Tesla AC Powerwall (4.8 kVA)
1B T = R — RGBS R (50HZ/60hz)
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AC Powerwall model: 1092170-xx-y, 2012170-xx-y



1. Summary

Confirmation test on system interconnection protection of this equipment is tested under the test conditions, test methods, and
judgment criteria of the following documents.
e JETGR0002-1-10.0(2019.07) Test method for grid interconnection protection device etc. for compact dispersed power

generation system General rules

JETGR0003-5-8.0 (2019.07) Individual test method such as system interconnection protection device for storage battery
system

ARIEE OB AREOMERRERICE LT, TrRErRoRERS:,. BBrbk, e ERlBRE21TH,
e JETGR0002-1-10.0 (2019.07) /INHFEAIRE v A 7 b H A E R ORELE B 2 O 35k 7 1 m HI|
e JETGR0003-5-8.0 (2019.07)& it S A T L 1 0 8 A (o st S {8 25 oD | 1 3Bk 7 1

2. Sample information #&& U 7L E S

Product it 44 S/N Remarks 1%
AC Powerwall 2.0 T1710013744




3. Measurement Device / Equipment List

EpilEe

sr. No. I?escription Manufacturer Model Serial Cal Date Cal Due
FHlER4 A—T]— R4 vITN | BRIEH BIEHARR B
1 Temperature measurement Amprobe THWD-10 TEV22926 9/11/2018 9/11/2020
2 Power Analyzer Yokogawa WT3000E 91Vv119363 | 1/30/2019 1/30/2020
3 Current Probe Yokogawa 701930 180828210 | 3/14/2019 3/14/2020
4 Current Probe Yokogawa 701930 180899741 | 3/14/2019 3/14/2020
5 Current Probe Yokogawa 701930 180828557 | 3/14/2019 3/14/2020
6 Temperature and Humidity Vaisala HM24Probe | L0B30459 | 12/4/2019 | 12/4/2020
measurement
7 Scope Yokogawa DL850EV 91U616294 | 7/11/2019 7/11/2020
8 Differential Probe Yokogawa 700924 1803231 7/11/2019 7/11/2020
9 Differential Probe Yokogawa 700924 1803221 7/11/2019 7/11/2020
10 Differential Probe Yokogawa 700924 1803234 7/11/2019 7/11/2020
11 Temperature and Humidity Vaisala HM24Probe | L0O830459 | 12/4/2019 | 12/4/2020
measurement




4, Test Results

I\Slﬁiit?:r Test Description Conzp;lte;ion Pass/Fail
313 lli:jbct\citfﬁréz:;s%mponent Detection Test 10/3/2019 Pass
391 ;t%E%&CEr{;;i;tv%\zgg a(nil%nf\e{rﬁw;ltage Test (Magnitude) 10/3/2019 Pass
391 it;zna%};%ﬁr{r;;i;tv%\zg% aFHiEJEr(Bdervoltage Test (Time) 7/18/2019 Pass
397 L;%;rgﬁ;dﬁ;;tﬂ?gﬁggtion Prevention Test 1 12/02/2020 Pass
328 ?g%;lga%:g%g with multiple inverters 12/02/2020 Pass

3291 Es@;?;rolgrev:%n%I;;)v)\ieﬂrﬂﬁnf_%’ﬁa 1Certa|n Period After Recovery (without Excursion) 7/18/2019 Pass

32.9.2 Es@;‘;;rolgrev:;%n%I;zvieﬂrﬂﬁn:éﬁa2Certa|n Period After Recovery (with Excursion) 7/18/2019 Pass

3.2.10 Iﬂg:;;;?;?;%;ié%n};%%;ced) Overvoltage Test 10/3/2019 Pass

Tl LA A

3912 ijidIV(;JP%’;I};;[E;T&Z:::-%;preSSIOn confirmation Test 12/02/2020 Pass

4.3 Power Factor Operation Test 10/3/2019 Pass




B BL ) HREHER

Output Harmonic Current Test

4.4 = s ez 10/3/2019 Pass
HMABEEERRR /3
Leakage Current Test
4.5 — s ez 12/27/2019 Pass
mRERRR 121/
Voltage Increase Suppression Function Test
4.6 PN 9/26/2019 Pass
R /26/
Soft Start Function Test
4.8 A 7/18/2019 Pass
VT h RS — MEEERER /18/
Rapid Input Power Change and Rapid Load Change Test
5.1 = < = 13/02/2020 Pass
ANBNEERBRUAHALTHE /02/
Instantaneous Voltage Drop Test
6.3 - = = 01/06/2020 Pass
B EEETHE (FRT ) 06/
Frequency Fluctuation Test (FRT)
6.4 ot s = = 7/22/2019 Pass
FIRMETHER (FRT B8 /22/
12.1 Switching to Backup operation mode 12/02/2020 Pass
12.2 Automatic switching to backup mode 12/02/2020 Pass
12.4 Independent disconnection signal disruption test 12/02/2020 Pass




3.1.3 DC Injection Test

[ELIAE 0 A H el

FRIRFIR  (RY ARZIAFIR)

Test Parameters % EfH
DC Injection | Vac Prated Irated | Threshold | Detection Time
R HE F HH R
101(L-N) | 4800W | 24A 0.24A 0.5s
Test Result #kBRAEF -
Phase AB
Actual Set point (A) (1% Irated) 0.24 Pass / Fail
1B 57 PR | E
Output Power (kW) (100%) 4800
N a T
Measured Value (A) 0.228 Pass
GRS
Remarks
%
Actual Set point (s) (jump from 0% to 110% of DC set point) 0.5s
L 50 i
Time to Trip (s) Gate block stop 0.0152 Pass
R RERR  (GB IRFFR)
Time to open the relay (s) 0.01525 Pass

Remarks

(i)




Scope Channel Description:

Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 2_2: Phase B Current

Relay: Relay Signal
Gate drive: Gate Signal
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Figure 3.1.3 DC Injection (Time to open Gate Block= 15.2 ms)



i

1 I
250.004

q

I

|

Bitl 3

GATE DRIVE |

|

T J
£ 5 E m— L3
¥ak_1 BT 250 00Y <Zoom1> i i | wl0ms/div

/’FF T J.—"F._-_‘_h"""\'. - “.\"'\ /':"-J- _‘H‘"‘N | 4 ”-_——Fh“\-
mL L L N ,-"r/ e £l i : ol . o .
_?:ii‘ﬁ“u"‘ \"—_-" e TR ] i Lot I At ot

ARC_T 250,004 i

750,008
2590

|
1
! |
: [
B Bl | : -
. -250.00¥ ' |
IRKE_2 _ 250.004 : ]I
_.!___ e SR —— i et e T ] ‘—‘-v_-—-______ __"_,,._..—o—-"_' "‘—-—ni..r' |
L 250004 ' I
RELAY | :
! |
Bitl i |
GATE DRIVE X1 -2.991149s : !
L =2.9758996 . |
= : ,
-3053..999ns o 15.250ns | MR IRRN]

Figure 3.1.3 DC Injection (Time to Open Relay Signal=15.25 ms)



3.2.1 Over Voltage And Under Voltage Test A3t /)& Mz OV i 7B I il
Over Voltage Test Parameters: mE e EAE
Threshold Detection Time Re-connection Time
i HE IRF R P B BE 1 IRF
OVR 121.2Vrms 1s 10s
OVR detection threshold test:
AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail “H|7E | Remarks
AR Power | JEIE%K Mode Phase | (Vrms) (121.242.424Vrms) | 5%
/)& B}iEE— | B | SRR
A N FH
A:115.14Vrms (95%)1
B: 101Vrms A 122.3 Pass
A: 101Vrms Charge
-4, 122.138 P
B: 115.14Vrms (95%)1 | oKW | S0 Hz #E B ass
A: 115.14Vrms (95%)1 121.08
P
B: 115.14Vrms (95%)1 AB 121.048 ass
A: 115.14Vrms (95%)1
B: 101Vrms A 120.711 Pass
A: 101Vrms Discharge
. 122.639 P
B: 115.14Vrms (95%)1 | oKW | S0 Hz W B ass
. o)
A:115.14Vrms (95%)1 AB 122.198 Pass
B: 115.14Vrms (95%)1 122.167




OVR Time Trips

OVR 5 H RE R AR M OV P56 AR AE RS

Measurement
. Rela .

Output Operation Tested | Gate oper:/ F‘econ Pass / Fail e Remar
AC Voltage Power | Frequency | Mode Phase | Block time (lr;:e 1 GB success ks
SRR HOE | AR | B s (o |62 | magsy | L0s0s %

~ AN ) 3
Vaj R GB IR | Ry @51 | pikps | - more than 10s
EHIFS ]
AB: 101Vrms e Figure
—127.26Vrms -4.8kW = AB 1.044 1.066 11.271 | Pass 3.2.1.1-
) R 3.2.1.3

(105%) 7 50 Hz
AB: 101Vrms Discharge
—127.26Vrms 4.8kW W &€ | aB 1.031 1.061 11.290 | Pass
(105%) =




Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal



s

iH

i: ] i i . 1 <N

100004 = ]
CHl_2 250 .00 ]
| (Y [
TR K T
100,000 Zoad !
|EHE_2 25000y

—_'
| s -25( . 00y ) 1 I
RELAY fm=
Bil1 '
! T
|BATE DRIYE : . [Tl
Bl .
30000, 8080 L 0,000
[ET1 700, i 4 Zoonl> ! #200ms/ chiv
nlas AAAAMAARAARRAAARR T "'.'-_"-‘-".',r".'-_-'"-I"1.-‘.’-'-‘f.".-"-‘.”-'if.‘,""..'f'--”"m“-,'.l...
I'.I iy .'II'-' IRTLTRAETAY |._," LR PR T 1 AT ELTR TR AT AR AR TS T T T TR T PP PR TR ..""'.'.'-|
== 100 DA : |
CH1.2 250 . 00¥ -
{ ] a1 ; | i ! | ! ! f 11
i L I I I ! 1 Ul ) | i |

MWWWWWEMV . |
CH2_1 TG . B0 |

W%WMM"\FhW@uWMMMMﬂWMWWMﬂMWWMMMM i ey

T ”f i AR \f R

E[LE'I"
Bit1
X1 "1#.5159995 RMS  :CH1_1 1E.ﬂﬁ'ﬁm
EATE BRIVE X2 1T AT19995 ' RHS — :CH1_2  101.878V
s 1; 0440005 1
-1opse.semes /4K 957.8544mHz ! - 17059, 9905

Figure 3.2.1.1 OVR Gate Block time = 1.044 sec (AB: 101Vrms = 127.26Vrms)
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Figure 3.2.1.2 OVR Relay Open Time = 1.066 sec (AB: 101Vrms > 127.26Vrms)
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Figure 3.2.1.3 Reconnection time = 11.271 sec (AB: 127.26Vrms = 101Vrms)



Under Voltage Test Parameters

R R HERE

Threshold Detection Time Re-connection Time
o T HH R RR PRI 1) PELE IRF
UVR 80.8Vrms 1s 10s
UVR Default detection threshold test ~ UVR i H| L~ L AR
AC Voltage Output | Frequency | Operation | Tested | Measurement | Pass / Fail Remarks
AL R+ Power JE R 4 Mode Phase | (Vrms) (80.8+1.616Vrms) | fig#=
& #iEE— | WBFE | BB R HIE
7] N
A: 84.84Vrms (105%)]
B: 101Vrms A 80.35 Pass
A: 101Vrms
-4, 79.293 P
B: 84.84Vrms (105%)] 4.8kW | 50 Hz Charge B ass
. 0,
A: 84.84Vrms (105%)| AB 80.15 Pass
B: 84.84Vrms (105%)| 80.122
A: 84.84Vrms (105%)|
B: 101Vrms A 79.23 Pass
A: 101Vrms
. i 79.53 P
B: 84.84Vrms (105%)] 4.8kW 50 Hz Discharge | B ass
A: 84.84Vrms (105%)] 80.12
P
B: 84.84Vrms (105%)] AB 80.3 ass




UVR Time Trips

UVR # HH RE IR AR M OV P AR AERE.

Measurement
Output Operation | Tested | Gate | Relay R.econ iﬁi/ zl Remark
AC Voltage Power | Frequency | Mode Phase | Block | open t'”;e ) G[I;i s
RS ) | R | BEE— | B | () |time(sp [(SF | GBSUCCEsS g
i R FH i ¥ | 3more than 10s
) ]
AB:101Vrms—>76.76 | -4.8 Figure
Charge AB 1.015 | 1.041 11.327 | Pass 3.2.1.4-
Xerlso(i\s/%N/élgso < >0 iz 2228
: rms . .
4 Vrms(95%) 4.8 kW Discharge | AB 1.046 | 1.066 11.240 | Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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Figure 3.2.1.4 UVR Gate Block time = 1.015 sec (AB: 101Vrms = 76.76Vrms)
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Figure 3 2 1.5 UVR Relay Open time = 1.041 sec (AB: 101Vrms =76.76Vrms)
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3.2.2 Frequency Functional Test  J& 2 E A & OMK T iR
Over Frequency Test J& %5 F-5005R A5 5

Parameter X EfH:

Threshold Detection Time Reconnect time
For T IR RR PP F1 BE. 1 FRF
OFR 51.5 Hz 1s 10s
OFR Detection Threshold Test:
Output . .
AC Voltage Power Frequency &Zﬂ:tlon -;Ezt;d Measurement iﬁ';%/ el Remarks
7'—\‘::k'a§»j: IS =]y s :EI :—'—»;'\ [
SV jmjjj B | ABE | g g | st | PUERR (51.5+0.1 Hz) %
Phase A: 101Vrms - 4.8kW Charge AB 51.541 Pass
Phase B: 101Vrms >1HzT
4.8kW Discharge AB 51.516 Pass




OFR trip time:

Measurement

AC Output Operation Tested Gate Relay Recon iﬁsi/ el
Voltage Power Frequency | Mode Phase Block | open time | time (s)? X GE Remarks
5 | R || o |G| B S|, 0T |
B /] i h GB Fr | Ry 5lRe | [ Ik s 3rr;ore t.han 10s
i i A

Phase A: 50.0Hz Figure
101Vrms | - 4.8kW Charge AB 1.026 | 1.053 11.775 Pass 3.2.2.1-

—54.075(
Phase B: 3223

105%)
101Vrms .

4.8kW Discharge | AB 1.020 | 1.050 11.740 Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal




il . |

GATE BRIVE ———
i ! I |
Ijullm__ _E“u:-ll-u-l__ ,‘I‘m'll) J I ‘Eh.-sfﬁv _|-::i-:_.: |||1I 15 {“m kﬁdw
b| dry 'u'u"l wu (it i‘.‘.i'.'fj"!_',f.'.,'-.':'.','-._i|,5.!| = ' e
B2 I “ : o ERT2 25000
s hl ||” A S
i il | ~250, 00V
|EHZ_1 | em21 T ik
-~ 100 DA
250y
- ‘ i' J |
; WWM A MMIFUWM I
RELAY . REL&Y e
Bitl ' | Bitl
| -22.0059%% | RHS—<CHI-
[EATE BRIVE 12 209799995 T [GRiE mRIGHS II‘-HT_E_'_WT"HEH‘.F
T ) 1076000 | Bitl .
—os19.990s 17K 974.6589nHz | _s0519, 00005 10399 09805 309, 09905

Figure 3.2.2.1 OFR Gate block time = 1.026 sec (50.0Hz = 54.075Hz)
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Figure 3.2.2.2 OFR Relay open time = 1.053 sec (50.0Hz - 54.075Hz)
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Under Frequency Test  J& 550 T 505R Ak 5
Parameter B EAE :
Threshold Detection Time Reconnect time
UFR 48.5 Hz 1s 10s
UFR Detection Threshold Test f&H L LR -
Operation )
AC Voltage Sg\;’pel:t Frequency | Mode -Il;ﬁztseed Measurement iﬁ%/ i Remarks
AR ENE T— | .. I E [
Phase A: 101Vrms - 4.8kW Charge AB 48.508 Pass
Phase B: 101Vrms 49Kz |
4.8kW Discharge | AB 48.508 Pass




UFR trip time 5 R BRAERE M OV $e AN IRFRETAERE.

Measurement
) Recon | Pass/ Fail

(0] t ; s
AC Output Peration | rested Gate Relay time HE
Voltage | Power Frequency | Mode Phase Block | oo (s)? 1 GB success Remarks
s E % T— | ., time (s)? \ i
semE | worh || BIEET g o | B s | 20s01s W

GB B[R | ) T FH 1k BF | 3 more than 10s
IRFRR
fH]

Phase A: Figure
101Vrms -4.8kW | 50.0Hz = Charge AB 1.011 1.032 11.784 | Pass 3.2.2.4-
Phase B: 46.075Hz| 3.2.2.6
101Vims |4 gew Discharge | AB 1.017 | 1.047 | 11.770 | Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal




b H IR L
i Wil : T
~ N

illll;_lll.li . = LURLL
VI o | w200ms/dy 1 T e #200ms/div
M i J‘l | '."1':'.-“"_'5:'5.'.'5 L e weevecescensrReANMINN
o2 = 12 75000 '
1l || | rl”lll -;|| {RI0H ST :_Iil' LA ERAERRERLRELERERAUS AL ERUERLARLRREALERR AL AREERAA L Ii I| ||||
- Ll L i
| ] —250 .y
'EIE 1 'FW [ﬁﬁ | CHE_1 Tl . (el
1 |

i w 455 J,Mh T h T ———"

EEL ¥ I[I.I"I" i
Bif1
=20, Eﬁﬁms | RMS——CHt -+ 18-8017A
GATE PEIVE : ;z —19.6559995 | [GATE PRIRHS CH1_2 01.099Y
B o AX 1.011000s Bit1 |
21129, 988ns. iﬁﬂ it 989.1197nHz, 1912099905 9009 .099ns % ~7009, 0995

Figure 3.2.2.4 UFR Gate Block time = 1.011 sec (50.0Hz = 46.075Hz)
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3.2.2 Frequency Functional Test  J& 2 E A & OMK T iR
Over Frequency Test J& %5 F-5005R A5 5

Parameter X EfH:

Threshold Detection Time Reconnect time
For T IR RR PP F1 BE. 1 FRF
OFR 61.8 Hz 1s 10s
OFR Detection Threshold Test:
Output . .
AC Voltage Power Frequency &Zﬂ:tlon -;Ezt;d Measurement iﬁ';%/ el Remarks
7'—\‘::k'a§»j: IS =]y o :EI :—'—»;'\ [
Phase A: 101Vrms - 4.8kW Charge AB 61.81 Pass
Phase B: 101Vrms 61Hz1
4.8kW Discharge AB 61.89 Pass




OFR trip time:

Measurement

AC Output Operation Tested Gate Relay Recon ;ES%/ el
Voltage Power Frequency | Mode Phase Block | open time | time (s)? | 6B sUCCesS Remarks
% i A H ) | Al | BEe— | o |G HAI ) osc0.0s | M5
FE 7 K e GBI | Ry MEBURE | P 1k 1R |, >0
i i A

Phase A: Figure
101Vrms | - 4.8kW 60->61.8 Charge AB 1.026 |1.04 11.47 Pass 3.2.2.6-
Phase B: iy 3.2.2.8
101Vrms .

4.8kW Discharge | AB 1.08 1.088 11.8 Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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Under Frequency Test  J& 550 T 505R Ak 5
Parameter B EAE :
Threshold Detection Time Reconnect time
UFR 58.2 Hz 1s 10s
UFR Detection Threshold Test f&H L LR -
Operation )
AC Voltage S;\J:Vpel:t Frequency | Mode -Il;ﬁztseed Measurement iﬁ%/ i Remarks
AR ENE T— | .. I E [
Phase A: 101Vrms - 4.8kW Charge AB 58.17 Pass
58.2Hz |
Phase B: 101Vrms
4.8kW Discharge | AB 58.19 Pass




UFR trip time 5 R BRAERE M OV $e AN IRFRETAERE.

Measurement
) Recon | Pass/ Fail

Operat ) =
AC Output Peration | rested Gate Relay time HE
Voltage | Power Frequency | Mode Phase Block | oo (s)? 1 GB success Remarks
s E % T— | ., time (s)? \ i
semE | worh || BIEET g o | B s | 20s01s W

B RERR | ) M FH 1k BF | 3 more than 10s
IRF R
[

Phase A: Figure
101Vrms -4.8kW | 60.0Hz > | Charge AB 1.02 1.03 11.51 | Pass 3.2.2.9-
Phase B: 58.2 Hz| 3.2.2.11
101Vims |4 gew Discharge | AB 1 1.0 | 11.471 | Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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3.2.7 Anti-Islanding Detection Test 1

B s s A HH AR

Parameter &XEfE: HPLALMT. Z2H)
Load Condition Mode of Operation Method of Island Detection Cut Off Time Reconnect time
S lENGs gIEE—F HMOER R HE— R i HH R R PRI 1) BEL(E IR
Resistive load Discharge Passive <0.5s 10s
AL G <)
Output Power: 4.8 kW
Paérirrrleters Measurement Result  JHJ & fi 5 Pass /
X TEfH 0 . Fail
peration - 12
. F"EQ\UG\Y)CV Mode Gate Relay Recgnnectlon ' ReTarkS
Active Power Reactive Power JE1 I F BEE— I | Block (5)? Open (s)? Time (s)? <0.5s {5
H L ) THE op b | RV S | FRAESURLIERF | °>10s
‘ IR IR [ HIE
10 % 480W 0% 0 0.16 0.17 11.42 Pass
5% 240W 0% 0 0.165 0.165 11.399 Pass
0% ow 0% 0 50 Hz D'S;;%ge 0.157 0.157 11.393 Pass F'g“£f2.37'.23'7'1'
-5% -240W 0% 0 0.163 0.16 11.4 Pass
-10% -480W 0% 0 0.167 0.169 11.396 Pass

Scope Channel Description:

Channel 1_1:
Channel 1_2:
Channel 2_1:
Channel 3_1:
Channel 3_2:
Channel 4_1:

Phase A Current
Phase B Current
Phase C Current
Phase A Voltage
Phase B Voltage
Phase C Voltage

INV_ Relay: Relay Signal
PWM: Gate Signal
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Figure 3.2.7.1 Al Gate Block Time- Passive Islanding- R 0% Resistive load condition. (0.157 sec)
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Parameter ®XCfE: AP &M ZH)
Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
GUESGE BEE— R BMUEER HE— R T HHIRFRR P B BE 1 IRF
Unbalanced load Discharge Passive <0.5s 10s
A Al AT LG 2 8]
Output Power: 4.8 kW
Pagr;r%?grs Operation Measurement Result | & 5 P?S'S|/
Frequency Mode i Relay Reconnection 4£lf7:ilf Remarks
Active Power Reactive Power B s | EfEE— Blocak ((25)1 Open (s)? Time (s)? 12 ¢0.5s =
GEIG IHE K op g | Ry ARSI | EAESUBIERE | 5 g0
IRFRR ]
10 % 10% 480 Var 0.22 0.229 11.55 Pass
10 % 5% 240 Var 0.17 0.172 11.53 Pass
10% | 480 W 0% 0 0.238 0.23 11.462 Pass
10 % -5% -240 Var 0.189 0.19 11.4 Pass
10 % -10% | -480 Var 0.183 0.18 11.48 Pass
5% 10% 480 Var 0.229 0.22 11.488 Pass
5% 5% 240 Var 0.198 0.19 11.41 Pass
5% 240 W 0% 0 Discharge 0.171 0.17 11.54 Pass
5% -5% | -240Var >0 Hz ) GE 0.146 0.14 11.427 Pass
5% -10% | -480 Var 0.225 0.22 11.495 Pass
0% 10% 480 Var 0.247 0.24 11.41 Pass
0% 5% 240 Var 0.239 0.23 11.47 Pass
0% 0 0% 0 0.171 0.171 11.54 Pass Figure 3.2.7.4 &
3.2.7.5
0% -5% -240 Var 0.239 0.23 11.53 Pass
0% -10% | -480 Var 0.227 0.22 11.44 Pass




-5% 10% 480 Var
-5% 5% 240 Var
-5% | -240W 0% 0

-5% -5% -240 Var
-5% -10% | -480 Var
-10% 10% 480 Var
-10% 5% 240 Var
-10% | -480 W 0% 0

-10% -5% | -240Var
-10% -10% | -480 Var

0.184 0.18 11.531 Pass
0.138 0.13 11.501 Pass
0.223 0.22 11.52 Pass
0.206 0.206 11.465 Pass
0.138 0.13 11.495 Pass
0.148 0.14 11.471 Pass
0.226 0.22 11.434 Pass
0.22 0.22 11.53 Pass
0.179 0.17 11.543 Pass
0.217 0.217 11.533 Pass

Scope Channel Description:
Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 3_1: Phase BCurrent
Channel 3_2: Phase C Voltage
Channel 4_1: Phase Current
INV_RLY1: Relay Signal
PWM1: Gate Signal
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Figure 3.2.7.4 Al Gate block time- Passive Islanding- RLC 0% Unbalanced load condition
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Figure: 3.2.7.5 Relay Open time- Passive Islanding- RLC 0% Unbalanced load condition



Parameter ®XEMH : AT &1 XE)
Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
GUESGE BEE— R BMUEER HE— R o HH PR R P B BE 1 IRF
Balanced load Discharge Passive <0.5s 10s
iTam (BlEsEEE | HGE L)
i)
Output Power: 4.8 kW
Parameters P
Ey Operation Measurement Result  JHI & 5 Pass / Fail
Frequency Mode Relay Reconnection HE Remarks
Active Power Reactive Power B | 'BfEE— SEiLs . | Open (s)? Time (s)® 12 <0.5s B3
) e koo | Bk g epiws | prapsusLiERg | 3>10s
GB IR#RE
[ fH]

10 % 10% 480 Var 0.158 0.158 11.503 Pass
10 % 5% 240 Var 0.141 0.14 11.533 Pass
10% | 480W 0% 0 0.151 0.151 11.476 Pass
10 % -5% -240 Var 0.153 0.153 11.392 Pass
10 % -10% | -480 Var 0.124 0.124 11.432 Pass

5% 10% 480 Var 0.146 0.146 11.487 Pass

5% 5% 240 Var Di 0.162 0.162 11.42 Pass

ischarge

5% 240 W 0% 0 50 Hz e 0.1548 0.1548 11.474 Pass

5% -5% -240 Var 0.1247 0.1247 11.473 Pass

5% -10% | -480 Var 0.136 0.136 11.47 Pass

0% 10% 480 Var 0.152 0.152 11.477 Pass

0% 5% 240 Var 0.163 0.16 11.472 Pass

0% 0 0% 0 0.1606 0.1606 11.393 Pass Figure 3.2.7.6-

3.2.7.7;
0% -5% -240 Var 0.0368 0.0368 11.495 Pass




0% -10% | -480Var
-5% 10% 480 Var
-5% 5% 240 Var
-5% | -240W | 0% 0
-5% -5% -240 Var
-5% -10% | -480 Var
-10% 10% 480 Var
-10% 5% 240 Var
-10% | -480W | 0% 0
-10% -5% -240 Var
-10% -10% | -480 Var

0.132 0.132 11.498 Pass
0.1536 0.1536 11.402 Pass
0.162 0.162 11.42 Pass
0.1499 0.1499 11.394 Pass
0.137 0.13 11.52 Pass
0.129 0.12 11.409 Pass
0.141 0.14 11.49 Pass
0.1934 0.1934 11.395 Pass
0.1568 0.1568 11.508 Pass
0.1325 0.1325 11.517 Pass
0.1459 0.1459 11.391 Pass

Scope Channel Description:
Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 3_1: Phase BCurrent
Channel 3_2: Phase C Voltage
Channel 4_1: Phase Current
INV_RLY1: Relay Signal
PWM1: Gate Signal
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Figure 3.2.7.6 Al Gate block time- Passive Islanding- RLC 0% Unbalanced load condition
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Figure: 3.2.7.7 Relay Open time- Passive Islanding- RLC 0% Unbalanced load condition



Parameter % EMH: fKPLEA M BEE)

Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
eSS iEE—F g e — F BHE—F Al A1 BEL L BRF ]
Resistive load Discharge Active <2s 10s
NS HE AE
Output Power: 4.8 kW
Parameters N
on e o Operation Measurement Result I & 5 pass / Fail
Frequency Mode Relay Reconnection HE Remarks
Active Power Reactive Power JER £ N |31|0Ck Open (s)’ Time (s)? 12<1s kS
A A B | kg | Ry BB | BRUCBIBLE | %105
‘ PR fSt ]
10 % 480 W 0% 0 0.144 0.155 11.412 Pass
5% 240 W 0% 0 0.166 0.16 11.39 Pass
Figure
0% 0 0% 0 50 Hz Discharge 0.137 0.157 114 Pass 3.2.7.8-
3.2.7.10
-5% -240 W 0% 0 0.162 0.162 11.465 Pass
-10% -480 W 0% 0 0.163 0.16 11.464 Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase B Current
Channel 2_1: Phase C Current
Channel 3_1: Phase A Voltage
Channel 3_2: Phase B Voltage
Channel 4_1: Phase C Voltage

INV_RELAY: Relay Signal
PWM: Gate Signal
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Figure: 3.2.7.8 Al Gate Block time- Active Islanding- R 0% Resistive load condition (0.145 sec)
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Figure: 3.2.7.9 Al Relay Open time- Active Islanding- R 0% Resistive load condition (0.155 sec)
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Figure 3.2.7.10 Al Reconnect time- Active Islanding- R 0% Resistive load condition (11.412 sec)



Parameter XEME: AP Efr. AEH)
Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
S lENGs IEE—F HMOER R HE— R T HH R RR PRI 1) BEL(E IRF
Unbalanced load Discharge Active <2s 10s
AT ek fi
Output Power: 4.8 kW
Parameters
SR Operation Measurement Result Pass / Fail
Frequency | Mode Relay Reconnection HIE Remarks
Active Power Reactive Power ER | Biee— | 3te BIIOCk Open (s)? Time (s)° 12<1s iz
HAE ) N B ek | Ry MRS | EREBBLE | %105
‘ IRF R IR ]
10% 10% 480 Var 0.143 0.14 11.394 Pass
10 % 5% 240 Var 0.158 0.15 11.498 Pass
10 % 480 W 0% 0 0.1704 0.17 11.43 Pass
10 % -5% -240 Var 0.15 0.155 11.418 Pass
10 % -10% -480 Var 0.133 0.13 11.479 Pass
5% 10% 480 Var 0.139 0.14 11.56 Pass
5% 5% 240 Var 0.17 0.171 11.481 Pass
5% 240 W 0% 0 50 Hz Discharge 0.186 0.18 11.524 Pass
5% -5% -240 Var 0.179 0.179 11.427 Pass
5% -10% -480 Var 0.18 0.179 11.44 Pass
0% 10% 480 Var 0.19 0.194 11.494 Pass
0% 5% 240 Var 0.186 0.186 11.53 Pass
0 Figure
0% 0% 0 0.179 0.179 11.44 Pass 3.2.7.11-
3.2.7.13
0% -5% -240 Var 0.179 0.179 11.468 Pass




0% -10% -480 Var
-5% 10% 480 Var
-5% 5% 240 Var
-5% -240 W 0% 0
-5% -5% -240 Var
-5% -10% -480 Var
-10% 10% 480 Var
-10% 5% 240 Var
-10% -480 W 0% 0
-10% -5% -240 Var
-10% -10% -480 Var

0.173 0.17 11.44 Pass
0.179 0.179 11.469 Pass
0.182 0.182 11.44 Pass
0.179 0.17 11.414 Pass
0.19 0.19 11.44 Pass
0.141 0.142 11.57 Pass
0.19 0.19 11.59 Pass
0.173 0.149 11.54 Pass
0.184 0.183 11.349 Pass
0.19 0.19 11.55 Pass
0.137 0.13 11.426 Pass

Scope Channel Description:

Channel 1_1:
Channel 1_2:
Channel 2_1:
Channel 3_1:
Channel 3_2:
Channel 4_1:

INV_RELAY: Relay Signal

Phase A Current
Phase B Current
Phase C Current
Phase A Voltage
Phase B Voltage
Phase C Voltage

PWM: Gate Signal
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Figure 3.2.7.11 Al Gate Block Time- Active Islanding- RLC 0% Unbalanced load condition (0.179 sec)
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Figure 3.2.7.12 Relay Open time- Active Islanding- RLC 0% Unbalanced load condition (0.179sec)
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Figure 3.2.7.13 Al Reconnect time - Active Islanding- RLC 0% Unbalanced load condition (11.44 sec)



Parameter #XiEME: WAT B 17 BEH)
Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
GUESEE BEE— R BMUEER HE— R T HHIRFRR P B BE 1 IRF
Balanced load Discharge Active <2s 10s
WATAM (Bl A | GE ({5
)
Output Power: 4.8 kW
Parameters S g
- Operation Measurement Result ] & 5 Pass / Fail
Frequency Mode Relay Reconnection HE Remarks
Active Power Reactive Power B | 'fEE— (CElis B1|°Ck Open (s)? Time (s)® 12<1s B3
) 7 | kg | VARSI | FSULIERE | 3>10s
) IR fH]
10 % 10% 480 Var 0.158 0.15 11.503 Pass
10 % 5% 240 Var 0.172 0.17 11.534 Pass
10 % 480 W 0% 0 0.124 0.12 11.432 Pass
10 % -5% -240 Var 0.1453 0.1453 11.392 Pass
10 % -10% -480 Var 0.1349 0.1349 11.403 Pass
5% 10% 480 Var 0.1413 0.1413 11.504 Pass
5% 5% 240 Var 0.1734 0.1734 11.433 Pass
5% 240 W 0% 0 S0 Hz | Discharge [ 157, 0.1572 11.399 Pass
5% -5% -240 Var 0.1449 0.1449 11.478 Pass
5% -10% -480 Var 0.1411 0.1411 11.533 Pass
0% 10% 480 Var 0.179 0.179 11.399 Pass
0% 5% 240 Var 0.17 0.17 11.504 Pass
0 Figure
0% 0% 0 0.158 0.1586 11.437 Pass 3.2.7.14-
3.2.7.16




0% -5% -240 Var 0.14 0.141 11.428 Pass
0% -10% -480 Var 0.13 0.1333 12.176 Pass
-5% 10% 480 Var 0.182 0.18 11.422 Pass
-5% 5% 240 Var 0.158 0.158 11.476 Pass
-5% -240 W 0% 0 0.118 0.11 11.499 Pass
-5% -5% -240 Var 0.1025 0.1025 11.428 Pass
-5% -10% -480 Var 0.1353 0.1353 11.421 Pass
-10% 10% 480 Var 0.1405 0.1405 11.51 Pass
-10% 5% 240 Var 0.182 0.182 11.499 Pass
-10% -480 W 0% 0 0.1465 0.1465 11.553 Pass
-10% -5% -240 Var 0.1165 0.1365 11.422 Pass
-10% -10% -480 Var 0.1183 0.1383 11.422 Pass
Scope Channel Description:
Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 3_1: Phase BCurrent
Channel 3_2: Phase C Voltage
Channel 4_1: Phase Current

INV_RLY1: Relay Signal

PWM1: Gate Signal
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Figure 3.2.7.14 Al Gate Block Time- Active Islanding- RLC 0% balanced load condition (0.158 sec)
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Figure 3.2.7.15 Al Relay Open Time- Active Islanding- RLC 0% balanced load condition (0.158 sec)
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Figure 3.2.7.16 Al Reconnect Time- Active Islanding- RLC 0% balanced load condition (11.437 sec)



Parameter #XEME: fKPLAM . 28+ FEH)

Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
eSS iEE—F g e — F Fo HH AR R PRI B B L RF ]
Resistive load Discharge Passive and Active <2s 10s
AT HE ZH+ e
Output Power: 4.8 kW
Parameters N
one Operation Measurement Result I & 5 pass / Fail
Frequency | Mode Relay Reconnection HE Remarks
Active Power Reactive Power JER £ ;EE— Gate |31|0Ck Open (s)’ Time (s)? b2 <1s k=
) A | kg | Ry ARSI | EASULIERE | 2>10s
‘ i R ]
10 % 480 W 0% 0 0.134 0.164 11.485 Pass
5% 240 W 0% 0 0.168 0.168 11.48 Pass
Figure
0% 0 0% 0 50 Hz Discharge 0.154 0.154 11.475 Pass 3.2.7.17-
3.2.7.19
-5% -240 W 0% 0 0.16 0.16 11.469 Pass
-10% -480 W 0% 0 0.164 0.16 11.41 Pass

Scope Channel Description:

Channel 1_1:
Channel 1_2:
Channel 2_1:
Channel 3_1:
Channel 3_2:
Channel 4_1:

Phase A Current
Phase B Current
Phase C Current
Phase A Voltage
Phase B Voltage
Phase C Voltage

INV_RELAY: Relay Signal
PWM: Gate Signal
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Parameter % CMH : R EfrEfr. ZE)+ 6EH)

Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
At St IEE—F BMUEER HE— R i HH PR R P B BE 1 IRF
Unbalanced load Discharge Passive and Active <2s 10s
A B A G )+ HEEN
Output Power: 4.8 kW
Parameters N
- Operation Measurement Result ] &k 5 Pass / Fail
Frequency | Mode Relay Reconnection HIE Remarks
Active Power Reactive Power JER S | EifEE— CEiLs BJOCk Open (s)? Time (s)® 12<1s k=
RS 7 | kg | Ry ARSI | EASULIERE | 2>10s
If R i
10% 10% 480 Var 0.152 0.152 11.4949 Pass
10 % 5% 240 Var 0.139 0.13 11.432 Pass
10 % 480 W 0% 0 0.152 0.152 11.4949 Pass
10 % -5% -240 Var 0.14 0.14 11.39 Pass
10 % -10% -480 Var 0.139 0.139 11.51 Pass
5% 10% 480 Var 0.154 0.154 11.41 Pass
5% 5% 240 Var Discharge 0.183 0.183 11.394 Pass
5% 240 W 0% 0 60 Hz W 0.156 0.156 11.74 Pass
5% -5% -240 Var 0.139 0.139 11.489 Pass
5% -10% -480 Var 0.138 0.138 11.549 Pass
0% 10% 480 Var 0.146 0.146 11.504 Pass
0% 5% 240 Var 0.187 0.187 11.53 Pass
0 Figure
0% 0% 0 0.153 0.153 11.463 Pass 3.2.7.20-
3.2.7.22




0% -5% -240 Var

0% -10% -480 Var
-5% 10% 480 Var
-5% 5% 240 Var
-5% -240 W 0% 0
-5% -5% -240 Var
-5% -10% -480 Var
-10% 10% 480 Var
-10% 5% 240 Var
-10% -480 W 0% 0
-10% -5% -240 Var
-10% -10% -480 Var

0.139 0.139 11.399 Pass
0.139 0.139 11.51 Pass
0.144 0.144 11.4192 Pass
0.173 0.173 11.424 Pass
0.123 0.153 11.469 Pass
0.095 0.135 11.42 Pass
0.136 0.136 11.484 Pass
0.139 0.139 11.396 Pass
0.171 0.172 11.503 Pass
0.163 0.163 11.434 Pass
0.137 0.13 11.508 Pass
0.097 0.127 11.398 Pass

Scope Channel Description:

Channel 1_1:
Channel 1_2:
Channel 2_1:
Channel 3_1:
Channel 3_2:
Channel 4_1:

INV_RELAY: Relay Signal

Phase A Current
Phase B Current
Phase C Current
Phase A Voltage
Phase B Voltage
Phase C Voltage

PWM: Gate Signal
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Figure 3.2.7.20 Al Gate block time —Active and Passive Islanding, RLC 0% Unbalanced load condition. (0.153 sec)
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Figure 3.2.7.21 Al Relay Open time- Active and Passive Islanding, RLC 0% Unbalanced load condition. (0.153 sec)
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Figure 3.2.7.22 Al Reconnect time- Active and Passive Islanding, RLC 0% Unbalanced load condition. (11.463 sec)



Parameter FXEfE : WATEL . 28]+ HGEE)

Load Condition Mode of Operation Method of Island Detection Cur Off Time Reconnect time
At St IEE—F HMOER R HE— R i HH PR R PRI 1) BEL(E IR
Balanced load Discharge Passive and Active <2s 10s

AT am (BlEsEEANT | HOE )+ HEEN

Output Power: 4.8 kW

Parameters N
- Operation Measurement Result | & 5 pass / Fail
Frequency | Mode Relay | Reconnection HE Remarks
Active Power Reactive Power JER S | EifEE— CEiLs BJOCk Open (s)? Time (s)® 12<1s =
HE S T k kg | RS | ERBIBLE | 105
F R IRFfH
10 % 10% 480 Var 0.16 0.164 11.426 Pass
10 % 5% 240 Var 0.156 0.15 11.432 Pass
10 % 480 W 0% 0 0.152 0.152 11.494 Pass
10 % -5% -240 Var 0.1562 0.1562 11.6 Pass
10 % -10% -480 Var 0.1413 0.1413 11.411 Pass
5% 10% 480 Var 0.139 0.13 11.421 Pass
5% 5% 240 Var 0.183 0.18 11.429 Pass
5% 240 W 0% 0 50Hz | Discharge 0.1506 0.1606 11.493 Pass
5% -5% -240 Var 0.1301 0.1301 11.41 Pass
5% -10% -480 Var 0.118 0.138 11.405 Pass
0% 10% 480 Var 0.1489 0.1489 11.396 Pass
0% 5% 240 Var 0.1984 0.1984 11.4 Pass
0 Figure
0% 0% 0 0.166 0.1666 15.229 Pass 3.2.7.23-
3.2.7.25




0% -5% -240 Var 0.1421 0.1421 11.399 Pass
0% -10% -480 Var 0.1353 0.1353 11.386 Pass
-5% 10% 480 Var 0.156 0.156 11.396 Pass
-5% 5% 240 Var 0.19 0.1984 11.498 Pass
-5% -240 W 0% 0 0.1592 0.1592 11.496 Pass
-5% -5% -240 Var 0.1399 0.1399 11.42 Pass
-5% -10% -480 Var 0.1085 0.1385 11.396 Pass
-10% 10% 480 Var 0.1489 0.1489 13.391 Pass
-10% 5% 240 Var 0.1672 0.1672 11.493 Pass
-10% -480 W 0% 0 0.1266 0.1566 11.398 Pass
-10% -5% -240 Var 0.141 0.14 11.402 Pass
-10% -10% -480 Var 0.0038 0.0038 11.478 Pass
Scope Channel Description:
Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 3_1: Phase BCurrent
Channel 3_2: Phase C Voltage
Channel 4_1: Phase Current

INV_RLY1: Relay Signal

PWM1: Gate Signal
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Figure 3.2.7.23 Al Gate Block time- Active and Passive Islanding, RLC 0% balanced load condition. (0.166 sec)
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Figure 3.2.7.24 Al Relay Open time- Active and Passive Islanding, RLC 0% balanced load condition (0.166)
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Figure 3.2.7.25 Al Reconnect time- Active and Passive Islanding, RLC 0% balanced load condition (15.229)



3.2.7 Anti-Islanding with multiple inverters (400V)  &&aalER « HHuERR R
Output Power: 4.8 kW

Number of Units: 3E & D&% 2

Parameters SREAY
- T Measurement Result  RBR 5 Pass / Fail
Frequency | HJHIE | Unit — Relay | Reconnection | Remarks
Active Power Reactive Power B | Enfr | BEE Block(s)! Open(s)? Time(s)3 12455 %=
H5hET FLLI) = == F OB H5IE Ry f&% | FAEHIRE IR 3>10s
LR S35
Acti
0% | ow 0% | Ovars ﬁ‘; Ve 0.041 | 0.109 10.075 Pass
=
Active+ 1
Passive
0% ow 0% OVars o 0.045 0.118 10.954 Pass
REHE) +
'fL,
50 Hz A’;‘iﬁe
0% ow 0% OVars 4 0.042 0.100 10.076 Pass
=
Active+ )
Passive
0% ow 0% OVars e 0.044 0.109 10.967 Pass
REH) +
= &)
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Number of Units: 2 & @ 3

Parameters Measurement Result  #HRE H
REM Method Pass / Fail
Frequency | HHIE | Unit Gate Block(s)* Reconnection | E Remarks
Active Power | Reactive Power | J&IK%k HRfR | 2EE GB If[R Relay Open(s)? Time(s)? 1<5s i
BhES) 2T EF— K Ry fi# 51| REFR G F1RH 1R F 2>10s
]

Active

0% ow 0% OVars 4 0.045 0.111 10.076 Pass
Active+ 1

0% ow 0% OVars Egsswe 0.04 0.114 11.041 Pass
Hb@l +
= H)

0% ow | 0% OVars gét've 0.047 0.107 10.076 Pass
Active+ 5
Passive

0% ow 0% Ovars | 20 Hz e 0.041 0.103 10.06 Pass
Hb@l +
S H)
Active

0% ow 0% OVars 4 0.047 0.118 10.077 Pass
Active+ 3
Passive

0% ow 0% OVars o 0.042 0.118 10.097 Pass
HEH) +
= H)
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3.2.8.1 Islanding detection test with active islanding detection mode: normal

7774 7 ¥ s E— N 2L S pEEEM 7 A b 8

Parameter FXEfE: 2 units(1 reverse phased)

Load Condition Mode of Operation Method of Island Detection Cut Off Time Reconnect time
At St gIEE—F HMOER R HE— R o HH PR R F A A1 B L B ]
Unbalanced load Discharge Active <0.2s 10s
A A A AT G HE
Output Power: 8 Kw
Parameters  eauenc Operation
q ¥ Mode
Active Power Reactive Power
-10% | -800W 5% 240 | 50Hz Discharge
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2 Inverters (1 reverse phased)

Measurement Result & fi 5

;Ztci g(;l:z I.SI?)ZT( Relay Recgnnection Recgnnection Max. R Remarks
1 ) Open (s) Time (s) Time (s) Values
(s) (s) (s)
. ;JYH #ﬁz GB | Ry % | WiEFIEL | FEIEFIRELEE s
FRR | FRFRR e R B il Ei

Fig 3.2.8.1.1;
3.2.8.1.2;

0.167 0.167 | 0.191 0.191 11.82 11.74 0.191 3.2.8.1.3;
3.2.8.1.4

0.128 0.129 | 0.118 0.118 11.89 11.77 0.129

0.144 0.14 0.162 0.162 11.82 11.737 0.162

0.136 0.134 | 0.152 0.152 11.704 11.61 0.152

0.124 0.136 | 0.136 0.137 11.88 11.89 0.137

0.199 019 |0.112| 0.114 11.75 11.76 0.199 | 0162933333

0.12 0.153 | 0.123 0.12 11.91 11.82 0.153

0.16 0.162 0.17 0.171 11.74 11.75 0.171

0.192 0.192 | 0.193 0.194 11.59 11.8 0.194

0.128 0.128 | 0.136 0.136 11.9 11.9 0.136

0.122 0.124 | 0.135 0.136 11.878 11.88 0.136

0.13 0.131 | 0.127 0.127 11.94 11.95 0.131

0.185 0.186 | 0.191 0.193 11.84 11.95 0.193

0.183 0.183 | 0.187 0.19 11.88 11.889 0.19

0.162 0.162 | 0.168 0.17 11.59 11.699 0.17
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Scope Channel Description:
AAC_1: Unit 1 Phase A Current
AAC_3: Unit 2 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1
PINV_ Relay_3: Relay Signal from Unit 2

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _3: Relay Signal from Unit 2

JEM_1: JEM Signal from Unit 1
JEM _3: JEM Signal from Unit 2
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Fig 3.2.8.1.5 Reconnection time for unit 1 @11.82sec
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Fig 3.2.8.1.6 Reconnection time for unit 2 @11.74sec
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Parameter #%EfH: 3 units(1 reverse phased)

Load Condition Mode of Operation Method of Island Detection Cut Off Time Reconnect time

S lENGs IEE—F BMUEER HE— R o HH PR R F A A1 B L B ]

Unbalanced load Discharge Active <0.2s 10s

AR ek fi
Output Power: 12 Kw

Parameters
X E M Frequency Operation Mode
Active Power Reactive Power JEIIE H ;EE—F
Discharge
-10% -1200W 5% -600 50Hz
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3 Inverters:(1 inverter phase reversed)

Unit 1 Unit 2 Unit 3 Unit 1 Unit 2 Unit 3
Sr, | Gate Block Relay Gatg Relay Gate Relay Reconnect | Reconnect | Reconnect Max.
no. - open Block time open Block open Time (s} Time (s) Time (s} R ’ . A
time (s) (s) time (s) | time(s) | time (s) emarks ‘(3 l)“'e verage
s
3 Units
Fig:
3.2.8.1.7;
3.2.8.1.8;
3.2.8.1.9;
3.2.8.1.10;
1 0.161 0.1614 0.141 0.1414 0.076 0.176 11.896 11.873 11.904 328111 0.176
3.2.8.1.12;
3.2.8.1.13;
3.2.8.1.14;
3.2.8.1.15
2 0.133 0.134 0.116 0.118 0.138 0.139 11.86 11.75 11.46 0.139
3 0.1328 0.1332 0.1228 0.1232 0.1426 0.143 11.68 11.77 11.69 0.143
4 0.1656 0.166 0.1658 0.1664 0.076 0.1806 11.843 11.844 11.857 0.180 0.159
5 0.1856 0.186 0.096 0.1956 | 0.1006 | 0.2006 11.788 11.798 11.802 0.200 '
6 0.121 0.124 0.133 0.128 0.135 0.139 11.863 11.84 11.44 0.139
7 0.0852 0.0856 0.0854 0.086 0.1 0.1006 11.851 11.912 11.866 0.100
8 0.146 0.15 0.143 0.146 0.13 0.134 11.84 11.94 11.523 0.15
9 0.1314 0.132 0.107 0.207 0.1464 0.147 11.909 11.879 11.824 0.207
10 0.153 0.159 0.107 0.111 0.132 0.135 11.91 11.97 11.59 0.159
11 0.12 0.122 0.12 0.12 0.127 0.128 11.88 11.78 11.58 0.128
12 0.139 0.1394 0.159 0.1592 0.159 0.1598 11.913 11.834 11.833 0.159
13 0.1514 0.1518 0.1764 0.1768 0.0764 0.1764 11.829 11.85 11.849 0.176
14 0.1398 0.1402 0.123 0.1236 | 0.1648 0.165 11.736 11.757 11.756 0.165
15 0.1406 0.141 0.1614 0.1618 | 0.1608 | 0.1612 11.9 11.9212 11.921 0.161
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Scope Channel Description:

AAC_1: Unit 1 Phase A Current
AAC_2: Unit 2 Phase A Current
AAC_3: Unit 3 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1
PINV_ Relay_2: Relay Signal from Unit 2
PINV_ Relay_3: Relay Signal from Unit 3

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _2: Relay Signal from Unit 2
GATE_DRIVE _3: Relay Signal from Unit 3

JEM_1: JEM Signal from Unit 1
JEM _2: JEM Signal from Unit 2
JEM _3: JEM Signal from Unit 3
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Fig 3.2.8.1.8 Al relay signal open time @0.161sec for unit 1
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Fig 3.2.8.1.11 Al gate signal open time @0.076sec for unit 3
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3.2.8.1.12 Al relay signal open time @0.176sec for unit 3
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Fig 3.2.8.1.13 Reconnection time for unit 1 @11.89sec
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Fig 3.2.8.1.15 Reconnection time for unit 3 @11.90sec
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Parameter FXEfE: 4 units(2 reverse phased)
Load Condition Mode of Operation Method of Island Detection Cut Off Time Reconnect time
S lENGs IEE—F BMUEER HE— R o HH PR R F A A1 B L B ]
Unbalanced load Discharge Active <0.2s 10s
A A G e
Output Power: 16 Kw
Parameters
X E M Frequency Operation Mode
Active Power Reactive Power JEIH }IEE— K
A& NE
Discharge
-10% -1600W 5% -800VARS 50Hz
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4 Inverters:(2 inverters phase reversed)

Unit 1(reversed) Unit 2 Unit 3 (reversed) Unit 4
Gate Relay Gate Relay Gate Relay Gate Relay Max
Sr,no. Block open Block open Block open Block open Value.s Average
time (s) | time (s) | time(s) | time(s) | time(s) | time(s) | time(s) | time(s)
4 Units

Fig: 3.2.8.1.16;
3.2.8.1.17;
3.2.8.1.18;
3.2.8.1.19;
3.2.8.1.20;
3.2.8.1.21;

1 0121 | 0123 | 0095 | 0148 | 0158 | 0159 | 0129 | 0130 | 0.159 Y8122
3.2.8.1.23;
3.2.8.1.24;
3.2.8.1.25;
3.2.8.1.26;
3.2.8.1.27

2 0.143 0.144 0.146 0.115 0.105 0.106 0.116 0.118 0.148

3 0.084 0.09 0.092 0.12 0.134 0.135 0.159 0.161 0.161

4 0.101 0.102 0.105 0.107 0.13 0.132 0.102 0.103 0.132

5 0.108 0.108 0.125 0.127 0.1333 0.135 0.086 0.086 0.135 0.158

6 0.104 0.106 0.124 0.125 0.142 0.143 0.081 0.083 0.143

7 0.129 0.131 0.148 0.149 0.145 0.146 0.118 0.119 0.149

8 0.166 0.167 0.142 0.144 0.142 0.143 0.116 0.117 0.167

9 0.156 0.157 0.179 0.18 0.137 0.139 0.148 0.151 0.18

10 0.148 0.148 0.175 0.177 0.135 0.137 0.123 0.124 0.177

11 0.128 0.129 0.162 0.165 0.112 0.114 0.126 0.127 0.165

12 0.165 0.165 0.129 0.13 0.117 0.118 0.168 0.17 0.17

13 0.142 0.144 0.111 0.115 0.164 0.166 0.134 0.138 0.166

14 0.122 0.123 0.091 0.113 0.148 0.15 0.107 0.108 0.15

15 0.162 0.164 0.111 0.112 0.132 0.133 0.156 0.157 0.164
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Unit 1

Unit 2

Unit 3

Unit 4

Reconnect Time (s)

Reconnect Time (s)

Reconnect Time (s)

Reconnect Time (s)

11.831 11.732 11.699 11.889
11.908 11.9132 11.88 11.875
12.02 11.975 11.862 11.938
11.859 11.877 11.88 11.83
11.815 11.835 11.651 11.89
11.86 11.88 11.908 11.843
11.87 11.899 11.8 11.75
11.655 11.683 11.74 11.523
11.88 11.98 11.85 11.86
11.892 11.86 11.83 11.84
11.767 11.696 11.76 11.754
11.86 11.842 11.928 11.874
11.87 11.94 11.9 11.96
11.91 11.88 11.84 11.9

11.88 1.85 11.717 11.86
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Scope Channel Description:

AAC_1: Unit 1 Phase A Current
AAC_2: Unit 2 Phase A Current
AAC_3: Unit 3 Phase A Current
AAC_4: Unit 4 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1
PINV_ Relay_2: Relay Signal from Unit 2
PINV_ Relay_3: Relay Signal from Unit 3
PINV_ Relay_4: Relay Signal from Unit 4

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _2: Relay Signal from Unit 2
GATE_DRIVE _3: Relay Signal from Unit 3
GATE_DRIVE _4: Relay Signal from Unit 4

JEM_1: JEM Signal from Unit 1
JEM _2: JEM Signal from Unit 2
JEM _3: JEM Signal from Unit 3
JEM _4: JEM Signal from Unit 4
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3.2.8.1.16 Al Gate signal open time @0.121sec for unit 1
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3.2.8.1.17 Al relay signal open time @0.123sec for unit 1
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3.2.8.1.18 Al Gate signal open time @0.095sec for unit 2

Page 110 of 245

2020/01/20 18:07:12




Display Group o015 O] ; | ?ﬁﬂgﬂde Z gopgql
5. 5 s/div
nﬂﬂﬂ WHain:200 .0k : | (CH5 bkS/s)
b Lald ! <Main> : :::I
-2 2Juuuv .:11 vl [ CURSOR ]
AR 1 _E?gﬁ:ﬁ;ﬁ e 50.0004 AAC.3 Type
5. 1004 m*‘l -50.0004 Vorti
[PTHY_RLY_1 B | — ruw RLY.3 ertical
P INY_RELAY. 7 al )
Bit1 '} Trace
'gg}g EEIEE‘1 : ! GATE_DRIVE_3
pSERa | d ' i CH5_1
{EH-T 3.2100 | 1.0000 JEN3 3 Gursor1
_LIEW 2 _1.4!"".] ¢ Ny 3 L. 2. 559div
gl 10000 1.0 ' Cursor?
GRID_RLY 2520009 ! 1z
n | L 2 .8302div
= I
20000 0ms 250000, . h 0.0ns|
<Zodu1> w50ms /di
S5 0000%0ua 14 0 \/\ FUW D e mnemessss i S|
-250 0! - 9 A 1 i . .
) ho l 500008 4403
jess “20.00 ! : | B <
TR 20,0004 : : I s Cursor Jump
— = !
[GATE DRIVE_T 2 GATE_DRIVE_3
—HH E ! ] | .ils ltem Setup
HEN_T 35100 i 4.0000 JEM 3
.- 10 JEM.
£ B H E ' =
Tfﬂ—m'—*!rww—"l X1 -4.5080s £
¥ S e S |
-4609..9n5 250000 aX 5ns. ~4109.9ns
Stopped 4 Edge CH16_1:PINY_RLY_1 % M File

2020/01/20 14:30:29.09206907 Single Bitl 2020/01/20 14:35:32

3.2.8.1.19 Al relay signal open time @0.148sec for unit 2
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3.2.8.1.20 Al Gate signal open time @0.158sec for unit 3
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3.2.8.1.21 Al relay signal open time @0.159sec for unit 3
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3.2.8.1.22 Al Gate signal open time @0.129sec for unit 4
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Fig 3.2.8.1.26 Reconnection time for unit 3 @11.74sec
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Fig 3.2.8.1.27 Reconnection time for unit 4 @11.86sec

Page 119 of 245




Parameter FXEfE: 4 units(1 reverse phased)
Load Condition Mode of Operation Method of Island Detection Cut Off Time Reconnect time
S lENGs IEE—F HMOER R HE— R o HH PR R F AL A1 B 1 IRF
Unbalanced load Discharge Active <0.2s 10s
A A G HE
Output Power: 16 Kw
Parameters
X E M Frequency Operation Mode
Active Power Reactive Power JEIH }IEE— K
R NE
10% | -1600W 5% ~800VARS 50Hz Discharge
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Scope Channel Description:

AAC_1: Unit 1 Phase A Current
AAC_2: Unit 2 Phase A Current
AAC_3: Unit 3 Phase A Current
AAC_4: Unit 4 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1
PINV_ Relay_2: Relay Signal from Unit 2
PINV_ Relay_3: Relay Signal from Unit 3
PINV_ Relay_4: Relay Signal from Unit 4

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _2: Relay Signal from Unit 2
GATE_DRIVE _3: Relay Signal from Unit 3
GATE_DRIVE _4: Relay Signal from Unit 4

JEM_1: JEM Signal from Unit 1
JEM _2: JEM Signal from Unit 2
JEM _3: JEM Signal from Unit 3
JEM _4: JEM Signal from Unit 4
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4 inverters( 1 REVERSE PHASED)

Unit 1 Unit 2 Unit 3 Unit 4
Gate Relay Gate Relay Gate Relay Relay
Gate Block
Sr,no. Block open Block open Block open . open Max.Values | Average Remarks
, . , . . . time (s) .
time (s) | time (s) | time(s) | time(s) | time(s) | time(s) time (s)
4 Units

Fig:
3.2.8.1.28
3.2.8.1.29;
3.2.8.1.30;
3.2.8.1.31;
3.2.8.1.32;

1 0.148 0.1483 0.1323 0.1325 0.1643 0.1645 0.1555 0.156 0.1645 3.2.8.1.33;
3.2.8.1.34;
3.2.8.1.35;
3.2.8.1.36;
3.2.8.1.37;
3.2.8.1.38;
3.2.8.1.39

2 0.1712 0.1717 0.1015 0.1017 0.1035 0.1038 0.0787 0.0795 0.1717

3 0.1563 0.1568 0.138 0.1385 0.0968 0.1068 0.1625 0.163 0.163

4 0.1155 0.1158 0.1135 0.1195 0.1718 0.172 0.1233 0.1235 0.172 0.1586133

5 0.129 0.131 0.148 0.149 0.145 0.146 0.118 0.119 0.149 '

6 0.1448 0.1453 0.1178 0.116 0.124 0.1243 0.1395 0.14 0.1453

7 0.1317 0.132 0.1182 0.1191 0.1202 0.1205 0.1257 0.126 0.132

8 0.1358 0.1363 0.1035 0.104 0.1263 0.1265 0.1313 0.1315 0.1363

9 0.075 0.0795 0.1425 0.1433 0.073 0.079 0.069 0.071 0.1433

10 0.1165 0.117 0.1785 0.1788 0.1203 0.1208 0.1068 0.1072 0.1788

11 0.089 0.0985 0.1468 0.147 0.1405 0.1408 0.0723 0.1703 0.1703

12 0.1065 0.1092 0.1585 0.159 0.0668 0.1645 0.106 0.1065 0.1645

13 0.1445 0.1453 0.0968 0.0969 0.1123 0.1128 0.1263 0.1274 0.1453

14 0.128 0.129 0.162 0.165 0.112 0.114 0.126 0.127 0.165

15 0.0802 0.1782 0.128 0.1285 0.0665 0.1647 0.1562 0.1567 0.1782
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Unit 1

Unit 2

Unit 3

Unit 4

Reconnect Time (s)

Reconnect Time (s)

Reconnect Time (s)

Reconnect Time (s)

11.94 11.926 11.858 11.8517
11.867 11.95 11.901 11.873
11.877 11.859 11.819 11.882
11.844 11.869 11.849 11.888
11.87 11.899 11.8 11.75

11.752 11.821 11.827 11.746
11.88 11.852 11.865 11.872
11.778 11.748 11.771 11.775
11.867 11.933 11.864 11.858
11.734 11.796 11.739 11.727
11.81 11.868 11.863 11.893
11.865 11.818 11.825 11.844
11.634 11.689 11.703 11.614
11.767 11.696 11.76 11.754
11.91 11.859 11.895 11.889
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3.2.8.1.28 Al Gate signal open time @0.148sec for unit 1
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3.2.8.1.29 Al relay signal open time @0.148sec for unit 1
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3.2.8.1.30 Al Gate signal open time @0.132sec for unit 2
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3.2.8.1.31 Al relay signal open time @0.132sec for unit 2
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3.2.8.1.32 Al Gate signal open time @0.164sec for unit 3
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3.2.8.1.33 Al relay signal open time @0.164sec for unit 3
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3.2.8.1.34 Al Gate signal open time @0.155sec for unit 4
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3.2.8.1.35 Al relay signal open time @0.156sec for unit 4
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Fig 3.2.8.1.36 Reconnection time for unit 1 @11.94sec
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Fig 3.2.8.1.37 Reconnection time for unit 2 @11.92sec
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Fig 3.2.8.1.38 Reconnection time for unit 3 @11.85sec
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Fig 3.2.8.1.39 Reconnection time for unit 4 @11.85sec
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Result :

, 5 4 INVERTERS | 4 INVERTERS
Average | |\ oo | \nverTer | (2 REVERSE | (1 REVERSE
Time> | Ueeact | averace | PHASED) PHASED)
AVERAGE AVERAGE
Average | 1 1c5933 | 0.15908 | 0.158067 0.158613
Values
MAX | 0.162933
MIN | 0.158067
Difference | 0.004867
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3.2.8.2 Islanding detection test with active islanding detection mode: standby

AR

[ %438 & FRT 1AL ) .

[(ZHEEAMSH] © [HEMHES] OLECHiET 2.

Original Standby
Active Status
Islanding
Operational
Final Status
4 Units
Comments
Unit 1 Unit 2 Unit 3 Unit 4
Gate Relay Gate Relay Gate Relay Gate Relay
Block open Block open Block open Block open
time (s) | time (s) | time (s) | time(s) | time(s) | time(s) | time(s) | time (s)

Fig: 3.2.8.2.1;
3.2.8.2.2;
3.2.8.2.3;

0.145 0.147 0.181 0.182 0.196 0.197 0.141 0.142 3.2.8.2.4;
3.2.8.2.5;
3.2.8.2.6;

3.2.8.2.7;3.2.8.2.8
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Scope Channel Description:
AAC_1: Unit 1 Phase A Current
AAC_3: Unit 2 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1
PINV_ Relay_2: Relay Signal from Unit 2

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _2: Relay Signal from Unit 2

JEM_1: JEM Signal from Unit 1
JEM _2: JEM Signal from Unit 2
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Fig 3.2.8.2.1

Gate trip time for unit 1 @0.145sec
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Fig 3.2.8.2.2 Relay trip time for unit 1 @0.145sec
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Fig 3.2.8.2.3 Gate trip time for unit 2 @0.181sec
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Fig 3.2.8.2.4 Relay trip time for unit 2 @0.182sec
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Fig 3.2.8.2.5 Gate trip time for unit 3 @0.96sec
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Fig 3.2.8.2.6 Relay trip time for unit 3 @0.197sec
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Fig 3.2.8.2.7 Gate trip time for unit 4 @0.141sec
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Fig 3.2.8.2.8 Relay trip time for unit 4 @0.142sec
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3.2.9.1 Reconnection Time 1E&E% O — R H AP IEFER 1

Parameter:

Reconnection Testing | Time Set Point

FRESIBE R R RAER | A ]

Reconnection Time 1 | 300s

Output A Pass / Fail
M d AR U NA
AC Voltage Power | Frequency @J;l?; Measurement BB HIE Remarks
A T 78R | AR ke Reconnection Time 53005 (GRS
) I B BEL L BRF ]
Phase A: 101Vrms 4.8 kW Discharge 302.1s Pass Figure 3.2.9.1
Phase B: 101V >0 Hz
ase b rms | 4.8 kw Charge 301.8s Pass

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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500 Y e !
RELAY ; :
Bt | E| :
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DATE BEINE H '
B Xi -318. i RMS  CH1 1 10. 64054 :_
Xz -16 ., 499985 : RMS  CH1_? 997935 |
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Figure: 3.2.9.1 — After power is restored, Power exportation is prevented for certain time. Reconnection timer 1 (Reconnection
Time= 302.1 sec)
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3.2.9.2 Reconnection Time 2 2
Parameter % 7EfH:

Reconnection Testing | Time Set Point

FRAI0 F1 BHL LR Re TR

Reconnection Time 2 | 300s

1H % O —ERF R ABH LR 2

Output Operation Measurement Pass / Fail
AC Voltage Power | Frequency r:\/lode SRR R HE Remarks
A2 it A | R Bt | Reconnection Time -~ e
7] PRI 1) FH LR IRF
Phase A: 101Vrms . .
Phase B: 101Vrms 4.8 kW 50 Hz Discharge 301.8s Pass Figure 3.2.9.2

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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Figure: 3.2.9.2- After power is restored — input voltage is blocked for some time, Reconnection timer test 2 (Reconnection Time=

301.8 sec)
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Grid reconnect with Distortion

SWCB | Unit Gate | Timeto Remarks
state Relay Drive | Transition

close Closed -

open Open 4.198 Fig:3.2.9.2.1
Open Closed -

Close Closed -

Close Closed 366.12 Fig:3.2.9.2.2
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Fig: 3.29.2.1 Grid relay open->backup operation: 4.198secs
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Fig: 3.2.9.2.2 Reconnection with distortion:366.12 secs
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3.2.10 Instantaneous ( Unbalanced) Overvoltage Test - I Ff (AT~ 4 ) 6% & - 5l Bk
Over Voltage Test Parameters: 1 E % E A

Threshold Detection Time Re-connection Time
Foi HH IRF R FAI B B 11 I
OVR 121.2Vrms 1s 10s
OVR detection threshold test:
AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail H|iE
A B Power | JEJEE Mode Phase | (Vrms) (121.2+2.424Vrms)
H71%E BiEE— | B | HERR
5 B i
. o)
A:115.14Vrms (95%)1 A 1223 Pass
B: 101Vrms Charge
-4.8kW | 50 Hz —
A: 101Vrms FHE - 122,138 Pass
B: 115.14Vrms (95%)1 '
. o)
A:115.14Vrms (95%)1 ' A 120.711 Pass
B: 101Vrms Discharge
4.8kW | 50 Hz —
A:101Vrms G 5 122639 Pass
B: 115.14Vrms (95%)1 '
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AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail Remarks
At e Power | JEE%K Mode Phase | (Time) %
7% #EE— | Ak
7] N o
. o) 1o
A:115.14Vrms (95%)1 A 1.05 Pass Fig:
B: 101Vrms Charge 3.2.10.1
-4.8kW | 50 Hz st :
A: 101Vrms T 5 107 Pass Fig:
B: 115.14Vrms (95%)1 ' 3.2.10.3
. (o) 1o
A:115.14Vrms (95%)1 _ A 1.06 Pass Fig:
B: 101Vrms Discharge 3.2.10.2
4.8kW | 50 Hz - -
A: 101Vrms TR 5 107 Pass Fig:
B: 115.14Vrms (95%)1 ’ 3.2.104
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Under Voltage Test Parameters A~ & 55 5% E il

Threshold Detection Time Re-connection Time
TR A T IR RR A0 A1 PR R
UVR 80.8Vrms 1s 10s

UVR Default detection threshold test ~ UVR # H L~ LR

AC Voltage Output | Frequency | Operation | Tested | Measurement | Pass / Fail

i EE Power | JE %k Mode Phase | (Vrms) (80.8+1.616Vrms)
H 718 BEE— | B | HBRER | E
A D

: igls\/zt'\;:?s Ho5% A 80.35 Pass
-4.8kW | 50 Hz Charge

A: 101Vrms 5 70963 o

B: 84.84Vrms (105%)]

: igls\/zt'\;:?s Ho5%: A 79.23 Pass
4.8kW 50 Hz Discharge

A: 101Vrms . ros3 o

B: 84.84Vrms (105%)]
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AC Voltage Output | Frequency | Operation | Tested | Measurement | Pass / Fail Remarks
AR Power JE 5 Mode Phase (80.8+1.616Vrms) | fif#=
7% e — | B HIE
1) N
. o) 1
A: 84.84Vrms (105%)| A 1.0 Pass Fig:
B: 101Vrms 3.2.10.5
-4.8kW | 50 Hz Charge ;
A: 101Vrms B 1.08 Pass Fig:
B: 84.84Vrms (105%)| ' 3.2.10.7
. o) 1
A: 84.84Vrms (105%)| A 1.091 Pass Fig:
B: 101Vrms . 3.2.10.6
4.8kW 50 Hz Discharge ;
A: 101Vrms B 1.09 Pass Fig:
B: 84.84Vrms (105%)| ’ 3.2.10.8
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Fig: 3.2.10.1 Phase A Charging mode Overvoltage:122.3V; 1.05secs
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Fig: 3.2.10.2 Phase A Discharging mode Overvoltage:120.71V; 1.06secs
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Fig: 3.2.10.3 Phase B Charging mode Overvoltage:122.13V; 1.07secs
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Fig: 3.2.10.4 Phase B Discharging mode Overvoltage:122.63V; 1.07secs
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Fig: 3.2.10.5 Phase A Discharging mode Undervoltage:80.25V; 1.09secs
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Fig: 3.2.10.6 Phase A Discharging mode Undervoltage:79.23V; 1.09secs
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Fig: 3.2.10.7 Phase B Discharging mode Undervoltage: 79.53V; 1.08secs
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JEM_STATUS Display Group Acgiode : Normal
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b 54 i i Trace
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Fig: 3.2.10.8 Phase B Discharging mode Undervoltage:79.53V; 1.09secs
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3.2.11 Transition confimration test of active islanding detection mode (Transition from active

islanding detection mode: standby to active islanding detection mode: normal)
This test applies to [ Z#(&# & FRT xHG8Y « [ZHEHEZGA]) © [HEMHESE]

Harmonic | Initial Final Status [ Remarks
Voltage Status

2.2V Standby | Operational
Fig.3.2.11.1-
3.2.11.29

1.8V Standby Standby

Scope Channel Description:
AAC_1: Unit 1 Phase A Current

VAC_1: Phase A Voltage
VAC_2: Phase B Voltage

PINV_ Relay_1: Relay Signal from Unit 1

GATE_DRIVE_1: Relay Signal from Unit 1
GATE_DRIVE _2: Relay Signal from Unit 2

JEM_1: JEM Signal from Unit 1
GS_TRIG: Harmonics introduction signal
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Figure: 3.2.11.1- JEM Status change=> Standby to Operational
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Wide—Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL u1 Or. | U2 [v]l hdflx] Element1
Freq 50.000 Hz ; u1  300v
I1 304
uz2 101.562 v
12 23.0267 A
P2 2.3322kW
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e e [ e e [ e R e [ e Y e [ e Y e R e e R e e Y e [ e I R
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mdate 58596 Gaurav 2020-04-08 12:43:07

3.2.11.2: Power Analyzer-All harmonics THD>2.2V
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VAC 1 Display Group AcgMode : Normal

CHI_1  : 10.000¥/div (D2 3)4)PH) I I 10kS/s  20ms/div
Position - 0.00 div (1) 2] 3)4]P]H] W ' (CH1 5kS/5)
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i i
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T d
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2020/04/70F 20:57:13.28196727F Single Biti 2020/04/07 20:57:40

3.2.11.3: Scope-All harmonics THD>2.2V. JEM Status Standby to Active
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Wide-Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL u1 or. [UZ [v]l hdf[x] Element1
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3.2.11.4: Power Analyzer-All harmonics THD=1.8V
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Position : 0.00 div ) Wam:2.0k (CH1 5kS/s)
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3.2.11.5: Scope-All harmonics THD-1.8V. JEM Status Standby
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Wide—Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL u1 or. (U2 [v]l hdflx] Element1
Freq 50.001 Hz . ut 300v
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3.2.11.6: Power Analyzer-2" harmonic =2.2V
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3.2.11.7: Scope-2nd harmonics=2.2V. JEM Status Standby to Active
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Wide—Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL u1 or. (U2 [v]l hdflx] Element1
Freq 50.001 Hz . ut 300v
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3.2.11.8: Power Analyzer-2" harmonic =1.8V
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3.2.11.9: Scope-2nd harmonics=1.8V. JEM Status Standby
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Wide-Band Harmonics Uover:'= = = = PLL Source:

Iover:= = = =
change items
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3.2.11.10: Power Analyzer-4th harmonic =2.2V
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3.2.11.11: Scope-4t" harmonics=2.2V. JEM Status Standby to Active

Page 177 of 245



Wide—Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
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3.2.11.12: Power Analyzer-4" harmonic =1.8V
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3.2.11.13: Scope-4™ harmonics=1.8V. JEM Status Standby
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Wide—Band Harmonics Uover:= = = = PLL Source:

lover:= = = =
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3.2.11.14: Power Analyzer-6th harmonic =2.2V
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3.2.11.15: Scope-6th harmonics=2.2V. JEM Status Standby to Active
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Wide—-Band Harmonics Uover:= = = = PLL Source: u1

Iover:= = = =
change items
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3.2.11.16: Power Analyzer-6th harmonic =1.8V
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3.2.11.17: Scope-6th harmonics=1.8V. JEM Status Standby
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Wide-Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
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3.2.11.18: Power Analyzer-3rd harmonic =2.2V
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Closed

JEM_Status

fctive

—160.,0ms
Stopped

GS_TRIG 2500.0mY \
== 1

e ey
! |
-2500., 0n¥ E
Xy ! -118.0ns Max  :GS_TRIG  sowwwe |
) V. 0.0000s Avg IGS_TRIG ek I
AL 118.0ms RMS IGS_TRIG  sescoiesen ! 40.0ns
2 Edge CH15_2:JEH_Status F X File
2020/04/07 16:49:53 95176727 Single Bit1 2020/04/07 16:51:04

3.2.11.19: Scope- 3" harmonics=2.2V. JEM Status Standby to Active
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Wide—-Band Harmonics Uover:= = = m PLL Source:
Iover = = = =

change items

PLL u1 or . Uz [vl hdf[x] Element1
Freq 50.001 Hz : .544 utl 3J00v
521 11 30A
957
. 457
.422
. 352
.301
274
.233
217
. 185
. 169
. 138
. 114
.098
.073
.064
057
.043
.034
025

uz 101.544 v
12 23.0171 A
P2 Z2.3326KkW
52 Z2.3333kvA
Q2

AZ 0.99971
o2 D 3=
Uthd2? -143 =
Ithd? -512 =
Pthd2 044 =
Uthf2 637 =
Ithf2 422 =~
utif2 .663
Itif2 . 1538

Element?

300w
| 30a
Element3

300w
13 30a
Elementd

300w
I4 J0A

1
2
4
0
0
1
3
9

e
=]
[ e R e e e e Y e R e e e e e R e e e e Y e R =

[ = e e I e e Y e ] e e e e [ e e e e Y e Y = B
= e R e e I e e Y e [ e e e e e R e e e e Y e e )
[ = e R e e I e e Y e R e e e e e [ e e e e Y e e )

~APAGEY 2/7

wdate 60913 Gaur av 2020-04-08 13:02:43

3.2.11.20: Power Analyzer-3rd harmonic =1.8V
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i 10.000V/di Yisplay Broup | I foode i
i 3 3 ¥ S mns 1Y
Position - 0.00 div (1) 23] 4P [H] TR ' (CH1 BkS/5)
il
4 <Main>
Aac_1 251.004

;:_r,,rH"'_"“‘HHL__,_‘f"HF_“‘“‘HH_h_r4‘-""_‘"“=auH___,#r"r—_"“‘HuL____‘f""_"1“‘HHL____‘-‘""_“‘"“HH,1__‘,-"F—_q‘“‘Hkm‘_‘_,-"'"_-‘“‘HM___‘_J-—"F_‘"“‘HH___r,,-—"—_““*aHﬁhq

-249.004
Yac_2 S0.000%
;TmHH\\\‘uh,#,H’/"’n‘\H\\\uh,daH’,"f"qHH\\‘x,_ﬂ"’,"’_q‘\\\‘uh,#Jl’/’)fn‘HH\\\Lh_ﬂ,H’/""H\‘\\“a‘_d,f""’mH\H\\“m,m,,f”’H’P-q“\\\\\‘,#J'”lH"'H\\\\“m;“#,!”l”"H\\\\\EE__/f’,/’P.
=50, 000¥
fac._2 250504

ET_ﬂﬂﬁ““ﬂmq_J_—#""_——‘““umm_Jd——"“_ﬂq““umﬂ___-"‘;_ﬂ‘“‘“nhh_.PJ*"F'_“1“‘“\mn_4-H""—_“‘ﬁ‘“um‘_a_u—"dd_‘*‘“‘*~___.r”"rp_h“_‘“H-m_..—"#F'_‘1ﬁ““aﬁL_a.H"'—'_15“‘“H~__au-";"

=240 504
PIRY_RLY.
Closed
JEM_Status
fictive
G5_TRIG Z500.0n¥ [‘
iy
-2500. 0n¥
Hapigns GS_TRIG - s Avg  IGS_TRIG seorwx RHS  :GS_TRIG = ok 150.0ms
Stopped 5 Edge CHA_1:G5_TRIG A File
2020/04/08 13:34:32.06176727 Single 1000 . Om¥ 2020/04/08 13:34:42

3.2.11.21: Scope-3rd harmonics=1.8V. JEM Status Standby
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Wide-Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL ui Oor. (U2 [v]l hdflx] Element1
Freg 50.000 Hz c ul 300v
I1 Joa
uz 101.537 v
12 23.0476 A
P2 Z2-3296kw
52
Q2
A2 0.99973
o2 D .340 "
uthd? 4T
Ithd2 952
Pthd? 142 =
uthfz 638 =
Ithf2 307 ~
utifz . 396
Itif2 .836

Element?
Joow
12 Joa

Element3
Joow
13 Joa

Elementd4
Joow
14 Joa

- OO M-

=
e e Y e e e e e e Y e e e e e e e e e Y L S R B =
e e e e T e e e R e e e e [ e R e e e e e e e e

oooooooooooooooooMNE
CoOQoooQooooooooooooaod

SPAGE~ 2/7 EP“GEE 173

mdate 53599 Gauray 2020-04-08 12:01:00

3.2.11.22: Power Analyzer-5™" harmonic =2.2V
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VAC_1 Display Group adcalode : Mormal

CHi 1 : 10.000V/div () z)3)a)p[H) | | 10kS/s ~ 20ms/div
Position : 0.00 div (1213 4P 1] VaRT Ok ' (cH BkS/s)

i <Main> T
; i
! |
; i
AAC_1 251 .004 : !
: I
;MWMC
~249.004 : :
VAC_2 50..000¥ ! |
: 1 4
¥/V\/\/—v—\/v—\/—\/v-\
i |
—50', 000Y ; i
AAC_2 250,504 ' |
.1_‘__,_,,--j"_-_""“‘-a._“_,_.—ﬂ-""ﬂﬂmf-‘ﬁ"huﬁéﬂmmlhﬂmffmhm ————— meﬂ“mw/-m'“‘\ﬁluf*’““"mw“fjmﬁ*‘m'
L |
—249,504 : I
PINY_ALY i |
Closed ' :
; i
JEM_Status i :
hctive E
i |
GS_TRIG 2500 . 0n¥ ’\ |
|
= y e e e e el
T . ;
-2500., 0n¥ i :
X1 -93 5ns | Max  :GS_TRIG  sowwwe |
X2 0.0000s: Avg  IGS_TRIG oo i
160 .0ns AX 93.5ms | RMS GS_TRIG sk ! 40.0ms
Stopped 4 Edge CH16_2:JEM_Status £ M:File
2020/04/07 20:12:56 .54416727 Single Bitl 2020/04/07 20:13:41

3.2.11.23: Scope-5" harmonics=2.2V. JEM Status Standby to Active
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Wide—Band Harmonics Uover:= = = m PLL Source:

change items
PLL u1 or . uz [vl hdf[+] Element1
Freyg 50.000 Hz c utl 300v
I1 J0A
u2 101.521 v
| 23.0181 A
P2 Z2.3315kwW
52 2.3321kva
Q2

A2 0.99971

@2 D .385 °
Uthd2 103 =
I1thd2 1.687 =
Pthd2 .068 =
Uthf2 647 =
Ithf2 401 =
utif2 .055
Itif2 18.293

Element?

300w
12 304
Element3

300w
I3 304
Elementd

Joowv
I4 J0A

e e ] e e e e Y e e e e [ e Y e e e e e e e e
e e ] e e e e e Y e e e [ e e e e e e Y e e

e e Y e R e e e [ e R e e e [ e e e e e i e e B
e Y e e e e e Y e Y e e e i e e e e ) e i e QPR B =

= PAGE~ 27 EPAGEEI 173

mdate 61336 Gaurav 2020-04-08 13:06:18

3.2.11.24: Power Analyzer-5™ harmonic =1.8V
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i 10.000Y/di Display Group | | T i
% : 10, iv 5 ms/div
Position : 0.00 div nnnm YR l (CH1 5kS/s)
Tl
<Main>
a1 251 004
249,004
VAC_2 50.000%
-50,, 000V
FT) 50 508

~249 504
FIRY_RLY
Closed
JEM_Status
fictive
GS_TRIG Z500.0m¥ [\
I
T —~q
—2500, 0nY
Mastons “GS_TRIG skbookabac Avg  IGS_TRIG  sokoionk RHS  GS_TRIG  seokaork 150 0ns
Stopped G Edze CHA_1:G5_TRIG F X :File
2020/04/08 13:356:17.14396727 Single 1000 . On¥ 2020/04/08 13:36:3

3.2.11.25: Scope-5™ harmonics=1.8V. JEM Status Standby
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Wide—-Band Harmonics Uover:= = = = PLL Source:

Iover:= = = =
change items
PLL u1 or. [UZ [v]l hdf[x] Element1
Freq 50.001 Hz . utl 300v
I1 304
u? 101.539 v
12 23.0120 A
p2 2.3275kW
52
a?
AZ 0.99973
o2 .338 °
Uthd2 .604 =~
Ithd2 .306 :

Element?
Jnoyv
12 30a

Element3
Jnoyv
I3 30a

Pthd2 131 =
uthf2 -F18 =
Itht? -464 :
utif2 - 142
Itit? 15.617

Elementd
Jnoyv
I4 30a

[ I I e e I e e R e Y e R e e e e Y e Y e e I e Y — Y=
[ I e I e R e e e R e Y e O e e e Y e R e Y e e e e R e Y
[ e I e e e e R e Y e R e e e Y e R e e I e e e R e Y

I e e e R e R e e e R e e e e e R e e [ e R P e e |

APAGEY 2/7 Epace] 13

rdate 53918 Gaurav 2020-04-08 12:03:42

3.2.11.26: Power Analyzer-7™" harmonic =2.2V
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VYAC_1 Display Group AcgMode - MNormal

CH1_1 : 10,000V div “ [ | 10kS/s 20ms/div
Position : 0.00 div ()2 3 )P 1) “WaTRTZ Ok L (cHl 5kS/5)
E <Main> T
; i
1 I
; i
ARC_1 251.004 E :
; |
~249.004 ]
VAC_Z 50.. 000 : |
:EWE\_/\_/\_/\WW
—50, 000Y :
RAC_Z 250 504 ! :
_Exmaf—_REiJH—;L“‘hﬁ‘h—l_ﬁﬂf"_‘_'_“--._\_\___‘“‘_'_r'_,f"_‘_'ﬁﬂhr"ﬁh--aﬂ""ﬂahd_”m;'ﬁm‘_w’/_._:‘—'ﬁﬂw’_/ﬁxhﬂffrd
~249 504 :
FIRY_RLY E |
Closed : :
; i
JEH_Status i :
fictive E
; |
GE_TRIG Z500. 0nY ’\ I
I
i E I
-2500., On¥ ; :
b -119.8ns Max  :GS_TRIG  swows |
b 0.0000s Advg  IBS_TRIG sk i
_160..0ms A% 119.8ms RHS IGS_TRIG  secotcaten ! 40 .0ns
Stopped Fi Edge CH15_2:JEM_Status F M File
202004707 20:18:06. 71096727 Single Biti 2020/04/70F 20:18:34

3.2.11.27: Scope-7t" harmonics=2.2V. JEM Status Standby to Active
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Wide—Band Harmonics

change items
PLL
Freg

uz2
12
P2
S2
Q2
AZ
@2
Uthd2
Ithd2
Pthd?2
uUthf2
Ithf2?
utif2?
Itif2

A PAGE~

D

101.535
23.0216
2.3326kW
2.3333kva
—0.0562kvar
0.99971
.381 °
.043 =
371 =
062 =
696 =
LA408 =
-690
.523

2-F

1mdate 61481

Uover -= = = =
ITover:= = = =

uz [vl

e e e e Y e e e e e e e e e e e e P e

Gaur av

PL

hdfL::1 Or

4=1
=1

= I = e Y e e I Y e e [ [ [ P — [ — |

L Source-

2 L[vl hdfL:1

e N O D N D D o D o o D oD oD
Y e I e e e [ ] e Y e e Y e o ) [ [ — [ — |

2020-04-08 13:07:33

3.2.11.28: Power Analyzer-7t" harmonic =1.8V
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Elementi
ui 300v
I1 30a

Element?
300v
| 30a

Element3
300v
13 30a

Elementd
300v
I4 30a




o 10.000¥/di Yisplay Brou | I toRtoee © Mo
s 2 = 1Y =1 ns. v
Position : 0.00 div 0880060 TR ' (CH1 5kS/s)
T|
g <Main>
aac_1 251.004
¥Wm
—249.,004
YAC_2 S0.000%
—50.000Y
nac_? 250 504

-249.,504
PIRY_RLY
Closed
JEM_Status
fctive
GS_TRIG 2500 0m¥
I
—2500, 0nY
Mastons “GS_TRIG akookabac Avg  IGS_TRIG  sokotonk RMS  GS_TRIG  seokatork 150 0ns
Stopped T Edze CHA_1:GS_TRIG F M :File
2020704708 13:36:40.185696727 Single 1000 . OmY 2020/04/08 13:36:h6

3.2.11.29: Scope-7™ harmonics=1.8V. JEM Status Standby
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3.2.12 Reactive power oscillation suppression confirmation test

This test applies to [ Z#&5H# 5 FRT G 8) o [ZHEE RG] ¢ [HEAHEDS]

. Did it | Remarks
" . Did
Condition Initial Final Status run
Status Status for 1
change? .
min?
Impedance Fig:
& Phase 3.2.11.1;
Angle Operational | Standby YES YES 3.2.11.2
change
10°
Scope Channel Description:
AAC_1: Unit 1 Phase A Current AAC_2: Unit 2 Phase A Current
VAC_1: Phase A Voltage VAC_2: Phase B Voltage
PINV_ Relay_1: Relay Signal from Unit 1 PINV_ Relay_2: Relay Signal from Unit 2
GATE_DRIVE_1: Relay Signal from Unit 1 GATE_DRIVE _2: Relay Signal from Unit 2
JEM_1: JEM Signal from Unit 1 JEM _2:JEM Signal from Unit 2
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JEM ST.“-TUS %ﬁN(L ) Display Group oo <50k | . : ?Egyode p: ggrgg] =
ogic oom1:5. (= s/div
PasiTion & 5707 a5 0880000 ' ¥ 200 0% : . (cH16 505/5)
T
o2 250 00¥ e | % 1, [ GCURSOR )
[ARET. 500504 - Type
_|wac_2 505004 * R )
-249 504 : _
[PTRY_RLY_T AR ; A TR
[P IBV_RELAK. 24 T e SR T E T
!liI“I. ! race
e = SATEDHVE S
B # —F CH5_1
T, S —— = | 2 | % e
3 j |® _ cursor?
[ERID_ALY 39, 850V 1 v 1z ursor 2
1 - 1._2700div
3'—20;3 .000_s ~10. 1509 : . : ------ 0.000 g

i) wb‘le I JH’dlWIHWIJlWIHWIJlWIHWIHWIHWIHWﬂmrJ I{ik'dﬁllllllllll.l lIlLl]IllL]IlL!;lIllﬂlllﬂlllﬂlllﬂlllﬂlllﬂlllﬂlllﬂlllﬂlllﬂﬂ[ﬂﬁlfmﬂﬂmll
000y

e H.IIPH. H.IIH.IHLIF.' U ek H.IH.IH.HH.IIHL IR A AR .IIIH.HFH.IIFH.HH.|H.||H.HH¥|H'HHI'|TFITHITfH.HTTf.ITﬂf.H'frf_Hﬂiﬂ'ﬂf_H'ﬂf_ﬂ'ﬂf.ﬂ'ﬂf.Hfﬁ.ﬂfﬁ.ﬂfﬁﬂﬂf MR H'ﬂﬂﬂT
[RAC_T 250 508

A3
_|hE_2 50 5008 E3i ' ' A% 0

249 501 | <
[PTRY_RLY_1 T ' i Cursor Jump
[FRVREER= T 3 B
Bitl e e T e e T
CTEPRVES L s
——H R i [tem Setup
m J 3 : JEW snTusna"
- e =
[ERTD_RLY 39,8509 x1 -¥5.022s I
b -f4.¥97s :
T77.928 5 -10.150% AX 22bms: " -72.928 5
Stopped 2 Edge CH6_ 1 % M :-File
20200204 11:41:14.08968634 Single 2.50Y 2020/02/04 11:43:35

Figure: 3.2.12.1- JEM Status change=> Operational to Standby
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JEM_STATUS_3 Display Group

AcgMode - Normal

CH16.8 : CaN(Logic) m Zooml :200.0 I ' 1kS/s 20s/dijv
Position - 2.07 div 08800060 AR W 200 OF H _ (CH16  503/5)
T
T R | P ! b 4 \%/
:vm:'_z 250 -00Y <Main> E *% [* [ GURSOR ]
| —25h.0ny E {l
ARG 520504 E 50,0004 .e.'nc'_éf ' Tvpe
) fac_2 50 .5000 ' cul LT i
jgggzg“" _‘. i r ] v -
FIRY ALY T R P ————— PIRVIRLY_3.
[P INY_RELAK ;2 : TR
Bit1 : .i Trace
T = orehes
T | i i CH5_T
B — e | ® o S
= E h" }
el S | L 2 Gursor?2
GRID_RLY 39 gLy i E
: i . 499855V
' I
Fop00.000s 10,150 . { 0.000 s

R s RS

Vavival e

WA Py

WA g.u.liu;u;u;u.u,-u;u.a%irﬁvg@mu,m.u:-mlni_mr..lr.lr.u.lr,lr. UIEARRAURY, w_ i m_;,;,q

s =250 0ifY 94 dov
[RBE_1 250 504 250 504 500004 AAC_3
_RAE 2 . 50.5008 505004 I -- k-3

9,504
—49 . 5004

I
IPTRV_RLY_ I
TRV BRI - .
itl ) |
EATE-PRIVE-1 = I GATEDRIVESS
= Fidl g e
Bitl }

JEM_STATUS 3

: WEM_STATUS_]. JEH_STATUS 3, |
usheL] JEx-STATUIE] JEW_gTaTuSBEE!

2=

[CRID_RLY 39, 8509 EX’I T4 8495 v 39,8509
X2 ~14.2265
T-74.988 5 -10..1509 ik -74.78PQ G758 < 10,1509 -13.698 5

CH5_1 ¢
2.50v

Stopped 2
2020/02/04 11:41:14.08968634

Edge
Single

Figure: 3.2.12.1- JEM Status change=> Standby; EUT running for 1 min.
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Cursor Jump

Item Setup

M File
2020/02/04 11:45:27



4.3 Power Factor &5 /13%
Measurement Pass / Falil
AC Voltage Output Power Frequency FERAG B | E Remarks
AR H %) JE 3K Power PF fif%
B HE— >0.95
E:Zi: g; 181\\;::1‘2 4800 W 50 Hz 4804 W 0.999 Pass
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4.4 Output Harmonic Current H 77558 B i
Measurement Pass / Fail
= ‘m ,(\ \/I =
Output Phase Operation ﬁ%ﬁ‘.%H' hest HIE
AC Voltage | Power | Frequency KR Mode Harlrgn ifith e Remarks
B | WHAOE | AR | " | BifEE— | THD | PF i ik
p H e " i Order PF>0.95
° TEULEZ | Individual Harmonics<3%
(£ K)
Phase A: A 3rd . See
101Vrms 3.784 1.00 2 7937% Pass Below
Phase B: 4.8 kW 50 Hz B Discharge d
101Vrms 3.782 | 1.00 37 Pass
' ) 2.7939%
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Detailed reference data of each harmonic (output current distortion

Rated output current = 24A

ratio)
Phase Order 1 2 3 4 5 6 7 8 9 10
Harmonic
current
A 22.2302 0.0213 0.6216 0.0203 0.4862 0.0201 0.3121 0.0058 0.2014 0.001
Order 11 12 13 14 15 16 17 18 19 20
Harmonic
current
A 0.1498 0.0019 0.1246 0.0011 0.1009 0.0028 0.0794 0.0021 0.0612 0.0025
A Order 21 22 23 24 25 26 27 28 29 30
Harmonic
current
A 0.0467 0.0015 0.0331 0.0008 0.0231 0.0007 0.0169 0.0007 0.0144 0.001
Order 31 32 33 34 35 36 37 38 39 40
Harmonic
current
A 0.0088 0.0002 0.0065 0.0007 0.0038 0.0009 0.0041 0.0004 0.0047 0.0008
Phase Order 1 2 3 4 5 6 7 8 9 10
Harmonic
current
A 22.2117 0.019 0.6211 0.019 0.4853 0.0178 0.3136 0.0042 0.201 0.0019
Order 11 12 13 14 15 16 17 18 19 20
Harmonic
current
A 0.1506 0.0008 0.123 0.0026 0.1028 0.002 0.0795 0.0018 0.0612 0.0024
B Order 21 22 23 24 25 26 27 28 29 30
Harmonic
current
A 0.0469 0.0011 0.0334 0.0001 0.0238 0.0016 0.0176 0.0006 0.0136 0.0007
Order 31 32 33 34 35 36 37 38 39 40
Harmonic
current
A 0.0083 0.0013 0.0073 0.0009 0.0043 0.0004 0.0049 0.0003 0.0038 0.001
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4.5 Leakage Current Test Il EET

Measurement
Output B AE B Pass / Fail
AC Voltage Power Frequency | Mode Tested Phase Volt? HE Remarks
AR 8 | JE K BEE— K~ | 7R BT <5V i
VA
4.8kW Discharge 0.002 Pass
-4.8kW Charge Ato PE 0.002 Pass
4.8kW Disch 0.006 P
Phase A: 101Vrms Dol B to PE ass
-4.8kW Charge 0.005 Pass
Phase B: 101Vrms 50 Hz ;
4.8kW Discharge 0.001 Pass
Phase C: 101Vrms N to PE
-4.8kW Charge 0.0012 Pass
4.8kW Discharge 0.015 Pass
-4.8kW Charge Gto PE 0.012 Pass
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4.6 Voltage Suppression

Parameter % EfH :

Voltage Reactive Power

'%:Jj_:‘ I\\\}ﬁ'_;‘r?:’jj

101Vrms | O Var

7 T b A A e

B

Measurement Pass / Fail
AC Voltage Power Level Frequency PF Set PR B | Remarks
AP R Hi 77 JE I TR E | Active Power (W) PF (cos)! 11 00£0.040 %
iy . : :
H2hE VIES
100% 4750 0.990 Pass
90% 4270 0.990 Pass
80% 3800 0.990 Pass
70% 3320 0.990 Pass
Phase A: 101Vrms 60; 2810 5950 "
(] .
Phase B: 101Vrms 50 Hz 1
50% 2380 0.990 Pass
40% 1920 0.990 Pass
30% 1420 0.990 Pass
20% 940 0.990 Pass
10% 460 0.990 Pass

Parameter 2% EfH:
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Voltage PF set- 0.925
101Vrms | Lagging
Eh
Measurement
AC Voltage Power Level Frequency PF Set : AR R Pa?? /Hfall Remarks
S Hi) e hsmgpg | ActvePower | oo | HIE fii &
(W) s 0.925:+0.040
HNES b
100% 4780 0.930 Pass
90% 4320 0.930 Pass
80% 3840 0.930 Pass
0,
Phase A: 101Vrms Zg;: 2::8 gzzg :zz
Phase B: 101Vrms 50 Hz 0.925
50% 2400 0.929 Pass
40% 1910 0.928 Pass
30% 1430 0.927 Pass
20% 950 0.922 Pass
10% 470 0.889 Pass
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Parameter 7% EfE:

Voltage PF set- 0.925

BE | HaE

101Vrms | Leading

HEIx
Measurement
AC Voltage Power Level Friq‘\ue‘r)\cy PF Set : BRI Pa?? /Hfa” Remarks
AR i JE R S e Active Power PF (cos)! 1 HE e
(W) e 0.925+0.040
Hh B -

100% 4730 0.913 Pass
90% 4260 0.913 Pass
80% 3790 0.913 Pass

Phase A: 101Vrms 70% 3320 0.912 Pass

Phase B: 101Vrms 00% 50 Hz 0.925 2840 0.912 Pass
50% 2370 0.911 Pass
40% 1890 0.910 Pass
30% 1420 0.905 Pass
20% 940 0.893 Pass
10% 460 0.886 Pass

Page 205 of 245



Parameter:

Voltage PF set- 0.85

T F1ZRE

101Vrms | Lagging

Eh
Measurement )
BN Pass / Fail
AC Voltage Power Level Frequency PF Set AR S o Remarks
S A E i) e e NFERE | Active Power (W) | PF(Cos) | 1ol oo %
I DAL S =
100% 58361.0 0.850 Pass
90% 58415.0 0.850 Pass
80% 52720.0 0.850 Pass
0,

.

Phase B: 101Vrms 50 Hz 0.85 : :
50% 32723.0 0.848 Pass
40% 26017.0 0.847 Pass
30% 19390.0 0.844 Pass
20% 12691.0 0.838 Pass
10% 6175.0 0.823 Pass
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Parameter:

Voltage PF set- 0.85

BE | JEEE

101Vrms | Leading

HE7x
Measurement
=5h N .
AC Voltage Power Level Frequency PF Set = PR R Pa:s:c; /:all Remarks
ST ) el fage | AcvePower | op i | HE %
(W) ik 0.85+0.040
R
100% 56652.0 0.843 Pass
90% 56686.0 0.844 Pass
80% 52561.0 0.844 Pass
Phase A: 101Vrms 70% 46010.0 0.844 Pass
Phase B: 101Vrms 60% 50 Hz 0.85 39366.0 0.844 Pass

50% 32780.0 0.845 Pass
40% 26130.0 0.845 Pass
30% 19581.0 0.846 Pass
20% 12940.0 0.847 Pass
10% 6479.0 0.849 Pass
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4.8 Soft Start Function Test

% of output fluctuation

Pass / Fail
INo Overcurrent
s 150% or less

Output Operation Time spent over of the rated
AC Voltage Frequenc Remarks
. Power Mode 2 v Output 1 | 100% of nominal current, ’The
Fluctuation 2 . .
current (sec) time exceeding
100% is within
0.5 seconds
Phase A: 101Vrms Fiaure
Phase B: 101Vrms 4.8 kW Discharge 50 Hz 0% - Pass i 3

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate Signal
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Z : 0gic g i L 5 s/div
Position - 0.00 div ()23 ]4]P]H) R e i ' . (CH16 100kS/s)
|GHT_ 100 . B0d <Main> ! |
o2 $00.004 : : ( GURSOR I
_EH?..? 250.00% ' i Type

Vertical
Trace
RMathb
] Gursor
[if 0.5550div
. | = Gursor 2
95[} " pne . : 1.5582div
I — s Bomsraie [UT] I s omsrdr
250 .lll]'cl': ;[!H1_2 250.00% |
100 0D , CHZ_1 100 0D |

250 .00¥ ! I‘F? 2 250.00Y

ﬂ I L Pl If l lﬂt ﬂ 1l ﬂ "‘[ ﬂ <]
|' i J' ) Cursor Jump
ltem Setup
34517995 RHS 2
1.003200s —i:ﬁl‘ﬁﬁg
-4525 .999ns 996 .8102nHz -4325.999ms ~3561.999ns : -3361.999ms!
Stopped 22 X:File
2019707722 16:36:00 20559884 futo 2019/07/22 16:36:49

Figure: 4.8 Soft start function (Time to 100% Power= 1.003 sec)
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Rapid Input Power Change and Rapid Load Change Test

EUT set Load
power setting .
time to
%of % of EUT
(% (% EUT | EUT Power | EUT reach
EUT EUT Voltage Current (%
Frequency (Hz) | Power | (% of EUT | Current set Remarks
name name (V) of EUT .
(W) nameplate) (A) point
plate plate nameplate) (s)
power power
rating) rating)
50 50 101.603 50.022 2514.5 | 0.523854167 | 12.4754 0.52 -
50 75 102.041 50.023 3415.4 | 0.711541667 | 16.8525 0.7021875 0.15 | Fig:5.1.2
50 50 101.69 50.004 2552.9 | 0.531854167 | 12.6569 | 0.527370833 0.25
50 50 101.855 49.977 2175.1 | 0.453145833 | 10.7843 | 0.449345833 -
50 25 1014 50.02 1409.8 | 0.293708333 7.0379 | 0.293245833 0.4 | Fig:5.1.3
50 50 101.804 50.008 2350.1 | 0.489604167 | 11.6473 | 0.485304167 0.25
100 100 103.168 50.008 4646.4 0.97 22.625 0.943 --
100 0 100.994 50.015 | 228.5 0.048 | 1.416 0.06 0.3 | Fig:5.1.1
100 100 102.05 50.01 4530.7 | 0.943895833 22.26 0.9275 0
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Power ( Watt)

6000.00

5000.00

4000.00

3000.00

2000.00

1000.00

0.00

-1000.00

EUT Power Vs Time ( 100%)

Y

M
L 2

0 5000 10000 15000 20000 25000 30000 35000

Time

Fig: 5.1.1 Load folllowing from 100% to 0%
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Power ( Watt)
No
S
o

EUT Power Vs Time ( 75%)

10000 20000 30000 40000
Time

Fig: 5.1.1 Load folllowing from 50% to 75%
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Power ( Watt)

3000

2500

2
o

[EY
%4
o
o

S
o

g

EUT Power Vs Time( 25%)

o
@

5000 10000 15000 20000 25000 30000 35000 40000 45000
Time

Fig: 5.1.1 Load folllowing from 50% to 25%
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6.3 Instantaneous Voltage Drop Test
Voltage Drop To 20% (Nominal voltage = 94%Vn = 94.94Vrms)

Wiy EE R A T RkER  (FRT 5AU8R)

FEEE 2 0 %

Measurement
Output | Operation ?ﬁ%ﬁﬁfﬁ% Soent Pass / Fail
Entr Ime Spen e F s
AC Voltage | Power Mode | Frequency Anglz iO% O COver . | over100% (?petr_at'on 'i 1<41E1J)0E Remarks
s ek o e e g ecovering urren ontinuous? ms
AR T Et!jag %M/Ep JE 5K R S (A(%)) L ((;n(s)) % FEFEL T | 2<150% of Irated L&
= AEIRNE | BE | o | O 3<500ms
] fiEd B ot 2
94.94Vrms 18.084 A .
(A,B) > 0 - (75.35%) 0 Yes Pass Fig 6.3.1
20.2Vrms Discharge 13.824 A
4.8kW 50 Hz - : i
(A,B) > s 45 (57.60%) 0 Yes Pass Fig 6.3.2
94.94Vrms 17.933 A '
(A,B)L-N 90 - (74.72%) 0 Yes Pass Fig 6.3.3
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Voltage Drop To 20% (Nominal voltage = Vn = 101Vrms)

FEEIE 2 0 %k

Measurement
Output | Operation gﬁ%ﬁﬁf% — Pass / Fail
Entr Ime Spen Lo N,
AC Voltage | Power Mode | Frequency Anglz SR(:/C"O(\);:&U; Cl?t‘\;((::lt over 100% (?5:{;222; 1<41:1J)0Ems Remarks
RV T = o 3 ?
PRIILFLEE EEQ %M/EP JA B {LFH time (A(%)) 1 ((;“f‘)) ” FITIE T2 | %<150% of Irated B
= AEIRNE | BE | s | O 34500ms
" " i 548
101Vrms 17.7713 A
(A,B) > 0 - (74.05%) 0 Yes Pass
20.2Vrms Discharge 17.915 A
4 .8kW 50 Hz - :
(A,B) 2 WE 45 (74.65%) 0 Yes Pass
101Vrms 17.68 A
(A,B)L-N 90 - (73.67%) 0 Yes Pass
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Voltage Drop To 20% (Nominal voltage = 106%Vn = 107.06Vrms)

FEETE 2 0 %y

Measurement
Output | Operation Eﬁ%ﬁﬁf% SEeTT Pass / Fail
Entr Ime Spen Lo N,
AC Voltage | Power Mode Frequency AngI\e/ SRO% Output COver ¢ | over100% ((:Jpetr.anon 'i 131:3? Remarks
s ok e S S ecovering urren ontinuous? ms
AL ) EII:EI’Q %}J/ﬁi‘]\\ H{E—id}& 'fi*ﬁ s (A(%)) ) ((;T\.(S)) (y %E{&F?& 24150% of Irated ﬁ%
ES) Py SRy (o] N
= AEIRNE | BE | s | O 34500ms
107.06Vrms 17.43 A
(AIB) -> 0 - (72.63%) 0 Yes Pass
20.2Vrms Discharge 16.995 A
4.8kW 50 Hz - :
(AB) > JiEE = (70.81%) 0 Yes Pass
107.06Vrms 17.937 A
(A,B)L-N 90 - (74.74%) 0 Yes Pass

Scope Channel Description:

Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 2_2: Phase B Current

Relay: Relay Signal

GT_DR: Gate Signal
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[¥AG_T 750 .00

| 250009
ARE_T 250.00
T
, -250..004
VAC_2 250.00Y
|
T . N
TRWSZ 250.00
E
_____ ~250..00A
RELAY
Bit1
GT_R
Bit1
—30000. 000
e 250 .00y : YAG..1 ¥ ; q
n'rn'ﬂﬁf'ﬂ' \ .Illlllllll'rllllll j QUAVOS LS VN T T TS AAATARATT
m { \ ol AT ¥, VAAOAANANAANANANDNY i
VY YVY auﬁynvuuwwir Sero i W)
250
ARC_T 250.004 AAC_1
EANANANANANANANANANANANANANNANANA, A AAAAARAAAAVIANAAAY
250,004
25000V vAC_2
5.
: L0y =l
TRHS 2 2507008 TRWE_2 :
=2 S e e e e e e i) e
RELAY LAY
Bitl Bitl
G0k e lmy
Bit1 —4.0850005¢it1
5

-5444 .999ns

Figure 6.3.1 Instantaneous voltage drop at 0° entry angle (94.94Vrms =
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|'|-'|!‘J!2...! 250.00¥

-5679.,999ns

o

y
, 250, 0¢
ARC_T 250.004
N
I -250.008
|'m:,z_ 25000V
-250 . 00¥%
TRHS 2 250004
:E
| 2 -250 004 i
RELAY i ]
! 1
Bit1 | R
GTDR L
Bit1 | i
; 250 .00y : ) v
' «h0msfdiv 100 i l;l u i
"l f‘ 1 i JV lﬁ 1A [1
m U \J' f\j\l j il ,'q.l i ,( fﬂ'“ | | j' NN AMAAARAAAAAAAAAAMAAA ’VJZ ||‘|.|\||L Wl “I Ii. II|l|l|,| |II IU i II| it 1';'
P‘-n nn-} " “og. 0y ey
ABC_1 250004 ahc_1 250.000 |
r\/\/\/’V’V\N\/\/\/\MNWA o
-250..00 I ) -250.004
Vit_2 250,00V ! WAC_Z 250,00V |
: 250000 |
] TRHS 2 250 .00
g -250.000 |
RELAY RELAY |
|
Bitl Bitl :
AT X1 -5.360499s !
Bifi X2 ~4 3602505 111 :
A 5179990088 Mms | ~3800.000ns

Figure 6.3.2 Instantaneous voltage drop at 45° entry angle (94.94Vrms 2> 20.2Vrms =  94.94Vrms)
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i%‘;’st_I 250.00%

B
| 250,00y
w1 250,004
x|
| 250,104
2 25000V
o
. -250.00%
TS 2 350004
T
| =250.004
RELAY
Bit1
GT_bR
Bit1 8
T : Vit 750 007 3 = 2
s M 1 / ﬂﬁﬂmsfdiu - 5004 «Zoo /
gﬁﬂ[\/i/\ﬂﬁﬁfﬁ i¥ “”'ﬂ AANN A \.'Li'-.J'J'-.J'J'-.J'-.J'-.i'-.J'J'J'J'J'J'J'dtﬂﬁfuﬂMflllﬁlIE“? 5 .’r.ﬂ.ﬁ."‘:d':ﬂ : J‘ J]?E?zf??"ﬂ
- },U\r‘LL*LULi. i _:,[,J!“Huu..f. IENRIRIRIN
RAC_1 250,008 " #AC_1 250,004 |
| ;
| 250008 : | oo |
vac_2 Y VAC_2 350,00 ST SO R N

LA R e : : . -250,.00% L oy ek G et
IRMS_2 250 004 : IRHS 2 250 008 |
& 251,004 |
iIIELM'. [
|
| Bitl |
-5.332249s '
i k2 ~4.332000s 0111 ;
-5679.999ns MK 5179900008 Bons | ~3600..000ns

Figure 6.3.3 Instantaneous voltage drop at 90° entry angle (94.94Vrms 2> 20.2Vrms =  94.94Vrms)
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Voltage Drop To 0% (Nominal voltage = Vn = 101Vrms) 7%+ 0 %

Measurement
BUARES
Time .
Output | Operation i S PaSS;/ Fail
o . . NAIE==4
AC Voltage | Power Mode | Frequency Anglz 8ROA’ Output | o over ?petr_at'on 'i 131:3)0& Remarks
A = T TR ecovering S ontinuous? ms
e Hj;jj = %M/EP BB | it | time C(:r(f;)")t l(gfsf FEIE T | 2<150% of Irated | 100
IR > S 3<500ms
H A8 I ieE BEFE | 10 0% @(J;fé.ﬁm%
il sBzs | 7
IF ]
101Vrms 23.3096 .
(A,B,C) > 0 - (97.12%) 0 Yes Pass Fig6.3.4
0Vrms Discharge 23.22
4.8 kW 50H - : :
(A,B,C) > Hes z 45 (96.75%) 0 Yes Pass Fig 6.3.5
101Vrms 19.975 .
(A,B,C) 90 - (83.23%) 0 Yes Pass Fig 6.3.6

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal

Gate drive: Gate Signal
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250004
e ~250. 00 I
RELAY I
Bif1 | i
GATE DRIYE B
s i
Bit1 LJ :
VAC_1 250.00v ‘é}!oum) wh0msAdiv. |0 25000 <Zoo
nhhau\khnﬂa f ;“-r ; ISR m%“ 'I'I|"II|[ ﬂlfoﬂr]“sm“*
o FRTRTRTATAT AT IL il '|"'|'uLb' II.'lJ'lljl-""
SO Mg n&il _o%0., 019 s ’
aAG_1 250004 : AAC_1 250004 :
:grf\/\/\f\/\/\/\/\/\/\/\p?" t
| -250.004 : =250 .004 !
VAL 2 250,00V ' WAG_2 750 .00Y I
| |
= ,
T e e AT ~250..00Y o
TRHS 2 Zh0:004 :, TRHS 2 50 004 !
= AVAN VA Ve vat e Vet avavar, Pt ARAAAANAANAAAARANAN
= 250 00A f 33 -250) /i [
RELAY : |IIELM’ I
1 |
Bill : Bitl i
GATE DRIYE / X1 =5 (0690 E I
: 2 - ¢ !
Bill : K2 4. )064995.3”1. [
- I—Ax—mﬂ—seém%b i -3534.,999ns

-5234.999ms

Figure 6.3.4 Instantaneous voltage drop at 0° entry angle (101Vrms =2 0Vrms 2 101Vrms)
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VAG_1 250 .00Y i i, ; \Ji/
250 0y il
A1 250004 i
~250..004 11
Fm:_z 250 00¥ [T E]
. -p%0.00¢ —
TRHS 2 2500 004 I
250,00k : - : - CAEA sl
RELAY i
Bit1 I :
GATE DRIVE B
Ll -
Bil‘12 |
y 7007 : | : TR 750,007 | 14 L
<Zooml> «A0ms/div 100 2l <Foon2> s/
AR AAAATA AATRR ¢ _ e B ERTT G
e RTR u i u IATE'A ! w FRVRV e AR
#AC_1 250004 ! ARE_1 250.004 i
TANANAAANAAANNANANANA +
-250..004 : -250.004 '
agz 250,00V 7 Vag_2 250..00¥ -
0.00% ! : —250.008 i
TRHS 2 250 .004 : TRHS 2 250 .004 4
: 250,004 Zalhlte . : 250004 I : : :
RELAY : RELAY I
Bit1 Bit1 ;
GATE DRIVE i Al —4'.Wi§§f B
— X2 -3.903249s i TSNS
-5189.999ms : ns- " ~3489,999ns

Figure 6.3.5 Instantaneous voltage drop at 45° entry angle (101Vrms 2>
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| ; l 4
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:&ﬂﬂﬂma 2 l].,.llllnms.
:"r{l {an wh0ms/div |0 230 .00¥ <Zoomz> !"J. ., ﬂ ms /|
; I,1|,""|"'|"'|f‘| ' ; l\| fL{Lf 1
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Figure 6.3.6 Instantaneous voltage drop at 90° entry angle (101Vrms =2 0Vrms 2 101Vrms)
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Voltage Drop To 52% (Nominal voltage = 94%Vn = 94.94Vrms)

% FEEIL S5 2%

Phase jump Oto 41° (A% 4 1°
Measurement
UG R Pass / Fail
Output | Operation Time Spent
Entr pen L [ i
AC Voltage | Power Mode Frequency AngI\e/ SRO% Output COver . | over100% gpetr,at'on 'i 1<41EI(J)0E Remarks
B e P 1 ecovering urren ontinuous? ms "
PR EE?? %M/EP PR g | time (ae) | o, | AIELE Fi% | *<150% of Irated L
= ARG | BE | s | Ol 3<500ms
i fi e e ?
94.94Vrms 20.391A .
(AB) > 0 - (84.96%) 0 Yes Pass Fig 6.3.7
52.52Vrms Discharge 20.462 A _
ap)> | 48KW e 50 Hz 45 - (85.26%) 0 Yes Pass Fig 6.3.8
94.94Vrms 17.12 A .
(A,B)L-N 90 - (71.33%) 0 Yes Pass Fig6.3.9

Page 224 of 245



Voltage Drop To 52% (Nominal voltage = Vn = 101Vrms)

% FEEIES 2%

Phase jump Oto 41°  (7ifAZ(k4 1°
Measurement
Output | Operation ?ﬁ%ﬁﬁf% — Pass / Fail
Entr Ime Spen L ]| i
AC Voltage | Power Mode | Frequency Anglz SRO% Output COVG" . | over100% 2petfat|0n Ii ljl‘glgi Remarks
S A e o ecovering urren ontinuous? ms s
)Q{)IL ==] + Eél’ﬁ %b'ﬁz]\\ H(EZ;& ’ﬁ[i*ﬁ time (A(%)) | ((;nz)) % %E{&—Ff(ﬁ 2<150% Of Irated 1}%%
= AELRRE | BT | o ) | Ol 34500ms
101Vrms 21.62 A
(A,B) > 0 ) (90.08%) 0 ves Pass
52.52Vrms Discharge 20.979 A
4.8kW 50 H - :
(A,B) > JhE ? 45 (87.41%) 0 Yes Pass
101Vrms 16.162 A
(A,B)L-N 90 - (67.34%) 0 Yes Pass
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Voltage Drop To 52% (Nominal voltage = 106%Vn = 107.06Vrms)

% FEELES 2%

Phase jump Oto 41°  (7ifAZ(k4 1°
Measurement
Output | Operation ?ﬁ%ﬁﬁf% — Pass / Fail
Entr Ime Spen Lo ]| i
AC Voltage | Power Mode | Frequency Anglz SRO% Output COVG" | over100% 2petfat|0n Ii ljl‘glgi Remarks
S A e o ecovering urren ontinuous? ms s
)Q{)IL ==] + Eél’g %}J/ﬁi‘]\\ H{E—id}& 'fi*ﬁ time (A(%)) | ((;nz)) % %E{E&—F?{ﬁ 2<150% Of Irated 1}%%
= AELRRE | BT | o ) | Ol 34500ms
107.06Vrms 21.44 A
(A,B) > 0 ) (89.36%) 0 ves Pass
52.52Vrms Discharge 21.288 A
4.8kW 50 H - :
(A,B) > TR z a3 (88.70%) 0 Yes Pass
107.06Vrms 11.061 A
(A,B)L-N 90 - (46.09%) 0 Yes Pass

Scope Channel Description:

Channel 1_1: Phase A Voltage
Channel 1_2: Phase A Current
Channel 2_1: Phase B Voltage
Channel 2_2: Phase B Current

Relay: Relay Signal

Gate drive: Gate Signal
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L TR oy e | 250008 | St o] s
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R R e P e T B R
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W | K 997120c !
Bitd i L [
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Figure 6.3.7 Instantaneous voltage drop at 0° entry angle (94.94Vrms &> 52.52Vrms > 94.94Vrm:s)
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Figure 6.3.8 Instantaneous voltage drop at 45° entry angle (94.94Vrms 2 52.52Vrms 2> 94.94Vrms)
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Figure 6.3.9 Instantaneous voltage drop at 90° entry angle (94.94Vrms > 52.52Vrms 2> 94.94Vrms)
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6.4 Frequency Step Change Test

IERE: A UEEN

. Frequency Frequency Freq.
Vo?tige I(?’(l;:[/\l/o:rt OFI’\;Z;::” Frequency Cha‘n,ge Deviatio\n(l\-!z) Chang Inverter HEES Remarks
sl | M | BEE— | JEEZE | EEEhJE 4 | Duration | Continue? Fail Jro
S \\ i %) (z) | B | s | e |
J= -V R f

Phase A:
101Vrms Step Figure
Phase B: | 4.8 kW | Discharge 50 Hz Change +0.8 Hz 0.06s Yes Pass 6.4.1-
101Vrms 6.4.2

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate
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A ggﬁm E 04
O, : 503 I
PSR ' 3007 bbb YA A
nit1 B § DR B 5. 1111, ; : ’ . - - - -
x "\ ors00ts ; : 0 50 100 150 200 250 30
........... 174X 784.3131nlz { 0.000ks. Cycles
Figure: 6.4.1 Frequency Step Change (50.0Hz > 50.8Hz) Figure: 6.4.2 Frequency Step Change (50.0Hz > 50.8Hz)
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Ramp Change:

7 U OREAR

F Freq.
AC Output requency Frequency red Continuous
Change L Chang ) Pass /
Voltage | Power Frequency | ..y . | Deviation . operation . Remarks
N - | Mode NN JEWEHEAE | et o | DUration : Fail "
RUE | HIE JE B ) FE B A gy | duringFred. |yl %
s Vi % = deviation?
A
Figure
Phase A: Ramp +1.5 0.75 Yes Pass | 6.4.3-—
101Vrms Change 6.4.4
PhaseB: | 4.8kW | Discharge | 50 Hz RPN —
101Vrms 7 Figure
721k -2.5 1.25 Yes Pass | 6.4.5-
6.4.6

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate
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Figure 6.4.3 Frequency Ramp Change (50.0Hz>51.5Hz) Figure 6.4.4 Frequency Ramp Change (50.0Hz>51.5Hz)
50.0 4
49.5 4
49.0 4
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48.0 :lELn!‘ I i
47-5 1 BATE BRIVE V ‘5 i
0 100 200 300 200 500 it ol S E
Cycles -t fig: ;i&wsfﬁz i 0,000
Figure 6.4.5 Frequency Ramp Change (50.0Hz>47.5Hz) Figure 6.4.6 Frequency Ramp Change (50.0Hz>47.5Hz)
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6.4 Frequency Step Change Test(60Hz) J& i £ &)

. Frequency Frequency Freq.
Vo?tige I(?’(l;:[/\l/o:rt Opl\(/le;a(;:aon Frequency Cha‘n,ge Deviatio\n(l\-!z) Chang Inverter HEES Remarks
N W | BEe— | JBE S | EEEhE L | Duration Continue? Fail Jro
Sl S } i ) (Hz) N | e | kE |
£ W) R f

Phase A:
101Vrms Step Figure
Phase B: | 4.8 kW | Discharge 60 Hz Change +0.8 Hz 0.06s Yes Pass 6.4.7 —
101Vrms 6.4.8

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate
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Figure: 6.4.7 Frequency Step Change (60.0Hz 2> 61Hz) Figure: 6.4.8 Frequency Step Change (60.0Hz > 61Hz)
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Ramp Change:

7 TR EA

F Freq.
AC Output requency Frequency red Continuous
Change . Chang ) Pass /
Voltage | Power Frequency | oo ne Deviation . operation . Remarks
Y — | Mode NN JER I | et e | DUration ) Fail "
i | HE JA B2 @J e B A I sy | during Freg. g ik
+ 7] # - deviation?
]
Figure
zgif/e A: Ramp +1.8 0.9 Yes Pass | 6.4.9-
rms
Change 6.4.10
Phase B: | 4.8 kW | Discharge 60 Hz = /jﬁ .
101Vrms 4 Figure
24k -3 1.5 Yes Pass | 6.4.11-
6.4.12

Scope Channel Description:

Channel 1_1: Phase A Current
Channel 1_2: Phase A Voltage
Channel 2_1: Phase B Current
Channel 2_2: Phase B Voltage

Relay: Relay Signal
Gate drive: Gate
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Figure 6.4.9 Frequency Ramp Change (60.0Hz—>61.8Hz)
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Figure 6.4.10 Frequency Ramp Change (60.0Hz>61.8Hz)
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Figure 6.4.11 Frequency Ramp Change (60.0Hz—>57Hz)
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Figure 6.4.12 Frequency Ramp Change (60.0Hz—>57Hz)
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12.1 Switching to Backup operation mode

Remarks
SWCB state Unit Relay Gate Drive T;:ﬁ:?g?;n
close Closed --
open Open Open 4108 Fig: 12.1.1
Open Closed Closed -
Close Closed Open -
Close Closed Closed 312.492 Fig: 12.1.2
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Fig: 12.1.1 Grid Following to Backup Mode:Relay & Gate block signal:Open (4.198scs)
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Fig: 12.1.2 Backup to Grid following mode: Relay & Gate block signal:Closed(312.49secs)
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12.2 Automatic switching to backup mode

Remarks
Load EUT set
setting (% SIERTE
of EUT (%of EUT Voltage Frequency EUT EUT Power EUT EUT Current
name plate name W) (Hz) Power (% of EUT Current (% of EUT
plate () nameplate) (a) nameplate)
power
| 2
Before Backup
100 100
99.71 49.993 -0.4 -8.33333E-05 1.0623 0.0442625
100 100 97.32 55.02 4822.3 1.004645833 2431 1.012916667 After Backup

Page 242 of 245




12.4 Independent disconnection signal disruption test

Load EUT set Remarks
setting (% | power (%of Frequenc EUT EUT Power EUT EUT Current
of EUT name | EUT name Voltage (V) (qHZ) Y| Power | (% of EUT | Current | (% of EUT
plate power | plate power () nameplate) (a) nameplate)
rating) rating)
Fig: 12.4.1
100 100 99.725 50.001 02 -4.167E-05 0.1905 0.0079375 b
100 100 0 0 0 0 0 0
Remarks
Load EUT set
setting (% power (%of Frequenc EUT EUT Power EUT EUT Current
of EUT name | EUT name Voltage (V) (qHZ) V| Power | (% of EUT | Current | (% of EUT
plate power | plate power () nameplate) (a) nameplate)
rating) rating)
Fig: 12.4.2
100 100 98.255 55.022 464825 | 0.9683854 23.529 0.980375 b
100 100 99.292 49.982 0.1 -2.083E-05 0.1902 0.007925
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Fig: 12.4.1 Communication removed before backup operation
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Fig: 12.4.2 Communication removed after backup operation
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