch-on for any capacity
- Unfavourable case when switching the generator step
- Switch-on for nominal capacity
Note: For PV-plants the inverter is the generator
- Switch-off for nominal capacity (no emergency shutdown, but operative shutdown)

If the manufacturer knows more critical cases (e,g, different cos ¢ parameters) then these additional have to be tested

Test conditions:

Frequency: 50 Hz +0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pemax %: <3 %
Test: MST-HIE2.5-1000

Switch-on for any capacity (10% PEmax)

Phase L1 L2 L3

Single period effective

values of the current [A] 0,172 0,177 0,180 NA NA NA NA NA NA
Single period effective

values of the voltage [V] 227,3 227,2 227,1 NA NA NA NA NA NA
ki value [1] 0,038 0,039 0,040 NA NA NA NA NA NA
Kimax Value [1] 0,040 NA NA

Unfavourable case when switching the generator step (not necessary for electronic inverter)
Phase L1 L2 L3

fgl‘géi %‘?;‘ﬁg fﬂfgﬂﬁﬂ NA NA NA NA NA NA NA NA NA
fgl‘géi %‘?;‘ﬁg fgf;ég’?v] NA NA NA NA NA NA NA NA NA
k value [1] NA NA NA NA NA NA NA NA NA
Kimax Value [1] NA NA NA

Switch-on for nominal capacity

Phase L1 L2 L3

Single period effective NA NA NA NA NA NA

values of the current [A] 0,173 0,175 0,173

Single period effective NA NA NA NA NA NA
values of the voltage [V] 221,2 2211 2211

ki value [1] 0,038 0,038 0,038 NA NA NA NA NA NA
kimax Value [1] 0,038 NA NA
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52,2 ‘Rapid voltage changes P
Switch-off for nominal capacity
Phase L1 L2 L3
single period effective 0950 | 1,950 | 3,353 NA NA NA NA NA NA
values of the current [A] ’ ’ ’

Single period effective 2272 | 2273 | 2275 NA NA NA NA NA NA
values of the voltage [V] ' ' '
ki value [1] 0,209 0,429 0,737 NA NA NA NA NA NA
Kimax value [1] 0,737 NA NA

Grid Frequency [Hz] 50
Grid voltage [V] 230
Rated current I, [A] 4,55
Highest kimax Value for all switching operations [1] 0,737

Note:

Limits:

(la = starting current)

kimax = 1,2 for synchronous generators with fine synchronization, converter; (electronic inverter)

kimax = 4 for asynchronous generators, which are switched on at 95% to 105% of their synchronous speed, if no further details are
available regarding the type of current limitation, With regard to short-term compensation processes, the condition mentioned
below for very short voltage changes must also be observed,

Kimax = 8 for asynchronous generators that are powered up by the network if I, is unknown,
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52,2 ‘Rapid voltage changes P

The purpose of the test is to determine ki and Kimax,
The following three cases must be tested (where applicable),
- Switch-on for any capacity
- Unfavourable case when switching the generator step
- Switch-on for nominal capacity
Note: For PV-plants the inverter is the generator
- Switch-off for nominal capacity (no emergency shutdown, but operative shutdown)

If the manufacturer knows more critical cases (e,g, different cos ¢ parameters) then these additional have to be tested

Test conditions:

Frequency: 50 Hz +0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pemax %: <3 %
Test: MST-HIE2.5-0800

Switch-on for any capacity (10% PEmax)
Phase L1 L2 L3

Single period effective NA NA NA NA NA NA
values of the current [A] 0.175 0.172 0.173

Single period effective NA NA NA NA NA NA
values of the voltage [V] 221,0 221.0 2211

ki value [1] 0,048 0,047 0,048 NA NA NA NA NA NA
Kimax Value [1] 0,048 NA NA

Unfavourable case when switching the generator step (not necessary for electronic inverter)
Phase L1 L2 L3

fgl‘géi %‘?;‘ﬁg fﬂfgﬂﬁﬂ NA NA NA NA NA NA NA NA NA
fgl‘géi %‘?;‘ﬁg fgf;ég’?v] NA NA NA NA NA NA NA NA NA
k value [1] NA NA NA NA NA NA NA NA NA
Kimax Value [1] NA NA NA

Switch-on for nominal capacity

Phase L1 L2 L3

Single period effective NA NA NA NA NA NA

values of the current [A] 0,175 0,173 0,169

Single period effective NA NA NA NA NA NA
values of the voltage [V] 2211 221,2 221,2

ki value [1] 0,048 0,048 0,046 NA NA NA NA NA NA
kimax value [1] 0,048 NA NA
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52,2 ‘Rapid voltage changes P
Switch-off for nominal capacity
Phase L1 L2 L3
Single period effective NA NA NA NA NA NA
values of the current [A] 1,335 0.879 1,558
Single period effective NA NA NA NA NA NA
values of the voltage [V] 2211 221.0 221.0
ki value [1] 0,367 0,241 0,428 NA NA NA NA NA NA
Kimax value [1] 0,428 NA NA

Grid Frequency [Hz] 50
Grid voltage [V] 230
Rated current I, [A] 3,64
Highest kimax Value for all switching operations [1] 0,428

Note:

Limits:

(la = starting current)

kimax = 1,2 for synchronous generators with fine synchronization, converter; (electronic inverter)

kimax = 4 for asynchronous generators, which are switched on at 95% to 105% of their synchronous speed, if no further details are
available regarding the type of current limitation, With regard to short-term compensation processes, the condition mentioned
below for very short voltage changes must also be observed,

Kimax = 8 for asynchronous generators that are powered up by the network if I, is unknown,
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52,2 ‘Rapid voltage changes P

The purpose of the test is to determine ki and Kimax,
The following three cases must be tested (where applicable),
- Switch-on for any capacity
- Unfavourable case when switching the generator step
- Switch-on for nominal capacity
Note: For PV-plants the inverter is the generator
- Switch-off for nominal capacity (no emergency shutdown, but operative shutdown)

If the manufacturer knows more critical cases (e,g, different cos ¢ parameters) then these additional have to be tested

Test conditions:

Frequency: 50 Hz +0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100 Pemax %: <3 %
Test: MST-HIE2.5-0600

Switch-on for any capacity (10% PEmax)
Phase L1 L2 L3

Single period effective NA NA NA NA NA NA
values of the current [A] 0171 0.171 0,066

Single period effective NA NA NA NA NA NA
values of the voltage [V] 2212 2211 2213

ki value [1] 0,063 0,063 0,024 NA NA NA NA NA NA
Kimax Value [1] 0,063 NA NA

Unfavourable case when switching the generator step (not necessary for electronic inverter)
Phase L1 L2 L3

fgl‘géi %‘?;‘ﬁg fﬂfgﬂﬁﬂ NA NA NA NA NA NA NA NA NA
fgl‘géi %‘?;‘ﬁg fgf;ég’?v] NA NA NA NA NA NA NA NA NA
k value [1] NA NA NA NA NA NA NA NA NA
Kimax Value [1] NA NA NA

Switch-on for nominal capacity

Phase L1 L2 L3

Single period effective NA NA NA NA NA NA

values of the current [A] 0171 0,172 0,176

Single period effective NA NA NA NA NA NA
values of the voltage [V] 2213 2213 2213

ki value [1] 0,063 0,063 0,064 NA NA NA NA NA NA
kimax value [1] 0,064 NA NA
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52,2 ‘Rapid voltage changes P
Switch-off for nominal capacity
Phase L1 L2 L3
Single period effective NA NA NA NA NA NA
values of the current [A] 1,152 1.141 0,911
Single period effective NA NA NA NA NA NA
values of the voltage [V] 2213 2213 2214
ki value [1] 0,422 0,418 0,334 NA NA NA NA NA NA
Kimax value [1] 0,422 NA NA

Grid Frequency [Hz] 50
Grid voltage [V] 230
Rated current I, [A] 2,73
Highest kimax Value for all switching operations [1] 0,422

Note:

Limits:

(la = starting current)

kimax = 1,2 for synchronous generators with fine synchronization, converter; (electronic inverter)

kimax = 4 for asynchronous generators, which are switched on at 95% to 105% of their synchronous speed, if no further details are
available regarding the type of current limitation, With regard to short-term compensation processes, the condition mentioned
below for very short voltage changes must also be observed,

Kimax = 8 for asynchronous generators that are powered up by the network if I, is unknown,
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52,3 Flicker P

These tests are designed to provide evidence that the requirements of
VDE-AR-N 4100:2109-04 are met,

Adherence to the thresholds for flicker must be verified as followed:
- For nominal currents < 16 A per conductor to DIN EN 61000-3-3 (VDE 0838-3)
- For nominal currents > 16 A and < 75 A per conductor to DIN EN 61000-3-11 (VDE 0838-11)

Test conditions:

Voltage: 86% Uy, to 109% U,

Frequency: 50 Hz +0,5%

THD of the voltage supply: <3 %

Voltage rise of the PGU at 100% Pemax: <3 %

Test:
MST-HIE2.5-1000
Flicker to DIN EN 61000-3-3 (VDE 0838-3) or DIN EN 61000-3-11 (VDE 0838-11) for generator units <75 A

Grid impedance DIN EN 61000-3-3 (VDE 0838-3) [Q]: Ra =0,24Q jXa =0,15Q/ Ry = 0,16Q jXn = 0,10Q (Rn and jXn
only for single-phase units used!)
Output voltage of the impedance network [V] 230V
Flicker to: Result:
Pt Pst dc%
DIN EN 61000-3-3 0,017 0,019 0,031

Assessment criterion:
Long-term flicker strength PIt to DIN EN 61000-3-3 (VDE 0838-3) or DIN EN 61000-3-11 must be < 0,5,

Determination of the flicker coefficient:
Cx =Py x(S/R)
where Sy is the short-circuit power of the network standby element (during the determination of the appropriate Ps; values)

The value for the network standby element must be determined separately with measurements for rated currents > 75 A,
Flicker for rated currents <75A to DIN EN 61000-3-3 (VDE 0838-3)

Grid impedance angle yy 32°

Flicker coefficient c(wx) 1,932

Assessment criterion:

Long-term flicker strength: Py< 0,5

Note:
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5,2,4,1 a) ‘Test Harmonics DIN EN 61000-3-2 (<16 A per Phase) P

MST-HIE2.5-1000

Phase L1 L2 L3

Power Level 100% 100% 100%

AC Power [W] 1008,1 N/A N/A

AC Voltage [V] 229,9 N/A N/A

AC Current [A] 4,39 N/A N/A

Frequency [Hz] 50,00 N/A N/A

THD [%][50] 1,92 N/A N/A

Harmonic Current % of Funda- Current % of Funda- Current % of Funda- Harmonic
Magnitude mental Magnitude mental Magnitude mental Current
(A) (A) (A) Limits (A)

1st 4,385 - N/A N/A N/A N/A --
2nd 0,007 0,170 N/A N/A N/A N/A 1,080
3rd 0,028 0,636 N/A N/A N/A N/A 2,300
4th 0,004 0,084 N/A N/A N/A N/A 0,430
5th 0,023 0,534 N/A N/A N/A N/A 1,140
6th 0,002 0,044 N/A N/A N/A N/A 0,300
7th 0,016 0,365 N/A N/A N/A N/A 0,770
8th 0,001 0,033 N/A N/A N/A N/A 0,263
9th 0,016 0,377 N/A N/A N/A N/A 0,400
10th 0,001 0,028 N/A N/A N/A N/A 0,184
11th 0,013 0,297 N/A N/A N/A N/A 0,330
12th 0,001 0,027 N/A N/A N/A N/A 0,153
13th 0,011 0,253 N/A N/A N/A N/A 0,210
14th 0,001 0,016 N/A N/A N/A N/A 0,131
15th 0,016 0,357 N/A N/A N/A N/A 0,150
16th 0,000 0,011 N/A N/A N/A N/A 0,115
17th 0,019 0,435 N/A N/A N/A N/A 0,132
18th 0,001 0,018 N/A N/A N/A N/A 0,102
19th 0,020 0,465 N/A N/A N/A N/A 0,188
20th 0,001 0,012 N/A N/A N/A N/A 0,092
21th 0,021 0,481 N/A N/A N/A N/A 0,107
22th 0,000 0,007 N/A N/A N/A N/A 0,084
23th 0,020 0,465 N/A N/A N/A N/A 0,098
24th 0,001 0,012 N/A N/A N/A N/A 0,077
25th 0,017 0,399 N/A N/A N/A N/A 0,090
26th 0,001 0,013 N/A N/A N/A N/A 0,071
27th 0,017 0,387 N/A N/A N/A N/A 0,080
28th 0,001 0,024 N/A N/A N/A N/A 0,066
29th 0,018 0,417 N/A N/A N/A N/A 0,078
30th 0,001 0,012 N/A N/A N/A N/A 0,061
31th 0,019 0,441 N/A N/A N/A N/A 0,073
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5,2,4,1 a) ‘Test Harmonics DIN EN 61000-3-2 (<16 A per Phase) P

MST-HIE2.5-1000
32th 0,000 0,010 N/A N/A N/A N/A 0,057
33th 0,019 0,443 N/A N/A N/A N/A 0,068
34th 0,000 0,008 N/A N/A N/A N/A 0,054
35th 0,018 0,418 N/A N/A N/A N/A 0,064
36th 0,000 0,011 N/A N/A N/A N/A 0,051
37th 0,016 0,368 N/A N/A N/A N/A 0,061
38th 0,001 0,013 N/A N/A N/A N/A 0,048
39th 0,014 0,312 N/A N/A N/A N/A 0,058
40th 0,000 0,011 N/A N/A N/A N/A 0,046
41th 0,012 0,266 N/A N/A N/A N/A N/A
42th 0,001 0,014 N/A N/A N/A N/A N/A
43th 0,011 0,251 N/A N/A N/A N/A N/A
44th 0,001 0,018 N/A N/A N/A N/A N/A
45th 0,009 0,217 N/A N/A N/A N/A N/A
46th 0,001 0,018 N/A N/A N/A N/A N/A
47th 0,006 0,145 N/A N/A N/A N/A N/A
48th 0,001 0,013 N/A N/A N/A N/A N/A
49th 0,004 0,082 N/A N/A N/A N/A N/A
50th 0,001 0,012 N/A N/A N/A N/A N/A

Impedance [Q]

Line |Ra = 0,24 jXa = 0,15
Neutral |Ry = 0,16 jXn = 0,10
Note:
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5.2.4.1 b) | Test Harmonics DIN EN 61000-4-7 | P

MST-HIE2.5-1000

Harmonics

P/ Pee [%] 5 | 10 | 20 | 30 | 40 | s0 [ 60 | 70 | 80 | 90 | 100 | Max

Order In [%]
! 4,038 | 10,916 | 20,550 | 30,221 | 40,301 | 50,666 | 60,762 | 70,903 | 81,150 | 91,083 | T00 7 | 10079
2 0,027 | 0,008 | 0,025 | 0,031 | 0,045 | 0,055 | 0,084 | 0,094 | 0,117 | 0,151 | 0,168 | 0,170
3 0,039 | 0,192 | 0,082 | 0,299 | 0,223 | 0,197 | 0,349 | 0,482 | 0,460 | 0,457 | 0,632 | 0,636
4 0,006 | 0,019 | 0,005 | 0,007 | 0,014 | 0,026 | 0,035 | 0,037 | 0,054 | 0,059 | 0,083 | 0,084
5 0,022 | 0,141 | 0,049 | 0,218 | 0,136 | 0,079 | 0,219 | 0,391 | 0,352 | 0,390 | 0,531 | 0,534
6 0,010 | 0,006 | 0,004 | 0,023 | 0,014 | 0,019 | 0,017 | 0,022 | 0,035 | 0,046 | 0,043 | 0,044
7 0,031 | 0,078 | 0,090 | 0,216 | 0,173 [ 0,170 | 0,173 | 0,098 | 0,262 | 0,334 | 0,369 | 0,365
8 0,013 | 0,004 | 0,007 | 0,005 | 0,010 | 0,018 | 0,020 | 0,015 | 0,029 | 0,025 | 0,032 | 0,033
9 0,014 | 0,037 | 0,052 | 0,084 | 0,095 | 0,096 | 0,083 | 0,071 | 0,120 | 0,249 | 0,375 | 0,377
10 0,011 | 0,006 | 0,011 | 0,015 | 0,019 | 0,020 | 0,008 | 0,011 | 0,015 | 0,023 | 0,028 | 0,028
11 0,015 | 0,026 | 0,016 | 0,035 | 0,048 | 0,060 | 0,089 | 0,175 | 0,173 | 0,282 | 0,296 | 0,297
12 0,010 | 0,006 | 0,005 | 0,008 | 0,005 | 0,015 | 0,013 | 0,010 | 0,011 | 0,024 | 0,028 | 0,027
13 0,013 | 0,028 | 0,029 | 0,032 | 0,073 | 0,111 | 0,215 | 0,115 | 0,250 | 0,252 | 0,255 | 0,253
14 0,008 | 0,003 | 0,006 | 0,007 | 0,010 | 0,015 | 0,013 | 0,008 | 0,013 | 0,015 | 0,015 | 0,016
15 0,013 | 0,027 | 0,039 | 0,058 | 0,089 | 0,135 | 0,130 | 0,279 | 0,270 | 0,337 | 0,358 | 0,357
16 0,009 | 0,003 | 0,004 | 0,005 | 0,006 | 0,006 | 0,010 | 0,011 | 0,020 | 0,007 | 0,011 | 0,011
17 0,015 | 0,006 | 0,063 | 0,051 | 0,123 | 0,135 | 0,291 | 0,351 | 0,393 | 0,383 | 0,436 | 0,435
18 0,009 | 0,003 | 0,006 | 0,007 | 0,014 | 0,012 | 0,008 | 0,011 | 0,010 | 0,016 | 0,018 | 0,018
19 0,015 | 0,046 | 0,088 | 0,045 | 0,146 | 0,160 | 0,151 | 0,253 | 0,433 | 0,458 | 0,467 | 0,465
20 0,009 | 0,003 | 0,007 | 0,004 | 0,009 | 0,008 | 0,007 | 0,009 | 0,013 | 0,010 | 0,010 | 0,012
21 0,012 | 0,055 | 0,086 | 0,088 | 0,153 | 0,206 | 0,330 | 0,344 | 0,342 | 0,458 | 0,486 | 0,481
22 0,009 | 0,004 | 0,005 | 0,004 | 0,008 | 0,010 | 0,009 | 0,012 | 0,010 | 0,013 | 0,007 | 0,007
23 0,013 | 0,051 | 0,079 | 0,141 | 0,151 | 0,233 | 0,234 | 0,323 | 0,353 | 0,378 | 0,464 | 0,465
24 0,009 | 0,003 | 0,006 | 0,005 | 0,009 | 0,012 | 0,018 | 0,009 | 0,019 | 0,012 | 0,012 | 0,012
25 0,015 | 0,054 | 0,001 | 0,161 | 0,187 | 0,223 | 0,373 | 0,325 | 0,387 | 0,355 | 0,401 | 0,399
26 0,007 | 0,005 | 0,004 | 0,004 | 0,008 | 0,010 | 0,012 | 0,008 | 0,012 | 0,014 | 0,013 | 0,013
27 0,011 | 0,054 | 0,113 | 0,191 | 0,232 | 0,224 | 0,246 | 0,412 | 0,367 | 0,392 | 0,388 | 0,387
28 0,009 | 0,002 | 0,006 | 0,010 | 0,011 | 0,007 | 0,014 | 0,019 | 0,012 | 0,016 | 0,023 | 0,024
29 0,019 | 0,081 | 0,118 | 0,199 | 0,240 | 0,256 | 0,313 | 0,318 | 0,404 | 0,404 | 0,416 | 0,417
30 0,011 | 0,004 | 0,007 | 0,012 | 0,010 | 0,008 | 0,010 | 0,009 | 0,014 | 0,017 | 0,012 | 0,012
31 0,017 | 0,086 | 0,114 | 0,178 | 0,225 | 0,285 | 0,235 | 0,303 | 0,413 | 0,414 | 0,440 | 0,441
32 0,011 | 0,003 | 0,004 | 0,004 | 0,008 | 0,010 | 0,009 | 0,007 | 0,013 | 0,010 | 0,010 | 0,010
33 0,018 | 0,095 | 0,121 | 0,182 | 0,238 | 0,278 | 0,331 | 0,313 | 0,327 | 0,422 | 0,442 | 0,443
34 0,010 | 0,003 | 0,005 | 0,011 | 0,011 | 0,006 | 0,012 | 0,010 | 0,014 | 0,009 | 0,008 | 0,008
35 0,020 | 0,085 | 0,123 | 0,197 | 0,234 | 0,250 | 0,275 | 0,263 | 0,311 | 0,368 | 0,418 | 0,418
36 0,010 | 0,006 | 0,006 | 0,008 | 0,009 | 0,007 | 0,014 | 0,007 | 0,010 | 0,009 | 0,010 | 0,011
37 0,024 | 0,068 | 0,204 | 0,182 | 0,201 | 0,240 | 0,290 | 0,326 | 0,314 | 0,309 | 0,369 | 0,368
38 0,009 | 0,004 | 0,003 | 0,006 | 0,010 | 0,005 | 0,013 | 0,011 | 0,014 | 0,008 | 0,013 | 0,013
39 0,021 | 0,071 | 0,096 | 0,175 | 0,176 | 0,247 | 0,230 | 0,300 | 0,264 | 0,307 | 0,315 | 0,312
40 0,010 | 0,004 | 0,003 | 0,006 | 0,007 | 0,016 | 0,014 | 0,015 | 0,012 | 0,014 | 0,010 | 0,011
41 0,026 | 0,069 | 0,090 | 0,169 | 0,173 | 0,216 | 0,223 | 0,210 | 0,244 | 0,288 | 0,267 | 0,266
42 0,014 | 0,011 | 0,012 | 0,012 | 0,009 | 0,021 | 0,016 | 0,018 | 0,015 | 0,021 | 0,014 | 0,014
43 0,020 | 0,064 | 0,077 | 0,142 | 0,163 | 0,158 | 0,182 | 0,188 | 0,212 | 0,227 | 0,250 | 0,251
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5.2.4.1b) ‘Test Harmonics DIN EN 61000-4-7 P

MST-HIE2.5-1000

Harmonics

P/ P [%] 5 10 20 30 40 50 60 70 80 90 100 Max

44 0,021 | 0,013 | 0,010 | 0,005 | 0,007 | 0,015 | 0,015 | 0,017 | 0,016 | 0,020 | 0,019 | 0,018
45 0,014 | 0,048 | 0,064 | 0,108 | 0,125 | 0,116 | 0,148 | 0,094 | 0,107 | 0,167 | 0,216 | 0,217
46 0,015 | 0,004 | 0,003 | 0,004 | 0,006 | 0,019 | 0,017 | 0,018 | 0,015 | 0,013 | 0,018 | 0,018
47 0,016 | 0,033 | 0,048 | 0,087 | 0,092 | 0,104 | 0,102 | 0,083 | 0,065 | 0,109 | 0,143 | 0,145
48 0,013 | 0,004 | 0,006 | 0,007 | 0,006 | 0,027 | 0,013 | 0,014 | 0,015 | 0,010 | 0,013 | 0,013
49 0,016 | 0,021 | 0,036 | 0,065 | 0,076 | 0,090 | 0,023 | 0,084 | 0,052 | 0,021 | 0,082 | 0,082
50 0,015 | 0,015 | 0,022 | 0,011 | 0,012 | 0,029 | 0,011 | 0,012 | 0,015 | 0,013 | 0,013 | 0,012
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5.2.4.1b) ‘ Interharmonics ‘ P

MST-HIE2.5-1000

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max
f[Hz] In [%]

75 0,015 | 0,014 | 0,011 | 0,014 | 0,016 | 0,019 | 0,021 | 0,046 | 0,057 | 0,028 | 0,039 | 0,039
125 0,013 | 0,008 | 0,009 | 0,012 | 0,014 | 0,018 | 0,019 | 0,022 | 0,028 | 0,026 | 0,029 | 0,029
175 0,015 | 0,011 | 0,012 | 0,013 | 0,015 | 0,018 | 0,021 | 0,022 | 0,027 | 0,025 | 0,027 | 0,027
225 0,013 | 0,008 | 0,008 | 0,010 | 0,012 | 0,016 | 0,016 | 0,021 | 0,024 | 0,021 | 0,025 | 0,025
275 0,015 | 0,009 | 0,011 | 0,012 | 0,013 | 0,016 | 0,015 | 0,020 | 0,024 | 0,021 | 0,025 | 0,025
325 0,013 | 0,007 | 0,009 | 0,011 | 0,012 | 0,016 | 0,015 | 0,019 | 0,021 | 0,021 | 0,023 | 0,023
375 0,014 | 0,007 | 0,010 | 0,011 | 0,012 | 0,014 | 0,018 | 0,020 | 0,023 | 0,019 | 0,023 | 0,023
425 0,013 | 0,008 | 0,009 | 0,009 | 0,013 | 0,015 | 0,016 | 0,018 | 0,021 | 0,020 | 0,021 | 0,021
475 0,014 | 0,008 | 0,009 | 0,011 | 0,011 | 0,014 | 0,017 | 0,019 | 0,021 | 0,021 | 0,022 | 0,022
525 0,014 | 0,008 | 0,008 | 0,011 | 0,012 | 0,015 | 0,017 | 0,020 | 0,022 | 0,021 | 0,021 | 0,021
575 0,013 | 0,007 | 0,009 | 0,011 | 0,012 | 0,015 | 0,017 | 0,020 | 0,020 | 0,023 | 0,022 | 0,022
625 0,013 | 0,008 | 0,009 | 0,010 | 0,011 | 0,014 | 0,016 | 0,019 | 0,022 | 0,020 | 0,023 | 0,023
675 0,013 | 0,009 | 0,009 | 0,011 | 0,014 | 0,014 | 0,015 | 0,019 | 0,029 | 0,021 | 0,021 | 0,021
725 0,013 | 0,007 | 0,009 | 0,010 | 0,011 | 0,014 | 0,018 | 0,020 | 0,019 | 0,021 | 0,024 | 0,024
775 0,013 | 0,007 | 0,009 | 0,010 | 0,011 | 0,015 | 0,018 | 0,017 | 0,029 | 0,020 | 0,023 | 0,023
825 0,014 | 0,008 | 0,009 | 0,010 | 0,013 | 0,014 | 0,017 | 0,021 | 0,029 | 0,021 | 0,023 | 0,023
875 0,014 | 0,007 | 0,008 | 0,011 | 0,012 | 0,014 | 0,013 | 0,016 | 0,018 | 0,016 | 0,022 | 0,022
925 0,013 | 0,008 | 0,000 | 0,011 | 0,012 | 0,015 | 0,015 | 0,018 | 0,020 | 0,020 | 0,023 | 0,023
975 0,013 | 0,008 | 0,010 | 0,012 | 0,014 | 0,015 | 0,014 | 0,016 | 0,021 | 0,020 | 0,023 | 0,023
1025 0,013 | 0,007 | 0,010 | 0,010 | 0,012 | 0,013 | 0,016 | 0,017 | 0,020 | 0,019 | 0,021 | 0,021
1075 0,013 | 0,007 | 0,009 | 0,011 | 0,010 | 0,015 | 0,013 | 0,017 | 0,018 | 0,018 | 0,020 | 0,020
1125 0,014 | 0,007 | 0,008 | 0,010 | 0,011 | 0,014 | 0,013 | 0,017 | 0,019 | 0,019 | 0,022 | 0,022
1175 0,014 | 0,007 | 0,009 | 0,010 | 0,010 | 0,014 | 0,013 | 0,017 | 0,018 | 0,019 | 0,023 | 0,023
1225 0,013 | 0,008 | 0,009 | 0,011 | 0,012 | 0,013 | 0,013 | 0,017 | 0,019 | 0,018 | 0,023 | 0,023
1275 0,013 | 0,007 | 0,008 | 0,011 | 0,011 | 0,013 | 0,014 | 0,016 | 0,018 | 0,022 | 0,025 | 0,025
1325 0,013 | 0,008 | 0,009 | 0,011 | 0,012 | 0,013 | 0,014 | 0,016 | 0,018 | 0,017 | 0,020 | 0,020
1375 0,014 | 0,008 | 0,008 | 0,010 | 0,011 | 0,012 | 0,013 | 0,017 | 0,020 | 0,024 | 0,025 | 0,025
1425 0,014 | 0,008 | 0,009 | 0,009 | 0,011 | 0,014 | 0,014 | 0,015 | 0,019 | 0,018 | 0,022 | 0,022
1475 0,014 | 0,007 | 0,009 | 0,011 | 0,012 | 0,013 | 0,014 | 0,018 | 0,018 | 0,023 | 0,029 | 0,029
1525 0,014 | 0,008 | 0,009 | 0,011 | 0,012 | 0,014 | 0,013 | 0,016 | 0,020 | 0,020 | 0,021 | 0,021
1575 0,014 | 0,009 | 0,009 | 0,012 | 0,012 | 0,014 | 0,013 | 0,016 | 0,021 | 0,025 | 0,032 | 0,032
1625 0,015 | 0,009 | 0,008 | 0,009 | 0,012 | 0,014 | 0,015 | 0,017 | 0,019 | 0,020 | 0,022 | 0,022
1675 0,014 | 0,008 | 0,009 | 0,012 | 0,013 | 0,014 | 0,015 | 0,018 | 0,021 | 0,025 | 0,032 | 0,032
1725 0,015 | 0,009 | 0,009 | 0,012 | 0,011 | 0,014 | 0,014 | 0,018 | 0,019 | 0,019 | 0,020 | 0,020
1775 0,015 | 0,009 | 0,009 | 0,011 | 0,012 | 0,015 | 0,014 | 0,019 | 0,022 | 0,026 | 0,029 | 0,029
1825 0,015 | 0,008 | 0,009 | 0,010 | 0,012 | 0,015 | 0,014 | 0,018 | 0,020 | 0,019 | 0,023 | 0,023
1875 0,015 | 0,010 | 0,010 | 0,012 | 0,024 | 0,016 | 0,015 | 0,022 | 0,021 | 0,025 | 0,027 | 0,027
1925 0,015 | 0,009 | 0,009 | 0,010 | 0,012 | 0,015 | 0,015 | 0,018 | 0,018 | 0,020 | 0,025 | 0,025
1975 0,015 | 0,008 | 0,011 | 0,011 | 0,018 | 0,017 | 0,018 | 0,025 | 0,021 | 0,023 | 0,025 | 0,025
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5.2.4.1b) ‘ Higher Frequencies ‘ P

MST-HIE2.5-1000

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max

f [kHZ] In [%0]

2,1 0,052 | 0,097 | 0,122 | 0,223 | 0,239 | 0,271 | 0,291 | 0,287 | 0,327 | 0,370 | 0,371 | 0,371
2,3 0,045 | 0,062 | 0,083 | 0,142 | 0,158 | 0,163 | 0,185 | 0,135 | 0,134 | 0,206 | 0,266 | 0,266
2,5 0,046 | 0,036 | 0,052 | 0,081 | 0,092 | 0,118 | 0,056 | 0,096 | 0,079 | 0,086 | 0,142 | 0,142
2,7 0,068 | 0,042 | 0,042 | 0,050 | 0,071 | 0,060 | 0,060 | 0,219 | 0,125 | 0,135 | 0,264 | 0,264
2,9 0,072 | 0,083 | 0,083 | 0,139 | 0,148 | 0,231 | 0,156 | 0,294 | 0,329 | 0,265 | 0,272 | 0,272
3,1 0,077 | 0,091 | 0,212 | 0,179 | 0,207 | 0,229 | 0,243 | 0,286 | 0,351 | 0,420 | 0,336 | 0,336
3,3 0,077 | 0,072 | 0,103 | 0,193 | 0,231 | 0,273 | 0,322 | 0,388 | 0,345 | 0,426 | 0,488 | 0,488
3,5 0,075 | 0,111 | 0,261 | 0,282 | 0,321 | 0,348 | 0,419 | 0,350 | 0,449 | 0,407 | 0,535 | 0,535
3,7 0,085 | 0,099 | 0,152 | 0,311 | 0,297 | 0,374 | 0,366 | 0,408 | 0,397 | 0,463 | 0,496 | 0,496
3,9 0,135 | 0,194 | 0,340 | 0,535 | 0,600 | 0,763 | 0,798 | 0,909 | 0,915 | 1,014 | 1,036 | 1,036
4,1 0,188 | 0,148 | 0,164 | 0,331 | 0,262 | 0,443 | 0,394 | 0,392 | 0,452 | 0,451 | 0,476 | 0,476
4,3 0,214 | 0,157 | 0,205 | 0,339 | 0,305 | 0,344 | 0,352 | 0,357 | 0,468 | 0,519 | 0,551 | 0,551
4.5 0,261 | 0,213 | 0,242 | 0,354 | 0,276 | 0,342 | 0,357 | 0,371 | 0,468 | 0,496 | 0,565 | 0,565
4,7 0,244 | 0,181 | 0,215 | 0,357 | 0,303 | 0,361 | 0,375 | 0,461 | 0,423 | 0,520 | 0,517 | 0,517
4,9 0,186 | 0,150 | 0,211 | 0,326 | 0,337 | 0,407 | 0,450 | 0,434 | 0,515 | 0,435 | 0,462 | 0,462
51 0,142 | 0,098 | 0,174 | 0,323 | 0,302 | 0,385 | 0,364 | 0,395 | 0,530 | 0,336 | 0,533 | 0,533
5,3 0,092 | 0,097 | 0,270 | 0,314 | 0,308 | 0,325 | 0,353 | 0,364 | 0,286 | 0,443 | 0,352 | 0,352
5,5 0,071 | 0,070 | 0,201 | 0,202 | 0,206 | 0,229 | 0,250 | 0,232 | 0,296 | 0,315 | 0,245 | 0,245
5,7 0,061 | 0,056 | 0,080 | 0,237 | 0,148 | 0,185 | 0,188 | 0,195 | 0,209 | 0,189 | 0,247 | 0,247
5,9 0,046 | 0,046 | 0,047 | 0,068 | 0,084 | 0,088 | 0,118 | 0,115 | 0,094 | 0,124 | 0,157 | 0,157
6,1 0,038 | 0,039 | 0,038 | 0,036 | 0,059 | 0,073 | 0,054 | 0,054 | 0,062 | 0,100 | 0,074 | 0,074
6,3 0,037 | 0,033 | 0,032 | 0,038 | 0,050 | 0,053 | 0,040 | 0,044 | 0,051 | 0,075 | 0,061 | 0,061
6,5 0,033 | 0,023 | 0,028 | 0,060 | 0,052 | 0,053 | 0,056 | 0,063 | 0,081 | 0,090 | 0,080 | 0,080
6,7 0,029 | 0,023 | 0,035 | 0,062 | 0,060 | 0,069 | 0,055 | 0,080 | 0,073 | 0,067 | 0,209 | 0,109
6,9 0,027 | 0,026 | 0,028 | 0,065 | 0,051 | 0,067 | 0,066 | 0,062 | 0,075 | 0,079 | 0,073 | 0,073
7,1 0,029 | 0,026 | 0,032 | 0,067 | 0,049 | 0,054 | 0,076 | 0,066 | 0,077 | 0,073 | 0,060 | 0,060
7,3 0,025 | 0,025 | 0,028 | 0,044 | 0,031 | 0,048 | 0,046 | 0,056 | 0,049 | 0,057 | 0,078 | 0,078
7,5 0,022 | 0,020 | 0,021 | 0,028 | 0,027 | 0,031 | 0,046 | 0,043 | 0,038 | 0,049 | 0,064 | 0,064
7,7 0,019 | 0,020 | 0,017 | 0,017 | 0,020 | 0,029 | 0,034 | 0,041 | 0,037 | 0,035 | 0,037 | 0,037
7,9 0,018 | 0,018 | 0,017 | 0,017 | 0,017 | 0,020 | 0,022 | 0,026 | 0,027 | 0,025 | 0,024 | 0,024
8,1 0,017 | 0,013 | 0,013 | 0,019 | 0,018 | 0,017 | 0,024 | 0,020 | 0,024 | 0,024 | 0,021 | 0,021
8,3 0,015 | 0,012 | 0,012 | 0,018 | 0,017 | 0,019 | 0,021 | 0,019 | 0,018 | 0,020 | 0,020 | 0,020
8,5 0,014 | 0,011 | 0,012 | 0,016 | 0,016 | 0,018 | 0,018 | 0,026 | 0,023 | 0,028 | 0,023 | 0,023
8,7 0,013 | 0,011 | 0,012 | 0,015 | 0,014 | 0,017 | 0,021 | 0,025 | 0,026 | 0,027 | 0,023 | 0,023
8,9 0,012 | 0,011 | 0,012 | 0,013 | 0,013 | 0,019 | 0,025 | 0,023 | 0,020 | 0,018 | 0,029 | 0,029

Impedance [Q]

Line |Ra = 0,24 jXa = 0,15
Neutral |Ry = 0,16 jXy = 0,10

Note:
The normalization current is 4,35 A.
The harmonics, interharmonics and higher frequencies are maximum values of all three phases.

The currents of the interharmonics to 2 kHz must be measured in accordance with DIN EN 61000-4-7 (VDE 0817-4-7), Annex A.
The measurements of higher-frequency harmonic currents between 2 kHz and 9 kHz must be conducted in line with DIN EN
61000-4-7 (VDE 0847-4-7), Annex B.
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5.2.4.1 b) | Test Harmonics DIN EN 61000-4-7 | P

MST-HIE2.5-0800

Harmonics

P/ Pee [%] 5 | 10 | 20 | 30 | 40 | s0 [ 60 | 70 | 80 | 90 | 100 | Max

Order In [%]
! 5105 | 11,193 | 20,649 | 30,565 | 40,017 | 50,269 | 60,274 | 70,305 | 80,568 | 90,424 | T00:02 | 100,62
2 0,020 | 0,023 | 0,025 | 0,028 | 0,045 | 0,065 | 0,074 | 0,102 | 0,115 | 0,233 | 0,149 | 0,149
3 0,067 | 0,319 | 0,182 | 0,122 | 0,282 | 0,209 | 0,238 | 0,245 | 0,574 | 0,709 | 0,671 | 0,671
4 0,007 | 0,012 | 0,006 | 0,040 | 0,011 | 0,018 | 0,035 | 0,031 | 0,052 | 0,069 | 0,070 | 0,070
5 0,016 | 0,191 | 0,122 | 0,052 | 0,241 | 0,171 | 0,083 | 0,154 | 0,508 | 0,490 | 0,443 | 0,443
6 0,004 | 0,008 | 0,019 | 0,008 | 0,021 | 0,019 | 0,013 | 0,023 | 0,025 | 0,037 | 0,049 | 0,049
7 0,021 | 0,111 | 0,152 | 0,116 | 0,285 | 0,240 | 0,220 | 0,142 | 0,253 | 0,264 | 0,313 | 0,313
8 0,003 | 0,008 | 0,017 | 0,005 | 0,013 | 0,013 | 0,020 | 0,014 | 0,023 | 0,034 | 0,038 | 0,038
9 0,013 | 0,045 | 0,063 | 0,069 | 0,120 | 0,126 | 0,113 | 0,108 | 0,150 | 0,089 | 0,133 | 0,133
10 0,003 | 0,006 | 0,004 | 0,016 | 0,015 | 0,025 | 0,014 | 0,018 | 0,012 | 0,026 | 0,033 | 0,033
11 0,013 | 0,061 | 0,019 | 0,035 | 0,038 | 0,051 | 0,071 | 0,095 | 0,085 | 0,235 | 0,215 | 0,215
12 0,004 | 0,007 | 0,004 | 0,010 | 0,009 | 0,009 | 0,012 | 0,021 | 0,016 | 0,015 | 0,023 | 0,023
13 0,013 | 0,077 | 0,016 | 0,055 | 0,041 | 0,086 | 0,134 | 0,173 | 0,165 | 0,268 | 0,307 | 0,307
14 0,003 | 0,004 | 0,007 | 0,007 | 0,013 | 0,015 | 0,009 | 0,011 | 0,020 | 0,014 | 0,021 | 0,021
15 0,012 | 0,051 | 0,031 | 0,070 [ 0,074 | 0,107 | 0,169 | 0,244 | 0,382 | 0,338 | 0,317 | 0,317
16 0,004 | 0,004 | 0,008 | 0,005 | 0,006 | 0,008 | 0,007 | 0,010 | 0,013 | 0,013 | 0,025 | 0,025
17 0,005 | 0,015 | 0,047 | 0,074 | 0,089 | 0,144 | 0,181 | 0,235 | 0,224 | 0,460 | 0,479 | 0,479
18 0,002 | 0,004 | 0,006 | 0,005 | 0,009 | 0,016 | 0,009 | 0,013 | 0,019 | 0,014 | 0,024 | 0,024
19 0,008 | 0,039 | 0,033 | 0,082 | 0,083 | 0,178 | 0,238 | 0,261 | 0,385 | 0,300 | 0,509 | 0,509
20 0,003 | 0,004 | 0,007 | 0,006 | 0,007 | 0,010 | 0,009 | 0,015 | 0,011 | 0,012 | 0,016 | 0,016
21 0,008 | 0,028 | 0,042 | 0,114 | 0,114 | 0,174 | 0,284 | 0,319 | 0,271 | 0,373 | 0,390 | 0,390
22 0,003 | 0,005 | 0,004 | 0,007 | 0,008 | 0,009 | 0,011 | 0,017 | 0,017 | 0,018 | 0,010 | 0,010
23 0,010 | 0,033 | 0,089 | 0,132 | 0,178 | 0,183 | 0,280 | 0,355 | 0,410 | 0427 | 0,421 | 0,421
24 0,003 | 0,004 | 0,006 | 0,008 | 0,007 | 0,009 | 0,008 | 0,010 | 0,009 | 0,013 | 0,026 | 0,026
25 0,008 | 0,046 | 0,200 | 0,120 | 0,205 | 0,229 | 0,261 | 0,350 | 0,446 | 0,409 | 0,466 | 0,466
26 0,006 | 0,006 | 0,007 | 0,006 | 0,006 | 0,010 | 0,009 | 0,013 | 0,015 | 0,011 | 0,017 | 0,017
27 0,006 | 0,074 | 0,113 | 0,132 | 0,225 | 0,281 | 0,274 | 0,316 | 0,381 | 0,531 | 0,445 | 0,445
28 0,003 | 0,004 | 0,005 | 0,007 | 0,009 | 0,012 | 0,017 | 0,022 | 0,020 | 0,020 | 0,021 | 0,021
29 0,018 | 0,096 | 0,133 | 0,163 | 0,258 | 0,286 | 0,323 | 0,314 | 0,436 | 0,472 | 0,507 | 0,507
30 0,003 | 0,006 | 0,005 | 0,008 | 0,014 | 0,011 | 0,014 | 0,021 | 0,019 | 0,018 | 0,025 | 0,025
31 0,020 | 0,080 | 0,128 | 0,182 | 0,244 | 0,283 | 0,347 | 0,352 | 0,300 | 0,391 | 0,504 | 0,504
32 0,006 | 0,004 | 0,004 | 0,004 | 0,005 | 0,010 | 0,010 | 0,012 | 0,015 | 0,018 | 0,016 | 0,016
33 0,021 | 0,083 | 0,124 | 0,178 | 0,228 | 0,299 | 0,327 | 0,381 | 0,411 | 0,426 | 0,392 | 0,392
34 0,004 | 0,004 | 0,004 | 0,005 | 0,007 | 0,011 | 0,013 | 0,015 | 0,019 | 0,018 | 0,024 | 0,024
35 0,035 | 0,204 | 0,127 | 0,173 | 0,233 | 0,297 | 0,300 | 0,351 | 0,364 | 0,348 | 0,380 | 0,380
36 0,004 | 0,007 | 0,006 | 0,008 | 0,007 | 0,012 | 0,012 | 0,017 | 0,015 | 0,020 | 0,015 | 0,015
37 0,024 | 0,201 | 0,127 | 0,162 | 0,240 | 0,251 | 0,287 | 0,295 | 0,355 | 0,360 | 0,376 | 0,376
38 0,006 | 0,005 | 0,005 | 0,004 | 0,005 | 0,011 | 0,012 | 0,016 | 0,018 | 0,020 | 0,013 | 0,013
39 0,016 | 0,097 | 0,128 | 0,173 | 0,236 | 0,233 | 0,262 | 0,247 | 0,328 | 0,366 | 0,309 | 0,309
40 0,003 | 0,003 | 0,005 | 0,009 | 0,007 | 0,013 | 0,013 | 0,019 | 0,020 | 0,032 | 0,016 | 0,016
41 0,018 | 0,077 | 0,119 | 0,149 | 0,224 | 0,229 | 0,210 | 0,235 | 0,292 | 0,230 | 0,312 | 0,312
42 0,008 | 0,015 | 0,014 | 0,019 | 0,016 | 0,020 | 0,012 | 0,021 | 0,010 | 0,025 | 0,016 | 0,016
43 0,011 | 0,056 | 0,203 | 0,200 | 0,197 | 0,206 | 0,166 | 0,221 | 0,255 | 0,209 | 0,288 | 0,288
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5.2.4.1b) ‘Test Harmonics DIN EN 61000-4-7 P

MST-HIE2.5-0800

Harmonics

P/ P [%] 5 10 20 30 40 50 60 70 80 90 100 Max

44 0,017 | 0,019 | 0,024 | 0,012 | 0,008 | 0,012 | 0,006 | 0,015 | 0,009 | 0,020 | 0,013 | 0,013
45 0,005 | 0,066 | 0,077 | 0,087 | 0,147 | 0,159 | 0,248 | 0,166 | 0,161 | 0,169 | 0,162 | 0,162
46 0,006 | 0,007 | 0,005 | 0,004 | 0,008 | 0,009 | 0,009 | 0,015 | 0,013 | 0,022 | 0,013 | 0,013
47 0,010 | 0,065 | 0,056 | 0,082 | 0,092 | 0,118 | 0,138 | 0,097 | 0,165 | 0,101 | 0,109 | 0,109
48 0,003 | 0,006 | 0,007 | 0,011 | 0,014 | 0,016 | 0,013 | 0,021 | 0,013 | 0,020 | 0,019 | 0,019
49 0,012 | 0,043 | 0,037 | 0,063 | 0,081 | 0,094 | 0,098 | 0,066 | 0,084 | 0,128 | 0,082 | 0,082
50 0,014 | 0,018 | 0,018 | 0,019 | 0,015 | 0,015 | 0,013 | 0,018 | 0,014 | 0,014 | 0,017 | 0,017
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5.2.4.1b) ‘ Interharmonics ‘ P

MST-HIE2.5-0800

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max
f[Hz] In [%]

75 0,012 | 0,014 | 0,016 | 0,016 | 0,023 | 0,022 | 0,033 | 0,025 | 0,027 | 0,054 | 0,048 | 0,048
125 0,009 | 0,011 | 0,012 | 0,013 | 0,015 | 0,018 | 0,021 | 0,020 | 0,026 | 0,029 | 0,029 | 0,029
175 0,011 | 0,013 | 0,014 | 0,013 | 0,017 | 0,021 | 0,021 | 0,024 | 0,024 | 0,029 | 0,030 | 0,030
225 0,009 | 0,010 | 0,011 | 0,012 | 0,013 | 0,016 | 0,019 | 0,019 | 0,022 | 0,025 | 0,027 | 0,027
275 0,011 | 0,010 | 0,012 | 0,013 | 0,016 | 0,017 | 0,019 | 0,019 | 0,021 | 0,029 | 0,028 | 0,028
325 0,009 | 0,009 | 0,011 | 0,011 | 0,014 | 0,016 | 0,018 | 0,020 | 0,022 | 0,021 | 0,024 | 0,024
375 0,011 | 0,011 | 0,012 | 0,013 | 0,014 | 0,017 | 0,018 | 0,020 | 0,023 | 0,024 | 0,027 | 0,027
425 0,008 | 0,009 | 0,010 | 0,011 | 0,013 | 0,016 | 0,018 | 0,018 | 0,022 | 0,021 | 0,025 | 0,025
475 0,010 | 0,010 | 0,010 | 0,012 | 0,013 | 0,016 | 0,018 | 0,018 | 0,021 | 0,026 | 0,025 | 0,025
525 0,009 | 0,009 | 0,010 | 0,011 | 0,013 | 0,015 | 0,017 | 0,018 | 0,023 | 0,021 | 0,025 | 0,025
575 0,009 | 0,009 | 0,011 | 0,011 | 0,015 | 0,014 | 0,018 | 0,016 | 0,023 | 0,025 | 0,024 | 0,024
625 0,009 | 0,010 | 0,010 | 0,012 | 0,013 | 0,015 | 0,016 | 0,020 | 0,023 | 0,023 | 0,025 | 0,025
675 0,009 | 0,011 | 0,011 | 0,012 | 0,014 | 0,017 | 0,018 | 0,017 | 0,022 | 0,021 | 0,023 | 0,023
725 0,009 | 0,009 | 0,011 | 0,011 | 0,013 | 0,016 | 0,016 | 0,018 | 0,025 | 0,024 | 0,025 | 0,025
775 0,009 | 0,009 | 0,010 | 0,011 | 0,013 | 0,016 | 0,017 | 0,018 | 0,022 | 0,021 | 0,022 | 0,022
825 0,009 | 0,012 | 0,010 | 0,011 | 0,014 | 0,016 | 0,016 | 0,019 | 0,025 | 0,022 | 0,025 | 0,025
875 0,009 | 0,009 | 0,011 | 0,011 | 0,014 | 0,013 | 0,016 | 0,020 | 0,023 | 0,022 | 0,021 | 0,021
925 0,009 | 0,010 | 0,011 | 0,012 | 0,013 | 0,015 | 0,016 | 0,018 | 0,024 | 0,022 | 0,024 | 0,024
975 0,009 | 0,010 | 0,010 | 0,013 | 0,014 | 0,014 | 0,017 | 0,019 | 0,023 | 0,020 | 0,022 | 0,022
1025 0,009 | 0,011 | 0,011 | 0,012 | 0,014 | 0,015 | 0,017 | 0,017 | 0,021 | 0,025 | 0,023 | 0,023
1075 0,009 | 0,009 | 0,010 | 0,012 | 0,015 | 0,017 | 0,017 | 0,019 | 0,021 | 0,021 | 0,021 | 0,021
1125 0,009 | 0,010 | 0,011 | 0,012 | 0,014 | 0,013 | 0,016 | 0,017 | 0,021 | 0,022 | 0,023 | 0,023
1175 0,009 | 0,011 | 0,011 | 0,012 | 0,013 | 0,015 | 0,017 | 0,017 | 0,018 | 0,020 | 0,021 | 0,021
1225 0,009 | 0,011 | 0,011 | 0,013 | 0,014 | 0,014 | 0,015 | 0,016 | 0,019 | 0,021 | 0,022 | 0,022
1275 0,009 | 0,010 | 0,011 | 0,012 | 0,014 | 0,016 | 0,017 | 0,017 | 0,018 | 0,019 | 0,022 | 0,022
1325 0,009 | 0,010 | 0,011 | 0,012 | 0,014 | 0,015 | 0,016 | 0,016 | 0,019 | 0,022 | 0,021 | 0,021
1375 0,009 | 0,010 | 0,010 | 0,011 | 0,013 | 0,017 | 0,017 | 0,016 | 0,018 | 0,024 | 0,023 | 0,023
1425 0,009 | 0,010 | 0,011 | 0,012 | 0,013 | 0,015 | 0,016 | 0,016 | 0,019 | 0,023 | 0,023 | 0,023
1475 0,010 | 0,010 | 0,010 | 0,022 | 0,013 | 0,017 | 0,017 | 0,016 | 0,017 | 0,022 | 0,024 | 0,024
1525 0,010 | 0,009 | 0,010 | 0,012 | 0,014 | 0,015 | 0,017 | 0,018 | 0,018 | 0,022 | 0,023 | 0,023
1575 0,009 | 0,010 | 0,011 | 0,011 | 0,014 | 0,015 | 0,017 | 0,018 | 0,018 | 0,021 | 0,023 | 0,023
1625 0,009 | 0,009 | 0,011 | 0,012 | 0,014 | 0,016 | 0,017 | 0,016 | 0,018 | 0,020 | 0,023 | 0,023
1675 0,009 | 0,010 | 0,011 | 0,012 | 0,024 | 0,017 | 0,018 | 0,019 | 0,019 | 0,020 | 0,026 | 0,026
1725 0,009 | 0,010 | 0,010 | 0,011 | 0,014 | 0,016 | 0,017 | 0,018 | 0,019 | 0,018 | 0,024 | 0,024
1775 0,009 | 0,009 | 0,010 | 0,012 | 0,024 | 0,015 | 0,019 | 0,018 | 0,019 | 0,021 | 0,025 | 0,025
1825 0,009 | 0,010 | 0,010 | 0,012 | 0,013 | 0,015 | 0,017 | 0,017 | 0,018 | 0,022 | 0,025 | 0,025
1875 0,009 | 0,009 | 0,011 | 0,012 | 0,016 | 0,018 | 0,018 | 0,020 | 0,020 | 0,024 | 0,025 | 0,025
1925 0,009 | 0,010 | 0,011 | 0,011 | 0,024 | 0,016 | 0,018 | 0,019 | 0,020 | 0,022 | 0,026 | 0,026
1975 0,009 | 0,010 | 0,013 | 0,015 | 0,017 | 0,019 | 0,019 | 0,019 | 0,022 | 0,020 | 0,024 | 0,024
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5.2.4.1b) ‘ Higher Frequencies ‘ P

MST-HIE2.5-0800

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max

f [kHZ] In [%0]

2,1 0,035 | 0,100 | 0,260 | 0,183 | 0,301 | 0,311 | 0,271 | 0,327 | 0,323 | 0,316 | 0,428 | 0,428
2,3 0,024 | 0,096 | 0,099 | 0,124 | 0,178 | 0,203 | 0,208 | 0,200 | 0,237 | 0,205 | 0,203 | 0,203
2,5 0,032 | 0,056 | 0,059 | 0,081 | 0,107 | 0,219 | 0,116 | 0,200 | 0,111 | 0,147 | 0,104 | 0,104
2,7 0,051 | 0,058 | 0,052 | 0,043 | 0,054 | 0,078 | 0,065 | 0,082 | 0,141 | 0,154 | 0,124 | 0,124
2,9 0,048 | 0,066 | 0,092 | 0,110 | 0,139 | 0,277 | 0,173 | 0,219 | 0,222 | 0,298 | 0,310 | 0,310
3,1 0,056 | 0,090 | 0,127 | 0,154 | 0,219 | 0,258 | 0,283 | 0,259 | 0,345 | 0,361 | 0,381 | 0,381
3,3 0,066 | 0,071 | 0,122 | 0,148 | 0,277 | 0,282 | 0,329 | 0,402 | 0,375 | 0,473 | 0,477 | 0,477
3,5 0,051 | 0,124 | 0,154 | 0,229 | 0,312 | 0,409 | 0,418 | 0,430 | 0,488 | 0,481 | 0,599 | 0,599
3,7 0,060 | 0,121 | 0,199 | 0,239 | 0,393 | 0,377 | 0,419 | 0,452 | 0,535 | 0,505 | 0,523 | 0,523
3,9 0,137 | 0,229 | 0,384 | 0,531 | 0,701 | 0,783 | 0,917 | 0,966 | 1,027 | 1,140 | 1,191 | 1,191
4,1 0,173 | 0,238 | 0,248 | 0,294 | 0,405 | 0,395 | 0,437 | 0,498 | 0,480 | 0,488 | 0,625 | 0,625
4,3 0,175 | 0,280 | 0,250 | 0,297 | 0,398 | 0,401 | 0,365 | 0,503 | 0,427 | 0,468 | 0,492 | 0,492
4.5 0,237 | 0,365 | 0,288 | 0,331 | 0,434 | 0,365 | 0,360 | 0,433 | 0,548 | 0,436 | 0,565 | 0,565
4,7 0,197 | 0,293 | 0,271 | 0,377 | 0,428 | 0,394 | 0,473 | 0,463 | 0,502 | 0,549 | 0,534 | 0,534
4,9 0,151 | 0,215 | 0,260 | 0,342 | 0,418 | 0,493 | 0,470 | 0,391 | 0,459 | 0,626 | 0,552 | 0,552
51 0,102 | 0,170 | 0,217 | 0,338 | 0,380 | 0,417 | 0,551 | 0,482 | 0,484 | 0,464 | 0,641 | 0,641
5,3 0,084 | 0,223 | 0,202 | 0,223 | 0,361 | 0,397 | 0,371 | 0,376 | 0,405 | 0,445 | 0,379 | 0,379
5,5 0,081 | 0,167 | 0,139 | 0,183 | 0,268 | 0,241 | 0,320 | 0,340 | 0,402 | 0,315 | 0,366 | 0,366
5,7 0,062 | 0,121 | 0,111 | 0,125 | 0,172 | 0,183 | 0,174 | 0,211 | 0,198 | 0,178 | 0,286 | 0,286
5,9 0,050 | 0,070 | 0,075 | 0,092 | 0,110 | O,078 | 0,120 | 0,229 | 0,094 | 0,139 | 0,111 | 0,111
6,1 0,042 | 0,043 | 0,053 | 0,057 | 0,060 | 0,065 | 0,073 | 0,091 | 0,065 | 0,089 | 0,093 | 0,093
6,3 0,036 | 0,039 | 0,041 | 0,034 | 0,044 | 0,041 | 0,052 | 0,062 | 0,074 | 0,063 | 0,063 | 0,063
6,5 0,031 | 0,037 | 0,036 | 0,049 | 0,057 | 0,045 | 0,080 | 0,060 | 0,060 | 0,075 | 0,201 | 0,101
6,7 0,025 | 0,042 | 0,044 | 0,054 | 0,080 | 0,063 | 0,082 | 0,088 | 0,089 | 0,104 | 0,085 | 0,085
6,9 0,024 | 0,041 | 0,044 | 0,053 | 0,070 | 0,049 | 0,077 | 0,081 | 0,093 | 0,081 | 0,084 | 0,084
7,1 0,023 | 0,035 | 0,048 | 0,052 | 0,079 | 0,057 | 0,074 | 0,076 | 0,071 | 0,075 | 0,104 | 0,104
7,3 0,021 | 0,030 | 0,043 | 0,037 | 0,069 | 0,049 | 0,053 | 0,068 | 0,066 | 0,067 | 0,068 | 0,068
7,5 0,019 | 0,024 | 0,034 | 0,030 | 0,046 | 0,048 | 0,046 | 0,041 | 0,039 | 0,037 | 0,054 | 0,054
7,7 0,021 | 0,023 | 0,025 | 0,021 | 0,030 | 0,036 | 0,026 | 0,035 | 0,035 | 0,031 | 0,054 | 0,054
7,9 0,018 | 0,019 | 0,019 | 0,018 | 0,021 | 0,032 | 0,025 | 0,025 | 0,029 | 0,033 | 0,031 | 0,031
8,1 0,014 | 0,015 | 0,016 | 0,017 | 0,024 | 0,021 | 0,022 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024
8,3 0,013 | 0,015 | 0,019 | 0,016 | 0,029 | 0,018 | 0,020 | 0,024 | 0,021 | 0,025 | 0,023 | 0,023
8,5 0,012 | 0,014 | 0,017 | 0,018 | 0,026 | 0,018 | 0,026 | 0,028 | 0,024 | 0,029 | 0,029 | 0,029
8,7 0,011 | 0,013 | 0,016 | 0,018 | 0,021 | 0,018 | 0,022 | 0,023 | 0,024 | 0,030 | 0,033 | 0,033
8,9 0,010 | 0,012 | 0,015 | 0,017 | 0,019 | 0,024 | 0,019 | 0,026 | 0,020 | 0,021 | 0,026 | 0,026

Impedance [Q]

Line |Ra = 0,24 jXa = 0,15
Neutral |Ry = 0,16 jXy = 0,10

Note:
The normalization current is 3,48 A.
The harmonics, interharmonics and higher frequencies are maximum values of all three phases.

The currents of the interharmonics to 2 kHz must be measured in accordance with DIN EN 61000-4-7 (VDE 0817-4-7), Annex A.
The measurements of higher-frequency harmonic currents between 2 kHz and 9 kHz must be conducted in line with DIN EN
61000-4-7 (VDE 0847-4-7), Annex B.
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5.2.4.1 b) | Test Harmonics DIN EN 61000-4-7 | P

MST-HIE2.5-0600

Harmonics

P/ Pee [%] 5 | 10 | 20 | 30 | 40 | s0 [ 60 | 70 | 80 | 90 | 100 | Max

Order In [%]
! 6,638 | 11,935 | 21,056 | 30,863 | 40,873 | 50,495 | 60,226 | 70,595 | 80,726 | 90,920 | O3 1| 10T 4
2 0,028 | 0,030 | 0,011 | 0,033 | 0,034 | 0,048 | 0,063 | 0,085 | 0,091 | 0,110 | 0,129 | 0,129
3 0,086 | 0,444 | 0,202 | 0,232 | 0,085 | 0,372 | 0,444 | 0,352 | 0,308 | 0,412 | 0,510 | 0,510
4 0,010 | 0,020 | 0,037 | 0,009 | 0,056 | 0,015 | 0,025 | 0,024 | 0,043 | 0,036 | 0,050 | 0,050
5 0,018 | 0,208 | 0,228 | 0,138 | 0,024 | 0,365 | 0,256 | 0,190 | 0,110 | 0,247 | 0,317 | 0,317
6 0,006 | 0,008 | 0,014 | 0,005 | 0,012 | 0,041 | 0,012 | 0,020 | 0,021 | 0,032 | 0,023 | 0,023
7 0,037 | 0,099 | 0,200 | 0,194 | 0,118 | 0,400 | 0,353 | 0,309 | 0,201 | 0,226 | 0,228 | 0,228
8 0,003 | 0,005 | 0,006 | 0,027 | 0,008 | 0,011 | 0,031 | 0,016 | 0,023 | 0,026 | 0,028 | 0,028
9 0,015 | 0,102 | 0,072 | 0,090 | 0,081 | 0,124 | 0,167 | 0,143 | 0,155 | 0,157 | 0,112 | 0,112
10 0,006 | 0,006 | 0,007 | 0,011 | 0,022 | 0,019 | 0,010 | 0,019 | 0,012 | 0,029 | 0,010 | 0,010
11 0,017 | 0,169 | 0,035 | 0,023 | 0,040 | 0,067 | 0,059 | 0,082 | 0,089 | 0,206 | 0,115 | 0,115
12 0,005 | 0,005 | 0,009 | 0,006 | 0,011 | 0,017 | 0,027 | 0,011 | 0,008 | 0,023 | 0,020 | 0,020
13 0,018 | 0,120 | 0,025 | 0,032 | 0,070 | 0,068 | 0,075 | 0,135 | 0,176 | 0,221 | 0,313 | 0,313
14 0,004 | 0,006 | 0,008 | 0,007 | 0,008 | 0,022 | 0,017 | 0,030 | 0,007 | 0,013 | 0,013 | 0,013
15 0,012 | 0,035 | 0,024 | 0,052 | 0,104 | 0,095 | 0,111 | 0,160 | 0,224 | 0,290 | 0,290 | 0,290
16 0,007 | 0,006 | 0,004 | 0,007 | 0,006 | 0,009 | 0,013 | 0,018 | 0,015 | 0,017 | 0,011 | 0,011
17 0,005 | 0,030 | 0,014 | 0,088 | 0,119 | 0078 | 0,176 | 0,212 | 0,240 | 0,273 | 0452 | 0,452
18 0,004 | 0,005 | 0,009 | 0,008 | 0,006 | 0,008 | 0,013 | 0,013 | 0,030 | 0,018 | 0,008 | 0,008
19 0,011 | 0,055 | 0,033 | 0,106 | 0,165 | 0,052 | 0,194 | 0,281 | 0,319 | 0,202 | 0,321 | 0,321
20 0,004 | 0,005 | 0,011 | 0,011 | 0,005 | 0,011 | 0,010 | 0,011 | 0,011 | 0,022 | 0,012 | 0,012
21 0,009 | 0,030 | 0,062 | 0,094 | 0,203 | 0,140 | 0,183 | 0,290 | 0,381 | 0,375 | 0,527 | 0,527
22 0,006 | 0,005 | 0,005 | 0,005 | 0,011 | 0,008 | 0,009 | 0,014 | 0,023 | 0,022 | 0,020 | 0,020
23 0,015 | 0,064 | 0,118 | 0,117 | 0,188 | 0,218 | 0,232 | 0,282 | 0,385 | 0,441 | 0,427 | 0,427
24 0,004 | 0,003 | 0,005 | 0,008 | 0,013 | 0,008 | 0,014 | 0,014 | 0,017 | 0,012 | 0,026 | 0,026
25 0,005 | 0,064 | 0,116 | 0,152 | 0,171 | 0,266 | 0,309 | 0,315 | 0,357 | 0,434 | 0,598 | 0,508
26 0,007 | 0,009 | 0,008 | 0,008 | 0,009 | 0,008 | 0,017 | 0,015 | 0,016 | 0,014 | 0,014 | 0,014
27 0,011 | 0,048 | 0,118 | 0,171 | 0,180 | 0,313 | 0,336 | 0,390 | 0,378 | 0,403 | 0,417 | 0,417
28 0,005 | 0,005 | 0,006 | 0,009 | 0,011 | 0,014 | 0,013 | 0,017 | 0,017 | 0,014 | 0,022 | 0,022
29 0,026 | 0,095 | 0,133 | 0,174 | 0,214 | 0,318 | 0,350 | 0,413 | 0435 | 0423 | 0,517 | 0,517
30 0,006 | 0,007 | 0,009 | 0,010 | 0,013 | 0,011 | 0,011 | 0,022 | 0,018 | 0,020 | 0,016 | 0,016
31 0,018 | 0,126 | 0,127 | 0,185 | 0,235 | 0,298 | 0,368 | 0,398 | 0,462 | 0,471 | 0,396 | 0,396
32 0,007 | 0,009 | 0,005 | 0,005 | 0,006 | 0,009 | 0,008 | 0,013 | 0,012 | 0,014 | 0,017 | 0,017
33 0,032 | 0,128 | 0,167 | 0,195 | 0,225 | 0,303 | 0,375 | 0,403 | 0434 | 0,494 | 0,584 | 0,584
34 0,005 | 0,005 | 0,007 | 0,004 | 0,009 | 0,010 | 0,012 | 0,015 | 0,015 | 0,011 | 0,013 | 0,013
35 0,053 | 0,123 | 0,176 | 0,175 | 0,213 | 0,322 | 0,317 | 0,405 | 0,393 | 0,457 | 0,445 | 0,445
36 0,007 | 0,012 | 0,010 | 0,009 | 0,011 | 0,008 | 0,015 | 0,014 | 0,010 | 0,013 | 0,013 | 0,013
37 0,035 | 0,120 | 0,153 | 0,150 | 0,200 | 0,309 | 0,295 | 0,360 | 0,385 | 0,404 | 0,523 | 0,523
38 0,011 | 0,012 | 0,005 | 0,005 | 0,006 | 0,007 | 0,010 | 0,013 | 0,012 | 0,012 | 0,013 | 0,013
39 0,025 | 0,136 | 0,245 | 0,170 | 0,216 | 0,323 | 0,324 | 0,289 | 0,384 | 0,404 | 0,309 | 0,309
40 0,004 | 0,006 | 0,005 | 0,005 | 0,011 | 0,013 | 0,012 | 0,011 | 0,011 | 0,018 | 0,018 | 0,018
41 0,027 | 0,120 | 0,117 | 0,164 | 0,179 | 0,309 | 0,307 | 0,254 | 0,313 | 0,382 | 0,384 | 0,384
42 0,013 | 0,019 | 0,017 | 0,018 | 0,023 | 0,024 | 0,020 | 0,013 | 0,009 | 0,031 | 0,030 | 0,030
43 0,009 | 0,082 | 0,099 | 0,118 | 0,108 | 0,237 | 0,246 | 0,261 | 0,223 | 0,302 | 0,224 | 0,224
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5.2.4.1b) ‘Test Harmonics DIN EN 61000-4-7 P

MST-HIE2.5-0600

Harmonics

P/ P [%] 5 10 20 30 40 50 60 70 80 90 100 Max

44 0,022 | 0,027 | 0,019 | 0,020 | 0,020 | 0,018 | 0,017 | 0,010 | 0,011 | 0,021 | 0,013 | 0,013
45 0,006 | 0,097 | 0,100 | 0,102 | 0,093 | 0,173 | 0,215 | 0,236 | 0,184 | 0,200 | 0,304 | 0,304
46 0,006 | 0,009 | 0,009 | 0,008 | 0,008 | 0,015 | 0,014 | 0,011 | 0,014 | 0,024 | 0,018 | 0,018
47 0,018 | 0,106 | 0,087 | 0,091 | 0,083 | 0,148 | 0,176 | 0,158 | 0,170 | 0,124 | 0,090 | 0,090
48 0,005 | 0,009 | 0,007 | 0,012 | 0,017 | 0,022 | 0,021 | 0,010 | 0,017 | 0,033 | 0,019 | 0,019
49 0,013 | 0,077 | 0,069 | 0,045 | 0,063 | 0,107 | 0,098 | 0,102 | 0,123 | 0,095 | 0,119 | 0,119
50 0,022 | 0,024 | 0,025 | 0,022 | 0,026 | 0,030 | 0,023 | 0,014 | 0,019 | 0,034 | 0,018 | 0,018
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5.2.4.1b) ‘ Interharmonics ‘ P

MST-HIE2.5-0600

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max
f[Hz] In [%]

75 0,017 | 0,016 | 0,022 | 0,018 | 0,021 | 0,032 | 0,029 | 0,030 | 0,028 | 0,037 | 0,052 | 0,052
125 0,013 | 0,014 | 0,015 | 0,016 | 0,020 | 0,023 | 0,026 | 0,025 | 0,022 | 0,030 | 0,031 | 0,031
175 0,017 | 0,016 | 0,018 | 0,017 | 0,020 | 0,023 | 0,024 | 0,028 | 0,024 | 0,030 | 0,032 | 0,032
225 0,012 | 0,014 | 0,014 | 0,014 | 0,016 | 0,019 | 0,021 | 0,020 | 0,021 | 0,024 | 0,025 | 0,025
275 0,014 | 0,015 | 0,016 | 0,017 | 0,018 | 0,021 | 0,021 | 0,021 | 0,021 | 0,025 | 0,030 | 0,030
325 0,013 | 0,013 | 0,013 | 0,014 | 0,015 | 0,019 | 0,020 | 0,022 | 0,020 | 0,022 | 0,026 | 0,026
375 0,013 | 0,016 | 0,015 | 0,015 | 0,016 | 0,021 | 0,020 | 0,021 | 0,029 | 0,026 | 0,025 | 0,025
425 0,011 | 0,013 | 0,013 | 0,014 | 0,015 | 0,019 | 0,018 | 0,019 | 0,020 | 0,027 | 0,026 | 0,026
475 0,013 | 0,013 | 0,014 | 0,015 | 0,015 | 0,019 | 0,020 | 0,021 | 0,021 | 0,024 | 0,024 | 0,024
525 0,011 | 0,012 | 0,013 | 0,013 | 0,014 | 0,020 | 0,018 | 0,020 | 0,021 | 0,025 | 0,026 | 0,026
575 0,013 | 0,013 | 0,015 | 0,014 | 0,015 | 0,019 | 0,020 | 0,021 | 0,022 | 0,024 | 0,026 | 0,026
625 0,012 | 0,013 | 0,015 | 0,014 | 0,015 | 0,018 | 0,018 | 0,018 | 0,020 | 0,022 | 0,026 | 0,026
675 0,012 | 0,012 | 0,013 | 0,015 | 0,015 | 0,018 | 0,019 | 0,020 | 0,021 | 0,025 | 0,025 | 0,025
725 0,011 | 0,013 | 0,013 | 0,014 | 0,014 | 0,018 | 0,018 | 0,020 | 0,020 | 0,022 | 0,027 | 0,027
775 0,013 | 0,013 | 0,013 | 0,014 | 0,016 | 0,017 | 0,020 | 0,019 | 0,021 | 0,026 | 0,024 | 0,024
825 0,013 | 0,013 | 0,014 | 0,015 | 0,016 | 0,018 | 0,019 | 0,018 | 0,019 | 0,024 | 0,026 | 0,026
875 0,012 | 0,014 | 0,013 | 0,014 | 0,015 | 0,017 | 0,021 | 0,021 | 0,018 | 0,023 | 0,028 | 0,028
925 0,013 | 0,013 | 0,014 | 0,016 | 0,013 | 0,018 | 0,019 | 0,019 | 0,020 | 0,028 | 0,029 | 0,029
975 0,011 | 0,013 | 0,014 | 0,015 | 0,016 | 0,018 | 0,017 | 0,020 | 0,021 | 0,026 | 0,026 | 0,026
1025 0,012 | 0,015 | 0,015 | 0,014 | 0,016 | 0,017 | 0,019 | 0,020 | 0,020 | 0,026 | 0,026 | 0,026
1075 0,012 | 0,014 | 0,014 | 0,015 | 0,016 | 0,018 | 0,020 | 0,019 | 0,022 | 0,021 | 0,026 | 0,026
1125 0,012 | 0,014 | 0,013 | 0,015 | 0,016 | 0,017 | 0,020 | 0,019 | 0,021 | 0,022 | 0,025 | 0,025
1175 0,011 | 0,014 | 0,014 | 0,014 | 0,016 | 0,017 | 0,018 | 0,019 | 0,020 | 0,021 | 0,023 | 0,023
1225 0,012 | 0,014 | 0,014 | 0,015 | 0,018 | 0,019 | 0,019 | 0,018 | 0,019 | 0,020 | 0,024 | 0,024
1275 0,012 | 0,013 | 0,014 | 0,015 | 0,016 | 0,018 | 0,018 | 0,021 | 0,021 | 0,020 | 0,025 | 0,025
1325 0,011 | 0,014 | 0,014 | 0,016 | 0,020 | 0,018 | 0,020 | 0,017 | 0,019 | 0,022 | 0,023 | 0,023
1375 0,012 | 0,013 | 0,015 | 0,014 | 0,016 | 0,019 | 0,021 | 0,019 | 0,020 | 0,023 | 0,023 | 0,023
1425 0,012 | 0,014 | 0,015 | 0,014 | 0,018 | 0,018 | 0,019 | 0,018 | 0,020 | 0,024 | 0,025 | 0,025
1475 0,012 | 0,013 | 0,014 | 0,015 | 0,016 | 0,019 | 0,019 | 0,020 | 0,022 | 0,021 | 0,024 | 0,024
1525 0,013 | 0,014 | 0,015 | 0,016 | 0,015 | 0,017 | 0,020 | 0,018 | 0,021 | 0,023 | 0,023 | 0,023
1575 0,011 | 0,013 | 0,015 | 0,015 [ 0,016 | 0,019 | 0,020 | 0,022 | 0,019 | 0,023 | 0,024 | 0,024
1625 0,013 | 0,013 | 0,015 | 0,015 | 0,016 | 0,018 | 0,019 | 0,018 | 0,021 | 0,023 | 0,026 | 0,026
1675 0,012 | 0,014 | 0,015 | 0,014 | 0,016 | 0,019 | 0,018 | 0,018 | 0,020 | 0,020 | 0,027 | 0,027
1725 0,012 | 0,014 | 0,016 | 0,014 | 0,015 | 0,018 | 0,021 | 0,019 | 0,020 | 0,023 | 0,025 | 0,025
1775 0,013 | 0,014 | 0,014 | 0,015 | 0,027 | 0,019 | 0,019 | 0,021 | 0,022 | 0,023 | 0,026 | 0,026
1825 0,014 | 0,012 | 0,014 | 0,014 | 0,017 | 0,018 | 0,021 | 0,019 | 0,020 | 0,022 | 0,026 | 0,026
1875 0,015 | 0,013 | 0,016 | 0,015 | 0,016 | 0,020 | 0,021 | 0,023 | 0,022 | 0,027 | 0,028 | 0,028
1925 0,013 | 0,015 | 0,015 | 0,015 | 0,017 | 0,018 | 0,020 | 0,020 | 0,023 | 0,022 | 0,025 | 0,025
1975 0,012 | 0,013 | 0,016 | 0,018 | 0,020 | 0,022 | 0,025 | 0,025 | 0,027 | 0,027 | 0,030 | 0,030
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5.2.4.1b) ‘ Higher Frequencies ‘ P

MST-HIE2.5-0600

P/P:e [%] 5 | 20 [ 20 | 30 | 40 | s0 | 60 | 70 | 8 [ 90 | 100 | Max

f [kHz] In [%0]

2,1 0,047 | 0,152 | 0,159 | 0,207 | 0,214 | 0,393 | 0,396 | 0,368 | 0,387 | 0,492 | 0,451 | 0,451
2,3 0,034 | 0,147 | 0,137 | 0,142 | 0,131 | 0,234 | 0,283 | 0,288 | 0,256 | 0,245 | 0,326 | 0,326
2,5 0,044 | 0,098 | 0,088 | 0,064 | 0,084 | 0,241 | 0,118 | 0,237 | 0,144 | 0,147 | 0,247 | 0,147
2,7 0,073 | 0,111 | 0,065 | 0,070 | 0,056 | 0,089 | 0,069 | 0,124 | 0,094 | 0,115 | 0,162 | 0,162
2,9 0,068 | 0,093 | 0,207 | 0,117 | 0,138 | 0,213 | 0,187 | 0,277 | 0,257 | 0,302 | 0,372 | 0,372
3,1 0,074 | 0,112 | 0,148 | 0,146 | 0,216 | 0,281 | 0,256 | 0,328 | 0,404 | 0,379 | 0,452 | 0,452
3,3 0,087 | 0,129 | 0,160 | 0,197 | 0,210 | 0,322 | 0,415 | 0,402 | 0,453 | 0,532 | 0,498 | 0,498
3,5 0,068 | 0,188 | 0,193 | 0,227 | 0,284 | 0,476 | 0,458 | 0,534 | 0,563 | 0,538 | 0,659 | 0,659
3,7 0,086 | 0,300 | 0,216 | 0,230 | 0,278 | 0,529 | 0,481 | 0,570 | 0,562 | 0,642 | 0,601 | 0,601
3,9 0,189 | 0,367 | 0,399 | 0,529 | 0,677 | 0,885 | 0,958 | 1,038 | 1,166 | 1,279 | 1,285 | 1,285
4,1 0,231 | 0,434 | 0,280 | 0,349 | 0,351 | 0,583 | 0,586 | 0,471 | 0,520 | 0,753 | 0,573 | 0,573
4,3 0,212 | 0,363 | 0,319 | 0,329 | 0,322 | 0,596 | 0,534 | 0,458 | 0,518 | 0,613 | 0,625 | 0,625
4.5 0,258 | 0,474 | 0,414 | 0,332 | 0,360 | 0,612 | 0,448 | 0,478 | 0,445 | 0,553 | 0,643 | 0,643
4,7 0,214 | 0,513 | 0,376 | 0,340 | 0,438 | 0,601 | 0,502 | 0,655 | 0,610 | 0,581 | 0,641 | 0,641
4,9 0,176 | 0,364 | 0,309 | 0,290 | 0,347 | 0,616 | 0,585 | 0,589 | 0,655 | 0,723 | 0,775 | 0,775
51 0,130 | 0,284 | 0,253 | 0,264 | 0,386 | 0,576 | 0,524 | 0,630 | 0,755 | 0,733 | 0,661 | 0,661
5,3 0,101 | 0,247 | 0,251 | 0,274 | 0,316 | 0,483 | 0,448 | 0,489 | 0,476 | 0,503 | 0,577 | 0,577
5,5 0,090 | 0,186 | 0,162 | 0,184 | 0,229 | 0,345 | 0,316 | 0,386 | 0,400 | 0,439 | 0,379 | 0,379
5,7 0,069 | 0,122 | 0,117 | 0,158 | 0,141 | 0,248 | 0,265 | 0,218 | 0,221 | 0,248 | 0,291 | 0,291
5,9 0,071 | 0,080 | 0,08 | 0,089 | 0,080 | 0,248 | 0,133 | 0,231 | 0,155 | 0,169 | 0,163 | 0,163
6,1 0,072 | 0,066 | 0,077 | 0,062 | 0,065 | 0,087 | 0,098 | 0,084 | 0,101 | 0,085 | 0,103 | 0,103
6,3 0,056 | 0,053 | 0,070 | 0,053 | 0,054 | 0,064 | 0,064 | 0,064 | 0,083 | 0,061 | 0,072 | 0,072
6,5 0,043 | 0,055 | 0,053 | 0,048 | 0,066 | 0,092 | 0,068 | 0,080 | 0,108 | 0,083 | 0,098 | 0,098
6,7 0,034 | 0,049 | 0,043 | 0,051 | 0,069 | 0,207 | 0,075 | 0,078 | 0,118 | 0,109 | 0,107 | 0,107
6,9 0,032 | 0,052 | 0,037 | 0,053 | 0,057 | 0,215 | 0,091 | 0,206 | 0,086 | 0,106 | 0,110 | 0,110
7,1 0,027 | 0,042 | 0,034 | 0,050 | 0,058 | 0,215 | 0,085 | 0,074 | 0,090 | 0,113 | 0,122 | 0,122
7,3 0,027 | 0,041 | 0,034 | 0,043 | 0,043 | 0,074 | 0,074 | 0,065 | 0,067 | 0,076 | 0,075 | 0,075
7,5 0,025 | 0,029 | 0,032 | 0,040 | 0,038 | 0,052 | 0,055 | 0,049 | 0,052 | 0,068 | 0,072 | 0,072
7,7 0,022 | 0,025 | 0,033 | 0,034 | 0,027 | 0,035 | 0,048 | 0,046 | 0,033 | 0,051 | 0,057 | 0,057
7,9 0,020 | 0,020 | 0,026 | 0,026 | 0,025 | 0,032 | 0,036 | 0,036 | 0,027 | 0,034 | 0,039 | 0,039
8,1 0,019 | 0,020 | 0,022 | 0,023 | 0,026 | 0,034 | 0,029 | 0,030 | 0,030 | 0,034 | 0,035 | 0,035
8,3 0,018 | 0,020 | 0,019 | 0,020 | 0,020 | 0,028 | 0,030 | 0,027 | 0,028 | 0,036 | 0,031 | 0,031
8,5 0,017 | 0,018 | 0,018 | 0,019 | 0,020 | 0,030 | 0,028 | 0,021 | 0,029 | 0,030 | 0,026 | 0,026
8,7 0,015 | 0,017 | 0,017 | 0,020 | 0,019 | 0,027 | 0,034 | 0,027 | 0,027 | 0,032 | 0,032 | 0,032
8,9 0,014 | 0,016 | 0,016 | 0,021 | 0,017 | 0,024 | 0,034 | 0,024 | 0,022 | 0,027 | 0,038 | 0,038

Impedance [Q]

Line |Ra = 0,24 jXa = 0,15
Neutral |Ry = 0,16 jXy = 0,10

Note:
The normalization current is 2,61 A.
The harmonics, interharmonics and higher frequencies are maximum values of all three phases.

The currents of the interharmonics to 2 kHz must be measured in accordance with DIN EN 61000-4-7 (VDE 0817-4-7), Annex A.
The measurements of higher-frequency harmonic currents between 2 kHz and 9 kHz must be conducted in line with DIN EN
61000-4-7 (VDE 0847-4-7), Annex B.
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5,2,6 ‘Feed in of DC current P
Test:

Phasel

Power Level [% of VA] 30% Sgmax 10 40% Semax 60% Sgmax t0 70% Sgmax >95% Semax
AC Power [VA] 346,2 649,8 1042,8
AC Voltage [V] 230,2 230,2 230,2
AC Current [A] 1,507 2,823 4,529
DC Current in AC [A] 0,008 0,013 0,015
DC Current in AC [% of I|] 0,176 0,286 0,330
Test:

The inverter must be used in the adjustment range Test 1, Test 2 and Test 3, Each test point shall be held for min 5 minutes and
lac, Uac, lac in ac Of each phase has to be recorded, Measurement of l4cin ac mMust be done according to VDE AR-N 4100:2020-06
based on DIN EN 61000-4-7 (VDE-0847-4-7) over 10 fundamental periods,

Assessment criterion:

An inverter must not feed more than 0,5% of its rated current I, or a maximum of 20 mA (the higher value is to be selected) as
direct current,
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DIN VDE V 0124-100

Requirement — Test Verdict

5,4 ‘ Evidence of the behaviour of the generating unit on the network
54,1 General P
5,4,2 Measurement of the active and reactive power range
5,4,3,2 Measurement of setting accuracy
54,33
54,3,4 Measurement of the power gradient
54,35 Measurement Priority Interfaces / Energy Management P
54,4 Active power feed-in for PGUs at overfrequency
5,45 Active power feed-in of Storage systems for overfrequency N/A
5,4,6 Active power feed-in for PGUs at underfrequency P
5,4,7 Active power feed-in for storage systems at underfrequency N/A
5,4,8 Static voltage stability / reactive power supply P
5,4,8,2 Tests of the Reactive power / cos ¢ setting accuracy
The regulating and control behaviour of the reactive power P
5,4,8,3 Test of the displacement factor/active power characteristic curve cos ¢ (P)
Test 1) for conducted PGUs - Accuracy (characteristic) N/A
Test 2) for conducted PGUs - dynamics N/A
Test 3) supply-dependent PGUs - Accuracy (characteristic curve) P
Test 4) supply-dependent PGUs - Dynamic P
5,4,8,4,1 Test of the accuracy of the Q(U) regulation N/A
5,4,8,4,2 Test of the dynamics of the Q(U) regulation N/A
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54,1 General P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11, 5,7,2,2 are met and to determine the values for Semax and Pemax)

Test The measurements were performed in the testing laboratory at the grid-simulator,

Condition: Test voltage between 0,9 Un and 1,09 Un with £2% Un until the test

Test frequency: 50,0 Hz + 0,5%

Note:

If an examination is required for any other requirements, these apply to this test,
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5,4,2 Measurement of the active power and reactive power range P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11, 5,7,2,2 are met and to determine the values for Sgmax and Pemax)

Test:
MST-HIE2.5-1000

600 s mean value U [V] Pemaxso0 ¢) [W] Semaxsooc) [VA] COS QPemaxsoo [1]
0,90 Un at 100% Pemax

cos =1 206,96 1000,90 1001,15 0,9997
cos ¢ max, over-excited 206,96 945,94 996,75 0,9490
0,95 Un at 100% Pemax

cos ¢ max, under-excited 218,46 954,68 1004,37 0,9504
1,0 Un at 100% Pemax

cos =1 229,96 998,91 999,32 0,9997
cos ¢ max, under-excited 229,96 953,54 1003,59 0,9501
cos ¢ max, over-excited 229,96 948,02 998,31 0,9496
1,05 Un at 100% Pemax

cos ¢ max, over-excited 241,46 943,66 992,90 0,9504
1,09 Un at 100% Pemax

cos =1 250,66 999,13 999,57 0,9996
cos ¢ max, under-excited 250,66 954,76 1005,76 0,9493
SeEmaxeoo @nd Pemax 600

SEmax600= MaX (Semax600 a), SEmax600 b), SEmaxe00 ¢)) [VA] 1005,76

PEmax 600= MaX (Pemaxs00 a), PEmax600 b), PEmaxs00 c)) [W] 1000,90
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5,4,2 Measurement of the active power and reactive power range P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11, 5,7,2,2 are met and to determine the values for Semax and Pemax)

Test:
MST-HIE2.5-0800

600 s mean value U [V] PEmaxs00 ¢) [W] Semaxsooc) [VA] COS QPemaxsoo [1]
0,90 Un at 100% Pemax

cos =1 206,95 795,55 795,80 0,9997
COs ¢ max, over-excited 206,96 752,13 793,38 0,9480
0,95 Un at 100% Pemax

cos ¢ max, under-excited 218,46 760,14 799,13 0,9513
1,0 Un at 100% Pemax

cos =1 229,97 795,37 795,74 0,9996
cos ¢ max, under-excited 229,97 749,72 789,92 0,9491
cos ¢ max, over-excited 229,97 760,21 799,47 0,9509
1,05 Un at 100% Pemax

Cos ¢ max, over-excited 241,47 745,10 784,93 0,9492
1,09 Un at 100% Pemax

cos =1 250,66 793,47 793,86 0,9995
cos ¢ max, under-excited 250,66 761,65 801,89 0,9498
SeEmaxeoo @nd Pemax 600

SEmax600= MaX (Semax600 a), SEmax600 b), SEmaxe00 ¢)) [VA] 801,89

PEmax 600= MaX (Pemaxs00 a), PEmax600 b), PEmaxs00 c)) [W] 795,55
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5,4,2 Measurement of the active power and reactive power range P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11, 5,7,2,2 are met and to determine the values for Semax and Pemax)

Test:
MST-HIE2.5-0600

600 s mean value U [V] Pemaxso0 ¢) [W] Semaxsooc) [VA] COS QPemaxsoo [1]
0,90 Un at 100% Pemax

cos =1 206,97 595,21 595,56 0,9996
COs ¢ max, over-excited 206,97 559,18 590,78 0,9464
0,95 Un at 100% Pemax

cos ¢ max, under-excited 218,47 573,30 601,28 0,9535
1,0 Un at 100% Pemax

cos =1 229,96 594,12 594,43 0,9993
cos ¢ max, under-excited 229,97 560,84 591,57 0,9480
Cos ¢ max, over-excited 229,97 570,62 599,17 0,9523
1,05 Un at 100% Pemax

cos ¢ max, over-excited 241,46 558,59 588,68 0,9489
1,09 Un at 100% Pemax

cos =1 250,66 594,36 594,81 0,9992
cos ¢ max, under-excited 250,66 570,62 599,92 0,9512
SeEmaxeoo @nd Pemax 600

SEmax600= MaX (Semax600 a), SEmax600 b), SEmaxe00 ¢)) [VA] 601,28

PEmax 600= MaX (Pemaxs00 a), PEmax600 b), PEmaxs00 c)) [W] 595,21
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54,3 Measurement of setting accuracy P
5,4,3,2
5,4,3,3
Test:
1-min mean value 100 90 80 70 60 50 40 30 20 10
P/Pe [%0]

Psetpoint [W] 1000 900 800 700 600 500 400 300 200 100
Peeo [W] 1002 907 804 710 604 509 403 309 206 101

APEego [%0] 0,2 0,7 0,4 1,0 0,4 0,9 0,3 0,9 0,6 0,1
Limit
APesoin % < 5% of Pre P
Graph of the setting accuracy:
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Test:
The setpoint signal must be reduced from 100% to 10% P:

For adjustable PGUs in increments of 10% Pz 1 minute must elapse after every change to the setpoint setting so that the PGU
can settle at the new setpoint, Then the active power of the PGU must be measured as a 1-min mean value,

Assessment criterion:
a) for adjustable PGUs:
- no network disconnection
- the active power value does not exceed the setpoint by more than +5% Pe

- the setting time determined this way is <1 min

Note:

The setting time is < 1min, See below “Graph of the setting accuracy”,
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5,4,3,4 ‘ Measurement of the power gradient P
Test:

Graph of the gradient <5% to 100% P:e
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The measurement of the power gradient takes place :

- Via a setpoint change from 100% to 5% of the rated effective power P at time to, If the technical performance is >5%, this
should be specified,

- Via a setpoint change from 5% to 100% of the rated effective power P at time to, Is the technical Performance >5%, this should
be specified,

Assessment criterion:
for adjustable PGUs:
- no network disconnection
- the active power value does not exceed the setpoint by more than 5% P\e

- the power gradient determined according 5,4,3,4 not be less than 0,33% P,e/s and not more than 0,66% Pe/s, The first
gradient is to be created 30 s after the setpoint jump has been set,

The formation of gradients is ended 30 s before the static end value is reached,

NOTE These times were determined by the maximum or minimum prescribed gradients and with a performance delta of +10% P.e
around the target value,
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5,4,3,5 ‘ Measurement priority interfaces / energy management system P
Test:

a) Thelowest setpoint is always given priority
b) the setpoint at the interface programmed for the NSM is never exceeded

P/PrE Setpoint P/PrE Measured
Test1 Interface NSM (Digital inputs) 0,7
Interface low Priority Modbus, 09 0,71
TCP IP etc, (Software) '
Test 2 Interface NSM (Digital inputs) 0,9
Interface low Priority Modbus, 05 0,50
TCP IP etc, (Software) '

Note:

a) Software to set setpoint at the interface with low priority is Modbus etc, The interface NSM (Digital Inputs) have always
priority,
b) The setpoint at the interface programmed for the NSM is never exceeded,

Assessment criterion:
for measurements 5,4,3,5 either
a) the lowest setpoint is always given priority
or
b) the setpoint at the interface programmed for the NSM is never exceeded

- When the logical interface (input port) was tested, the active power feed-in of the PGU was completely terminated within a
maximum of 5 s after the change in status of the logical signal,
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54,4 Active power feed-in for PGUS at overfrequency P
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)
Test cycle for adjustable PGUs:
Test 1:
1-min mean value: 50,00 50,25 50,70 51,40 50,70 50,25 50,00 51,65 50,15 50,00
Expected active
power output [% of 100 98 80 52 80 98 100 0 0 100
Pemax]
Measurement: 100% Pemax; Start frequency 50,20Hz; droop setting s = 5% (40% Pret/HZz)
Frequency [Hz] 50,00 50,25 50,70 51,40 50,70 50,25 50,00 51,65 50,15 50,00
Psetpoint [W] 1000 980 800 520 800 980 1000 0 0 1000
Pego [W] 1011 992 809 525 809 991 1009 0,42 0,19 1009
APego [%0] 1,10 1,20 0,90 0,50 0,90 1,10 0,90 0,04 0,02 0,90
@);ieulable DC-power 100
Test 2:
1-min mean value: 50,00 50,40 50,70 51,40 50,70 50,40 50,00
Expected active
power output [% of 60 60 58 51 58 60 — 100* 100
Pemax]
Measurement: 60% Pemax; Start frequency 50,50Hz; droop setting s = 12% (16,67% Pret/Hz)
Frequency [HZ] 50,00 50,40 50,70 51,40 50,70 50,40 50,00
Psetpoint [W] 600 600 580 510 580 1000 1000
Peso [W] 607 607 586 515 586 1009 1008
APego [%0] 0,70 0,70 0,60 0,50 0,60 0,90 0,80
@/\ﬁilable DC-power 60 100
Limit
APgsoin % < +10% of Pemax P
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54,4 Active power feed-in for PGUS at overfrequency P
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

Graph Test 1@ 100% Pemax
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54,4 Active power feed-in for PGUS at overfrequency P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

Graph Test2 @ 60% Pemax
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54,4 Active power feed-in for PGUS at overfrequency P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

Assessment criterion:
The test is regarded as passed:
a) for controllable PGU if:

- The active power reduces between measuring points 5,4,4,1 a) to g) and j), the expected active power output, after settling,
adjusts with a deviation < +10% Pemax,

In the measurement points h) and i) shall no active power be given,
- The initial time delay Ty of the frequency-dependent adaptation of the active power output <2 s,

- The response time of the adaptation of the active power output is a maximum of 8 s (type 1 units and type 2 units with rotating
machines) or 2 s (all other type 2 units)

- the settling time of the adaptation of the active power output is a maximum time of 30 s (for type 1 units and for type 2 units
with rotating machines) or respectively a maximum time of 20 s (for all other generation units type 2) and

- The connection time at point j) is at least 60 s and the power is then increased with a gradient of < 10% Pgmax/min,

- In the case of generating units with combustion engines or gas turbines, if the criteria for response time and settling time are
not met, the test shall be passed, even if the adaptation of active power output occurs with a power gradient of at least 66%
Pemax per min (corresponding to 1,11% Pemax per s),

b) for conditionally adjustable PGU, if:

- they behave as described in a) inside their control range and
- outside the control range, the power supplied when leaving the control range remains constant until it is  switched off

- the connection time in j) and where appropriate in g) corresponds to the manufacturer's information on the random number
generator;

NOTE: The Uniform distribution of the disconnection frequency in maximum increments of 0,1 Hz between the end of the control
range (at least 50,2 Hz) and 51,5 Hz shall be proofed by a manufacturer's declaration,

c) for non-adjustable PGU, if

- a disconnection takes place between 50,2 Hz and 51,5 Hz;

- the connection time in j) and where appropriate in g) corresponds to the manufacturer's information on the random number
generator;

NOTE The Uniform distribution of the disconnection frequency in maximum increments of 0,1 Hz between 50,2 Hz and 51,5 Hz
shall be proofed by a manufacturer's declaration,

d) for linear generators with Semax £ 4,6 kKVA,

- if they disconnect from the mains at a frequency = 50,2 Hz and their maximum upper frequency limit (as specified by the
manufacturer), but at the latest when they exceed 51,5 Hz,

- the connection time in j) and where appropriate in g) corresponds to the manufacturer's information on the random number
generator;

Subsequently no more resynchronisation/active power feed-in is permitted, also while the frequency 5,4,4,1 i) is maintained (i,e,
no running on the characteristic curve as previously tested in a) at g),

Note:

*At this point, a gradient is run from 60% to 100%, so an exact value cannot be determined
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5,4,6 Active power feed-in for PGUs at underfrequency P
(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)
(not for DC-coupled Storage systems)
Test cycle for adjustable PGUs:
Test 1:
1-min mean value: 50,00 49,75 48,80 47,60 48,80 49,75 50,00 47,35 47,60 50,00
Expected active 10 12 50 98 50 12 10 0 0 10
power output [% of
Pemax]:
Measurement: 10% Pemax; Start frequency 49,80Hz; droop setting s = 5% (40% Pref/Hz)
Frequency [Hz]: 50,00 49,75 48,80 47,60 48,80 49,75 50,00 47,35 47,60 50,00
Psetpoint [W]: 100 120 500 980 500 120 100 0 0 100
Pego [W]: 102,2 122,2 509,6 996,6 508,6 122,7 103,6 0 0 103,2
APego [%0] 0,22 0,22 0,96 1,66 0,86 0,27 0,36 0 0 0,32
@;ﬁilable DC-power 10%
Test 2:
1-min mean value: 50,00 49,75 49,20 48,80 49,20 49,85 50,00
Expected active 60 62 84 100 84 60 60
power output [% of
Pemax]:
Measurement: 60% Pemax; Start frequency 49,80Hz; droop setting s = 5% (40% Pret/Hz)
Frequency [Hz]: 50,00 49,75 49,20 48,80 49,20 49,85 50,00
Psetpoint [W]: 600 620 840 1000 840 600 600
Pego [W]: 603,6 622,6 848,5 1008,7 848,2 603,5 605,9
APego [%0] 0,36 0,26 0,85 0,87 0,82 0,35 0,59
@/\(/);ilable DC-power 60%
Limit:
APgsoin % < +10% of Pemax P
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5,4,6 Active power feed-in for PGUs at underfrequency P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

(not for DC-coupled Storage systems)

Graph Test 1@ 100% Pemax
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5,4,6 Active power feed-in for PGUs at underfrequency P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

(not for DC-coupled Storage systems)

Graph Test2 @ 60% Pemax
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5,4,6 Active power feed-in for PGUs at underfrequency P

(these tests are designed to provide evidence that the requirements of VDE-AR-N 4105:2018-
11 5,7,4,3, and VDE-AR-N 4105:2018-11 8,3,1, are met)

(not for DC-coupled Storage systems)

Assessment criterion:
The test is regarded as passed:
a) for controllable PGU if:

- The active power reduces between measuring points 5,4,4,1 a) to g) and j), the expected active power output, after settling,
adjusts with a deviation < +10% Pgmax, Deviations according to VDE-AR-N 4105: 2018-11, 5,7,4,3, Figure 13 and due to the
technical restrictions described are permissible, In the measuring points h) and i) no active power may be delivered,

- The initial time delay Ty of the frequency-dependent adaptation of the active power output <2 s,

- The response time of the adaptation of the active power output is a maximum of 8 s (type 1 units and type 2 units with
rotating machines) or 2 s (all other type 2 units)

- the settling time of the adaptation of the active power output is a maximum time of 30 s (for type 1 units and for type 2 units
with rotating machines) or respectively a maximum time of 20 s (for all other generation units type 2) and

- The connection time at point j) is at least 60 s and the power is then increased with a gradient of < 10% Pgemax / min,

- In the case of generating units with combustion engines or gas turbines, if the criteria for response time and settling time are
not met, the test shall be passed, even if the adaptation of active power output occurs with a power gradient of at least 66% Pemax
per min (corresponding to 1,11% Pgmax per s),

b) for conditionally adjustable PGU, if:

- they behave as descripted in a) inside their control range and
- no disconnection takes place between 49,8 Hz and 47,5 Hz;
- the connection time in j) corresponds to the manufacturer's information on the random number generator;

NOTE: The Uniform distribution of the disconnection frequency in maximum increments of 0,1 Hz between the end of the control
range (at least 50,2 Hz) and 51,5 Hz shall be proofed by a manufacturer's declaration,

c) for non-adjustable PGU, if

- no disconnection takes place between 49,8 Hz and 47,5 Hz;
- the connection time in j) corresponds to the manufacturer's information on the random number generator;

NOTE The Uniform distribution of the disconnection frequency in maximum increments of 0,1 Hz between 50,2 Hz and 51,5 Hz
shall be proofed by a manufacturer's declaration,

d) for linear generators with Sgmax < 4,6 KVA,

- if they disconnect from the mains at a frequency < 49,8 Hz and their maximum upper frequency limit (as specified by the
manufacturer), but at the latest when they exceed 47,5 Hz,

- the connection time in j) corresponds to the manufacturer's information on the random number generator;

Subsequently no more resynchronization/active power feed-in is permitted, also while the frequency 5,4,4,1 i) is maintained (i,e no
running on the characteristic curve as previously tested in a) at g),

Note:
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5,4,8 Static voltage stability / reactive power supply
The test serves as verification of the reactive power mode according to VD-AR-N 4105: 2018-11, 5,7,2 of the
PGU in normal operation,
5,4,8,2 Tests of the Reactive power / cos ¢ setting accuracy ‘ P
Test: MST-HIE2.5-1000
60 s mean value 0,9 Un Un 1,1 Uy
Active power 40 — 60% Pgmax Semax 40 — 60% Pemax SEmax 40 — 60% Pgmax ‘ Semax
cos ¢ 0,95 over-excited
U V] 207,0 207,0 230,0 230,0 253,0 253,0
Peeo [W] 480,0 954,1 478,8 953,9 478,8 955,3
Qeso [VAT] 151,2 312,0 153,4 315,1 158,0 319,2
Seeso [VA] 503,2 1003,8 502,8 1004,6 504,2 1007,2
COS PE60 over-excited 0,9538 0,9505 0,9523 0,9495 0,9496 0,9484
Qexpected [VA] +164,3 +312,2 +164,3 +312,2 +164,3 +312,2
AQes0 [%0] -1,31 -0,02 -1,09 0,29 -0,63 0,70
cos ¢ 0,95 under-excited
U V] 207,0 207,0 230,0 230,0 253,0 253,0
Peso [W] 467,5 945,0 467,4 944,4 466,9 945,3
Qeso [VAT] -163,3 -314,7 -160,7 -313,0 -158,0 -310,8
Seeo [VA] 495,2 996,0 494,2 994,9 492,9 995,1
COS PE60 under-excited 0,9440 0,9488 0,9457 0,9492 0,9473 0,9500
Qexpected [VA] -164,3 -312,2 -164,3 -312,2 -164,3 -312,2
AQeeo [%0] 0,10 -0,25 0,36 -0,08 0,63 0,14
cos ¢ 0,98 over-excited
UV 207,0 207,0 230,0 230,0 253,0 253,0
Pego [W] 491,3 982,5 492,2 983,1 491,1 982,7
Qeeo [Var] 94,7 198,8 99,6 202,8 104,3 205,7
Seeo [VA] 500,4 1002,4 502,2 1003,8 502,0 1004,0
COS (PE60 over-excited 0,9819 0,9801 0,9801 0,9794 0,9782 0,9788
Qexpected [VA] +101,5 +198,9 +101,5 +198,9 +101,5 +198,9
AQeeo [%0] -0,68 -0,01 -0,19 0,39 0,28 0,68
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5,4,8 Static voltage stability / reactive power supply

The test serves as verification of the reactive power mode according to VD-AR-N 4105: 2018-11, 5,7,2 of the
PGU in normal operation,

5,4,8,2 Tests of the Reactive power / cos ¢ setting accuracy ‘ P
Test: MST-HIE2.5-1000

60 s mean value 0,9 Un Un 1,1 Uy
Active power 40 — 60% Pgmax Semax 40 — 60% Pemax SEmax 40 — 60% Pgmax ‘ Semax
cos ¢ 0,98 under-excited
U V] 207,0 207,0 230,0 230,0 253,0 253,0
Peeo [W] 484,4 976,2 485,0 976,5 484.,9 976,9
Qeso [Var] -107,0 -201,5 -106,8 -199,3 -103,1 -197,6
Seeso [VA] 496,1 996,8 496,6 996,6 495,8 996,7
COS (E60 under-excited 0,9765 0,9794 0,9766 0,9798 0,9781 0,9801
Qexpected [VA] -101,5 -198,9 -101,5 -198,9 -101,5 -198,9
AQes0 [%0] -0,55 -0,26 -0,53 -0,04 -0,16 0,13
Limit
COS QPeso cos ¢ = 0,94 to 0,96 | and cos ¢ = 0,94 to 0,96 (i) P

cos ¢ = 0,97 to 0,99 | and cos ¢ = 0,97 to 0,99 (i)
cos ¢ settling steps <0,01
AQeso In % < 4% Pemax P
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5,4,8 Static voltage stability / reactive power supply
The test serves as verification of the reactive power mode according to VD-AR-N 4105: 2018-11, 5,7,2 of the
PGU in normal operation,
5,4,8,2 Tests of the Reactive power / cos ¢ setting accuracy ‘ P
Test: MST-HIE2.5-1000
60 s mean value 0,9 Un Un 1,1 Uy
Active power 40 — 60% Pemax SEmax 40 — 60% Pemax SEmax 40 — 60% Pemax ‘ SEmax

Graph: Q/P diagram
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Test:

applies for PGUs Type 2 - only inverter ZSgmax < 4,6 kVA
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5,4,8 Static voltage stability / reactive power supply

The test serves as verification of the reactive power mode according to VD-AR-N 4105: 2018-11, 5,7,2 of the
PGU in normal operation,

5,4,8,2 Tests of the Reactive power / cos ¢ setting accuracy ‘ P
Test: MST-HIE2.5-1000

60 s mean value 0,9 Un Un 1,1 Uy

Active power 40 — 60% Pgmax Semax 40 — 60% Pemax SEmax 40 — 60% Pgmax ‘ Skmax

a) and b) For cos ¢ 0,95 over-excited and @ 0,95 under-excited, the active power will be measured at value between 40% Pgmax
and 60% and Semax and a second time,

for cos ¢ 0,98 over-excited and ¢ 0,98 under-excited, the active power will be measured at a value between 40% Pgmax and
60% and Semax

applies for PGUs Type 2 - only inverter ZSgmax = 4,6 kKVA

¢) and d) For cos ¢ 0,90 over-excited and ¢ 0,90 under-excited, the active power will be measured at value between 40% Pemax
and 60% and Semax and a second time,

for cos ¢ 0,95 over-excited and ¢ 0,95 under-excited, the active power will be measured at a value between 40% Pgmax and
60% and Semax

applies PGUs Type 1 as well as for type 2 plants with Stirling generators and fuel cells ZSgmax < 4,6 kVA
e) without specification of the cos ¢ the active power will be measured at value between 40% Pemax and 60% and Sgmax,
applies for PGUs Type 1 as well as for type 2 plants with Stirling generators and fuel cells ZSgmax > 4,6 kVA

f) and g) For cos ¢ 0,95 over-excited and cos ¢ 0,95 under-excited, the active power will be measured at value between 40%
Pemax and 60% and Semax and a second time,

for cos ¢ 0,98 over-excited and ¢ 0,98 under-excited, the active power will be measured at a value between 40% Pgmax and
600/0 and SEmax

applies for PGUs Type 2 Asynchronous generators:

h) without specification of the cos ¢ the active power will be measured at value Semax, The test is performed only at Uy,

Assessment criterion:
applies for PGUs Type 2 - only inverter ZSgmax < 4,6 kVA

The Q setpoint is calculated by using the required cos @ setpoint one time at 0,95 and one time at 0,98 and the measured
apparent power of the fundamental, The test is passed if all the Q 60 s mean values of the fundamental component for a) are in
the range of Q set point £4% P emax Overexcited and for b) in the range of Q set point +4% P emax Under-excited, In addition, a
setting of the cos @ must be possible within a step size of at least 0,01,

applies for PGUs Type 2 - only inverter ZSgmax = 4,6 kVA

The Q setpoint is calculated by using the required cos @ setpoint one time at 0,90 and one time at 0,95 and the measured
apparent power of the fundamental, The test is passed if all the Q 60 s mean values of the fundamental component for a) are in
the range of Q set point £4% P gmax overexcited and for c) in the range of Q set point +4% P emax under-excited, In addition, a
setting of the cos @ must be possible within a step size of at least 0,01,

applies for PGUs Type 1 as well as for type 2 plants with Stirling generators and fuel cells Sgmax < 4,6 kVA

The Q setpoint is calculated by using the required cos @ setpoint one time at 0,95 and one time at 0,98 and the measured
apparent power of the fundamental, The test is passed if all the Q 60 s mean values of the fundamental from e) are in the range
Q maximal overexcited till Q minimal under-excited,

applies for PGUs Type 1 as well as for type 2 plants with Stirling generators and fuel cells ZSgmax = 4,6 kVA

The Q setpoint is calculated by using the required cos @ setpoint one time at 0,95 and one time at 0,98 and the measured
apparent power of the fundamental, The test is passed if all the Q 60 s mean values of the fundamental component for a) are in
the range of Q set point £4% P emax Overexcited and for f) in the range of Q set point +4% P gmax under-excited, In addition, a
setting of the cos @ must be possible within a step size of at least 0,01,

applies for PGUs Type 1 Asynchronous generators:

The test is passed if the cos ¢ Q 60 s mean values of h) is in the range cos ¢ = 0,95 under excited 0,02,

Note:
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‘The regulating and control behavior of the reactive power P

The regulating or control behaviour of the reactive power is based on the PT-1 behaviour shown in Figure 10, Each reactive power
value, which results from the control behaviour specified by the network operator, can be set between 6s and 60s (for Type 1
between 10 s and 60 s), The signal runtime includes the detection of the mains voltage or the active and reactive power,

Step response with the tolerances relevant for the evaluation

Q”’Emax "
06 -
G.S_ _'__,_————-h-l———-”—+—4uK——
= [+]
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Figure 10 - lllustration at 3tau =10 s

Comment:

The regulation and control behaviour according to PT-1 is implemented and checked for all reactive power control modes,
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5,4,8,3 Test of the displacement factor/active power characteristic curve cos ¢ (P) P

The test serves as verification of the standard cos ¢ (P) curve according to VDE-AR-N
4105:2018-11, 5,7,2,4,

Test c) supply-dependent PGUs - Accuracy (characteristic curve)
Test: MST-HIE2.5-1000

Measurement: 20-100% Pemax

Pemax/P [%0] 20 30 40 50 60 70 80 90 100
U V] 230,0 230,0 230,0 230,0 230,0 230,0 230,0 230,0 230,0
Pe3o [W] 193,7 2917 390,7 488,5 574,8 666,0 7583,3 837,3 924,3
Pe3o Of Pemax [%0] 19,4 29,2 39,1 48,9 57,5 66,6 75,3 83,7 92,4
Qeso0 [VAI] 16,3 18,0 19,0 19,8 -84,8 -137,0 -190,5 -246,0 -305,1
COS (Pe3o 0,9965 0,9981 0,9988 0,9992 0,9893 0,9795 0,9695 0,9595 0,9496
COS Qsetpoint Of Pe3o 1,0000 1,0000 1,0000 1,0000 0,9900 0,9800 0,9700 0,9600 0,9500
Measurement: 100-20% Pemax

Pemax/P [%0] 100 90 80 70 60 50 40 30 20
U V] 230,0 230,0 230,0 230,0 230,0 230,0 230,0 230,0 230,0
Peso [W] 919,4 839,0 752,5 666,0 575,7 488,6 390,0 291,4 194,7
Peso Of Pemax [%0] 91,9 83,9 75,2 66,6 57,6 48,9 39,0 29,1 19,5
Qezo [VAI] -303,5 -245,2 -190,0 -137,2 -84,2 19,2 19,4 17,6 17,2
COS Pe3o 0,9496 0,9599 0,9696 0,9794 0,9895 0,9992 0,9988 0,9982 0,9961
COS Psetpoint Of Peso 0,9500 0,9600 0,9700 0,9800 0,9900 1,0000 1,0000 1,0000 1,0000
Limit

AQe30 in % < #4,0% relative to Pemax P
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5,4,8,3 Test of the displacement factor/active power characteristic curve cos ¢ (P) P

The test serves as verification of the standard cos ¢ (P) curve according to VDE-AR-N
4105:2018-11, 5,7,2,4,

Test: MST-HIE2.5-1000
Test d): supply-dependent PGUs - Dynamic

Pemax/Pn [%0] 100 40 100 75
u[V] 229,9 229,9 229,9 229,9
Peso [W] 947.,9 401,6 946,8 745,9
Pe3o Of Pemax [%0] 94,79 40,16 94,68 74,59
Qeso [VAT] -305,2 18,65 -311,1 -180,5
Qexpected -312,2 0 -312,2 -170,9
AQE3o [%0] -30,52 1,87 -31,11 -18,27
COS ¢ E30 0,9519 0,9989 0,9499 0,9719
COS Psetpoint Of Peso 0,9500 1,0000 0,9500 0,9750
Limit

AQeso in % < £ 4,0% relative to Pemax P
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5,4,8,3 Test of the displacement factor/active power characteristic curve cos ¢ (P) P
The test serves as verification of the standard cos ¢ (P) curve according to VDE-AR-N
4105:2018-11, 5,7,2,4,
Graph of Test c)
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5,4,8,3

Test of the displacement factor/active power characteristic curve cos ¢ (P)

The test serves as verification of the standard cos ¢ (P) curve according to VDE-AR-N
4105:2018-11, 5,7,2,4,

P

Graph of Test d)
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5,4,8,3 Test of the displacement factor/active power characteristic curve cos ¢ (P) P

The test serves as verification of the standard cos ¢ (P) curve according to VDE-AR-N
4105:2018-11, 5,7,2,4,
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Assessment criterion:

Test 5,4,8,3 (2) is considered to have been passed if the PGU meets the requirements for the performance gradient in VDE AR-
N 4105: 2018-11, 5,7,4,2,

Test 5,4,8,3 (4) is passed if the step response of the reactive power in test steps ¢) and e) shows PT-1 behaviour according to
VDE-AR-N 4105: 2018-11, 5,7,2,5 and for test step d) optionally the power gradient lies between the limits defined in VDE AR-N
4105: 2018-11, 5,7,4,1 or the step response of the reactive power also has PT-1 behaviour according to VDE-AR-N 4105: 2018-
11, 5,7,2,5,

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01



U VE

ST
E}u >

1828

A Page 71 of 224 Report No,: BWDO-ESH-P24070520

DIN VDE 0124-100

Requirement — Test Verdict

55 ‘Testing of NS protection
55,2 NS protection P
55.2,1 Functional safety P
55,3 Central NS-protection N/A
554 Integrated NS-protection P
55,6 Interface switch P
5,5,6,2 Central interface switch N/A
5,5,6,3 Integrated interface switch P
55,7,2 Check of setting values P
5,5,7,3 Wiring check P
55,7,4 Voltage and frequency control P
557,41 Voltage and frequency control — Single Phase P
Voltage and frequency control — Multi Phase (Phase to N) N/A
Voltage and frequency control — Multi Phase (Phase to Phase) N/A

Voltage and frequency control — Measuring the rise-in voltage protection as a running 10-

. P

minute mean value

Voltage and frequency control — Frequency measurement P
55,7,5 Reporting of NS protection P
55,9 Constructional characteristics of NS protection P
5,5,10,1 General P
5,5,10,2 Passive Islanding Protection N/A
5,5,10,3 Islanding protection according table 6 — Load imbalance (real, reactive load) for test condition p

A (PGU output = 100%)

Islanding protection according table 6 — Load imbalance (real, reactive load) for test condition p

A (PGUT output = 66%)

Islanding protection according table 6 — Load imbalance (real, reactive load) for test condition p

A (PGU output = 33%)
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55,2

NS protection

P

The test for error detection with subsequent shutdown is carried out by means of error simulation, if necessary with additional error

tests (see VDE-

AR-N 4105: 2018-11, 6,1),

55,2,1 Functional safety P
Componen t test voltage (V) Test fuse fuse current (A)
Fault : No. Result
No. time
AC DC (AC) AC DC
PVA:4SVI20 Unit shut d LED light
A PVA:45V/0,025A| NIt Shut down, 9
Rﬁl?g,\}fl Short circuit|230V/5A _ 2min EB; 23007\;/0’ ) display red, no damage, no
PVB.AASV/ZO PVB:45V/0,025A hazard, no fire
Transformer PVA:45V/20 : i
T4 Short circuit{230V/5A A 2min FUL 1230V/0, PVA:45V/0,025A diszanlraShrLgdd?wvc\JlndaLnEa[l) I(i,gr:wto
(Pin 1 to pin PVB:45V/20 FU2 | 07A [PVB:45v/0,026A 'SP e, nage,
: hazard, no fire
2) A
Transformer :
T4 PVA'4ASV/20 FUl |230v/0 PVA:45V/0,05A | Unit shut down, LED light
(Pin 3 to pin Short circuit|230V/5A _ 2min FU2 07A '| PVB:45,94V/3,1| display red, no damage, no
PVB:45V/20 A hazard, no fire
4) A
Transformer PVA:45V/20 ; i
; T8 .| Short circuit|230V/5A A 2min FUL |230V/3,| PVA:45V/0,05A éfgglasyl:;gor%na;igsg T;
(Pan% to pin pVB:4A5V/20 FU2 6A | PVB: 45V/1,5A enclosure, no hazard, no fire
Transformer :
T8 PVA'4ASV/20 FUL |230V/0 PVA:45V/0,05A | Unit shut down, LED light
(Pin3to pin Short circuit|230V/5A _ 10min FU2 A PVB:0,97V/19,9| display red, no damage to
2 PVB-4ASV/20 2A enclosure, no hazard, no fire
PVA:45V/20 : .
MOS Q11
0S Q11 o A | Fu1 |230vi0|PVA:a5VI0,0254 UNitshut down, LED light
(Pin 2 to pin|Short circuit|230V/5A 2min FU2 A |PVB-45V/0.025A display red, no damage to
3) PVB54A5V/20 ’ ' enclosure, no hazard, no fire
PVA:45V/20 : .
D2
. . o A | Fu1 |230vi0|PVA:45vI0,0344 UNitshut down, LED light
(Pin 1 to pin|Short circuit|230V/5A _ 2min FU2 A |PVB-45V/0.034A display red, no damage to
2) PVB-4ASV/20 ' ' enclosure, no hazard, no fire
PVA:45V/20 . .
D8
. . o A | Fu1 |230vi0|PVA:45vI0,0344 UNitshut down, LED light
(Pin 1 to pin|Short circuit|230V/5A _ 2min FU2 A |PVB-45V/0.034A display red, no damage to
2) PVB-AA5V/20 ’ ' enclosure, no hazard, no fire
PVA:45V/20 . .
PV MOS Q3
MOs Q o A | Fu1 |230vi0| PVA:45VI0,054 | UNitshut down, LED light
(Pin 1,2,3 to| Short circuit|230V/5A 10min FU2 A PVB-0 84V/20A display red, no damage to
pin5,6,7,8) PVB:4A5V/20 o enclosure, no hazard, no fire
PVA:45V/20 . .
Bus ot cireu / A | FUL [230v/0| PVA:45v/0,05A (;J.”'tfh“t gOW”aLED light
capacitor C10 Short circuit|230V/5A PVEB-45V/20 10min FU2 A PVB-0.84V/20A isplay red, no damage to
.A - enclosure, no hazard, no fire
PVA:45V/20 . .
. . Unit shut down, LED light
X czépsa(;: ftor Short circuit|230V/5A A 2min EB; OV/0A Egg‘igwgggiﬁ display red, no damage to
PVB:i?V/ZO ) k enclosure, no hazard, no fire
. . PVA:37,55V/14,| Unit shut down, LED light
Y czépsza?cnor Short circuit|230V/5A PVA.iSV/ZO 2min EB; 23305\,/5/\4’ 58A display red, no damage to
PVB:37,55V/14, | enclosure, no hazard, no fire
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PVB:45V/20 58A
A
PV array PVA:45V/20 PVA:37,55V/14
insulation ' e "I Unit shut down, LED light
) N A . FU1l |(230V/4, 58A :
resistance [open circuit [230V/5A 2min . display red, no damage to
o PVB:45V/20 FU2 35A |PVB:37,55V/14, )
monitoring, enclosure, no hazard, no fire
R115 A S8A
PVA:4A5V/20 FUl |230v/3 PVA:37,55V/14, Unit shut down, LED light
R2 Short circuit|230V/5A _ 2min FU2 ZAA ! 58A display red, no damage to
PVB-4A5V/20 PVB:38V/10,3A | enclosure, no hazard, no fire
PVA:45V/20 . .
o A | Ful |230v/0,[PVA:45VI0,0254) Unit shut down, LED light
R2 open circuit [230V/5A _ 2min FU2 07A  |PVB-45V/0.025A display red, no damage to
PVB-AAE’V/ZO ’ ' enclosure, no hazard, no fire
PVA:45V/20 . .
o A | Ful |230vi0|PVA:45VI0,034a] UNitshut down, LED light
R99 open circuit [230V/5A _ 2min FU2 A |PVB-45V/0.034A display red, no damage to
PVB-4A5V/20 ’ ' enclosure, no hazard, no fire
PVA:45V/20 : .
. A | Fui |230vi0|PVA:45VI0,034a] UNit shut down, LED light
R99 Short circuit|230V/5A _ 2min FU2 A |PVB-45V/0.034A display red, no damage to
PVB-4A5V/20 ’ ' enclosure, no hazard, no fire
PVA:45V/20 : .
o A | Fu1 |230vi2|PVA:a5vI00344] UNiL Shut down, LED light
R135 open circuit [230V/5A 2min FU2 A PVB-45V/0.7A display red, no damage to
PVB:4ASV/20 ’ k enclosure, no hazard, no fire
PVA:45V/20 : .
o A | Fu1 [230v/0,| PVA:50V/0,06a | UNit Shut down, LED light
R135 Short circuit|230V/5A _ 10min FU2 18A | PVB 50V/0.05A display red, no damage to
PVB-4ASV/20 ’ k enclosure, no hazard, no fire
PVA:45V/20 Unit shut d LED liah
R95 open circuit [230V/5A .A 2min EB; 23%\//0 E\\;gj;\xggjgﬁ digglz:y l:::d,o r\:\:)naamaglg t(t)
PVB-4ASV/20 ’ ' enclosure, no hazard, no fire
PVA:45V/20 PVA:37,55V/14, Unit shut down, LED light
N A . FU1l |(230V/4, 58A :
R95 Short circuit|230V/5A 2min . display red, no damage to
PVB:45V/20 FU2 42A |PVB:37,55V/14, )
enclosure, no hazard, no fire
A 58A
PVA:45V/20 . .
. Unit shut down, LED light
R102 open circuit [230V/5A A 2min EB% 23%\//0 Eggigwggggﬁ display red, no damage to
PVB:AA5V/20 ' ' enclosure, no hazard, no fire
PVA:45V/20 : .
. A | Fur |230via| Pvausvii0a | UNitshutdown, LED light
R102 Short circuit|230V/5A _ 2min FU2 A PVB-45V/10A display red, no damage to
PVB-4A5V/20 ' enclosure, no hazard, no fire
PVA:45V/20 : .
. A | Fu1 |230vi0|PVA:a5VI0,0254 UNitshut down, LED light
R13. R14 [open circuit|230V/5A _ 2min FU2 A |PVB-45V/0.025A display red, no damage to
PVB-15V/20 ) k enclosure, no hazard, no fire
PVA:15V/20 FUL |230v/4 PVA:SE?éSASV/M, Unit shut down, LED light
R13. R14 |Short circuit{230V/5A 2min ' . display red, no damage to
PVB:45V/20 FU2 42A |PVB:37,55V/14, )
enclosure, no hazard, no fire
A 58A
Optocoupler [Short circuit|230V/5A|PVA:45Vv/20| 2min| FU1 |230V/0|PVA:45V/0,034A] Unit shut down, LED light
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U5 A FU2 A |PVB:45V/0,034A] display red, no damage to
PVB:45V/20 enclosure, no hazard, no fire
A
PYA:ASVI20 Unit shut d LED light
A . nit shut down, ig
Optol(j%upler Short circuit|230V/5A _ 2min EB; 23%\//0 Eg’éigwgggiﬁ display red, no damage to
PVB-4A5V/20 ' ' enclosure, no hazard, no fire
PVA:45V/20 After the power grid simulator
A ) is powered on, self-
Output L to N|Short circuit|230V/5A| 2min| 5 |ovizsa ﬁ¥’§ii§¥fg’8§§ﬁ protection, the indicator light
PVB:45V/20 ’ ' flashes red, no damage, no
A danger
PVA:45V/20 Input power-on voltage is
PV+ to PV- Reverse |230V/5A A omin FU1 |230V/0,| PVA:45V/0,05A | directly pulled down, input
J7,J6 PVB:45V/20 FU2 07A | PVB:1,52V/20A | 31W, maximum current, no
A start, no danger
PVA:45V/20 .
A PVAS7,SSVIL4, | nit shut down, LED light
. FU1 |230V/4, 58A :
Output L to N| Reverse [230V/5A 2min . display red, no damage to
PVB:45V/20 FU2 42A | PVB:37,55V/14, )
A 58A enclosure, no hazard, no fire

Note:

The errors in the control circuit simulate that the safety is even ensured during a single fault,

Assessment criterion:

The NS protection must send a shutdown command to the coupling switch,

If the error is detected, the device is switched off within 10 s after error detection,

If the auxiliary voltage fails with the central NS protection or if the control fails with the integrated NS protection, the switch-
off command must be given immediately,
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55,4 ‘ Integrated NS protection P

The integrated NS protection is tested in 5,5,7 and in connection with the examination of the entire NS protection chain and
switch,

Note:

For test results see 5,5,2,1 Functional safety,
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5,5,6,3 Integrated interface switch P
5,5,6,3,1 Test (functional chain integrated NS-protection and integrated interface switch) P

Following monitoring options of an interface switch are valid (a) or (b) or (c):

(a) Use of a interface switch in which a control voltage must be constantly applied when switched on and which switches
off automatically when this voltage is not present, The operational switch-on and switch-off processes is monitored

The disconnection of the control voltage leads to the instantaneous disconnection of the interface switch, N/A
A simulated defect during the closing and opening of the interface switch leads to an instantaneous shutdown of

. . N/A
the PGU, A restart is not possible,
A simulated defect of the interface switch after the NS protection as operated leads to an instantaneous N/A
shutdown of the PGU, A restart is not possible,
The switch-off time of the whole reaction chain is within 0,2s, N/A

(b) The interface switch is switched on and off at least once a day by the NS protection and the proper functioning of the
coupling switch is monitored,

A simulated defect of the interface switch during the daily test leads to an instantaneous shutdown of the PGU,

A restart is not possible, N/A
A simulated defect of the interface switch after the NS protection has operated leads to an instantaneous N/A
shutdown of the PGU, A restart is not possible,

A function for daily switching on and off is available and explained by a manufacturer's declaration, N/A

(c) Use of the integrated coupling switch and the integrated NA protection for PV and battery converters according to
DIN EN 62109 (VDE 0126-14-1),

The integrated interface switch and NS protection is comply with DIN EN 62109 (VDE 0126-14-1),
See |IEC 62109-2 test report BWDO-ESH-P24011134-2,
Note:

See test results 5,5,2,1 functional safety,

The inverter has a galvanic separating break device,

The interface switch is short-circuit proof for the maximum short-circuit current of the power generation unit,

Max, initial short-circuit current of the PGU (power generation unit) =5,46 A, 230 Vac
Max, switching current relay =10 A, 250 Vac
Relay type used HF30F/12-2HSTF
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Datasheet of the relay (interface protection relay / Interface switch):

RN Specificat ion L

. BNEAXBFRRAA

Sichuan Hongfa Electroacoustic Co. Ltd.

i Tel: (B6) -A38-7 126686
{17 Fax: (RA) —A38-7LI66TH

[l Web sl mecowew. Bone s, comp

77 i A

Specification

CEFRY File No. s

Bl 5 Cus Lomei:

R 7 0 5 B Customer Product  Nams !

B 5 Customer Part Noo o )
SR AR Honela Producty Nome: SEH18E RELAY

e B Honefae Product Part Yo, @ HEYXFE A 2-2HSTE

WA H IR Belesze ove; 2028 H 2 H 28 [

T Product fon Plant o BY S % BH S R - 6] Sichuan Hopgta ElectroacousLic

Cry, 114,
i L Version: n B i B Numhet: of Modification:
FHWREE Y Signatere by Hongfa | BEEE, Customer Approval
JI:'“H II|I H }:Lrﬁ | _!If! I.L.,.l"-., By:
Makn Chech Il Approvad |
: | EI Date;
0 Rl

[ ARV RE0N E T 2 WAk, sk e, R REE

o IR e A 2 AR KRR F TR, Rkt

LV ke E R . W,

E=pmcial 1y o lam

[.Thi= spocifioation is expooied to bo checked within 2 secks, Bithobt Modbeck alier 2 wooks,
Bogln will take i€ u= gronted thil customer approves of ile specl{icat o

E This specification will he dnmldd if ne order within & years

A Thils specilication 08 deemed invalial 0T it i85 ol stameed by Bongla.,

-1 = LR [LEEE HEEEE A s 3
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{E" PR+ Specification

PEmAlFE T Relay Specification

Bi® Customer:

1 &# Type Model

1.1 $3E Twpe: HLEEHEHI 3R Electromagnetic Reloy

1.2 2SS Part KO HFEI0OES 12-3H5TE

1.3 #MEh< futling dimensions @ 205 pm™ 12,7 m¥ 15.7 nn
.4 ARGIES Contacl Form: PEEIE 2 Foen A

1.5 AlGHE Contact Material @ AgSnd,

2 %W4lif Safety Approval

WIEFE Certlfleation Agency IWIEY  Flla Mo
[ o E1334381
VI ] T e

L [ T I

o WA LE S5 A 8 7 TR KA, (L EL LA G A S TR 2 ) (A it - o
The above certificate Moo is just a license Yoo Please reler to the certificates we

suppl fed for dewall tnformat ion,

3 tEME=#M Coil Rating

at 23 T
WU R | ZfEdRE | R s | i i A LR ¥ &) Thife
Bated (porate Rilonsa Max Allowable Coil | Cail Resistance Coil Power
Voltage Vol tago Faltuea Vol tags W
Vil o V. ¢ Vid, . Wil ¢ 0 K Appros.
12 =1 =1k 6 |5, k% SR A1 4 10%) (KN

B aCT O T ol o P

L2 SR AR A e e R ek el 3 I b i R R
Nate: (1) The data shown shove are initial valess

) Moximm al lowable coil voltope refors to the masioim eoltage shich relay coil
coild andure in a short peried of 1ime,

4 BiSAEN Contact Parameters

4.1 MA@ e Contact Hating:10 A, 250 Va.c
4.2 ki Max Switching Current: 10 A
4.3 e Max Switching Voltage: 250 Ya.c.
.4 HebiEHAEE Min Applicable load: 6 V. 1 A
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{E‘ PG H Specification

5 fE#E Porformance

51 BEROE Contéct Résistance: 100 ml} max ot G Vd e LAY, (&R Four Probe
Metlod

5.2 EhfEEife] Operate Time: = 10 ms .

52 FRIEBIM] Relesse Time: = 6 ms .

54 WA Endurance

54,1 HEETE Elactrical Endurance

LT A R R i
ﬁiiff Contact e E: ﬁ;f:;lr.p Arbiemni Ratio Elecirical
Hoterinl = Temperature M CFF Endurminc
ZHH u I:Hﬂ: i i
Tosa ApSnd), Kesistive Tnad AR 18388 B 100 i Copa)
I A 254 ¥a.
iH BT 4%
i :-EEII Al Rosiztive Joad ok {28 [ W (apa)
: I A 25D Yoo

PRI E B SR R R A R B I R .
B4 2 WLWEEH M Mechanical Endurines

AR T b AR SRR

Varsion Contact Batine | Ambilert Temperntere i Mt {1}
£ : 0%y OFF Enduranen
@ LA i P .

Twpe EN TR FrHT Froxem Temperature bilz 0.1 107 8K Copse)

56 MM Dielectric Strength (MHR Leokoge Current: =1 md )

BoB. 1 AT B B H 0 2 ) Heteeen torminals of each opened contoct circuit:
10 Yo, o ES0CE0 He | mind .

552 B Gl s| s iy oS ] S Between all coil bermimtls and all
pontect clreult teroinm s D000 Yoo oo LROZ60 He | mink .

B B, 3 A8 iR o sk 09 5 B2 18] Between terminals of separele contact ciroul ts:
PR Wa, oo (50560 He | mind .

56 Ml Tnsulation Resistance

BB, 1 TR s &9 G2 10] Hetvween terminal & of cach opened contact oireuit:
LD M 50 Ve b .

B A2 Mo g oA s Ml e b el Bl H a2 0] Between all coil terminals end all
eontacrt circuit terminala! OO0 WO (504 Vd e ) .

5T EEEET Coil Tempersture Rise: T0 K may
ELL1osde s el FEfiteh, Bdeifdlt 10 A 2680 Ve, oo HRIEEINE. 85 T,
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5,5,7,2 Check of setting values P
5,5,7,2,1 Test P

Inverter name

Setting values:

PGU type Description Parameter Set valuein p,u, Set value L-N Set value L-L *2)
name
nominal voltage Un 1 230,0Vv 400,0 V
Nominal frequency fn 1 50,0 Hz 50,0 Hz
a) name set of parameter (Parameter setup name in manual or software)
Excitation threshold U>> AU>> 1,15 264,5V 460,0 V
é Delay time U>> tU>> - 0,100 s 0,100 s
B % % Excitation threshold U> AU> 1,10 253,0V 440,0 V
E‘ﬁ £ Z,’ Delay time U> * 1) tu> - 0,100 s *1) 0,100 s *1)
f—% § g E Excitation threshold U< AU< 0,8 184,0V 320,0V
g ; § 3 Delay time U< tU< - 0,100 s 0,100 s
g %* §£ Excitation threshold U<< AU<< deactivated - -
ci % ?5 H Delay time U<< tU<< deactivated - -
é 3 g Excitation threshold f> Af> 1,03 51,5 Hz 51,5 Hz
» g g’ Delay time > tf> - 0,100 s 0,100 s
§ Excitation threshold f< Af< 0,95 47,5 Hz 47,5 Hz
? Delay time f< tf< - 0,100 s 0,100 s
b) name set of parameter (Parameter setup name in manual or software)
Excitation threshold U>> AU>> 1,25 2875V 500,0 V
E Delay time U>> tu>> - 0,100 s 0,100 s
% % Excitation threshold U> AU> 1,10 253,0V 440,0V
é f Delay time U> * 1) tu> - 0,100 s *1) 0,100 s *1)
% 3 Excitation threshold U< AU< 0,8 184,0V 320,0V
% g Delay time U< tu< - 1,0s 1,0s
3 % Excitation threshold U<< AU<< 0,45 103,5V 180,0 V
% g Delay time U<< tU<< - 0,300 s 0,300 s
% g Excitation threshold > Af> 1,03 51,5 Hz 51,5 Hz
£ 5 Delay time f> tf> - 0,100 s 0,100 s
@ Excitation threshold f< Af< 0,95 47,5 Hz 47,5 Hz
Delay time f< tf< - 0,100 s 0,100 s
c) name set of parameter (Parameter setup hame in manual or software)
Excitation threshold U>> AU>> 1,25 2875V 500,0 V
Delay time U>> tu>> - 0,100 s 0,100 s
Excitation threshold U> AU> 1,10 253,0V 440,0V
E’ Delay time U> * 1) tu> - 0,100 s *1) 0,100 s *1)
E Excitation threshold U< AU< 0,8 1840V 320,0V
Delay time U< tU< - 3,0s 3,0s
Excitation threshold U<< AU<< 0,45 1035V 180,0 V
Delay time U<< tU<< - 0,300 s 0,300 s
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Excitation threshold f> Af> 1,03 51,5Hz 51,5Hz
Delay time f> tf> - 0,100 s 0,100 s
Excitation threshold f< Af< 0,95 47,5 Hz 47,5 Hz
Delay time f< tf< - 0,100 s 0,100 s

*1) 10-min mean value

*2) testing of external NS-protection

Factory settings correspond to the values in Table 36 Yes

There are no factory settings, The information on the setting values in the instructions manual correspond to

those in Table 36, No
External NS protection: settings and delay times are password protected settable N/A
External NS protection: It is possible to read the setting values without a tool N/A
Integrated NS protection: the setting values are visible via a data interface or display Yes

The limit values for U> can be set between 110% and 115% and, in the case of directly coupled
synchronous and asynchronous generators with P, >50kW, the time delay for U< and U<< can be set, All Yes
other limit values are protected against unauthorized access,

Assessment criterion:
The exam is passed if the following points are met:
The factory setting values correspond

a) With integrated NA protection of VDE-AR-N 4105: 2018-11, 6,5,2 Table 2 (see also Table 36),
b) With central NA protection, either the factory settings of VDE-AR-N 4105: 2018-11, 6,5,2, Table 2 (see also Table 36) or
these values can be set,

- In the event of an operator input, the test object only goes into operation after settings have been selected,

The setting values that can be changed according to 4105: 2018-11, 6,5,1 and 6,5,2 can be set within the specified limits and are
protected against unauthorized access,

The setting values that cannot be changed according to VDE-AR-N 4105: 2018-11, 6,5,1 and 6,5,2 cannot be changed or are
protected from unauthorized access by an additional separate protection system
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55,7,3 Wiring check P
5,5,7,3,1 Test P

Setting values:

ULl-E 219,4V 0° 50,0 Hz
UL2-E N/A -120° 50,0 Hz
UL3-E N/A 120° 50,00 Hz

Measured values:

ULl-E 219,7V 0° 50,0 Hz
UL2-E N/A -120° 50,0 Hz
UL3-E N/A 120° 50,0 Hz

Evaluation criterion

This test is not assessed, If a phase shift is found, it must be corrected and the test repeated
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55,7,4 Voltage and frequency control P

55,7,4,1 Voltage and frequency control — Single Phase P

Integrated NS protection single phase < 30 kVA

Operating time of the monitoring device:

MST-HIE2.5-1000

L1to N:

Under voltage 1 (4,2):

Over voltage 1 (1,2):

Ramp [start V to stop V]

>188,6 — <179,4

<282,9 — >292,1

Step size [V] <1,15 <1,15
Step length [s] >3,200 >0,400
Limit [V] 184,0 £ 1% U, 287,5 + 1% U,
Measurement [V] 183,2 288,4

L1to N:

Under voltage 1 (5,2):

Over voltage 1 (2,2):

Jump [start V to stop V]

>200,1 —» <179,4

<282,9 — >292,1

Step size [V] >9,2 >9,2
Step length [s] >3,200 >0,400
Limit [s] 3,000 +0,100 0,100 +0,100
Measurement [s] 3,042 0,147

L1to N:

Under voltage 2 (6,2):

Ramp [start V to stop V]:

>108,1 — <98,9

Step size [V] <1,15
Step length [s] >0,500
Limit [V]: 103,5 + 1% U,
Measurement [V:] 102,9

L1to N:

Under voltage 2 (7,2):

Jump [start V to stop V]:

>108,1 — <98,9

Step size [V] >9,2
Step length [s] >0,500
Limit [s]: 0,300 +0,100
Measurement [s]: 0,368

Note:

The disconnection time includes disconnect time + operate time of the integrated relay, Therefore limit is give with +0,1 s
according to Table 2 set values of the NS-protection according to VDE AR-N 4105:2018,

The permitted tolerance between setting value and trip value of the voltage may not exceed + 1% of U,
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55,7,4 Voltage and frequency control P
55,7,4,1 Voltage and frequency control — Measuring the rise-in voltage protection as a running p

10-minute mean value

MST-HIE2.5-1000

L-N: Over voltage 10-minute mean value (3,1):
Ramp [start V to stop V] 230,0 — 257,6

Step size [V] 27,6

Step length [s] >600,2

Limit for disconnection [s] 450 - 550

Measurement [s] 487,63

L-N:

Over voltage 10-minute mean value (3,2):

Ramp [start V to stop V]

230,0 — >248,4

Step size [V]

18,4

Step length [s]

>600,2

Limit for reconnection [s]

no disconnection (also after 600 s)

Measurement [s]

no disconnection

L-N:

Over voltage 10-minute mean value (3,3):

Ramp [start V to stop V]

243,8 — >262,2

Step size [V] 18,4
Step length [s] >600,2
Limit for disconnection([s] 225 -375
Measurement [s] 296,74

Note:
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55,7,4 Voltage and frequency control P
55,7,4,1 Voltage and frequency control — Frequency measurement P

Operating time of the monitoring device:

MST-HIE2.5-1000

Under frequency (10,1):

Over frequency (8,1):

Ramp [start Hz to stop Hz] 47,60 — 47,40 51,40 — 51,60
Step size [Hz] <0,025 <0,025
Step length [s] >0,4 >0,4
Limit [Hz] 47,50 £ 1% f, 51,50 + 1% f,
Measurement [Hz] 47,49 51,50

Under frequency (11,1):

Over frequency (9,1):

Jump [start Hz to stop Hz] 47,60 — 47,40 51,40 — 51,60
Step size [HZ] >0,2 >0,2
Step length [s] >0,4 >0,4
Limit [s] 0,100 +0,100 0,100 +0,100
Disconnection time [s] 0,156 0,139

Note:

The setting value and the trip value of the frequency may not vary by more than + 0,1 % f,,
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5,5,7,5 ‘ Reporting NS protection P

The last 5 dated failure reports on the NS protection can be read, An interruption in the supply voltage of < 3 s does not result in
any loss of failure reports,

Central NS protection:

It is possible to read the setting values and the failure reports of the NS protection independently of the operational state and
without any additional aids,

Integrated NS protection:

It is possible to read out the values of the NS protection via the data interface, if the values are not directly readable,

Picture of 5 last dated failure:

Data Errar Time
crwer waltage Tault
1840-1811 urder voltage fault

E150-5171 ower Fred fault

4760-4733 urdet Freq fault

E150-5160

Assessment criterion:

At least the last 5 error messages including time stamps that were recorded before the voltage interruption and at least 5 error
messages including time stamps that were recorded after the voltage interruption must be documented,
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55,9 Constructional characteristics of NS protection P
5,5,9,1 General P

These tests serve to demonstrate the requirements of VDE-AR-N 4105: 2018-11, 6,5,2,
5,5,9,2 Test P

Type of NS protection: Internal

NS-protection is sealed or a password protection is used (or both)

adjustability of U> and the time delays for U< and U<< is given P

All other protective functions are either permanently protected or protected from unauthorized access by =
additional, separate protection (example password)
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5,5,10 ‘ Islanding detection P

For power generation systems, islanding detection must be carried out using one of the following processes:
a) active method, e,g, by means of frequency — shift process (oscillating circuit)

b) passive method by means of the three-phase voltage monitoring (possible only for power generation
systems without inverters or for single-phase power generation units with inverters),

(see 5,5,7,4 3-phase voltage control)

With the passive process, it is important to provide evidence that the power generation unit can be set
not equal to 120°,

5,5,10,1 General

These tests serve as proof of the requirements of VDE-AR-N 4105: 2018-11, 6,5,3, The maximum switch-off time is 9 s,
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5,5,10,2 ‘Passive Islanding detection P

The passive procedure is implemented by the voltage increase and voltage decrease protection of the NS protection,

Note:

A passive procedure is possible with the help of three-phase voltage monitoring (only for generating units without converter or for
single-phase generating units with converter)

The three-phase voltage monitoring is also permissible with the structural integration of several single-phase generating units that
feed into different external conductors, as long as the currents of these generating units are regulated independently of each other
so that any phase positions can be set,

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01



Page 90 of 224 Report No,: BWDO-ESH-P24070520

5,5,10,3 Islanding protection according table 6 - Load imbalance (real, reactive load) for test P
condition A (PGU output = 100%)

Test conditions Frequency: 50,00 Hz + 1% f,
Un=230,0V £ 1% U,
Distortion factor of chokes < 2%
Disconnection limit 2 s (IEC 62116)

MST-HIE2.5-1000

No | Peeu? | Reactive Pac ? Qac?® lac ¥ Prcu Voc Qs Runon | Re-

[% of load [%of | [%of Al I[[,V,Yapsza M | Tge marks?

PGU [% of QLin | nominal] | nominal] L1 L2 L3

rating] 6,1,d) 1]
1 100 100 0 0 - - - 1000 49 1,01 353 BL
4 100 100 -5 -5 - - - 1000 49 1,03 81 1B
5 100 100 -5 0 - - - 1000 49 1,06 213 1B
6 100 100 -5 +5 - - - 1000 49 1,09 100 1B
7 100 100 0 -5 - - - 1000 49 0,98 81 1B
8 100 100 0 +5 - - - 1000 49 1,03 81 1B
9 100 100 +5 -5 - - - 1000 49 0,94 105 1B
10 100 100 +5 0 - - - 1000 49 0,96 184 1B
11 100 100 +5 +5 - - - 1000 49 0,99 119 1B
Parameter at 0% per phase L= 168,47 mH R=529Q C=60,20 \F
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5,5,10,3 Islanding protection according table 6 - Load imbalance (real, reactive load) for test P
condition A (PGU output = 100%)

Note:

RLC is adjusted to min, +/-1% of the inverter rated output power

D Ppgu: PGU output power

2 Pac: Real power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,

%) Qac: Reactive power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,
4 Fundamental of Iac when RLC is adjusted

5 BL: Balance condition, IB: Imbalance condition,

Condition A:

PGU output power Ppgy = Maximum ©

PGU input voltage 9 = 75% of rated input voltage range

6 Maximum PGU output power condition should be achieved using the maximum allowable input power, Actual output power may
exceed nominal rated output,

7) Based on PGU rated input operating range, For example, If range is between X volts and Y volts, 75 % of range =X + 0,75 x(Y
—X), Y shall not exceed 0,8 x PGU maximum system voltage (i,e,, maximum allowable array open circuit voltage), In any case,
the PGU should not be operated outside of its allowable input voltage range,
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5,5,10,3 Islanding protection according Table 7 — Load imbalance (reactive load) for test P
condition B (PGU output =50 % — 66 %)

Test conditions Frequency: 50,00 Hz + 1% f,
Un=230,0V £ 1% U,

Distortion factor of chokes < 2%

Disconnection limit 2 s (IEC 62116)
No | Ppcu? | Reactive Pac ? Qac? lac ¥ Prcu Vbc Qs Runon | Re-
[% of load [% of [% of [Al LVrYa‘;z; Vi [ Ti[g]e marks
PGU | [% of QLin | nominal] | nominal] L1 L2 L3
rating] 6,1,d) 1]
12 66 66 0 -5 - - - 600 38 0,98 88 B
13 66 66 0 -4 - - - 600 38 0,99 104 B
14 66 66 0 -3 - - - 600 38 0,99 100 B
15 66 66 0 -2 - - - 600 38 1,00 130 B
16 66 66 0 -1 - - - 600 38 1,01 172 1B
2 66 66 0 0 - - - 600 38 1,01 211 BL
17 66 66 0 1 - - - 600 38 1,02 141 1B
18 66 66 0 2 - - - 600 38 1,02 139 B
19 66 66 0 3 - - - 600 38 1,03 109 B
20 66 66 0 4 - - - 600 38 1,04 115 1B
21 66 66 0 5 - - - 600 38 1,04 99 1B
Parameter at 0% per phase L= 280,79 mH R=288,17 Q C=36,12 \F
Note:

RLC is adjusted to min, +/-1% of the inverter rated output power

D Ppgu: PGU output power

2 Pac: Real power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,

3) Qac: Reactive power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,
4 Fundamental of Iac when RLC is adjusted

5) BL: Balance condition, I1B: Imbalance condition,

Condition B:

PGU output power Ppgy = 50 % — 66 % of maximum

PGU input voltage 8 = 50 % of rated input voltage range, ¥10 %

6) Based on PGU rated input operating range, For example, If range is between X volts and Y volts, 50 % of range =X + 0,5 x(Y —
X), Y shall not exceed 0,8 x PGU maximum system voltage (i,e,, maximum allowable array open circuit voltage), In any case, the
PGU should not be operated outside of its allowable input voltage range,
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5,5,10 Islanding protection according Table 7 — Load imbalance (reactive load) for test P
condition C (PGU output = 25 % — 33 %)

Test conditions Frequency: 50,00 Hz + 1% f,
Un=230,0V £ 1% U,

Distortion factor of chokes < 2%

Disconnection limit 2s (IEC 62116)
No | Ppcu? | Reactive Pac ? Qac? lac ¥ Prcu Vbc Qs Runon | Re-
[% of load [% of [% of [Al LVrYa‘;z; Vi [ Ti[g]e marks
PGU | [% of QLin | nominal] | nominal] L1 L2 L3
rating] 6,1,d) 1]
22 33 33 0 -5 - - - 300 24 0,98 122 1B
23 33 33 0 -4 - - - 300 24 0,99 131 1B
24 33 33 0 -3 - - - 300 24 1,00 156 B
25 33 33 0 -2 - - - 300 24 1,00 146 1B
26 33 33 0 -1 - - - 300 24 1,00 196 1B
3 33 33 0 0 - - - 300 24 1,00 203 BL
27 33 33 0 1 - - - 300 24 1,01 200 1B
28 33 33 0 2 - - - 300 24 1,01 189 1B
29 33 33 0 3 - - - 300 24 1,02 200 1B
30 33 33 0 4 - - - 300 24 1,03 146 1B
31 33 33 0 5 - - - 300 24 1,03 138 1B
Parameter at 0% per phase L=561,57 mH R=176,33 Q C= 18,06 \F
Note:

RLC is adjusted to min, +/-1% of the inverter rated output power

D Ppgu: PGU output power

2 Pac: Real power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,

%) Qac: Reactive power flow at S1 in Figure 1, Positive means power from PGU to utility, Nominal is the 0 % test condition value,
4 Fundamental of Iac when RLC is adjusted

5) BL: Balance condition, I1B: Imbalance condition,

Condition B:

PGU output power Ppgy = 25 % — 33 % 9 of maximum

PGU input voltage 7 < 20 % of rated input voltage range

6 Or minimum allowable PGU output level if greater than 33 %,

) Based on PGU rated input operating range, For example, If range is between X volts and Y volts, 20 % of range =X + 0,2 x(Y —
X), Y shall not exceed 0,8 x PGU maximum system voltage (i,e,, maximum allowable array open circuit voltage), In any case, the
PGU should not be operated outside of its allowable input voltage range,
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DIN VDE 0124-100

5,6 ‘Testing of connecting conditions and synchronisation ‘
5,6,1 General P
5,6,2 Connecting conditions and synchronisation
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5,6 Testing of connecting conditions and synchronisation P
5,6,1 General P
These tests serve to demonstrate the requirements of VDE-AR-N 4105: 2018-11, 8,3
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Page 96 of 224
5,6,2, ‘Connecting conditions and synchronisation P
Test:

fist

Reset time:

Limit:

Connecting conditions for frequencies:

a) < 47,45 Hz ‘ No reconnection No resetting allowed
Switch to:

b) 247,55 Hz 67,02 260s

c) > 50,15 Hz No reconnection No resetting allowed
Switch to:

d) < 50,05 Hz ‘ 67,44 260s

Connecting conditions for voltages:

see points a) to h) for the test process,

The measurement was carried out with a programmable AC source,

e) 84% U, ‘ No reconnection No resetting allowed
Switch to:

f) > 86% Uy, 67,25 260s

9) 111% U, No reconnection No resetting allowed
Switch to:

h) < 109% U, 67,06 260s

Test:

e,g, connecting conditions for frequencies: Point a) and b), The AC source was programmed in such a way that the first step of
230V /50,0 Hz to 200 V / 47,0 Hz resulted in a disconnection, Thereafter the voltage and frequency for 100 s is setto 215V /
47,45 Hz, Switching on again is not permitted, After a lapse of 100 s the voltage is set to 230 V / 47,55 Hz, Setting again after 60 s
is permitted,

Assessment criterion:

After actuating the NS protection it should be checked that the system can only be switched within the tolerance ranges ((80% U,
< U<110% U,) and (47,50 Hz < f < 50,10 Hz)) at the earliest after 60 s after voltage and frequency has remained within the
tolerance ranges,
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57 ‘ Evidence of Pave —Control ‘

Clause Requirement — Test Verdict
57,1 General P
5721 Test control dynamic P
57,2,2 Test disconnection function N/A
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5,8 ‘ Evidence dynamic grid support ‘

Clause Requirement — Test Verdict
58,1 General P

58,3 Testing of the dynamic grid support PGU Type 1 N/A

5,8,3 Testing of the dynamic grid support PGU Type 2 P
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5.8 Evidence dynamic grid support

Clause Requirement — Test Verdict
58.1 General P

5.8.3 Testing of the dynamic grid support PGU Type 1 N/A

5.8.3 Testing of the dynamic grid support PGU Type 2 P
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5.8.1 ‘ General
FRT test for three-phase symmetrical (Test ref no. x.1.x)
®
\
\
o gl
/
/
7
Typ-A
LVRT test for two-phase asymmetrical fault (Test ref no. 1.2.x to 5.2.x)
Phase-to-earth voltages Phase angles
Test No. VIV nom

U1/U1,nom U2/U2,nom U3/U3,nom Pu1 Pu2 Pu3

1.2.x 0,1-0,15 0,1-0,15 0,87 +0,05 0,87 +0,05 0° -94° 94°

2.2.x 0,20-0,25 0,20-0,25 0,87 +0,05 0,87 +0,05 0° -97° 97°

3.2.x 0,50 +0,05 0,50 +0,05 0,90 +0,05 0,90 + 0,05 0° -106° | 106°

4.2.X 0,75 +0,05 0,75 +0,05 0,94 +0,05 0,94 +0,05 0° -113° | 113°

5.2.x 0,92 +0,05 0,92 +0,05 0,98 £0,05 0,98 £0,05 0° -118° | 118°
Normal condition 1 1 1 1 0° -120° 120°

Typ-D

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01




1528

Page 101 of 224 Report No,: BWDO-ESH-P24070520

5.8.1 ‘ General

FRT test for two-phase asymmetrical fault (Test ref no. 6.2.x to 7.2.x)

Phase-to-earth voltages Phase angles
Test No. V/Vnom
U1/U1,nom U2/U2,nom U3/U3nom Pui Pu2 Pu3
6.2.x 1,25-1,30 1,25-1,30 1,25-1,30 1,00 £0,05 0° -120° | 120°
7.2.X 1,20+0,05 1,20+0,05 1,20+0,05 1,00 +£0,05 0° -120° | 120°
Normal condition 1 1 1 1 0° -120° 120°

FRT test for two-phase asymmetrical fault (Test ref no. x.3.x)

=il

Typ-B

— Ty 2. 1-, 2- ] 3-p0hge Fahler

n-_’.'_//

ai1s 05 o s ap s as // 50
=0
Beginn Netrianier s
Legende
e & FRTKurve fOr 1-, 2- und 3-polige Netzfehler
UG Effaktnvwert dar aktuellen Spannung an den Generatordemman

Bild 12 - Fault-Ride-Through-Grenzkurve fur den Spannungsveriauf an den Generatorkiemmen
fur eine Erzeugungseinheit vom Typ 2 und flr Speicher

Figure 12 - Fault ride-through limit curve for the voltage curve at the generator terminals for a type 2 generation unit and for
storage
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5.8.3 Testing of the dynamic grid support P
For PGUs Type 2 and storage systems P
1 and 3-phase systems
Test |Voltage dipto (Un| Diptype |duration (s) | P set point | Q set point | Comment |Test ref. No.| R recovery
/p.u.) (Pre/p.u.) (Q/p.u) response
time [s]
1 0,15t0 0,25 A for 0,15 1 0to=+0,1 Symmetric 11 0,442
=0,150
0,2t00,6 1.2 0,242
/
D1 1 Asymmetric 1.3 0,506
for 0,25 (ph-2ph +
20’500 0,2t0 0,6 Dy5-Trafo) 1.4 0,282
D2 1 15 0,500
2 0,50 to 0,60 A for 0,50 1 Max. over Symmetric 2.1 0,423
21 i
5 021006 | Sxcited 2.2 0,242
/
D1 1 Asymmetric 2.3 0,520
for 0,60 (ph-2ph +
>2,000 0,2t00,6 Dy5-Trafo) 2.4 0,451
3 0,50 to 0,60 A for 0,50 1 Max. under | Symmetric 3.1 0,466
21,500 excited
0,210 0,6 3.2 0,298
/
D1 1 Asymmetric 3.3 0,496
for 0,60 (ph-2ph +
>2,000 0,2t0 0,6 Dy5-Trafo) 3.4 0,398
4 0,851t0 0,90 A 260,000 1 0to+0,1 Symmetric 4.1 N/A
0,210 0,6 4.2 N/A
D1 1 Asymmetric 4.3 N/A
(ph-2ph +
0,2t00,6 Dy5-Trafo) 4.4 N/A
5 1,20to 1,25 A 20,100 1 0to+0,1 Symmetric 5.1 0,435
0,210 0,6 5.2 0,309
D1 1 Asymmetric 5.3 N/A
(ph-2ph +
0,210 0,6 Dy5-Trafo) 5.4 N/A
D2 1 5.5 0,434
6 1,15t0 1,20 A >5,000 1 0to+0,1 Symmetric 6.1 0,499
0,210 0,6 6.2 0,501
D1 1 Asymmetric 6.3 N/A
(ph-2ph +
0,2t0 0,6 Dy5-TrafO) 6.4 N/A
7 1,10to 1,15 A 260,000 1 0to+0,1 Symmetric 7.1 N/A
0,210 0,6 7.2 N/A
D1 1 Asymmetric 7.3 N/A
(ph-2ph +
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5.8.3 ‘Testing of the dynamic grid support P
Note:

At lease The recording must begin at least 10 s before the error occurs. After a faulty declaration (Voltage in the range 0,85 U, < U
< 1,1 Uy), the recording must continue for at least another 60 s.

Behaviour during the network error:

No disconnection of the PGU during the voltage drops the grid. If the PGU disconnects from the grid, the time of disconnection
must be documented.

e Type 2 units and storage systems are not allowed to inject either active or reactive current during a line voltage at the
PGUs terminals below 0,8 Un and above 1,15 Un. This requirement is met if, in the event of a under-/ under voltage dip,
the injected current of the generating unit and / or the storage systems does not exceed 20% of the rated current Ir and
no more than 10% Ir after 0,06 s after the occurrence of this under-/ under voltage dip in any phase.

Behaviour after the end of the error:
e Not disconnection of the PGU within 60s after the end of the fault.

e Type 2 units and storage systems: Reaction time of active power up to 1 s, Reaction time of reactive power according to
PT-1 behaviour with 3 tau = 10 s in accordance with VDE-AR-N 4105: 2018-11, 5.7.2.5
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Test setup

Grid simulator (grid conditions varied)

Test bench 0

Identifier of test setup See Annex 2 — Test equipment
list

Schematic of test setup: Note on test setup:
Instead of an LVRT test bench
a low-voltage AC simulator
was used.

Low impedance Line impedance
programmable [ stabilisation L o1 PGU | pVsimulator
AC Source network (Xg, Rg) MP

Note:

Evaluation of data measured at MP.

Used sample rate: 10 kHz

Grid parameters at MP1

Nominal voltage PCC // Ug [V] 230 V (P-N) / 400 V (P-P)

Nominal apparent power of test setup // Sy [KVA] 30

Short-circuit power of the test setup // Ssc [KVA] 2 3XSn,pcu

Grid reactance Xg [Q] 0,39

Grid impedance Rg [Q] 0,15
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5.8.3 | For PGUs Type 2 and storage systems —no load P
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5.8.3 | For PGUs Type 2 and storage systems —no load P
1.3
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
2.1
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
3.1
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5.8.3 ‘ For PGUs Type 2 and storage systems —no load P
3.3
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
4.3
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
5.1

I
........ = ST 1 —1 A | =

L] L] L HE
Tl T L SR [ FESEE E ] [T T
LT IR A aihmin S EE
L ] TEaE A Lo
U LRkl AT e i EL R Lkiaki
ik [d] P N it faes Tl
IR WG (0] E U] LEL ] 1 L]
11w _ K jn) L1 i ]
ul gl darg W P i Lo (L]
B LECrhl W | sis] % BENTH [REE 5] RN T
vrdl_ngdril s || kT LRI 5 ErEL
Ly PV M e WS S R LR AT
EE RN s AR AT LE ] Lo [T

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01



Page 114 of 224 Report No,: BWDO-ESH-P24070520

5.8.3 ’ For PGUs Type 2 and storage systems —no load P
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5.8.3 | For PGUs Type 2 and storage systems —no load P
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
6.3
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
7.1
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5.8.3 ’ For PGUs Type 2 and storage systems —no load P
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Load tests 1.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 1.1
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (humber of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.15
o
E 5 | Drop duration setpoint Total - [ms] 150
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 180
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,850
10 |Vvoltage drop /increase Positive sequence |0l - 0,850
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,001
= 13 Total t1-10sto t; [p.ul] 1,001
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,001
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,040
Reactive power
16 Total t1-10sto t; [p.u.] 0,040
17 |cos o - t1-10sto t; [p.u.] 0,9992
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,150
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,012
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,018
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,998
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,970
Active power
29 Total tr+3stot2+10 s [p.u] 0,970
30 Response time active Positive sequence | - [s] 0,442
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,046
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,046
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Drop duration
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Load tests 1.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 1.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.15
o
E 5 | Drop duration setpoint Total - [ms] 150
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 180
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,850
10 | voltage drop / increase Positive sequence |tOt B 0,850
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,502
= 13 Total t1-10sto t; [p.ul] 0,501
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,501
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,032
Reactive power
16 Total t1-10sto t; [p.u.] 0,032
17 |cos o - t1-10sto t; [p.u.] 0,9980
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,150
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,011
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,021
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,998
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,468
Active power
29 Total tr+3stot2+10 s [p.u] 0,468
30 Response time active Positive sequence | - [s] 0,242
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,039
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,039
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 1.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 1.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.15
o
E 5 | Drop duration setpoint Total - [ms] 150
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 159
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,380
10 | voltage drop / increase Positive sequence |10t B 0,380
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,999
= 13 Total t1-10sto t; [p.u.] 0,998
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,998
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,032
Reactive power
16 Total t1-10sto t; [p.u.] 0,032
17 |cos o - t1-10sto t; [p.u.] 0,9995
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,620
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,015
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,024
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,999
Active power
29 Total tr+3stot2+10 s [p.u] 0,999
30 Response time active Positive sequence | - [s] 0,506
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,040
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,040
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 1.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 1.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,15
o
E 5 | Drop duration setpoint Total - [ms] 150
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 175
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,380
10 | voltage drop / increase Positive sequence |10t B 0,380
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,501
= 13 Total t1-10sto t; [p.u.] 0,500
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,500
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,027
Reactive power
16 Total t1-10sto t; [p.u.] -0,027
17 |cos o - t1-10sto t; [p.u.] 0,9985
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,620
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,017
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,018
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,499
Active power
29 Total tr+3stot2+10 s [p.u] 0,499
30 Response time active Positive sequence | - [s] 0,282
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,033
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,033
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 1.5
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 1.5
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D2
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,15
o
E 5 | Drop duration setpoint Total - [ms] 150
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 159
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,851
10 |Vvoltage drop /increase Positive sequence |0l - 0,851
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,001
= 13 Total t1-10sto t; [p.u.] 0,999
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,999
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,032
Reactive power
16 Total t1-10sto t; [p.u.] 0,032
17 |cos o - t1-10sto t; [p.u.] 0,9995
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,149
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] 0,012
21 Phase 3 t1+60 ms [p.u] N/A
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] 0,018
24 Phase 3 t; +100 ms [p.u.] N/A
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,997
Active power
29 Total tr+3stot2+10 s [p.u] 0,997
30 Response time active Positive sequence | - [s] 0,500
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,038
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,038
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 2.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 2.1
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1732
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,501
10 |Vvoltage drop /increase Positive sequence |0l - 0,501
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,999
= 13 Total t1-10sto t; [p.u.] 1,003
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,003
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,313
Reactive power
16 Total t1-10sto t; [p.u.] 0,313
17 |cos o - t1-10sto t; [p.u.] 0,9501
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,499
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,015
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,020
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,971
Active power
29 Total tr+3stot2+10 s [p.u] 0,971
30 Response time active Positive sequence | - [s] 0,423
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,291
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,291
33 Response time reactive Positive sequence | — [s] 9,981
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 2.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 2.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1719
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,501
10 |Vvoltage drop /increase Positive sequence |0l - 0,501
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,506
= 13 Total t1-10sto t; [p.u.] 0,482
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,482
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,154
Reactive power
16 Total t1-10sto t; [p.u.] 0,154
17 |cos o - t1-10sto t; [p.u.] 0,9521
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,499
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,016
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,017
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,469
Active power
29 Total tr+3stot2+10 s [p.u] 0,469
30 Response time active Positive sequence | - [s] 0,242
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,143
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,143
33 Response time reactive Positive sequence | — [s] 9,985
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 2.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 2.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1576
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,242
10 |Vvoltage drop /increase Positive sequence |0l - 0,242
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,981
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,017
= 13 Total t1-10sto t; [p.u.] 0,946
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,946
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,322
Reactive power
16 Total t1-10sto t; [p.u.] 0,322
17 |cos o - t1-10sto t; [p.u.] 0,9465
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,758
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,020
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,020
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,000
Active power
29 Total tr+3stot2+10 s [p.u] 1,000
30 Response time active Positive sequence | - [s] 0,520
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,290
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,290
33 Response time reactive Positive sequence | — [s] 9,996
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 2.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 2.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (t1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1596
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,241
10 | voltage drop / increase Positive sequence |tOt B 0,241
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,970
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,519
= 13 Total t1-10sto t; [p.u.] 0,465
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,465
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,197
Reactive power
16 Total t1-10sto t; [p.u.] 0,197
17 |cos o - t1-10sto t; [p.u.] 0,9206
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,759
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,019
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,023
25 Total t1+100 ms to t-20 ms [p.u.] 0,000
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,000
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,498
Active power
29 Total tr+3stot2+10 s [p.u] 0,498
30 Response time active Positive sequence | - [s] 0,451
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,144
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,144
33 Response time reactive Positive sequence | — [s] 9,999
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 3.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 3.1
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1713
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,499
10 | voltage drop /increase Positive sequence |0 t1 - 0,499
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,993
= 13 Total t1-10sto t; [p.u.] 0,943
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,943
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,312
Reactive power
16 Total t1-10sto t; [p.u.] -0,312
17 |cos o - t1-10sto t; [p.u.] 0,9494
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,501
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,016
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,021
25 Total t1+100 ms to t-20 ms [p.u.] 0
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,001
Active power
29 Total tr+3stot2+10 s [p.u] 1,001
30 Response time active Positive sequence | - [s] 0,466
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,283
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,283
33 Response time reactive Positive sequence | — [s] 9,99
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 3.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 3.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1727
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,500
10 | voltage drop / increase Positive sequence |10t B 0,500
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,494
= 13 Total t1-10sto t; [p.u.] 0,468
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,468
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,161
Reactive power
16 Total t1-10sto t; [p.u.] -0,161
17 |cos o - t1-10sto t; [p.u.] 0,9452
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,500
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,016
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,020
25 Total t1+100 ms to t-20 ms [p.u.] 0,002
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,002
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,500
Active power
29 Total tr+3stot2+10 s [p.u] 0,500
30 Response time active Positive sequence | - [s] 0,298
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,148
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,148
33 Response time reactive Positive sequence | — [s] 9,988
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 3.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 3.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0.50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1578
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,239
10 | voltage drop / increase Positive sequence |10t B 0,239
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,922
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,993
= 13 Total t1-10sto t; [p.u.] 0,883
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,883
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,253
Reactive power
16 Total t1-10sto t; [p.u.] -0,253
17 |cos o - t1-10sto t; [p.u.] 0,9614
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,761
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,021
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,023
25 Total t1+100 ms to t-20 ms [p.u.] 0,0
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,0
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,001
Active power
29 Total tr+3stot2+10 s [p.u] 1,001
30 Response time active Positive sequence | - [s] 0,496
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,282
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,282
33 Response time reactive Positive sequence | — [s] 9,994
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 3.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 3.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,50
o
E 5 | Drop duration setpoint Total - [ms] 1500
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 1577
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,240
10 | voltage drop / increase Positive sequence |10t B 0,240
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,987
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,497
= 13 Total t1-10sto t; [p.u.] 0,464
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,464
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,160
Reactive power
16 Total t1-10sto t; [p.u.] -0,160
17 |cos o - t1-10sto t; [p.u.] 0,9452
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,760
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,018
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,026
25 Total t1+100 ms to t-20 ms [p.u.] 0,0
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,0
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,501
Active power
29 Total tr+3stot2+10 s [p.u] 0,501
30 Response time active Positive sequence | - [s] 0,398
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,147
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,147
33 Response time reactive Positive sequence | — [s] 9,949
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01




Page 163 of 224 Report No,: BWDO-ESH-P24070520

0-60ms
= s am, ey
e
= L =
o
=
M L&
W i
g i : i
i = | —
B
g = - ) —
= —
E:_.q_—.—.—.—.—_.—_—_—.—._ i
':. : 1 o
ot = |
.. [
-
i === .1 4 "y = 77~ rr
L 5 " e
LT BILIIE IR WA [T
oun o e s R Chuimbs
LIl b [ TR (&t FieETY
il [ - T LFaFa Sl
U 1l L b Ak
1 L 1] ) A
1N uiman () ERTAT | nzilmnm UL
LU 3 REILTL] R
gk 1 T [FrEe (e
iy e nrE _ i
0-100ms
- 1 e
i . 4

1L

|

= |
b

T e O e e T g L

[ ) f
= B B = mie re e =
LY & ' W

a1H W FLTRITEE s By Ll
=an_pesaid - (L] asas
B EE P FEFE LT ]
ELERL Bt FE [RFTT A
L LR FRd ] Camed
P i e
U _IRME LRai LA L
AL TR AT EUE
=R ]a L LA AL
g el e LT e L] it

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



82
BUREAU

Page 164 of 224

Report No,: BWDO-ESH-P24070520

Drop duration
E= i &
o ! : -
|"_;_ pl i | - | = — - i
E & :
| T =
e — ! B s 1
E'E ] 'E —————— :

E : — ; .
3 e - ] T W= = = — ke
L & L] i

Ll ] LT e i LRI L4 LEirHs
RLLE D (L] FEE EFTIT
FEd_INHL v | P [LESET] CEL RN
SEL N [ hiEhiH FE T
o_ERHN AImee I LA iied
ELACTT (5, [ S ] A
U e dxlnm Liabir RELTET]
RN ] L TR
LRI LLL ATEe-) AT
P e JiLh I L ¥R
| P, E ekt -
Recover time
Fii : , T g 1 |
E e 1 —I= . - .= = 1
 —
i i
T
=38
= i
5 = Y il
:. e AT X
e e —— — F :
i o —
i — = = wos o m i = =
LY ') . bl
LRl ]IS mirams AL R AT
SR HEH I _lladmn 1AL S (LT ]
“an_tauy Pt FEE P tar 13
< Nl ) EFs [ i ELe S ]
e ] AR K o T
T S sy 1T e
PURT A (T 0 HE
SRR [ mid | PRI IR [RTE
HEILEN AT e
ol PR (W) LG IR [aTr
¥R L] e At )

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



Page 165 of 224 Report No,: BWDO-ESH-P24070520

! = | T 1 i  TRE T T i ray
L 1

| e 1 i
¥ a /]

r
4
L I TEAS Fa

l |
| -
¥
2 1 i
¥
h -
I
& ===y = :
¥ o | S | |
'. |
I | 1
I
(] a =

L L] L] L]

b T g v

R L L (L] W

S om e I e o=

ok P HH o Wi

o L=t Aei T

B Ay apry LEed

i T [ o

F e ki [ Fhis

Sl e L et

LD e [ Er 1]

b Fad K e A i A i

L et — L L

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



U VE

ST
S L

7828

BUREAU

Report No,: BWDO-ESH-P24070520

Page 166 of 224
Load tests 4.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 41
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,85
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 61007
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,259
10 | voltage drop / increase Positive sequence |10t B 0,259
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,001
= 13 Total t1-10sto t; [p.u.] 1,000
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,000
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,030
Reactive power
16 Total t1-10sto t; [p.u.] -0,030
17 |cos o - t1-10sto t; [p.u.] 0,9995
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,841
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 1,107
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 1,186
25 Total t1+100 ms to t-20 ms [p.u.] 0,998
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,998
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,998
Active power
29 Total tr+3stot2+10 s [p.u] 0,998
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,032
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,032
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 4.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 4.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,85
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 61041
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,259
10 | voltage drop /increase Positive sequence |0 t1 - 0,259
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,501
= 13 Total t1-10sto t; [p.u.] 0,500
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,500
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,025
Reactive power
16 Total t1-10sto t; [p.u.] -0,025
17 |cos o - t1-10sto t; [p.u.] 0,9987
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,841
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,531
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,593
25 Total t1+100 ms to t-20 ms [p.u.] 0,498
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,498
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,501
Active power
29 Total tr+3stot2+10 s [p.u] 0,501
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,026
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,026
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 4.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 4.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,85
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 60678
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,070
10 | voltage drop / increase Positive sequence |tOt B 0,070
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,002
= 13 Total t1-10sto t; [p.ul] 1,001
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,001
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,033
Reactive power
16 Total t1-10sto t; [p.u.] 0,033
17 |cos o - t1-10sto t; [p.u.] 0,9995
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,930
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 1,038
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 1,077
25 Total t1+100 ms to t-20 ms [p.u.] 1,001
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 1,001
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,001
Active power
29 Total tr+3stot2+10 s [p.u] 1,001
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,033
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,033
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 4.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 4.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 0,85
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 60915
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,070
10 | voltage drop / increase Positive sequence |tOt B 0,070
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,502
= 13 Total t1-10sto t; [p.u.] 0,500
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,500
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,029
Reactive power
16 Total t1-10sto t; [p.u.] -0,029
17 |cos o - t1-10sto t; [p.u.] 0,9983
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 0,930
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,530
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,535
25 Total t1+100 ms to t-20 ms [p.u.] 0,497
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,497
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,500
Active power
29 Total tr+3stot2+10 s [p.u] 0,500
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,028
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,028
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 5.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 51
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,25
o
E 5 | Drop duration setpoint Total - [ms] 100
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 117
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,249
10 |Vvoltage drop /increase Positive sequence |0l - 0,249
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,998
= 13 Total t1-10sto t; [p.u.] 0,998
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,988
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,034
Reactive power
16 Total t1-10sto t; [p.u.] -0,034
17 |cos o - t1-10sto t; [p.u.] 0,9994
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,249
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,034
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,029
25 Total t1+100 ms to t-20 ms [p.u.] 0,001
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,001
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 1,003
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,002
Active power
29 Total tr+3stot2+10 s [p.u] 1,002
30 Response time active Positive sequence | - [s] 0,435
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,039
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,039
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01




82
BUREAU

Page 179 of 224 Report No,: BWDO-ESH-P24070520
N 0-60ms
3 :.' I —_—— i
e e o : == ——
~' = ;
o _—I_'_ ]
p = 1 8 pr— = X i
g { |
i | o |
= g s =1
p k ! !
i L . =
L1 L] i ] il d
A T P =]
S (LT P AL
awﬁ IPEHL ;e ity
T inas A L T..n:: e
[ (5 T e
T i ] LR B0 b & A
LI FET T} R
e | AL LRTE
= o e -limead
AL rad V8 ) P E EIre LT
i s e Crsaimh
0-100ms
|,_-_ ———— - =
g = -|| - f
| P = B =
: - 5
= 1 ——
Sed] o o - X
L] " . =
Ll LR 4T R
i e LT I
= _ILE P L
o . REE ]
romes g i Wi [ T
1+ (4 28 i |
O EH ] 41rE= |
. LT 0
G el Al o, Bk |
R W] LT L |
o Sy W - | |
[ [FE b EEL- ] i

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



82
BUREAU

Page 180 of 224

Report No,: BWDO-ESH-P24070520

Drop duration
r > . —— — i = |
s 1
T . i i
. — !
i |
T |
£ e
B "1
1
oo |
fre= 1 SRS e -]
= | |
1 _; i
i [ n C : o
L} r » LT |
FET P W ST ]
:ﬂ - ELF. E_HLL R L S :
ln;. hleiE WL T
i [ Ty Bl T |
- O_maen T (=] el |
* i, e il LR LET 1 4 [ s |
[LET B EL T WA |
SREE et anreEs EN . Tl H
i 27 ] i wer At
& T Lire1 “LET™R
Recover time
i = | e}
: i
T = g i
H 1
1 |
o =
EL 1 e ——
= i | —_— |
s — e e . — .'—_-1
B ] i
= ] == — |
| — = -
T |
| 3. 1 I
B = : 1 v v v
i L] " ] o
LY ] 3 =B
M M LT E4EuTY
e R ALl L] ol pemd
=l i [ ] AL AR P
LN Aunik LR AL ]
mrwms ) e | 2 b L
ek e Rl
0 ERE REHTL R Lo
LRT ] TR i el
=R i T D | b
=rap ANTIEIL
e wves_nis - ] R
k [T | A

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



U VE

ST
S L

7828

BUREAU

Report No,: BWDO-ESH-P24070520

Page 181 of 224
Load tests 5.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 5.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,25
o
E 5 | Drop duration setpoint Total - [ms] 100
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 119
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,250
10 | voltage drop / increase Positive sequence |tOt B 0,250
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,998
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,500
= 13 Total t1-10sto t; [p.u.] 0,499
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,499
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,029
Reactive power
16 Total t1-10sto t; [p.u.] -0,029
17 |cos o - t1-10sto t; [p.u.] 0,9984
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,250
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,031
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,027
25 Total t1+100 ms to t-20 ms [p.u.] 0,001
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,001
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,500
Active power
29 Total tr+3stot2+10 s [p.u] 0,500
30 Response time active Positive sequence | - [s] 0,309
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,032
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,032
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 5.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 53
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,25
o
E 5 | Drop duration setpoint Total - [ms] 100
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 118
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,060
10 | voltage drop / increase Positive sequence |tOt B 0,060
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,997
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,995
= 13 Total t1-10sto t; [p.u.] 0,983
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,983
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,063
Reactive power
16 Total t1-10sto t; [p.u.] -0,063
17 |cos o - t1-10sto t; [p.u.] 0,9979
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,060
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,953
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,951
25 Total t1+100 ms to t-20 ms [p.u.] 0,999
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,999
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,000
Active power
29 Total tr+3stot2+10 s [p.u] 1,000
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,033
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,033
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 5.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 54
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,25
o
E 5 | Drop duration setpoint Total - [ms] 100
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 116
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,060
10 | voltage drop / increase Positive sequence |10t B 0,060
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,998
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,499
= 13 Total t1-10sto t; [p.u.] 0,498
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,498
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,028
Reactive power
16 Total t1-10sto t; [p.u.] -0,028
17 |cos o - t1-10sto t; [p.u.] 0,9984
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,060
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,487
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,471
25 Total t1+100 ms to t-20 ms [p.u.] 0,499
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,499
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,998
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,502
Active power
29 Total tr+3stot2+10 s [p.u] 0,502
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,027
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,027
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01




82
BUREAU

Page 188 of 224

Report No,: BWDO-ESH-P24070520

0-60ms
= s ' H ,..\_
i or | |
-\ : e :
= I' ' '
; | |
Ay E 4 " 4
18- | |
i = |
i ]
[T = |
4 * ———,
b |
. T
|'..'. .-. = 1 | — 1| 1
P l
- | |
- - - | -~ - ~ E .
N ik L] il
LATER T B HLULEETE: ERCR e Ty A ELEEET |
=l i ey | B pes HAETH |
=&F_1a Py TN IWLHLE T AL
- | mEARs LR TR |
o1_1EHE & Limex L1 L
IR R TSY AT RILERT |
ool BT ILIIER B |
i L BTy AT |
g3 i frar] Fr 9, PR e |
mr a ) T v aimsy I
=§, fured A _n A R R LLs =] |
e v ) R R - I
0-100ms
Ei
B i : : = == - : -
e
=S T
B == -
fros
|
E=
T ! :
i'-_:: e ————| m— | 1 L— L ——— S ——————
" e H
Ko
i s alia a "t = ol e ¢
L] L] infe |
[LILT [SEE TR AR L i
=il ) T | |
oL IEME i F-ETNLA SlaiEs |
rh,.yl'l-ﬁ': CEmais AW e |
< ol [ o] A= LR |
[LE T LTSRS F ey LECTEY |
i 0 B Heiad LA i CLIBEA 1
L Ll b L Ll |
LA L _dnriy L] SLATRE
“RRLED P e e |
=l _re [W] T R iy AT

Copyright © Bureau Veritas Consumer Products Services Germany GmbH

This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,

TEMP-0058-TG-EAW-ES-V01



7828
BUREAU

Page 189 of 224 Report No,: BWDO-ESH-P24070520
Drop duration
E : -
= EE 1
| o v . i v 4
S
3 _.-
=
-
A 4 H
B -
= ' ;
e
F
- ]
P s iR ] B L = - S|
|- ' [ =]
B i mTE T LA LT
it e A FETE S RTEETLS)
SRy F e I T An
] ERIFITH]
T1_IMME ) e pr] [T
I_ml.. (SR ] EE ] AT
LR T Al £
R fras) En AR T AR kETIw
L AT ] ERed
=i Farsl wems_ii [ MEIEH EIEF LRl ]
.
Recover time
3= . — =
= s I I =
i
E
4 s
e =
= - —
JE=
& A _. E i
m =
il ma
o
sy
.'? E =F i s -
e 8 . —~" | = =
L5 L] [ e
L2l k'] AL LTy (128 Loy =1}
i, e ] L] e maied
___” EE 2 110 SRl L4
g fros ] ik W L
a1 AETEE adiira Jr—
I HEN TN P ELY
* I LI ausi AlE R ]
+E1_A A wLpn WL ST
g 1 il P LAl
= e i m il LR 1T ] Sl ]
1 i i e

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-V01



U VE

ST
S L

7828

BUREAU

Report No,: BWDO-ESH-P24070520

Page 190 of 224
Load tests 5.5
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 55
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D2
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,25
o
E 5 | Drop duration setpoint Total - [ms] 100
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 114
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,248
10 |Vvoltage drop /increase Positive sequence |0l - 0,248
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,002
= 13 Total t1-10sto t; [p.u.] 1,000
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,000
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,043
Reactive power
16 Total t1-10sto t; [p.u.] 0,043
17 |cos o - t1-10sto t; [p.u.] 0,9991
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,248
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] 0,028
21 Phase 3 t1+60 ms [p.u] N/A
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] 0,029
24 Phase 3 t; +100 ms [p.u.] N/A
25 Total t1+100 ms to t-20 ms [p.u.] 0,0
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,0
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,398
Active power
29 Total tr+3stot2+10 s [p.u] 0,398
30 Response time active Positive sequence | - [s] 0,434
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,044
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,044
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 6.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 6.1
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,20
o
E 5 | Drop duration setpoint Total - [ms] 5000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 5192
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,200
10 | voltage drop /increase Positive sequence |0 t1 - 0,200
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 1,039
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,002
= 13 Total t1-10sto t; [p.u.] 1,041
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,041
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,064
Reactive power
16 Total t1-10sto t; [p.u.] 0,064
17 |cos o - t1-10sto t; [p.u.] 0,9981
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,200
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,032
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,028
25 Total t1+100 ms to t-20 ms [p.u.] 0,001
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,001
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,002
Active power
29 Total tr+3stot2+10 s [p.u] 1,002
30 Response time active Positive sequence | - [s] 0,499
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,039
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,039
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 6.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 6.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,20
o
E 5 | Drop duration setpoint Total - [ms] 5000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 5207
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,199
10 | voltage drop / increase Positive sequence |tOt B 0,199
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,499
= 13 Total t1-10sto t; [p.u.] 0,498
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,498
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,027
Reactive power
16 Total t1-10sto t; [p.u.] -0,027
17 |cos o - t1-10sto t; [p.u.] 0,9985
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,199
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,029
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,029
25 Total t1+100 ms to t-20 ms [p.u.] 0,003
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,003
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,499
Active power
29 Total tr+3stot2+10 s [p.u] 0,499
30 Response time active Positive sequence | - [s] 0,501
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,031
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,031
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 6.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 6.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,20
o
E 5 | Drop duration setpoint Total - [ms] 5000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 5176
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,050
10 | voltage drop / increase Positive sequence |10t B 0,050
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,998
= 13 Total t1-10sto t; [p.u.] 0,998
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,998
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,033
Reactive power
16 Total t1-10sto t; [p.u.] 0,033
17 |cos o - t1-10sto t; [p.u.] 0,9994
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,050
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,980
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,954
25 Total t1+100 ms to t-20 ms [p.u.] 1,002
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 1,002
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,002
Active power
29 Total tr+3stot2+10 s [p.u] 1,002
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,035
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,035
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 6.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 6.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,20
o
E 5 | Drop duration setpoint Total - [ms] 5000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 5192
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,050
10 | voltage drop / increase Positive sequence |10t B 0,050
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 0,500
= 13 Total t1-10sto t; [p.u.] 0,499
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,499
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,027
Reactive power
16 Total t1-10sto t; [p.u.] -0,027
17 |cos o - t1-10sto t; [p.u.] 0,9985
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,050
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,492
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,479
25 Total t1+100 ms to t-20 ms [p.u.] 0,502
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,502
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,501
Active power
29 Total tr+3stot2+10 s [p.u] 0,501
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,027
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,027
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 7.1
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 7.1
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,15
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 61057
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,149
10 |Vvoltage drop /increase Positive sequence |0l - 0,149
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,002
= 13 Total t1-10sto t; [p.ul] 1,001
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,001
)
@ 15 Positive sequence |t;-10sto t; [p.u.] 0,034
Reactive power
16 Total t1-10sto t; [p.u.] 0,034
17 |cos o - t1-10sto t; [p.u.] 0,9994
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,149
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,948
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,874
25 Total t1+100 ms to t-20 ms [p.u.] 1,004
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 1,004
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 1,000
Active power
29 Total tr+3stot2+10 s [p.u] 1,000
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,033
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,033
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 7.2
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 7.2
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B A
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,15
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (t1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 61015
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,149
10 | voltage drop / increase Positive sequence |tOt B 0,149
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,003
= 13 Total t1-10sto t; [p.ul] 0,502
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,502
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,027
Reactive power
16 Total t1-10sto t; [p.u.] -0,027
17 |cos o - t1-10sto t; [p.u.] 0,9986
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,149
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,471
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,436
25 Total t1+100 ms to t-20 ms [p.u.] 0,501
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,501
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,502
Active power
29 Total tr+3stot2+10 s [p.u] 0,502
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,027
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,027
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Load tests 7.3
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - - - 7.3
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,15
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 60904
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,039
10 |Vvoltage drop /increase Positive sequence |0l - 0,039
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,001
= 13 Total t1-10sto t; [p.ul] 1,001
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 1,001
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,033
Reactive power
16 Total t1-10sto t; [p.u.] -0,033
17 |cos o - t1-10sto t; [p.u.] 0,9995
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,039
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,985
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,973
25 Total t1+100 ms to t-20 ms [p.u.] 1,001
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 1,001
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,999
Active power
29 Total tr+3stot2+10 s [p.u] 0,999
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] 0,033
b Reactive power
32 Total tb+3sto t+10s [p-ul] 0,033
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Report No,: BWDO-ESH-P24070520

Load tests 7.4
No. | Parameter Phase reference | Reference time Value (unit) Value
0 | Testno. - — - 7.4
1 |Date - - [dd.mm.yyyy] | 18.05.2024
2 | Time ( Start of test) - - [hh:mm:ss.f] -
3 Type of fault (number of _ _ B D1
IS affected phases)
E 4 | Drop depth setpoint Phase - [p.u] 1,15
o
E 5 | Drop duration setpoint Total - [ms] 60000
% 6 | Fault occurrence (1) Total - [ms] -
c
8 7 | Fault clearance (t2) Total - [ms] -
8 Fault duration determined Total _ [ms] 61016
from test
9 | Measeured value of Total t;+100ms to tand t;-10 s [p.U] 0,040
10 | voltage drop / increase Positive sequence |10t B 0,040
11 | Voltage Phase to Neutral | t;-10sto t; [p.u.] 0,999
12 | Current Positive sequence |t;-500 ms to t;-100 ms [p.u.] 1,002
= 13 Total t1-10sto t; [p.u.] 0,499
o Active power
:c} 14 Positive sequence |t;-10sto t; [p.u.] 0,499
)
@ 15 Positive sequence |t;-10sto t; [p.u.] -0,025
Reactive power
16 Total t1-10sto t; [p.u.] -0,025
17 |cos o - t1-10sto t; [p.u.] 0,9987
18 | Voltage Phase to Neutral | t;+100 msto t-20 ms [p.u.] 1,040
19 Phase 1 t1+60 ms [p.u] N/A
20 | Phase current Phase 2 t1+60 ms [p.u] N/A
21 Phase 3 t1+60 ms [p.u] 0,493
= 22 Phase 1 t; +100 ms [p.u] N/A
- 23 | Phase current Phase 2 t; +100 ms [p.u] N/A
24 Phase 3 t; +100 ms [p.u.] 0,482
25 Total t1+100 ms to t-20 ms [p.u.] 0,500
Active power
26 Positive sequence |t;+100 msto t>-20 ms [p.u.] 0,500
27 | Voltage Phase to Neutral |t,+3 sto t,+10s [p.u.] 0,999
28 Positive sequence |t,+3 sto t2+10 s [p.u] 0,501
Active power
29 Total tr+3stot2+10 s [p.u] 0,501
30 Response time active Positive sequence | - [s] N/A
N power
;% 31 Positive sequence |t,+3 sto t,+10s [p.u] -0,027
b Reactive power
32 Total tb+3sto t+10s [p-ul] -0,027
33 Response time reactive Positive sequence | — [s] N/A
power
EZE didnt disconnect from
34 | grid within 60s after fault - t2 to t2+60s - Yes
ended yes/no?
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Annex No, 1
Pictures of the unit
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Enclosure left side
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Annex No, 2
Test Equipment list
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Testing Location: LCIE China Company Limited

Building 4, No, 518, Xinzhuan Road, Caohejing, Songjiang High-Tech Park, Shanghai,
P,R, China (201612)

Date(s) of performance test: 2024-04-29 to 2024-05-21

. Last
No. Equipment Internal No. Type Manufacturer Eallferation Due Date

1 |Oscilloscope A4089036SH DL850 YOKOGAWA 29/May/23 | 28/May/24
2 Voltage probe A4089026SH P5200A Tektronix 21/Dec/22 20/Dec/23
3 |current probe A4089037SH | 960 30 YOKOGAWA 24/AUg/23 | 23/Aug/24
4 |current probe A4089038SH | 960 30 YOKOGAWA 24IAUg/23 | 23/Aug/24
5  |Current probe A4089039SH  |960 30 YOKOGAWA 24IAUg/23 | 23/Aug/24
6 AC power supply A7040071SH 61512 Chroma
7 | AC power supply A7040077SH MX-30 AMETEK
g |Programmable DC A7040058SH | 62150H-1000S Chroma

source
g  |Programmable DC A7040059SH 62150H-1000S Chroma

source

Programmable DC
10 [ oUC A7040069SH  |62150H-1000S Chroma Monitored by Power

bl Analyzer

11 | Programmable DC A7040074SH 62150H-1000S Chroma

source
12 |Programmable DC A7040075SH 62150H-1000S Chroma

source
13 |Programmable DC A7040076SH 62150H-1000S Chroma

source
14 |Programmable DC A7040070SH 62150H-1000S Chroma

source
15 | Power Analyzer A1240096SH | WT3000 YOKOGAWA 24/Aug/23 | 23/Aug/24
16 | Power Analyzer A1240097SH | WT3000 YOKOGAWA 29/May/23 | 28/May/24
17 |emperaure &humidity | 51000070sH  |314 center 31May/23 | 30/May/24
18 | Power Analyzer A1240132SH DEWE2-A4 DEWETRON 29/May/23 | 28/May/24
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End of Test Report

Copyright © Bureau Veritas Consumer Products Services Germany GmbH
This report must not be reproduced in part or in full without the written approval of the issuing testing laboratory,
TEMP-0058-TG-EAW-ES-VO01



