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Disclaimer

This technical note was prepared by TransGrid Solutions Inc. (“TGS”), whose responsibility is limited to
the scope of work as shown herein. TGS disclaims responsibility for the work of others incorporated or
referenced herein. This technical note has been prepared exclusively for Newfoundland and Labrador
Hydro and the project identified herein and must not be reused or modified without the prior written
authorization of TGS.
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AC Filter Operational Limits Study

1. Summary

This report presents a study that investigated possible filter switching during monopole and bipole
operation with loading of the Labrador Island Link (LIL) up to 225MW during the phased monopolar
approach, prior to the installation of the Muskrat Falls generators. The study only considered the
harmonic performance limits; the ac filter ratings were not considered. The study looked at the
following possible ac filter configurations:

e Muskrat Falls
0 2Atypefilters
0 1Atypefilter
e Soldiers Pond
0 1B type filter
0 1B + 1A type filter

The objective of the study was to determine whether the IEC performance limits would be exceeded and
to determine the associated operational limits to meet IEC limits if required. The study was performed
for various system loading and generation dispatches.

In this study, the harmonic currents generated by the converter as given in the GE AC Filter Performance
report were used. For LIL bipole operation, additional harmonic currents were determined by PSCAD
simulation for dc loading points between those provided in the GE AC Filter Performance report.

The study concluded that the LIL may be operated up to 225MW with the following filter configurations
to meet harmonic limits in accordance with IEC specifications:

1. Monopole operation
a. Muskrat Falls: one, or two Type A filters in service
b. Soldiers Pond: one Type B filter, or one Type A and one Type B filter in service
2. Bipole operation
a. Muskrat Falls:
i. two Type A filters in service

ii. *Operational restrictions*
- If only one Type A filter is in service, the LIL power transfer in bipolar mode
must be limited to 130MW, assuming both 315 kV CHF-MFA lines are in-
service.
- If one of the two 315kV lines between CHF and MFA is out of service, two
Type A filters are required for all LIL power transfer levels from minimum
power up to 225 MW

b. Soldiers Pond: one Type B, or one Type A and one Type B filter in service

©TransGrid Solutions Inc., 2018 1|Page
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2.

IEC Performance Limits

The performance limits according to IEC 61000-3-6 are given in the table below.

Table 1: IEC performance limits

5 2 1.4
7 2 9 1 4 0.8
11 1.5 15 0.3 6 0.4
13 1.5 21 0.2 8 0.4
17<h<49 1.2*17/h 21<h<45 0.2 10<h<50 | 0.19%(10/h)+0.22
THD < 3%

©TransGrid Solutions Inc., 2018

Technical Note: TN1205.57.03, June 25, 2018

2|Page



‘*, ’ GS Newfoundland and Labrador Hydro

RFI Studies
AC Filter Operational Limits Study

TransGrid Solutions

3. Muskrat Falls

3.1 AC system harmonic impedance

Because this study was looking at operational limits, impedance sectors were not used to represent the
ac system as was the case for the contract design. Rather, the analysis was performed using loadflow
cases which were created by Hydro where calculated impedance points at each harmonic order were
considered under various operating conditions. The loadflow cases to represent the Labrador system at
peak, intermediate and light load scenarios as shown in Table 2.

Table 2: Loadflows considered for MFA

LIL
Number G5 Dt:::d BEIE
Condition LAB to NF Generation
(Mw) Flow (MW)
MON1 Peak 1727.8 225 Maximum
MON3 Intermediate 1246.2 225 Maximum
generation

The system conditions that were considered for each power flow case were:
0 System intact
0 315kV transmission line between CHF and MFA out of service
0 One or two 735kV transmission lines between CHF and Montagnais out of service

0 Number of online CHF generators reduced to five

3.2 Background harmonics

The measured background harmonics at CHF were increased by a factor of two® and applied at the MFA
converter bus. Table 3 shows the background harmonics included in the study. The values for
harmonics not included in Table 3 were negligible.

! Meausurements were performed before the construction of Muskrat Falls Terminal Station 2. In addition, it is
expected that the ac terminal station and HVdc converters will be in service before Muskrat Falls generators. On
this basis, background harmonics were doubled to provide a conservative representation of system conditions.

©TransGrid Solutions Inc., 2018 3|Page
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Table 3: Background harmonics applied at MFA

2X measured

Harmonic background
harmonics at CHF
2 0.24
3 0.84
4 0.12
5 0.5
6 0.08
7 0.32
8 0.04
9 0.08
10 0.06
11 0.12
12 0.04
13 0.18
14 0.04
15 0.02
16 0.02
17 0.08
18 0.04
19 0.06
20 0.02
21 0.02
22 0.04
23 0.04
24 0.02
25 0.04
26 0.02
27 0.02
28 0.02
29 0.02
30 0.02
31 0.02
33 0.02
34 0.02
35 0.02
37 0.02
41 0.02
49 0.02
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3.3 Results

In order to determine whether the IEC limits were met, the harmonic performance indices were
calculated for two filter configurations:

e with 2A type filters in service, and
e with 1A type filter in service.

The Type A filter is a triple tuned filter, tuned to harmonics 3, 12, and 23. The filter component data is
shown in Figure 1 and Table 4.

Type- A Filter
C1 pr—
L1 R1
C2b ——
c2 — L2 R2
o S — L3 % R3

Figure 1: Type A filter circuit

©TransGrid Solutions Inc., 2018 5|Page
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Table 4: Type A filter parameters

Nominal Mvar 72
system voltage (kKvrms L-L) 315
Cq (pF) 1.91
Ca (UF) 13.58
Ca (UF) 2.80
L, (mH) 21.03
Lz (mH) 55.44
Ls (mH) 5.98
R1 () 369
Ra (0} 443
Rs (Q) 1549
Cab (uF) 126.9

The performance calculations were repeated with and without the 150MVAr shunt reactor in service.

The study results showed that the IEC limits were met in all cases for monopole operation. For bipole
operation, the IEC limits were met for cases with two Type A filters in service up to 225MW. With one
Type A filter in service in bipole operation, the IEC limits were met up to 130MW except for the case
when one 315kV line between CHF and MFA was out of service, in this case, the IEC limits were met up
to 90MW. The results are shown in Appendix 1 and 3, values above the IEC limits are shown in red.
Note that these results are the maximum values for all cases studied, and the values for each harmonic
order may not correspond to the same case.

The LIL may therefore be operated up to 225 MW with either one or two Type A filters in service at
Muskrat Falls in monopole operation. In bipole operation, the LIL may be operated up to 90MW with
one Type A filter in service when one 315kV line between CHF and MFA is out of service and up to
130MW for all other contingencies studied. With two Type A filters in service, the LIL may be operated
up to 225MW in bipole operation.

©TransGrid Solutions Inc., 2018 6|Page
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4.

4.1

Soldiers Pond

AC system harmonic impedance

Similar to Muskrat Falls, at Soldiers Pond (SOP), the study considered the calculated impedance points at
each harmonic order for the loadflows in Table 5 and for the contingencies listed below. The loadflow
cases were created by Hydro to represent the Island system at peak, intermediate and light load
scenarios, with the ML link operating in both import and export conditions. These cases were based on

the year 2018 and were designed to maximize production from hydraulic resources.

Table 5: Loadflows considered for SOP

ML LIL
Load Island Import/
Number o Demand > LAB to NF NF to NS Flow Island Generation
Condition (MW) Export Flow
(MW) (MW)
MON1 Peak 1727.8 146 EX 225 Maximum export Maximum
reserve generation
MON2 Peak 1753.9 | 207IM 225 Max import Economic Dispatch
MON3 Intermediate | 1246.2 376 EX 225 Maximum export Maximum
generation
MON4 | Intermediate | 1221.6 01IM 225 Maximum import Economic dispatch
MONS Light 762.9 294 EX 225 Maximum export Minimum
reserve generation
MONG6 Light 759.1 165 IM 52 Maximum import Minimum
generation
The system conditions that were considered for each power flow case were:
0 Systemintact
O 0-3 SOP syncs in service
0 0-3 HRD syncs in service
0 230kV transmission line between SOP and HRD out of service
0 230kV transmission line between SOP and WAV out of service
0 230kV transmission line between SOP and HWD out of service
©TransGrid Solutions Inc., 2018 7|Page
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4.2 Background harmonics

For SOP, background harmonics were set in accordance with the maximum of the measured background
harmonics as measured at Hardwoods Terminal Station, Western Avalon Terminal Station, and Holyrood
Terminal Station.

Table 6 below shows the background harmonics included in the study. The values for harmonics not
included in Table 6 were negligible.

Table 6: Background harmonics applied at SOP

Maximum measured
Harmonic backgrc?und
harmonics at
HWD/WAV/HRD
2 0.02
3 1.06
4 0.08
5 1.42
6 0.03
7 0.52
8 0.01
9 0.20
11 0.10
13 0.36
14 0.01
15 0.01
16 0.01
17 0.05
18 0.01
19 0.03
20 0.01
21 0.01
23 0.05
24 0.01
25 0.07
27 0.01
29 0.02
31 0.01
35 0.01
37 0.01
41 0.01
©TransGrid Solutions Inc., 2018 8|Page
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4.3 Results

In order to determine whether the IEC limits were met, the harmonic performance indices were
calculated for two filter configurations:

e with 1B type filter in service, and
e with 1B type and 1A type filter in service.

The Type A filter is a triple tuned filter, tuned to harmonics 3, 12, and 23. The Type B filter is a triple
tuned filter, tuned to harmonics 11, 24, and 36. The filter component data is shown in Figure 2 and
Table 7.

Type- A Filter Type- B Filter
c1 —4— Cl1 ——
L1 R1 L1 g R1
C2b ——
c2 —— L2 R2 2 —— |2 g R2
c3 —— L3 % R3 3 —— L3 § R3

Figure 2: SOP filter circuit

©TransGrid Solutions Inc., 2018 9|Page
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Table 7: SOP filter parameters

Filter type A B
Nominal MY Ar 75 75
system voltage (kVrms L-L) 230 230
C1 (pF) 3.73 374
Ca (UF) 17.34 4.50
Csz (UF) 5.99 7.25
Ly (mH) 10.72 5.15
Lo (mH) 40.21 5.35
Ls (mH) 2.88 1.12
Ry (0} 141 170
R: Q) 914 175
R; Q) 2028 1491
Csb (uF) 175 -

When the measured background harmonics are applied at Soldiers Pond, the IEC limits were met up to
225MW.

The results are shown in Appendix 2 and 4, values above the IEC limits are shown in red. Note that
these results are the maximum values for all cases studied, and the values for each harmonic order may
not correspond to the same case.

On the basis of the above, the LIL may be operated up to 225MW with either one Type B filter in service,
or with one Type A and one Type B filter in service at SOP in monopole or bipole operation.

©TransGrid Solutions Inc., 2018 10| Page
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5. Conclusion

On the basis of the above, the LIL may be operated up to 225MW with the following filter configurations
to meet harmonic limits in accordance with IEC specifications:

e Monopole operation

0 Muskrat Falls: one or two Type A filters in service

0 Soldiers Pond: one Type B filter or one Type A and one Type B filter in service
e Bipole operation

0 Muskrat Falls: two Type A filters in service, operation with one Type A filter in service is
possible only up to 130MW for all cases except when one 315kV line between CHF and
MFA is out of service, in this case, operation is possible only up to 90MW

0 Soldiers Pond: one Type B filter or one Type A and one Type B filter in service

©TransGrid Solutions Inc., 2018 11|Page
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Table 8: MFA Harmonic performance — 2A type, no shunt reactor

IEC DC Loading (MW)
Limit
45 90 135 180 225
D2 1.4 0.24 0.24 0.24 0.24 0.24
D3 2 0.85 0.85 0.85 0.85 0.85
D4 0.8 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.17 0.24 0.31 0.38 0.44

D12 0.3 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.19 0.25 0.32 0.41 0.49

D14 0.3 0.04 0.04 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02 0.02 0.02

D17 1.2 0.08 0.09 0.10 0.11 0.12

D18 0.3 - - - - -

D19 1.1 0.06 0.06 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.02 0.02 0.02

D22 0.2 0.04 0.04 0.04 0.04 0.04

D23 0.9 0.18 0.27 0.33 0.37 0.38

D24 0.2 0.02 0.02 0.02 0.02 0.02

D25 0.8 0.07 0.14 0.20 0.24 0.26

D26 0.2 0.02 0.02 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02 0.02 0.02

D28 0.2 0.02 0.02 0.02 0.02 0.02

D29 0.7 0.02 0.02 0.02 0.02 0.02

D30 0.2 0.02 0.02 0.02 0.02 0.02

D31 0.7 0.02 0.02 0.02 0.02 0.02

D32 0.2 - - - - -

D33 0.2 0.02 0.02 0.02 0.02 0.02

D34 0.2 0.02 0.02 0.02 0.02 0.02

D35 0.6 0.15 0.21 0.22 0.19 0.13

D36 0.2 - - - - -
D37 0.6 0.09 0.16 0.20 0.19 0.15
D38 0.2 - - - - -
D39 0.2 - - - 0.00 0.00
D40 0.2 - - - - -

D41 0.5 0.02 0.02 0.02 0.02 0.02




IEC DC Loading (MW)
Limit

45 90 135 | 180 | 225
D42 | 0.2 - - - - -
D43 | 05 - 0.01 | 001 | 001 | 0.01
D44 | 0.2 - - - - -
D45 | 0.2 - - - - 0.01
D46 | 0.2 - - - - -

D47 0.4 0.09 0.11 0.08 0.08 0.10

D48 | 0.2 - - - - -

D49 0.4 0.06 0.10 0.09 0.07 0.08

D50 0.2 - - - - -

THD 3 1.14 1.20 1.25 1.29 1.32

Table 9: MFA Harmonic performance — 2A type, with shunt reactor

IEC DC Loading (MW)
Limit
45 90 135 180 225
D2 1.4 0.24 0.24 0.24 0.24 0.24
D3 2 0.85 0.85 0.85 0.85 0.85
D4 0.8 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.17 0.24 0.31 0.38 0.45

D12 0.3 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.19 0.25 0.32 0.41 0.49

D14 0.3 0.04 0.04 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02 0.02 0.02

D17 1.2 0.08 0.09 0.10 0.11 0.12

D18 0.3 - - - - -

D19 1.1 0.06 0.06 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.02 0.02 0.02

D22 0.2 0.04 0.04 0.04 0.04 0.04

D23 0.9 0.18 0.27 0.33 0.37 0.39

D24 0.2 0.02 0.02 0.02 0.02 0.02

D25 0.8 0.07 0.14 0.20 0.24 0.26

D26 0.2 0.02 0.02 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02 0.02 0.02




IEC DC Loading (MW)
Limit

45 90 135 180 225
D28 0.2 0.02 0.02 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02 0.02 0.02
D30 0.2 0.02 0.02 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02 0.02 0.02
D32 0.2 - - - - -
D33 0.2 0.02 0.02 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02 0.02 0.02
D35 0.6 0.15 0.21 0.22 0.19 0.13
D36 0.2 - - - - -
D37 0.6 0.09 0.16 0.20 0.19 0.15
D38 0.2 - - - - -
D39 0.2 - - - 0.00 0.00
D40 0.2 - - - - -
D41 0.5 0.02 0.02 0.02 0.02 0.02
D42 0.2 - - - - -
D43 0.5 - 0.01 0.01 0.01 0.01
D44 0.2 - - - - -
D45 0.2 - - - - 0.01
D46 0.2 - - - - -
D47 0.4 0.09 0.11 0.08 0.08 0.10
D48 0.2 - - - - -
D49 0.4 0.06 0.10 0.09 0.07 0.08
D50 0.2 - - - - -
THD 3 1.15 1.20 1.25 1.29 1.32

Table 10: MFA Harmonic performance — 1A type, no shunt reactor

IEC DC Loading (MW)
Limit
45 90 135 180 225
D2 1.4 0.24 0.24 0.24 0.24 0.24
D3 2 0.87 0.87 0.87 0.87 0.87
D4 0.8 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.51
D6 0.4 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.30 0.47 0.63 0.79 0.93

D12 0.3 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.23 0.39 0.57 0.77 0.95




IEC DC Loading (MW)
Limit

45 90 135 180 225
D14 0.3 0.04 0.04 0.04 0.04 0.04
D15 0.3 0.02 0.02 0.02 0.02 0.02
D16 0.3 0.02 0.02 0.02 0.02 0.02
D17 1.2 0.09 0.10 0.13 0.15 0.18
D18 0.3 - - - - -
D19 1.1 0.06 0.06 0.06 0.06 0.06
D20 0.3 0.02 0.02 0.02 0.02 0.02
D21 0.2 0.02 0.02 0.03 0.03 0.03
D22 0.2 0.04 0.04 0.04 0.04 0.04
D23 0.9 0.35 0.53 0.66 0.74 0.76
D24 0.2 0.02 0.02 0.02 0.02 0.02
D25 0.8 0.12 0.26 0.37 0.46 0.50
D26 0.2 0.02 0.02 0.02 0.02 0.02
D27 0.2 0.02 0.02 0.02 0.02 0.02
D28 0.2 0.02 0.02 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02 0.02 0.03
D30 0.2 0.02 0.02 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02 0.02 0.03
D32 0.2 - - - - -
D33 0.2 0.02 0.02 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02 0.02 0.02
D35 0.6 0.27 0.38 0.40 0.34 0.23
D36 0.2 - - - - -
D37 0.6 0.11 0.22 0.26 0.26 0.20
D38 0.2 - - - - -
D39 0.2 - - - 0.00 0.00
D40 0.2 - - - - -
D41 0.5 0.02 0.02 0.03 0.03 0.03
D42 0.2 - - - - -
D43 0.5 - 0.01 0.01 0.02 0.02
D44 0.2 - - - - -
D45 0.2 - - - - 0.01
D46 0.2 - - - - -
D47 0.4 0.11 0.13 0.10 0.09 0.11
D48 0.2 - - - - -
D49 0.4 0.09 0.14 0.13 0.10 0.12
D50 0.2 - - - - -
THD 3 1.25 1.42 1.58 1.71 1.81




Table 11: MFA Harmonic performance — 1A type, with shunt reactor

IEC DC Loading (MW)
Limit
45 90 135 180 225
D2 1.4 0.24 0.24 0.24 0.24 0.24
D3 2 0.87 0.87 0.87 0.87 0.87
D4 0.8 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.51
D6 0.4 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.30 0.47 0.64 0.79 0.94

D12 0.3 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.23 0.39 0.57 0.76 0.94

D14 0.3 0.04 0.04 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02 0.02 0.02

D17 1.2 0.09 0.10 0.13 0.15 0.18

D18 0.3 - - - - -

D19 1.1 0.06 0.06 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.03 0.03 0.03

D22 0.2 0.04 0.04 0.04 0.04 0.04

D23 0.9 0.35 0.53 0.66 0.74 0.77

D24 0.2 0.02 0.02 0.02 0.02 0.02

D25 0.8 0.12 0.26 0.37 0.46 0.50

D26 0.2 0.02 0.02 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02 0.02 0.02

D28 0.2 0.02 0.02 0.02 0.02 0.02

D29 0.7 0.02 0.02 0.02 0.02 0.02

D30 0.2 0.02 0.02 0.02 0.02 0.02

D31 0.7 0.02 0.02 0.02 0.02 0.03

D32 0.2 - - - - -

D33 0.2 0.02 0.02 0.02 0.02 0.02

D34 0.2 0.02 0.02 0.02 0.02 0.02

D35 0.6 0.27 0.38 0.40 0.34 0.23

D36 0.2 - - - - -
D37 0.6 0.11 0.22 0.27 0.26 0.20
D38 0.2 - - - - -
D39 0.2 - - - 0.00 0.00
D40 0.2 - - - - -

D41 0.5 0.02 0.02 0.03 0.03 0.03




45 90 135 | 180 | 225
0.2 - - - - -
0.5 - 0.01 | 001 | 002 | 0.02
0.2 - - - - -
0.2 - - - - 0.01
0.2 - - - - -
04 | 011 | 013 | 0.10 | 0.09 | 0.11
0.2 - - - - -
04 | 009 | 014 | 013 | 0.10 | 0.12
0.2 - - - - -
3 125 | 142 | 158 | 171 | 1.82




Appendix 2

SOP Monopole Results

TGS

TransGrid Solutions




Table 12: SOP Harmonic performance — 1B type, measured background harmonics

IEC DC Loading (MW)
Limit
45 90 135 180 225

D2 1.4 0.02 0.02 0.02 0.02 0.02
D3 2 1.06 1.06 1.06 1.06 1.06
D4 0.8 0.08 0.08 0.08 0.08 0.08
D5 2 1.42 1.42 1.42 1.42 1.42
D6 0.4 0.03 0.03 0.03 0.03 0.03
D7 2 0.52 0.52 0.52 0.52 0.53
D8 0.4 0.01 0.01 0.01 0.01 0.01
D9 1 0.20 0.20 0.20 0.20 0.20
D10 0.4 - - - - -
D11 1.5 0.24 0.33 0.42 0.50 0.57
D12 0.3 - - - - -

D13 1.5 0.48 0.53 0.70 0.90 1.11

D14 0.3 0.01 0.01 0.01 0.01 0.01

D15 0.3 0.01 0.01 0.01 0.01 0.02

D16 0.3 0.01 0.01 0.01 0.01 0.01

D17 1.2 0.05 0.05 0.06 0.07 0.09

D18 0.3 0.01 0.01 0.01 0.01 0.01

D19 1.1 0.03 0.03 0.04 0.05 0.06

D20 0.3 0.01 0.01 0.01 0.01 0.01

D21 0.2 0.01 0.01 0.01 0.01 0.01

D22 0.2 - - - - -

D23 0.9 0.21 0.34 0.44 0.51 0.54

D24 0.2 0.01 0.01 0.01 0.01 0.01

D25 0.8 0.12 0.22 0.32 0.39 0.43

D26 0.2 - - - - -
D27 0.2 0.01 0.01 0.01 0.01 0.01
D28 0.2 - - - - -
D29 0.7 0.02 0.03 0.07 0.09 0.11
D30 0.2 - - - - -
D31 0.7 0.01 0.02 0.02 0.04 0.05
D32 0.2 - - - - -
D33 0.2 - - - - -
D34 0.2 - - - - -
D35 0.6 0.09 0.14 0.16 0.15 0.12
D36 0.2 - - - - -
D37 0.6 0.04 0.09 0.12 0.13 0.11
D38 0.2 - - - - -
D39 0.2 - - - - -
D40 0.2 - - - - -

D41 0.5 0.01 0.01 0.01 0.01 0.01




IEC DC Loading (MW)
Limit
45 90 135 180 225

D42 0.2 - - - - -
D43 0.5 - - - - -
D44 0.2 - - - - -
D45 0.2 - - - - -
D46 0.2 - - - - -
D47 0.4 0.07 0.09 0.08 0.05 0.03
D48 0.2 - - - - -
D49 0.4 0.05 0.10 0.10 0.08 0.03
D50 0.2 - - - - -
THD 3 1.95 1.99 2.08 2.18 2.30

Table 13: SOP Harmonic performance — 1B + 1A type, measured background harmonics

IEC DC Loading (MW)
Limit
45 90 135 180 225

D2 1.4 0.02 0.02 0.02 0.02 0.02
D3 2 1.06 1.06 1.06 1.06 1.06
D4 0.8 0.08 0.08 0.08 0.08 0.08
D5 2 1.42 1.42 1.42 1.42 1.42
D6 0.4 0.03 0.03 0.03 0.03 0.03
D7 2 0.52 0.52 0.52 0.52 0.53
D8 0.4 0.01 0.01 0.01 0.01 0.01
D9 1 0.20 0.20 0.20 0.20 0.20
D10 0.4 - - - - -
D11 1.5 0.24 0.33 0.42 0.50 0.57
D12 0.3 - - - - -

D13 1.5 0.48 0.53 0.70 0.90 1.11

D14 0.3 0.01 0.01 0.01 0.01 0.01

D15 0.3 0.01 0.01 0.01 0.01 0.02

D16 0.3 0.01 0.01 0.01 0.01 0.01

D17 1.2 0.05 0.05 0.06 0.07 0.09

D18 0.3 0.01 0.01 0.01 0.01 0.01

D19 1.1 0.03 0.03 0.04 0.05 0.06

D20 0.3 0.01 0.01 0.01 0.01 0.01

D21 0.2 0.01 0.01 0.01 0.01 0.01

D22 0.2 - - - - -

D23 0.9 0.21 0.34 0.44 0.51 0.54

D24 0.2 0.01 0.01 0.01 0.01 0.01

D25 0.8 0.12 0.22 0.32 0.39 0.43

D26 0.2 - - - - -

D27 0.2 0.01 0.01 0.01 0.01 0.01




IEC DC Loading (MW)
Limit

45 90 135 180 225
D28 0.2 - - - - -
D29 0.7 0.02 0.03 0.07 0.09 0.11
D30 0.2 - - - - -
D31 0.7 0.01 0.02 0.02 0.04 0.05
D32 0.2 - - - - -
D33 0.2 - - - - -
D34 0.2 - - - - -
D35 0.6 0.09 0.14 0.16 0.15 0.12
D36 0.2 - - - - -
D37 0.6 0.04 0.09 0.12 0.13 0.11
D38 0.2 - - - - -
D39 0.2 - - - - -
D40 0.2 - - - - -
D41 0.5 0.01 0.01 0.01 0.01 0.01
D42 0.2 - - - - -
D43 0.5 - - - - -
D44 0.2 - - - - -
D45 0.2 - - - - -
D46 0.2 - - - - -
D47 0.4 0.07 0.09 0.08 0.05 0.03
D48 0.2 - - - - -
D49 0.4 0.05 0.10 0.10 0.08 0.03
D50 0.2 - - - - -
THD 3 1.95 1.99 2.08 2.18 2.30




Appendix 3

MFA Bipole Results

TransGrid Solutions




Table 14: MFA Harmonic performance — 2A type, no shunt reactor, all cases
IEC DC Loading (MW)
Limit

90 180 270

D2 1.4 0.24 0.24 0.24

D3 2 0.92 0.92 0.91
D4 0.8 0.12 0.12 0.12
D5 2 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08
D7 2 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04
D9 1 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06

D11 1.5 0.33 0.49 0.64

D12 0.3 0.04 0.04 0.04

D13 1.5 0.21 0.35 0.51

D14 0.3 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02

D17 1.2 0.08 0.10 0.12

D18 0.3 0.04 0.04 0.04

D19 1.1 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.02

D22 0.2 0.04 0.04 0.04

D23 0.9 0.39 0.57 0.68

D24 0.2 0.02 0.02 0.02

D25 0.8 0.11 0.23 0.36

D26 0.2 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02

D28 0.2 0.02 0.02 0.02

D29 0.7 0.02 0.02 0.02

D30 0.2 0.02 0.02 0.02

D31 0.7 0.02 0.02 0.02

D32 0.2 - - -

D33 0.2 0.02 0.02 0.02

D34 0.2 0.02 0.02 0.02

D35 0.6 0.31 0.42 0.42

D36 0.2 - - -
D37 0.6 0.15 0.31 0.40
D38 0.2 - - -
D39 0.2 - - -
D40 0.2 - - -

D41 0.5 0.02 0.02 0.02




IEC DC Loading (MW)
Limit
90 180 270

D42 0.2 - - -
D43 0.5 0.01 0.01 0.02
D44 | 0.2 - - -
D45 0.2 - - 0.01
D46 0.2 - - -
D47 0.4 0.19 0.22 0.15
D48 0.2 - - -
D49 0.4 0.12 0.20 0.18
D50 0.2 - - -
THD 3 1.30 1.49 1.63

Table 15: MFA H

armonic performance - 2A

IEC DC Loading (MW)
Limit

90 180 270
D2 1.4 0.24 0.24 0.24
D3 2 0.92 0.92 0.91
D4 0.8 0.12 0.12 0.12
D5 2 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08
D7 2 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04
D9 1 0.08 0.08 0.08
D10 0.4 0.06 0.06 0.06
D11 1.5 0.33 0.49 0.64
D12 0.3 0.04 0.04 0.04
D13 1.5 0.21 0.35 0.51
D14 0.3 0.04 0.04 0.04
D15 0.3 0.02 0.02 0.02
D16 0.3 0.02 0.02 0.02
D17 1.2 0.08 0.10 0.12
D18 0.3 0.04 0.04 0.04
D19 1.1 0.06 0.06 0.06
D20 0.3 0.02 0.02 0.02
D21 0.2 0.02 0.02 0.02
D22 0.2 0.04 0.04 0.04
D23 0.9 0.40 0.57 0.68
D24 0.2 0.02 0.02 0.02
D25 0.8 0.11 0.23 0.36
D26 0.2 0.02 0.02 0.02
D27 0.2 0.02 0.02 0.02

type, with shunt reactor, all cases



IEC DC Loading (MW)

Limit

90 180 270
D28 0.2 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02
D30 0.2 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02
D32 0.2 - - -
D33 0.2 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02
D35 0.6 0.31 0.42 0.42
D36 0.2 - - -
D37 0.6 0.15 0.31 0.40
D38 0.2 - - -
D39 0.2 - - -
D40 0.2 - - -
D41 0.5 0.02 0.02 0.02
D42 0.2 - - -
D43 0.5 0.01 0.01 0.02
D44 0.2 - - -
D45 0.2 - - 0.01
D46 0.2 - - -
D47 0.4 0.19 0.22 0.15
D48 0.2 - - -
D49 0.4 0.12 0.20 0.18
D50 0.2 - - -
THD 3 1.31 1.49 1.64

Table 16: MFA Harmonic performance — 1A type, no shunt reactor, 315kV CHF line out
IEC DC Loading (MW)
Limit

90 100 130 140 180 270

D2 1.4 0.24 0.24 0.24 0.24 0.24 0.24

D3 2 1.08 0.84 0.84 0.84 1.07 1.06
D4 0.8 0.12 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.65 0.72 0.88 0.92 1.00 1.32

D12 0.3 0.04 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.26 0.28 0.35 0.34 0.58 0.89




IEC DC Loading (MW)
Limit

90 100 130 140 180 270
D14 0.3 0.04 0.04 0.04 0.04 0.04 0.04
D15 0.3 0.02 0.02 0.02 0.02 0.02 0.02
D16 0.3 0.02 0.02 0.02 0.02 0.02 0.02
D17 1.2 0.09 0.08 0.08 0.08 0.13 0.18
D18 0.3 0.04 0.04 0.04 0.04 0.04 0.04
D19 1.1 0.06 0.06 0.06 0.06 0.06 0.06
D20 0.3 0.02 0.02 0.02 0.02 0.02 0.02
D21 0.2 0.02 0.02 0.02 0.02 0.03 0.03
D22 0.2 0.04 0.04 0.04 0.04 0.04 0.04
D23 0.9 0.78 0.70 0.85 0.91 1.13 1.36
D24 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D25 0.8 0.20 0.26 0.33 0.36 0.45 0.71
D26 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D27 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D28 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02 0.02 0.02 0.02
D30 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02 0.02 0.02 0.03
D32 0.2 - - - - - -
D33 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02 0.02 0.02 0.02
D35 0.6 0.58 0.61 0.75 0.79 0.78 0.79
D36 0.2 - - 0.01 0.01 - -
D37 0.6 0.21 0.26 0.34 0.37 0.42 0.53
D38 0.2 - - - - - -
D39 0.2 - - - - - -
D40 0.2 - - - - - -
D41 0.5 0.02 0.02 0.02 0.02 0.03 0.03
D42 0.2 - - - - - -
D43 0.5 0.01 0.01 0.01 0.01 0.02 0.03
D44 0.2 - - - - - -
D45 0.2 - 0.01 0.01 0.01 - 0.01
D46 0.2 - - 0.01 0.01 - -
D47 0.4 0.22 0.25 0.29 0.30 0.25 0.17
D48 0.2 - - - - - -
D49 0.4 0.12 0.14 0.18 0.20 0.21 0.19
D50 0.2 - - - - - -
THD 3 1.75 1.64 1.86 1.94 2.22 2.60




Table 17: MFA Harmonic performance — 1A type, with shunt reactor, 315kV CHF line out
IEC DC Loading (MW)
Limit

90 100 130 140 180 270

D2 1.4 0.24 0.24 0.24 0.24 0.24 0.24

D3 2 1.12 0.84 0.84 0.84 1.11 1.09
D4 0.8 0.12 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.50 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.65 0.72 0.88 0.92 1.00 1.33

D12 0.3 0.04 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.26 0.28 0.35 0.34 0.58 0.89

D14 0.3 0.04 0.04 0.04 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02 0.02 0.02 0.02

D17 1.2 0.09 0.08 0.08 0.08 0.13 0.18

D18 0.3 0.04 0.04 0.04 0.04 0.04 0.04

D19 1.1 0.06 0.06 0.06 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.02 0.02 0.03 0.03

D22 0.2 0.04 0.04 0.04 0.04 0.04 0.04

D23 0.9 0.78 0.70 0.85 0.92 1.14 1.36

D24 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D25 0.8 0.20 0.26 0.33 0.36 0.45 0.71

D26 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D28 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D29 0.7 0.02 0.02 0.02 0.02 0.02 0.02

D30 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D31 0.7 0.02 0.02 0.02 0.02 0.02 0.03

D32 0.2 - - - - - -

D33 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D34 0.2 0.02 0.02 0.02 0.02 0.02 0.02

D35 0.6 0.58 0.61 0.75 0.79 0.78 0.79

D36 | 0.2 - - 0.01 | 0.01 - -
D37 | 06 | 021 | 026 | 034 | 037 | 042 | 054
D38 | 0.2 - - - - - -
D39 | 0. - - - - - -
D40 | 0.2 - - - - - -

D41 0.5 0.02 0.02 0.02 0.02 0.03 0.03




IEC DC Loading (MW)
Limit

90 100 130 140 180 270

D42 | 0.2 - - - - - -

D43 0.5 0.01 0.01 0.01 0.01 0.02 0.03

D44 | 0.2 - - - - - -

D45 0.2 - 0.01 0.01 0.01 - 0.01

D46 0.2 - - 0.01 0.01 - -

D47 0.4 0.22 0.25 0.29 0.30 0.25 0.17

D48 | 0.2 - - - - - -

D49 0.4 0.12 0.14 0.18 0.20 0.21 0.19

D50 0.2 - - - - - -

THD 3 1.78 1.64 1.86 1.94 2.24 2.62

Table 18: MFA Harmonic performance — 1A type, no shunt reactor, all other cases

IEC DC Loading (MW)

Limit
90 130 140 150 160 170 180 270

D2 1.4 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24

D3 2 1.12 0.84 0.84 0.84 0.84 0.84 1.11 1.09
D4 0.8 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.50 0.51 0.50 0.51 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08

D10 0.4 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

D11 1.5 0.67 0.91 0.94 0.98 1.02 1.07 1.03 1.36

D12 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

D13 1.5 0.28 0.37 0.36 0.41 0.46 0.52 0.63 0.97

D14 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

D15 0.3 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02

D16 0.3 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

D17 1.2 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09

D18 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

D19 1.1 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06

D20 0.3 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

D21 0.2 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03

D22 0.2 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

D23 0.9 0.70 0.76 0.81 0.85 0.89 0.95 1.01 1.21

D24 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

D25 0.8 0.17 0.29 0.32 0.35 0.38 0.41 0.39 0.61

D26 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

D27 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02




IEC DC Loading (MW)
Limit

90 130 140 150 160 170 180 270
D28 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
D30 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
D32 0.2 - - - 0.01 - - - -
D33 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D35 0.6 0.45 0.58 0.62 0.64 0.67 0.72 0.61 0.62
D36 0.2 - - - - - - - -
D37 0.6 0.07 0.11 0.12 0.13 0.14 0.15 0.14 0.17
D38 0.2 - - - 0.01 - - - -
D39 0.2 - - - - - - - -
D40 0.2 - - - 0.01 - - - -
D41 0.5 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
D42 0.2 - 0.00 0.00 0.01 0.00 0.01 - -
D43 0.5 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.04
D44 0.2 - - 0.01 0.01 - 0.01 - -
D45 0.2 - - 0.01 0.01 - 0.01 - 0.01
D46 0.2 - - - - - - - -
D47 0.4 0.04 0.06 0.06 0.06 0.06 0.07 0.05 0.03
D48 0.2 - - - - - - - -
D49 0.4 0.17 0.26 0.28 0.30 0.31 0.34 0.29 0.27
D50 0.2 - - - 0.01 - 0.01 - -
THD 3 1.70 1.73 1.79 1.85 1.90 1.98 2.08 2.44

Table 19: MFA Harmonic performance — 1A type, with shunt reactor, all other cases

IEC DC Loading (MW)
Limit
90 130 140 150 160 170 180 270
D2 1.4 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
D3 2 1.14 0.84 0.84 0.84 0.84 0.84 1.12 1.11
D4 0.8 0.12 0.12 0.12 0.12 0.12 0.12 0.12 0.12
D5 2 0.50 0.50 0.51 0.51 0.50 0.51 0.50 0.50
D6 0.4 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
D7 2 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
D8 0.4 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D9 1 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
D10 0.4 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
D11 1.5 0.67 0.91 0.95 0.98 1.02 1.07 1.03 1.37
D12 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D13 1.5 0.28 0.37 0.36 0.41 0.46 0.51 0.63 0.97




IEC DC Loading (MW)
Limit

90 130 140 150 160 170 180 270
D14 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D15 0.3 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02
D16 0.3 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D17 1.2 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.09
D18 0.3 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D19 1.1 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
D20 0.3 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D21 0.2 0.02 0.02 0.02 0.03 0.02 0.03 0.03 0.03
D22 0.2 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
D23 0.9 0.70 0.76 0.82 0.85 0.90 0.96 1.01 1.21
D24 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D25 0.8 0.17 0.29 0.32 0.35 0.38 0.41 0.39 0.61
D26 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D27 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D28 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D29 0.7 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D30 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D31 0.7 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
D32 0.2 - - - 0.01 - - - -
D33 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D34 0.2 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
D35 0.6 0.45 0.59 0.62 0.64 0.67 0.72 0.61 0.62
D36 0.2 - - - - - - - -
D37 0.6 0.07 0.11 0.12 0.13 0.14 0.15 0.14 0.17
D38 0.2 - - - 0.01 - - - -
D39 0.2 - - - - - - - -
D40 0.2 - - - 0.01 - - - -
D41 0.5 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03
D42 0.2 - - - 0.01 - 0.01 - -
D43 0.5 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.04
D44 0.2 - - 0.01 0.01 - 0.01 - -
D45 0.2 - - 0.01 0.01 - 0.01 - 0.01
D46 0.2 - - - - - - - -
D47 0.4 0.04 0.06 0.06 0.06 0.06 0.07 0.05 0.03
D48 0.2 - - - - - - - -
D49 0.4 0.17 0.26 0.28 0.29 0.31 0.34 0.29 0.27
D50 0.2 - - - 0.01 - 0.01 - -
THD 3 1.71 1.73 1.80 1.85 1.91 1.99 2.10 2.45
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Table 20: SOP Harmonic performance — 1B type, measured background harmonics
IEC DC Loading (MW)
Limit

90 180 225 270

D2 1.4 0.02 0.02 0.02 0.02

D3 2 1.10 1.10 1.06 1.09
D4 0.8 0.08 0.08 0.08 0.08
D5 2 1.42 1.42 1.42 1.42
D6 0.4 0.03 0.03 0.03 0.03
D7 2 0.52 0.52 0.52 0.53
D8 0.4 0.01 0.01 0.01 0.01
D9 1 0.20 0.20 0.20 0.20
D10 0.4 - - - -

D11 1.5 0.55 0.74 0.62 0.92
D12 0.3 - - - -

D13 1.5 0.90 0.83 1.16 1.09

D14 0.3 0.01 0.01 0.01 0.01

D15 0.3 0.01 0.01 0.01 0.01

D16 0.3 0.01 0.01 0.01 0.01

D17 1.2 0.05 0.06 0.05 0.09

D18 0.3 0.01 0.01 0.01 0.01

D19 1.1 0.03 0.04 0.03 0.06

D20 0.3 0.01 0.01 0.01 0.01

D21 0.2 0.01 0.01 0.01 0.01

D22 0.2 - - - -

D23 0.9 0.47 0.73 0.90 0.92

D24 0.2 0.01 0.01 0.01 0.01

D25 0.8 0.17 0.39 0.47 0.59

D26 0.2 - - - -
D27 0.2 0.01 0.01 0.01 0.01
D28 0.2 - - - -
D29 0.7 0.03 0.07 0.02 0.13
D30 0.2 - - - -
D31 0.7 0.02 0.02 0.01 0.06
D32 0.2 - - - -
D33 0.2 - - - -
D34 0.2 - - - -
D35 0.6 0.20 0.29 0.35 0.32
D36 0.2 - - - -
D37 0.6 0.07 0.18 0.25 0.24
D38 0.2 - - - -
D39 0.2 - - - -
D40 0.2 - - - -

D41 0.5 0.01 0.01 0.01 0.01




IEC DC Loading (MW)
Limit
90 180 225 270

D42 | 0.2 - - - -
D43 | 05 - - - 0.01
D44 0.2 - - - _
D45 0.2 - - - -
D46 0.2 - - - -
D47 0.4 0.14 0.19 0.23 0.16
D48 0.2 - - - -
D49 0.4 0.09 0.19 0.25 0.22
D50 0.2 - - - -
THD 3 2.19 2.27 2.39 2.49

Table 21: SOP Harmonic performance — 1B + 1A type, measured background harmonics
IEC DC Loading (MW)
Limit

90 180 225 270

D2 1.4 0.02 0.02 0.02 0.02

D3 2 1.09 1.09 1.06 1.08
D4 0.8 0.08 0.08 0.08 0.08
D5 2 1.42 1.42 1.42 1.42
D6 0.4 0.03 0.03 0.03 0.03
D7 2 0.52 0.52 0.52 0.52
D8 0.4 0.01 0.01 0.01 0.01
D9 1 0.20 0.20 0.20 0.20
D10 0.4 - - - -

D11 1.5 0.42 0.57 0.47 0.70
D12 0.3 - - - -

D13 1.5 0.47 0.45 0.54 0.52

D14 0.3 0.01 0.01 0.01 0.01

D15 0.3 0.01 0.01 0.01 0.01

D16 0.3 0.01 0.01 0.01 0.01

D17 1.2 0.05 0.06 0.05 0.07

D18 0.3 0.01 0.01 0.01 0.01

D19 1.1 0.03 0.03 0.03 0.05

D20 0.3 0.01 0.01 0.01 0.01

D21 0.2 0.01 0.01 0.01 0.01

D22 0.2 - - - -

D23 0.9 0.28 0.43 0.53 0.54

D24 0.2 0.01 0.01 0.01 0.01

D25 0.8 0.12 0.25 0.30 0.38

D26 0.2 - - - -

D27 0.2 0.01 0.01 0.01 0.01




IEC DC Loading (MW)
Limit

90 180 225 270
D28 0.2 - - - -
D29 0.7 0.02 0.02 0.02 0.03
D30 0.2 - - - -
D31 0.7 0.01 0.01 0.01 0.02
D32 0.2 - - - -
D33 0.2 - - - -
D34 0.2 - - - -
D35 0.6 0.18 0.25 0.31 0.28
D36 0.2 - - - -
D37 0.6 0.06 0.14 0.20 0.20
D38 0.2 - - - -
D39 0.2 - - - -
D40 0.2 - - - -
D41 0.5 0.01 0.01 0.01 0.01
D42 0.2 - - - -
D43 0.5 - - - 0.01
D44 0.2 - - - -
D45 0.2 - - - -
D46 0.2 - - - -
D47 0.4 0.11 0.15 0.18 0.13
D48 0.2 - - - -
D49 0.4 0.07 0.15 0.19 0.17
D50 0.2 - - - -
THD 3 1.99 2.07 2.09 2.16
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