TESLA

Tesla AC Powerwall2 (4.8 kVA)
AR Wi FH B R RS SR (50H2)
Ver1.0

SEEREC

AC Powerwall2 model: 1092170-xx-y, 2012170-xx-y,3012170-xx-y
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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 O R R R O HBRIZES LTI, —Fgﬂi%ﬂ@?iﬁ%ﬁ%ﬁﬁ B, HEKED L ERBREIT O,
e JETGR0002-1-10.0 (2019.07) /NI HEATRIFEEE S A T 2 FH AR AR i HE 1 45 O 3B 5 12m R
e JETGR0003-5-8.0 (2019.07)& il o A T I ) a0 1 R {0 o 2 8 2 oD {1 1 kB 7 1

2. Sample information Z&{&E 2 U 7L

Product 44 S/N Remarks 1%
AC Powerwall 2 T1710013744

Page 2 of 59



3. Measurement Device / Equipment List  FHHIZS
sr. No. Description Manufacturer Model Serial Cal Date Cal Due
FHRIzR4 A 4 Y7 | BIER BIEHR 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 | L0830459 | 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 | L0830459 | 12/4/2019 | 12/4/2020
measurement
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4. Test Results

I:E‘r::itc::r Test Description Con;r;l;tion Pass/Fail
313 Ili:ift\c*géz:itts%mponent Detection Test 10/3/2019 Pass
391 itZ[E%};Cﬁr;;%%v%\ﬁggg a(nHiFlEJEl:\)dervoltage Test (Time) 7/18/2019 Pass

3991 :Io;\;tan%in%;;%%tébﬂcgﬂlr}i%%;after power recconnection 1 7/18/2019 Pass

3992 g;\;;nat)tlm;;;%L%t%;bﬂcgﬂlr}i:;;ﬁa;er power recconnection 2 7/18/2019 Pass
3.9.10 E::;;r;tﬂ:in:;)%s) tJ;bala%iré%;d) Overvoltage Test 10/3/2019 Pass

43 gg}jﬁ%@% peration Test 10/3/2019 Pass
4.4 Om“;?‘%f %a{;zm@é}:%g%gent Test 10/3/2019 Pass
4.8 S/Of;St:'; ;’th%ézs: e 7/18/2019 Pass
6.3 Instantaneous Voltage Drop Test 01/06/2020 Pass
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B RS B (FRT #5R)

Frequency Fluctuation Test (FRT)

6.4 . b 0 7/22/2019 Pass
P B R (FRT 25 122/
Switching to Backup operation mode
12.1 L e e o 12/02/2020 Pass
B STER YV B o2/
Automatic switching to backup mode
12.2 L e e o 12/02/2020 Pass
f ST B B o2/
124 Independent disconnection signal disruption test 12/02/2020 Pass

H SLARSIE 5 it
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3.1.3 DC Injection Test  [ELJit 77 1 H 3R
Test Parameters g% iEfi&
DC Injection | Vac Prated Irated Threshold | Detection Time
Ry | H TEFEEEDT | BHE Fg HH ERF ]
101(L-N) | 4800W | 24A 0.24A 0.5s
Test Result  alBRfE R -
Phase AB
Actual Set point (A) (1% Irated) 0.24 Pass / Fail
[EL It 59 T HE
Output Power (kW) (100%) 4800
XU a
Measured Value (A) 0.228 Pass
& HHiE
Remarks
kel
Actual Set point (s) (jump from 0% to 110% of DC set point) 0.5s
[ERIDAERD
Time to Trip (s) Gate block stop 0.0152 Pass
MRHIREFR  (GB IRFBR)
Time to open the relay (s) 0.01525 Pass

R (RY 751 FR)

Remarks

ikl
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3.2.1 Over Voltage And Under Voltage Test

I

AZ it 7R M O i BB AR

Over Voltage Test Parameters: 188 L% EfE
Threshold Detection Time Re-connection Time
i H IRFRR P B BEL 1 IRF
OVR 121.2Vrms 1s 10s
OVR detection threshold test:
AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail JiE | Remarks
A it B Power | JE%K Mode Phase | (Vrms) (121.2+2.424Vrms) | &
714 BEE— | HABR | WEHER
/) K A
A: 115.14Vrms (95%)1
B 101Vrms A 122.3 Pass
A: 101Vrms Charge
4. 122.138 P
B: 115.14Vrms (95%)7 | SKW | S0Hz #E B ass
. 0,
A:115.14Vrms (95%)1 AB 121.08 Pass
B: 115.14Vrms (95%)1 121.048
A:115.14Vrms (95%)1
120.711 P
B: 101Vrms A 0 ass
A: 101Vrms Discharge
. 122.639 P
B: 115.14Vrms (95%)1 | *SKW | S0Hz W& B ass
. 0,
A: 115.14Vrms (95%)1 AB 122.198 Pass
B: 115.14Vrms (95%)71 122.167
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OVR Time Trips

OVR 5 H B RRAERS Ko UM A FRF I HERR. -

Measurement
, Relay | Recon o e

Output Operation Tested | Gate open time Pass / Fail & Remar
éflc;ljage Powe;_ﬂ Fre\ql{ency Mode Phase Block time (s)? 1 GB success ks
AR+ 70 | A @?ﬁz%“ SkERAE | (o)t (s)2 3 zl.OsiO.ls e

VAl R GB IR | Ry @81 | piilps | - more than 10s

IRFRR []
AB: 101Vrms
Charge

2127.26Vrms -4.8kW B AB 1.044 1.066 11.271 | Pass
(105%)T 50 Hz i
AB: 101Vrms Bl e
2127.26Vrms 4.8kW W AB 1.031 1.061 11.290 | Pass
(105%) M =
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Under Voltage Test Parameters A& 31 5% & fE
Threshold Detection Time Re-connection Time
i H F HH R R P B BEL 1 IRF
UVR 80.8Vrms 1s 10s
UVR Default detection threshold test ~ UVR #& H{ L~ LA 32
AC Voltage Output | Frequency | Operation | Tested | Measurement | Pass/ Fail Remarks
AR Power JE T 5 Mode Phase | (Vrms) (80.8+1.616Vrms) | fii =
714 BEE— | ABFE | BB R HE
) N
A: 84.84Vrms (105%)|
. P
B: 101Vrms A 80.3> ass
A: 101Vrms Charge
4. 79.293 P
B: 84.84Vrms (105%)] | oKW | S0 Hz #E B ass
A: 84.84Vrms (105%)| 80.15
P
B: 84.84Vrms (105%)] A 80.122 ass
A: 84.84Vrms (105%) |
B: 101Vrms A 79.23 Pass
A: 101Vrms Discharge
. 79.53 P
B: 84.84vrms (105%)| | “SKW |50 Hz W B ass
A: 84.84Vrms (105%) | 80.12
P
B: 84.84Vrms (105%) AB 80.3 ass
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UVR Time Trips  UVR f3 HH 5 RRAERD Mo OV A IRH I R

Measurement
Output Operation | Tested | Gate | Relay R-econ iﬁis_,/l:all Remark
AC Voltage Power | Frequency | Mode Phase | Block | open tlrr;e X [BE s
AR WD EEEE | BIEE— | R B | () | time(sp | (&) | GBsuccess
iR R FH 1 F | 3more than 10s
) ]

AB:101Vrms—>76.76 | -4.8 Charge
Vrms(95%), KW ot JiE AB 1.015 | 1.041 11.327 | Pass
AB:101Vrms—>193.0 Discharge
4 Vrms(95%) 4, 4.8 kW W AB 1.046 | 1.066 11.240 | Pass
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3.2.2 Frequency Functional Test J& £ A OV T ikER
Over Frequency Test J& 25 I A-3UR A 3

TESLA

Parameter m%EfH:
Threshold Detection Time Reconnect time
For A Fik HH P R B0 A FH.AE EFRE
OFR 51.5Hz 1s 10s
OFR Detection Threshold Test OFR #& H L~ L HEER
Output . .
AC Voltage Power Frequency &%Zr:tlon ;E':;eed Measurement iﬁi;_,/ Fail Remarks
7'—\“‘:K'§§':t == =] v ¥ . \‘I:—‘—h"
- 4.8kW Chg;ge AB 51.541 Pass
Phase A: 101Vrms 51Hzt T
B: 101 i
HIEES 01Vrms 4.8kW ;;;;arge AB 51.516 Pass
==N
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OFR trip time  OFR £ 5 [RAERE M O He AR RIHERS. -

Measurement .
AC Output Operation Tested Gate Relay Recon iﬁ;ﬁi/ 7l
Voltage Power Frequency | Mode Phase Block | open time | time (s)? | GB success Remarks
R Wit B | E | AR BEE— v (s)* (s)? Al 2] 21 0s£0 1 =
JE£ 73 N e GB IRF | Ry fRFIRE | FL 1k R |, - =70

i 53 fi]

Phase A:
101Vrms | - 4.8kW 5;)&".'575( %%ge AB 1.026 | 1.053 11.775 | Pass
Phase B: 105%) .
101Vims 1 skw ;;%arge AB 1.020 | 1.050 11.740 | Pass

Page 12 of 59



Under Frequency Test  J&] R EUE T 5HR 55 5
Parameter X E1H :
Threshold & EfE Detection Time f&{HKEf] | Reconnect time  FIEAIIRF K]
UFR 48.5 Hz 1s 10s
UFR Detection Threshold Test  #i | L ~LHEER
Operation .
AC Voltage S:\:/F::t Frequency | Mode ;E?;d Measurement iﬁs%/ il Remarks
R =k T— | L, ) E i
Ch
Phase A: 101Vrms | - 4.8kW jﬁ;ﬂge AB 48.508 Pass
FE,
Phase B: 101Vrms 49Hz | Discharge
4.8kW AB 48.508 Pass
LG
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UFR trip time % (HRFFRERE S OVFR ¢ AN IRF R -

Measurement
) Recon | Pass/ Fail
0] t .
AC Output Peration | rested Gate Relay time HE
Frequency | Mode open 3 Remarks
Voltage | Power [Eyeen By (e — | Phase Block | e (s)2 (s) 1 GB success s
AR | O | e RERAE | () | ey | FRIEST | 21.0520.15 :
GB R | N M FH 1 Ff | 3 more than 10s
HRf R
[
Phase A:
Charge
- 4.8kW AB 1.011 1.032 11.784 | Pass
iglvrr;f 50.0Hz > | JtfE
loif/e . 46.075Hz} Discharge
M1 4.8kw e &€ | AB 1.017 | 1.047 | 11.770 | Pass
Z=
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3.2.9.1 Constant-time input blocking Test after power reconnection 1

% O — IR B PR RABR 1

Ein==

Parameter X EfH

Reconnection Testing | Time Set Point
PRI A1 B IRy TR | AP Sr )
Reconnection Time 1 | 300s
Output Ay Pass / Fail
Mod AR TR .
AC Voltage Power | Frequency @J;F; Measurement BABRAER: HIE Remarks
ARt M | B e Reconnection Time e~ =
7] PRI 51 PH LR IRF
Phase A: 101Vrms 4.8 kW Discharge 302.1s Pass
Phase B: 101V >0 Hz
ase b: rms 1 4.8 kw Charge 301.8 s Pass
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3.2.9.2 Constant-time input blocking Test after power reconnection 1

1H % O — ERF R ABH 1L 7R 2

Parameter 3% 7EfH:

Reconnection Testing

PG 1 BH LR RF AT R

Time Set Point

Reconnection Time 2 | 300s
Output ) Measurement Pass / Fail
Operation S REA Y S
AC Voltage Power | Frequency iedle AR HE Remarks
AR HE | R B EE— | Reconnection Time e~ e
7] PRI 1] BHL L 1R ]
Phase A: 101Vrms Discharge
Phase B: 101Vrms 4.8 kW 50 Hz b 301.8s Pass
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3.2.10 Instantaneous ( Unbalanced) Overvoltage Test - 5% ¢ (AN~ f7) 3% B £ 5l ik

Over Voltage Test Parameters: 185 E iR EfH

Page 17 of 59

Threshold Detection Time Re-connection Time
A IRF R PN A1) B A B
OVR 121.2Vrms <1s 10s
OVR detection threshold test OVR & L~ LA
AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail &
AL BT Power | &% Mode Phase | (Vrms) (121.2+2.424Vrms)
7% BEE— | ABR | WEHER
/) K A
. 0,
A:109.08Vrms (90%)1 A 173.4 Pass
B: 101Vrms Charge
-4.8kW | 50 Hz =
A: 101Vrms JEFE - 123,638 Pass
B: 109.08Vrms (90%)1 '
. 0,
A:109.08Vrms (90%)1 ' A 191377 Pass
B: 101Vrms Discharge
4.8kW | 50 Hz .y
A:101Vrms i 5 121,639 Pass
B: 109.08Vrms (90%)1 '



Instantaneous (Unbalanced) Overvoltage trip time

OVR it H I FRAFERE Mo OF P A FRF [T RS

AC Voltage Output | Frequency | Operation | Tested | Measurement Pass / Fail Remarks
R EITE Power | JEIJE%L Mode Phase | (Time) (ke
i) BiEE— | #B
Al K H
. [s)
A:109.08Vrms (90%)1 A 0.852 Pass
B: 101Vrms Charge
-4.8kW | 50 Hz =
A: 101Vrms & B 0.863 Pass
B: 109.08Vrms (90%)1 '
. 0,
A:109.08Vrms (90%)1 _ A 0.841 Pass
B: 101Vrms Discharge
4.8kW | 50 Hz e
A: 101Vrms 2 B 0.896 Pass
B: 109.08Vrms (90%)1 '
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4.3 Power Factor J&Efis /73R
Measurement Pass / Fail
AC Voltage Output Power Frequency FERAG B H)E Remarks
AP R+ 718 JE I Hk Power PF ==
HAES HE—E >0.95
E::zg /;; igi\\x;‘z 4800 W 50 Hz 4804 W 0.999 Pass
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4.4 Output Harmonic Current H 775587 ik
Measurement Pass / Fail
= "“‘ ,(\ \/I e
Output phase | OPEration ”ﬁ%ﬁc'%l_“ o HIZE
AC Voltage | Power | Frequency SRR Mode THD Harfn with e Remarks
SHREE | HAE | EEE | T | @iEE— | % | PF 6 i
5 FH e =5 | H= Order PF>0.95
ﬂ% BITES | Individual Harmonics<3%
(%R)
Phase A: A 3rd; See
101Vrms oischarge 3784 | 100 | ool Pass Below
Phase B: 4.8 kW 50 Hz B W 3rd .
101Vrms e )
3.782 1.00 2 7939% Pass
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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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4.8 Soft Start Function Test

Y 7 b AL — HiknE R

% of output fluctuation Pass / Fail
!No Overcurrent
Output Operation 115 150% or less
AC Voltage Power Mode Frequency Output Time spent over of the rated Remarks
IR ETE A A #EE— T K Fluctuation® | 100% of nominal current, 2The 2
e N A & current (sec)? time exceeding
100% is within
0.5 seconds
Phase A: 101Vrms Seclhei ) Figure
Phase B: 101Vrms 4.8 kW e 50 Hz 0% 0 Pass 48

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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ga}g gRIVE Display Group

AcgqHode :

Normal

2 CAN(Logic) m Zoom1 :200.0k [ | ] 1MS/s 1s/div
Position - 0.00 div 008068000 roane o R ' . (CH16 100kS/s)
T i - ~
:iiéfi, 1 100.004 <Main> !
S 258 aey | (_CRSOR )
|CHZ2_2 250.00% i Type
Vertical
Trace
RMathb

0.000ms
«20ms/div

<Zoom1> @20ms/div L1 <Zoom2>:

250..00v

AMAARAANAAARD

If:} u

A A AN

S

R4 LILIES J 4
RHS 20HPY2  93.6835V

-250.00%

~4.4849994
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-4325.999ms -3561.999ms 1
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Figure: 4.8 Soft start function (Time to 100% Power= 1.003 sec)
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5.1 Rapid Input Power Change and Rapid Load Change Test

EUT set Load
power setting —
%of % of EUT
e e Voltage EUT EUT Power EUT reach
EUT EUT Frequency (Hz) Current (%
(V) b Power | (% of EUT | Current set Remarks
name name — JEI R %L of EUT .
EEARS (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 25 101.4 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)
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-1000.00
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EUT Power Vs Time ( 100%)
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Time

Fig: 5.1.1 Load folllowing from 100% to 0%
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4000
3500
3000
2500
2000
1500
1000
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Fig: 5.1.1 Load folllowing from 50% to 75%
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Power ( Watt)
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EUT Power Vs Time( 25%)

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  B#FEE AR Mkl (FRT #5k)
Voltage Drop To 20% (Nominal voltage = 94% Vn=94.94Vrms) %L 2 0 %l
Measurement
Output | Operation %ﬁ%ﬁiﬁ;‘ﬁ omm— Pass / Fail
Entr Ime Spen e F [ i
AC Voltage | Power Mode Frequency Anglz; SRO% OUtPUt COver . over 100% é)petr.atlon 'i 1:;2/;3 Remarks
Y=g S EnR ecovering urren ontinuous: ms r
ALULTRIE EEQ %WEF R ek | eme | (e | o, | FIEIE Fi% | <150%of Irated g
= HIDIRE | B L . | Ok | <500ms
i | FELS ) g,
55
94.94Vrms 18.084 A .
(A,B) > 0 - (75.35%) 0 Yes Pass Fig6.3.1
20.2Vrms Discharge 13.824 A
4.8kW 50 H - : i
(A,B) > s z 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)

FRAEE 2 0 Ylky

Measurement
Output | Operation %Wﬁi%% S Pass / Fail
Entr Ime Spen o [ i
AC Voltage | Power Mode Frequency Anglz; SRO% Output COver ¢ | over100% gpetr_atlon ',S) 1<1:g/()£ Remarks
TS - =y 3 ecovering urren ontinuous: ms
ES UL E',iﬁ @”/EP BB g | e | o) | o, | BIEME T | *<150% of rated L
5= Vi=RE! NIERS Sy o == A e
= A EIRG | BE | o | OEEEHkEE | <500ms
[ ?
i fE e i
101Vrms 17.7713 A
(A,B) > 0 - (74.05%) 0 Yes Pass
20.2Vrms Discharge 17.915 A
4.8kW 50H - '
(AB) > T4 ‘ 45 (74.65%) 0 Yes Pass
101Vrms 17.68 A
(A,B)L-N 90 - (73.67%) 0 Yes Pass

Page 29 of 59



Voltage Drop To 20% (Nominal voltage = 106%Vn = 107.06Vrms)

FRAEIE 2 0 %lky

Measurement
. Eﬁ%ﬁﬁ% Pass / Fail
[0)

AC Voltage | Power | Mode | Frequency Anglz; SROA’ Output COver . | over 100% gpetr_at'on 'i 1<10§3ms Remarks
e st e AP \n ecovering urren ontinuous? Jrom
AV et Eig %b'ﬂ;}s H{Eziﬁ ’fll‘*a e (A(%)) ) (Omz)) (y %Ef&?f& 24150% of Irated

= HABIRE | RE L | oiEdEks: | 2<500ms
" | FEED g,
R ’
107.06Vrms 17.43 A
- P
(A.B) > 0 (72.63%) 0 Yes ass
20.2Vrms Discharge 16.995 A
4, 50H - )
(A,B) > 8kw W z e (70.81%) 0 Yes Pass
107.06Vrms 17.937 A
(AB)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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Figure 6.3.1 Instantaneous voltage drop at 0° entry angle (94.94Vrms >
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Figure 6.3.2 Instantaneous voltage drop at 45° entry angle (94.94Vrms > 20.2Vrms = 94.94Vrms)
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Figure 6.3.3 Instantaneous voltage drop at 90° entry angle (94.94Vrms > 20.2Vrms = 94.94Vrm:s)
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Voltage Drop To 0% (Nominal voltage = Vn = 101Vrms) 7%+ 0 %

Measurement
Time .
Output | Operation Entr Spent PaSSI/ Fail
o o . NI =2
AC Voltage | Power Mode | Frequency Anglz; SROA’ Gt G over ((:)petr.atlon 'jc; 1<1E(J)/(;E Remarks
VS A e e s ecovering 100° ontinuous? ms
AR H:'ug FE, @Jﬁ;}s JE 2K Joe time C(l:(;:;;t (msf: EEAR R | 2<150% of Irated kS
15 )7 . TE B 3<500ms
mﬁ;ﬁﬁ}ﬂ? :lﬂ‘: ]‘ﬁ%ﬁfﬂﬁ 1 O O % ODJ;i;iE‘jlif}h
: ) ;
IRE ]
101Vrms 23.3096 .
(A,B,C) > 0 - (97.12%) 0 Yes Pass Fig 6.3.4
0Vrms Discharge 23.22
4.8 kW 50H - : .
(A,B,C) > HeE 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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Figure 6.3.4 Instantaneous voltage drop at 0° entry angle (101Vrms 2> 0Vrms 2> 101Vrms)
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Figure 6.3.5 Instantaneous voltage drop at 45° entry angle (101Vrms 2>
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0Vrms = 101Vrms)
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Figure 6.3.6 Instantaneous voltage drop at 90° entry angle (101Vrms = 0Vrms 2> 101Vrms)
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Voltage Drop To 52% (Nominal voltage = 94%Vn = 94.94Vrms)

Phase jump O to 41°

PR 4 1°

% F%FEE S 2 %

Measurement
Output | Operation %it%ﬁ,‘f.% S Pass / Fail
Entr Ime Spen e F [
ACVoltage | Power Mode | Frequency Anglz; 8R0% Output COver . | over100% (C)petr_atlon Ii 1<i:g§i Remarks
s b e ke ecovering urren ontinuous: ms e
ESL S E',ﬁg @Wi BB ke | ume | o) | ) | BIEIE T4 | *<150% of rated g
= HDEIRRS | R S| ok 3<500ms
E#FEE VL <
94.94Vrms 20.391 A )
(AB) > 0 - (84.96%) 0 Yes Pass Fig 6.3.7
52.52Vrms Discharge 20.462 A
4.8kW 50 Hz - : ;
(A,B) > e 45 (85.26%) 0 Yes Pass Fig 6.3.8
94.94VVrms 17.12 A ]
(A,B)L-N 90 - (71.33%) 0 Yes Pass Fig6.3.9
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Voltage Drop To 52% (Nominal voltage = Vn =101Vrms) % #&EES5 2%

Phase jump Oto 41°  (AHZ( k4 1°

Measurement
Output | Operation %it%ﬁ,‘f.% S Pass / Fail
Entr Ime Spen L Tl
AC Voltage | Power | Mode | Frequency Anglz; SRO% Output COver . | over 100% (C)petr_at'on 'i 1<i:g/(])i Remarks
s e e b % ecovering urren ontinuous: ms e
ACULTRE Eg %M/EF B IRE| time (A(%)) N (Om(s)) o EFBIEET% | 2<150% of Irated 5=
= HABIRE | SRR D0 ok 32500ms
i i TR D o
E#FEE ML <
101Vrms 21.62 A
(A,B) > 0 ] (90.08%) 0 Yes Pass
52.52Vrms Discharge 20.979 A
4.8kW 50 Hz - :
(A,B) > TE = (87.41%) 0 Yes Pass
101Vrms 16.162 A
(AB)L-N 90 - (67.34%) 0 Yes Pass
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Voltage Drop To 52% (Nominal voltage = 106%Vn = 107.06Vrms)

Phase jump 0 to 41°

PR 4 1°

% REIES 2%

Measurement
Output | Operation %ﬁ%ﬁffg% S Pass / Fail
Entr Ime Spen L [ e
ACVoltage | Power Mode | Frequency Anglz; 8R0% Output COver . | over100% (C)petr_atlon Ii 1<i:g§i Remarks
s e e . ecovering urren ontinuous: ms "
ESL S E',ﬁg @Wi BB rpe | dme | ace) | ) o, | FEFEIE % | <150% o Irated g
= W IRRE | B DD | ok 3<500ms
E#FEE ML <
107.06Vrms 21.44 A
(A,B) > 0 ] (89.36%) 0 Yes Pass
52.52Vrms Discharge 21.288 A
4.8kwW 50 Hz - :
(A,B) > E = (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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Figure 6.3.7 Instantaneous voltage drop at 0° entry angle (94.94Vrms &> 52.52Vrms 2 94.94Vrms)
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Figure 6.3.8 Instantaneous voltage drop at 45° entry angle (94.94Vrms & 52.52Vrms 2 94.94Vrms)
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Figure 6.3.9 Instantaneous voltage drop at 90° entry angle (94.94Vrms 2 52.52Vrms 2> 94.94Vrms)
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6.4 Frequency Step Change Test  J& i a2 Bk

. Frequency Frequency Freq.

VoIAt(z;ge ?’(I;TAE);: Op;\;:)ac;c;on Frequency Change | Deviation(Hz) | Chang Inverter Pass / Remarks
e N B | AEh)E %L | Duration Continue? Fail

AZ YT B Hjjj @]VE:’E““ H/ﬁiﬁ ) (H ) Bﬁ@jﬁ# %ig‘{l'*[‘_‘*ff'dj’ EﬁJHﬂ 'ﬁ%%

}:_f:‘: %jj ]“\ Z Rﬁﬂ s JE RO rE

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

Page 44 of 59




T
RELAY

Bit1

GATE DRIVE

Bit1

~10000.000ns

Figure:

50,0008 MNaim>

S| -1.424998s
X2 -149.998ns
1.275000s
174X 784.3137nkz 0.0008s
6.4.1 Frequency Step Change (50.0Hz > 50.8Hz)
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Figure: 6.4.2 Frequency Step Change (50.0Hz > 50.8Hz)




Ramp Change: 7 > 7 IRZE{L
Frequency Freq. .
AC Output Frequency Continuous
Change L. Chang ) Pass /
Voltage | Power Frequency | v ne Deviation . operation . Remarks
e - | Mode Sk AR | gy e | DUration : Fail .
e | HE JE I EK ) ZE ) A gy | duringFred. | {5
J+ g =< deviation?
]
Figure
Phase A: Ramp +1.5 0.75 Yes Pass | 6.4.3-—
101Vrms Change 6.4.4
Phase B: 4.8 kW | Discharge 50 Hz 5k —
101Vrms = Figure
24k, 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)
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Figure 6.4.5 Frequency Ramp Change (50.0Hz—>SHz)

GATE BRIVE

Bit1 X1 -3.164995s

X2 —-2.134995s
[ ax 1.030000s
~10000.000ns 174X 970.8738nHz 0.000ms.

Figure 6.4.6 Frequency Ramp Change (50.0Hz—>47.5Hz)
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12.1 Switching to Backup operation mode H 37 iE#A ) 5 ER
Step Grid ACPW Gate Drive ACPW Time to Remarks
(Refer Pig: 12.1.1) Operation | po i
mode (s)

1 ON ON ON Normal - Fig: 12.1.2
2 OFF OFF OFF Normal — —
3 OFF ON ON Backup 4.1 Fig:12.1.3
4 ON ON ON Backup 301.21 Fig: 12.1.4
5 ON OFF OFF/ON Normal 2.49 Fig:12.1.5
6 ON ON ON Normal 298.72 Fig: 12.1.6
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Display Group
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: G ! 250,00 ; Display
hAC2 1002004 |
T E T OFF ON
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: |
GT_DRY0 H I
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oTRIGGER 500,009 i i @ Zoom1 Position
T : il I :
y | -500.00% i -1.4166div
L0ADT I 100.00A I
: [ e | © Format Zoom1
1+ —100.004 ]
L0AD2 1100004 4
| i ]
i _-100.004 I
: 2 l Move Zoom1
. 5 l 6 ove
| 1 2 ! to Front
: 4 i
' [
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ke -121.1985s Y2:¥AC1 -142.83Y :
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Stopped 1 Edge CH3_1:TRIGGER £ & :File

2020712711 17:36:02.78059500

Single

240.00v

Fig: 12.1.1 Reference
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LOAD2 Display Group Acqiode : Normal
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T
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_vae 25000V lﬂ Type
" ez 200008 .Ei ; ; =ik
T # L :
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R g N 1
e ! & Trace
LRIGGER 50000V _t:'__, .
" oD 300008 _a CH1_1: VACT
T b/ S e |
_[Toa2 100008 . — = — . = L (& Cursor1
: ~180. 004 ': : ‘ -0.56100div
i &  Cursor?
i ‘ -0.52679div
:I
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5 e SR
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— e AR
: : Cursor Jump
: 1
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¥ | R ftem Setun
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Stopped 1 Edge CH3_1:TRIGGER £ X:File
2020712711 17:36:02.78059500 Single 240.00v 2020/12/11 17:39:01

Fig: 12.1.3 Grid Following to Backup Mode:Relay & Gate block signal:Open (4.1scs)
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Fig: 12.1.4 Backup to Grid following mode: Relay & Gate block signal:Closed(309.975 secs)
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Fig: 12.1.6 Disabled to Grid following mode: Relay & Gate block signal:Closed
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12.2 Automatic switching to backup mode

H i s H B )R

Remarks
e EUT set B
setting (% power
of EUT (%of EUT Voltage Frequency EUT EUT Power EUT EUT Current
name plate name (V) (Hz) Power (% of EUT Current (% of EUT
plate BE R E )] nameplate) (A) nameplate)
power
i) | 2
Before Backup
100 100
99.71 49,993 -0.4 -8.33333E-05 1.0623 0.0442625
100 100 After Backup
97.32 55.02 4822.3 1.004645833 24.31 1.012916667
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12.4 Independent disconnection signal disruption test

H SLARSIE 5 il aliR

Load EUT set Re{}nﬁa%ks
setting (% | power (%of Voltage (V) Frequency EUT EUT Power EUT EUT Current i
of EUT name EUT name %g}j_: (Hz) Power (% of EUT | Current | (% of EUT
plate power | plate power B (W) nameplate) () nameplate)
rating) rating)
Fig: 12.4.1
100 100 99.725 50.001 0.2 -4.167E-05 0.1905 0.0079375 '
100 100 0 0 0 0 0 0
Remarks
Load EUT set L]
setting (% | power (%of Voltage (V) Frequency EUT EUT Power EUT EUT Current
of EUT name EUT name B (Hz) Power (% of EUT | Current | (% of EUT
plate power | plate power BB EL (W) nameplate) (A) nameplate)
rating) rating)
Fig: 12.4.2
100 100 98.255 55.022 464825 |  0.9683854 23.529 0.980375 9
100 100 99.202 49.982 0.1 -2.083E-05 0.1902 0.007925
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AAC_1

Display Group

AcqMode : Normal

CH1_2 : 10.000A/div m [ 200kS/s 10s/div
Position : 0.00 div nnam e | (CH1 100kS/s) 1
T
L <Main> b i
: I
1 I
]
S o |
AAC_1 50..0004 ; :
' I
o
50,0004 Lt
Yac_2 250.00¥ ]
-250 .00¥ R
AAC_2 50.5004 . |
g
= : 1
: I
. -49.5004 I
GRID_RLY 39 250v T
b
: .
" —10.150¥ R
v
v
e
—
b
(T
il
e
ey
v
ARC_3 50..0004 ]
| -65.666490s
% -63.537240s
=100000.000ms  -50.000A 2.129250s 0.000ms
Stopped 1 CH5_1 T M:File
2020702711 19:16:43.33165649 Single 2.50V 2020/02/11 19:16:55

Fig: 12.4.1 Communication removed before backup operation
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AAC_1 Display Group AcqHode : Normal

CHi_2 : 10.000A/div m | ] 50kS/s 30s/diy
Position : 0.00 div nnnm S on . (CH1 10kS/s)
VAC. 1

250 .00V <Main>

[

-50.0004
50 .00¥

-250.00% :
50.5004 :

H
[

L -49.,5004 i)
[GRID_RLY 39.850¢ T
1 ! [
e
= [CHoH b
£i 1
" -10.,150¥% icioh
PINY_RLY.O v
Bit1 U E :
b
4 I
APV ; = i
Bitl | e {
L R P =iy =
X 1
2 I
50.0004 ]
%___‘
=300000.00ms  -50.0004 ' . 0.00ms’
Stopped 2 Edge CH5_1 & M :File

2020702711 19:36:42.47843695 Single 2.50v 2020702711 19:37:45

Fig: 12.4.2 Communication removed after backup operation
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