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1. Introduction

DIgSILENT Grid Code is a standalone application. The platform gathers the necessary tools for
analyzing events in power systems, especially voltage dips, according to grid codes requirements
or user specifications.

The software is built on several different modules.
e Data Visualizer: for visualizing data, test files, plotting graphs, checking additional parameters

e Grid Code Compliance Analyzer: for verifying the behaviour of the control Systems of power
plants during external events or perturbation like voltage dips according to grid code
requirements. Grid codes can be edited with the GridCode Editor.

 Model Validation: compares experimental results with numerical model outputs; which is a
crucial part in developing models, especially if the models take part in the decision process.

e Flickermeter IEC 61000-4-15: voltage flickermeter according to the standard.

e Harmonics IEC 61000-4-7: analyzes voltage harmonics, inter-harmonics and higher
frequency components according to the IEC 61000-4-7 standard.

e IEC 61400-21 Toolbox: Measurement and assessment of power quality characteristics of grid
connected wind turbines: Flicker emission, Flicker during switching operation, current harmonics.

e File Edition Tools: Cut, Resample and Merge Files to cut the file around events, resample data
series and merge files from different source (i.e wind and mechanical data records with voltage
dip measurements)

Reports are automatically generated in MS Word format.

DIgSILENT GridCode v1.0 3
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2. General Concepts — Main Menu

=101 ]

DIGSILENT Grid Code

Data Visualizer FlickerMeter IEC 61000-4-15
Grid Code Compliance Harmnonics |IEC 61000-4-7
Model Validation Toolbox IEC 61400-21
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woww. digsilent.com

DlgSILENT Grid Code - version:1.2.0.0
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2. General Concepts — Main Menu =

The Main Menu is the entry point of the program. It provides access to the different modules.

At the installation of the program, shortcuts are created on the desktop and in the Windows Start
Menu.

If the program is a demo version, “DEMO” will be displayed in this window.

DIgSILENT GridCode v1.0
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2. General Concepts — Files Formats

Files are generally divided into 2 types: ASCII (or text) files and binary files.
DIgSILENT Grid Code can read text files and IEEE COMTRADE files (binary and ASCII)
1.  General requirements

- The file should at least contain the data series displayed in the “File Types & Channels
Editor” (see below). It can contain more columns but not less.

- To perform analysis (Grid Code Compliance, Model validation, Harmonics, Flicker, etc.), the
file should at least contain the following time series: time, 3 sinusoidal voltage series, 3
sinusoidal current series.

2.  Text files requirements
- Data series in columns — file and column headers are allowed
- Separated by a unique character (i.e. “,”,”;”,tab, etc.)

3. COMTRADE files requirements

- There are no additional requirements for COMTRADE files.

Remark: other binary files can be implemented upon user request.

DIgSILENT GridCode v1.0 6
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2. General Concepts — Files Formats

File Types & Channels Editor

i
Select File Type
=] Edit | Add | Delete | T
Analog Channels
MName Index Phase Tvpe SubType Units E;:;li;rg Offset Sampling Units =
> BlA volts data 1 0 10000 | Hz
Vaolts 5 6B wolts data 1 0 10000 | Hz
Valts T 7|C wolts data 1 0 10000 | Hz
Amps R 1A amps data A 1 0 10000 | Hz
Amps 5 2B amps data A 1 0 10000 | Hz
Amps T 3|IC amps data A 1 0 10000 | Hz
Time 0| ABC time: data 1 0 10000 | Hz =
Sawve | Close |

Edit each channel: index of the column in the file, phase, type, units, scaling factor and offsets,
sampling rate

Types of files and channels can be added or deleted.

DIgSILENT GridCode v1.0 7
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2. General Concepts — Parameters

Parameters like RMS-rate, number of cycles to compute the frequency, voltage dip trigger level,
etc. can be edited in the Edit Parameters window.

Edit Parameters O ] 4
Index | Name Value Description 1=
b h s rate 0 [ms calculation rate (cycles/paint) G=sampling rate
1 |frequency window 10 | cycles - frequency calculation window
2 |event division 3 |divides the event in x parts for transition calculation
3 | mazdmum residue 0.0001
4 | sensitivity start i
B | sensitivity end 1
5 | hysteresis 0.1 |5 - minimum time between 2 consecutive events
7 |trigger unbalanced 0.05 [pu - imbalance level to determine the type of event
8 |voltage dip trigger level 0.9 |pu
9 | pretrigger 0.3 |5 - pre-trigger for plotting events
0 | posttrigger 0.5 | 5 - post4rioger for plotting events
11 | synchronizer window 0.1 | s - size of the window to be plotted for synchronization
12 | voltage swell trigger .. 1.15 |pu
13 | overfrequency trigger ... 0.5 [Hz e
14 | underfrequency trigge... 495 [Hz
15|L 100 |upsampling rate
16 | rtaps 15 | number of fiter taps
17 | oo sheoff 0 G |filter m b -nff freomne hd
Save Close |

DIgSILENT GridCode v1.0 8
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3. Data Visualizer 2

~icix

File Edit Toolz Help
EFEHS e
Selected File:  C\Documents and Settings'™avierMy Documents\GridCodefnalyzer\Code\Executableibin\Debug Demo'demo_analyze.cut

Characteristics:

e Immediate view of plots and

Selected File Type: Isemicolon )] ﬂ Generator: IDB‘fE"-l't j oot Grahi | graphS
— Rated Values B

Line Voltage:| 200 o =] .2 volts Tms A [pu] emore than 100 different series can

Power: | 2000000 VA = be p|0tted
Power Factor:| 1 T ol ] efunction copy/paste
Frequency: 0 |H - M . . . .
! e e Visualization parameters editable
[" Line To Line Measurements
LA 1 «Scales and offsets of measurement
Compute ] series con be modified

Y Lxis Series: 06 4 B

T - e Export graphics data into csv-files

[[] volts:angle:neg [rad]
[[] volts:angle:pos [rad]
[[] volts:angle:pos [rad] 0.4
[[] velts:angle:zero [rad]
[[] velts:angle:zero [rad]
[ veolts:data:A [pu] )‘d
[] velts:data:B [pu]

[] volts:data:C [pu] 0.2 + i
[[] volts:freguency:A [Hz]
[] volts:freguency:B [Hz]
[ wvolts:freguency:C [Hz]
[] volts:imbalance:pes [pu] 0.0 L L | L L |
[ volts:residual :ABC [pu] - U T T T T T
[ volts:rms:A [pu] 0 2 4 6 g 10

volts:rms:B [pu] J time:rms:ABC [s]

[ volts:rms:C [pu]
[] volts:rms:max [pu]
[ volts:rms:min [pu]

KAz time:ms: ARG [&] j

Ready

DIgSILENT GridCode v1.0 9



File Edit Toolz Help
=3 N
Configuration |

Open File:

Select File Type:

4. Grid Code Compliance Analyzer

Isemicolon (1)

Select Generator Type:

IGenemtor 1

—Rated Values

Line VDItage:I

nnnnn

Power:l

Power Factor: I

Freguency: I

™ Line To Line Measurements

K K1 S K1 K

Anzlyze

Select Grid Code:

IP"v"‘v"C w4 - Particular

Select Graphs to plot:

[y] REE P.O 12.2 Limits
[w] Voltage RMS (zoom)
[¥] Amps RMS (zoom)
[w] Volts RMS (no zoom)
[¥] Amps RMS (no zoom)
[w] Powers

[w] Ir/ltot(Vrms) Zone B
[w] Voltage Dip Shape

=101 ]

DIgSILENT GridCode v1.0
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Characteristics:

* Expandable Grid Code Library
* Immediate preview of results

« Edit plots

* Edit “grid code” parameters

* Edit plot parameters

 Edit calculations and event detection
parameters

» Automatic reporting (MS Word)

» Scales and offset of measurements
channels

* “Multi Files” module to analyze
several files in a row

» Alarms on non-electrical parameters
can be set

10



4. Grid Code Compliance Analyzer

Grid Code Analyzer
File Edit Tools Help

=3 2N

Corfiguration  Event 0: voltage dip balanced |Alarrns Generator 1 I REE P.O 12.3 Limits I Voltags RMS [zoom}l Amps RMS [zoom}l Volts RMS fno zoom}l Amps RILA I L4

=101x]

Type: voltage dip balanced Affected Phase(s): ABC Duration: 0.5659 s Magnitude: 0.221
Grid Code: PVVC v4 - Particular
Zore | Limit Min/Max oK?

» powerreactive:pos >=-0.150 pu 0.038 2

B powerreal:pos >=-0.100 pu -0.067 ~

B powerreactive:pos >= -0.050 pu 0.193 ¥

B phi:sin:pos {@vg)== 0.500 pu 0.950 v

C ampsreactive:pos x=-1.500 pu 0.255 2

TOTAL o3

Previous Conditions ( 15 cycles ):

Condition
powerreal. ABC [pu]
powerreactive: ABC [pu]

phi:cos:pos [pu]

Ready

Compliance results and event previous conditions are displayed in a table

DIgSILENT GridCode v1.0
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4. Grid Code Compliance Analyzer

i

File Edit Tools Help

Configuration I Event 0: voltage dip balanced Alams Generator 1 I REE P.O 12.3 Limits I Voltage RMS [zoom}l Amps RMS [zoom}-l Volts RMS {no zoom) | Amps R4 I L4

Ready

Alarms preview pane. Alarms can be set on non-electrical parameters (hydraulic pressure, etc.) if
data series are present in the measurements file.

DIgSILENT GridCode v1.0
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4. Grid Code Compliance Analyzer =

Grid Code Analyzer
File Edit Tools Help

=W e

=100

Configuration I Event 0: voltage dip balanced I Mams Generator 1 REE P.O 12.3 Limits IVoltage RMS [zoom}l Amps RM3 [zoorn}l Volts RMS (no zoom}l Amps RIA I 'I
Export Graphic |

REE P.O 12.3 Limits

16—

10 4

\\wf

05 __ ]
-1.0’?..:..:m:..B.:=..:..E|::...::..|
-0.2 0.0 02 0.4 0.6 0.8 1.0
time:rms:ABC
—— power:realpos [pu] —— power.reactive:pos [pu]
amps:reactive:pos [pu] phisin:pos [pul]
voltssrms:min [pu] e Limit powerreactive:pos (Zone A)
————————— Limit power:real:pos (Zone B) - Limit powerreactive:pos (Zone B)
Limit phisincpos (Zone B) Limit amps:reactive:pos (Zone C)

Ready

Preview of graphical results — plotted series are editable with the Grid Code Editor

DIgSILENT GridCode v1.0 13



4. Grid Code Compliance Analyzer

Doz Foepoet

"DIgSILENT Grid Code - Compliance Report |
PVVC v4 - Particular

DIgSILENT GridCode v1.0

Automatically generated report with
results tables and graphs in MS Word
format.

Template can be partially modified by
the user: own company logo, etc.

SILEN
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5. Grid Code Editor =
- tinas
e =l8IX| characteristics:
Grid Code:|F\VC v4 - Particular | = | Delete | T Copy |
Funcion: [Spain_PYC Chodk » Expandable Grid Code Library
» Customizable zones — event
Flots: subdivision
| Duration Plot | Checked .
ois|[ e | 3 e | |* Edit plots
Ul Delet Vokage RMS {zoom) Delet « Editable shapes
C D.15 _BI Amps RMS (zoom) _El . p ..
: ; Voks RMS (0 z00m) « Editable previous conditions
* 0.0 Amps RIS fro zo0m) * Add, Delete and copy grid codes

AR <R

Powers

Ir/tat {Vms) Zone B

* Editable compliance levels

€[>

Voltage Dip Shape

REE Voltage Dip Shape Zph

REE Voltage Dip Shape 3ph Edit |

Delete
REE Voltage Support
*
Initial Conditions:
Mumber of cycles 15 cycles
Type | SubType FPhase
3 real ABC Delete
power reactive ABC
phi cos pos

*
Save | Close |

DIgSILENT GridCode v1.0 15



5. Grid Code Editor — Zone Editor

Mame: Duraﬁnn:l: j

Limits: Delete |
Evert | Balanced Type SubType Fhaze Comparison Walue Inits

I:ualanu:eu:l pOWer real posg = 01 (pu

e voltage Dip balanced pOwWer reactive pos = 0.05 [ pu
voltage Dip unbalanced power real pos = 0.3 | pu
voltageDip unbalanced pOWer reactive pog = 04 (pu
voltage Dip unbalanced Enengy real posg = 0.045 | pus
voltage Dip unbalanced Energy reactive pos = 0.04 | pus

0K

Cancel

SILEN
O

=101 %]

DIgSILENT GridCode v1.0

Compliance parameters and levels can be edited for each zone and type of event
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5. Grid Code Editor — Shape Editor

I 9
Name: [REE Voltage Dip Shape 3ph Type of Shape:|voltage Dip Shape =]
X BXiS: |time jl,-ms jlﬁ.BC jls j Apply during (event): Ivgﬂage[)ip ]
. Balanced?: Ihalanced j
Y axs: Ivolts jlrms jlmin jlpu j
Type of limit: Iinferiu:nrOHequaI j
1.2 T T T
X | I
» B 1
0 0.85
0 02
0.5 02
1 0.85
15 0.95
16 0.95
a.0 - +——t —t—t + ———t !
a 5 10 15 20
Reset oK
Y

Voltage dip shapes, reactive current injection shapes, etc. can be defined by the user

DIgSILENT GridCode v1.0 17
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5. Grid Code Editor — Plot Editor =
=k
Title:
REE F.0 12.3 Limits ¥ Checked
Function:
[ZonesREE
X oas:
Itime j In‘ns j I_.-:-._BC j
Y foais:
Type | SubType Fhasze =
r real pos Delets
power reactive pos
amps reactive pos
phi sin pos |
volts ms min =
4| | B I

oK Cancel |

Plotted series, graph title, etc. can be edited by the user

DIgSILENT GridCode v1.0 18
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6. Model Validation Tool 2

b =l0ixll characteristics:
File Edit Tools Help
== W e . . ) .
| =2 methods for validation: relative
File 1 (Used as Reference) |Defauh =l File 2 IDefauIt =l error/absolute error
—Rated Val —Rated Val .
e e « Selection of compared parameters
Line Voltage: | 20000 | =l Line Voltage: 20000 | =l
Power.| zo0000| A =] Pover.| oo | &= e Immediate preview of results
Power Fac'tor:l 1 I':'u j Pawer Factor:l 1 ||:-u j e Edit pIOtS
Freguency: 50 |Hz - Frequency: 50 [Hz - .
! ! - ! | - e Edit plot parameters
[ Line To Line Measurements [" Line To Line Measurements
e Edit computation parameters
Select File 1: C:\Documents snd SettingsXavieriby _ - e Semi-automatic synchronization
Documents\GridCodelinalyzerCode\Executable\bin'\Debug\Demoivalidation.cut }
window
Select File 2. C\Documents and Settings'®avier\My Documents\GridCodeAnalyzer\Code\Executablelbin\Debug\Demolvalidation2. cut .Automatlc reporting (MS WOI’d)
Values To be compared: » Edit scales and offset of channels
Walidation Method: j [w] amps:abs:A [pu] -
el amps:abs:B [pu] e Comparisons settings: percentile,
Percentile of Reference: or | (% ] amps:abs:C. [pul
| 85 [] amps:abs:neg [pu] tolerance band, dead band
Tolerance Band (Maximum errar): I 0.1 pu E:mi;:x;;ﬁi{;{ﬂ]

[[] amps:angle:A [rad]
[Values| < I 7.01 pu must not be taken into [ amps:angle:B [rad]

account for error computation [] amps:angle:C [rad]
[[] amps:angle:neg [rad]
[] amps:angle:pos [rad]
Synchronize and Compare [] amps:angle:zero [rad]
[] amps:data:A [pu]
[ amps:data:B [pu] :I

DIgSILENT GridCode v1.0 19



6. Model Validation Tool - Synchronization
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[—— Serie 1-volts:data:A [pu]

—— Serie 2 - volts:data:C [pu] |

Serie 2 - Time

0.10 -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01
2'[] + II + + + + II II + II + II + + + + II + + + + II + II II + + II
15 3
. A ':
<L, i
- RN ;
2_0 II II II II II } II II II + II II
010 0.09 -0.08 007 -0.06 005 -0.04 003 002 -0.01
Serie 1 - Time
Ivnhs:data:.-‘l. [pul j j 489 j
4 ] 488 2

OK

Data series are automatically synchronized but user can manually adjust the synchronization

DIgSILENT GridCode v1.0
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6. Model Validation Tool 2

Model Validation Tool _ O] x|

File Edit Tools Help

Corfiguration Results |v0|ts:data I amps data I ampz:abs:A [pu] I amps:abs:B [pu] I amps:abs:C [pu] I volts:ms:A [pu] I volts:ms:B [pu] I volts:ms _4 I ’I

Serie Percentile 85 Emor Max: Errar Avg
amps:abs:A [pu] 0.581 0.074
amps:abs:B [pu] 0.717 0.072
amps:abs:C [pu] 0.573 0.093
wvolts:ms:A [pu] 0.243 0.013
volts:ms:B [pu] 0.233 0.021
volts:ms:C [pu] 0.1 0.017
powerreal:pos [pu] 0.201 0.024
pawerreal:A [ou] 0517 nos6f
powerrealB [pu] 0.465 0.050 |=

Ready

Preview of comparison errors: considered percentile, maximum and average errors

DIgSILENT GridCode v1.0 21



6. Model Validation Tool

Model Validation Tool 10 x|

File Edit Tools Help
=Nr=4 N
Corfiguration I Results I volts:data I ampsdata amps:abs:A [pu] |amps:abs:B [pu] I amps:abs:C [pu] I volts:ms:A [pu] I volts:ms:B [pu] I volts:ms_4 I 4

BExport Graphic |

—— Serie 1 - amps:abs:A [pu] Serie 2 - amps:absA [pu]
— Limits
20 +
15 1
1.0
05 |
0.0 1
L : : — : : :
-0.1 0.0 0.1 0.2 0.3 0.4 0.5

Ready

Comparison graphical preview

DIgSILENT GridCode v1.0
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6. Model Validation Tool

ST
File Edit Tools Help
r=ar=4 NC]
volts:ms:B [pu] I volts:me:C [pu] I powerreal:pos [pu] I powerreal:A [pu] I powerreal:B [pu] I powerreal:C [pu] Percertile amps abs:A [pu] | PA | 4
Export Graphic:l
[ Percentile errors amps:abs:A [pu] —— Admifted error |
0.7 2 L O O L B B I
06 1 ]
05 1 |
T 04 + i
= I |
: ‘i
w 03 T Percentile 85=0.118 pu “
02 I ,
|
! ‘.
0.0 T t—tmrapmpopaupnpnpnpnpapd) AYIR APANAYL AT |||||| HHHHHHHHHH ‘H ‘I
0 10 20 30 40 50 60 70 80 90 100
Percentile [%]
Ready

Error (percentile of the error)

DIgSILENT GridCode v1.0 23
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6. Model Validation Tool 2

Automatically generated report with
" DIgSILENT Grid Code - Model Validation results tables and graphs in MS Word
Absolute Errors format.

Rated Value File 1 (Reference)
validation 1. cut Default
e ey

Template can be partially modified by
the user: own company logo, etc.

Percenfile 83
oL W (PRSP
00g P &
0.0 0. 233 0.0
0.0 LU
ERE 0.20 e
0T 0. 300 0.0

l. ' “ r‘IHIHf|i|Jll|iJ1!|1HIHN.IiHllll'l|‘|1f|hlll“||‘||3I5'il'1.i',‘i'|i|I|'-|""-"“i1l“”‘

i

DIgSILENT GridCode v1.0 24



7. IEC 61000-4-15 Flicker Meter

Flickermeter IEC 61000-4-15

Y File Edit Tools Help

EFHS R e

Selected File:  C\Documents and Settings\Xavier'\My Documents\GridCodefnalyzer'\Code\Executablelbin\Debug Dema'flicker cut

Selected File Type: [semicolon (2) =]

pf Max = 2.175
pf Min = 1.187
pf Avg = 1.608

o
8
1
I
]
0

Ler
pf Min = 4

Compute |

Y Axis Series:

[wl flicker:pf:A [pu]

[ flicker:pfavg [pul
[w] flicker:pf:B [pu]
™) flicker:pf:C [pu]
[ flicker:pf:max [pu]
[ flicker:pf:min [pu]
[ time:data:ABC [5]

Ready

Desired sampling frequency: I 1600 Hz

=10l x|

Export Graphic I

60

50

40

30

20

[—— flickerpf:A [pu] flicker:pf:B [pu] flicker:pf:C [pu]]

0 5 10 15
time:data:ABC [s]

DIgSILENT GridCode v1.0

SILEN
O

Characteristics:

«|EC 61000-4-15

*File re-sampling

»Visualization of instant flicker (PF)
Pst phase, min, max and avg

e Export plotted data to csv-file

e Copy/paste graphics

25
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8. IEC 61000-4-7 Voltage Harmonics 2

i -
Fie Edit Toos Help Characteristics:
EFEHSR@
Selected File:  C:\Documents and Settings*>¥avier'\My Documents\GridCodeAnalyzerCode'\ Exacutable\bin\Debug Demo \demo_analyze_cut0.cut PS I EC 61000_4_7

Sel d File Type: |semicalon {1) x - |Default - . g o

- = ! Goneror [pef =l Harmonics, Inter-harmonics, Higher

— Rated Val:u;se S — _ Graphs Hamorics IInter-Harrnonic:sI Higher FrequencyComponentsI fre qu en Cy Comp on entS

. I =t II’ J Export Graphic
Power: | 2000000 & =] [ o spedummaxd] ° Export graphms to csv file
Power Factor: 1 v ' ' ' ' .
| ol 10 4 ] e Copy/paste graphics
Frequency: I 50 IHz j
" Line To Line Measurements © Bar pIOtS
0.8 4 . . . .
S e Time evolution of harmonics, inter-
harmonics and higher frequency
' Axiz Seres:

[ amps:data:A [pu] - 06 5 4 com ponentS
[ amps:data:B [puf j

Ol povermsart Ao ' «Several files can be analyzed in a
[] powerinstant:ABC [pu]
O EE::;::%:mB pu] § 0.4 1 i row

0.2

0.0 """"I’In =4 a
10 20 30 40 30

+

DIgSILENT GridCode v1.0 26



Toolbox IEC 61400-21

9. IEC 61400-21 Toolbox

=10l %]
The IEC 61400-21 Toolbox gathers the necessary tools

Single File Fickemeter

to assess power quality characteristics of grid connected
wind turbines:

Cipsi.va) Ficker cosfficients

-Flicker emission

-Flicker coefficients

Flickemeter for switching operations

-Flicker emission during switching operations

-Current harmonics emissions

Hamonics/Intethamonics

DIgSILENT GridCode v1.0
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O
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9. IEC 61400-21 Toolbox — Single File Flicker Emission

=10l x| .
Characteristics:

File Edit Toolz Help

= o= =)

Selected File:  C:\Documents and Settings'Xavier'My Documents'GridCodeAnalyzer'Code" Executable*binDebug  Dema'flicker.cut ° IEC 61400_21 & IEC 61000_4_15
Selected File Type: Isemicolon (2 j Desired sampling frequency: I 400/ Hz VA ‘C CoefﬂCIentS for Slngle flle
— Rated Values Export Graphic | ) )
Line Vokage: | o [T | | T ] . . «Grid angle configurable
Fower: | 200000 oA 2 »Wind bins configurable
Power Factar: I 1 I:'” j .
e Copy/paste graphics
Frequency: | 50 I_E j
" Line To Line Measurements L EXpOl‘t graphICS tO CSsv f|IeS
Compute e Turbulence computation
Y Muds Serics: q . i
: S— e Plots of time series of uo, ufic,
L et PR = | 20 f f f J i flick PF
0 whadsaal ' ! + * i instant flicker (PF)
O volts:aata. time:data: ABC [s]

[[] amps data:B [.i'-.:
[ volts:data:C [V]
[[] amps:data:C [A]

E S'djh:; V] Phass | Windbin | Windspeed | Tubulence | C_30 C_50 C_70 C_85
¥l ufic phasor A V] - angle-30° A 2 5.0 0.0 5.403 5274 5,331 5226

L] flickerpf:A [l -angle:302 B 2 5.0 0.0 £.208 £.193 £.123 £.272

[ ufic:phasor:A[V] -angle:502 - - — - —— E—

] flicker:pf: 1 -angle:502 C 2 5.0 0.0 2.803 2475 2.302 3.354

[ ufic:phasor:A[V] -angle: 702

[ flickerpf:A [pu] - angle: 702 ;I 4 3

Ready

DIgSILENT GridCode v1.0 28
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9. IEC 61400-21 Toolbox — c(y,va) Coefficients =
i BEE characteristics:
d File Edit Help
= =
EFH © | «IEC 61400-21 & IEC 61000-4-15
Configuration | C Coefficients | (309 | c(509 | o(709 | cfe59 | o _ _
»C coefficients for multiple files
Generator: Files Type:
Default j Select Measurements Filss Im o Grld angle Configurab|e
[ ted Valuss . «\Wind bins configurable
Line Voltage: I 20000 I' j _ ) .
T - = » Annual wind speed configurable
Power Factor: | 1 T e Computation from previous ¢
Frequency: | o | coefficients file
I~ Line To Line Measurements e Export c coefficients to csv file
e Copy/paste graphics
Flickemeter sampling rate: 200| Hz .Export graphlcs to csv fIIeS
SkFic: 1 VA .
Maxmumtubsdences | 0.7 pu e Turbulence computation
eFiles can be marked as switching
operation to be removed from
Ready computation

»Graphics of ¢ coefficients in function
of the grid angle

DIgSILENT GridCode v1.0 29
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9. IEC 61400-21 Toolbox — c(y,va) Coefficients =
Flicker Coefficients Calculation 1Ol =|
File Edit Help
=210 I |
Corfiguration  © Cosfficients IC{BHE} | o509 | 709 | @59 |
Switching | Filename Phase Windbin Windspeed | Turbulence | C_30 | C 50 | Cc_ 70 |cgs =
. B i . . — [ I —
L t-*"e‘ . : -lojx

7 file1 B -1 25 0.0
~ fila1 C & 25 0.0

Windspeed | 302 502 702 g5
= file2 A 1 24 0.0 3 4721|4348 [5414  |7.300
|7 file2 B -1 2.4 0.0 75 5607 4 860 5.258 7147
|7 file? C 4 24 0.0 85 5.828 4.838 h247 £.565
r file2 A 0 33 0.0 1
O fila3 E 0 2.3 0.0
O file3 C 0 23 0.0
O filed & 0 34 0.0
O filed B 0 34 0.0
O fils4 C 0 34 0.0
| Ll-C i n A 0, 0K

1] 4|

Open Coefficient File Save Coefficient File Refresh graphs Compute cipsi,va) |

Ready

C coefficient table — from computation or loaded from existing file

Can be saved to csv-file or can be used to compute c(y,va) coefficients.
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9. IEC 61400-21 Toolbox — c(y,va) Coefficients 2

Flicker Coefficients Calculation ;IEI il

File  Edit Help
EWwd e

Corfiguration | C Coefficients ©(309) Ic:[5|]-‘3} | e708) | cies9) |

Export Graphic |

windspeed [m/s]

Ready

Plot of c coefficients according to the grid angle — this visualization helps to identify switching
operations in the list of files.
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9. IEC 61400-21 Toolbox — Switching Operation =
- =lojxi| Characteristics:
File Edit Help
=21 | *1EC 61400-21 & IEC 61000-4-15

Confgurston | kips) | Kos | «Ku and ky coefficients for single

Generator: Files Type: or mUItlple files
Default j Select Measurements Files Isemicolon (1) vl
»Grid angle configurable
— Rated Val
- St iias «Wind bins configurable
Line Voltage: I 20000 I' j
Power: [ 2000000 I_ ~] °C0py/paste graphiCS
Pawer Factar: | 1 jpu = = Export graphics to csv files
Frequency: 50 Hz - .
! l [ e Turbulence computation
™ Line To Line Measurements
» Computation of min, max and avg
of ku and ky
Flickemeter sampling rate: I 800| Hz
SkFic: 10000000 VA
Ready
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9. IEC 61400-21 Toolbox — Switching Operation =
Flicker Coefficients Calculation =101 x|

File  Edit Help
=1 |

Corfiguration HU{ﬂSillﬂpsi I

Switching | Filename Phasze Windbin Windspeed | Turbulence | Ku_30 Ku_50 Ku_70 Ku_85
2 _ - CHDocuments a... | A 2 5.0 0.0 1115 1.046 1243 2957
e r CHDocuments a... |B 2 5.0 0.0 1.035 0.974 1.209 inz
r CHDocuments a... |C 2 5.0 0.0 0.672 0.728 0.597 2585
r Average avg 0 0.0 0.0 0542 0.916 1.150 2885
r Maximurn e 0 0.0 0.0 1.11% 1.046 1.243 inz
r Mimirmurm mir 0 0.0 0.0 0672 0.728 0.597 2585

Ready

Ku and ky coefficients table
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9. IEC 61400-21 Toolbox — Current Harmonics Emission =
o x L
Fle Edt Took Hep Characteristics:
LR |
Selected File:  C:\Documents and Settings*Xavier\My DocumentsGridCodeAnalyzer'CodeExecutable\bin' Debug Demodemo_analyze_cutl.cut ) IEC 61400_21 & IEC 61000_4_7
sewiete | CREII =l Generator: [Defeut = «Current harmonics — inter-
[~ Rated Values Graphs |Harrnonics| Inter—Harrnonicsl Higher FrequencyComponerds' harmonics and h|gher frequency
Lne Vokage: [ 20000 =
e tetesec] 0000 R Expot Grephic components
Poner: I 2000000 I_ j [ amps:spectrum:A [pu] H 02 amps:spectrum:A [pu] HO3] . . .
e Faston 0.16 : : . : : : = Time evolution of harmonics,
3 1 ] . . .
- inter-harmonics and higher
TequEncy: 500 |H -
! e frequency components
" Line To Line Measurements

eBar diagrams of harmonics, inter-

Compus harmonics and higher frequency
Y fuds Series: Components
[] amps:data:A [pu] il .
[ amps:data:B [pul *Co py/paSte graphICS

[] amps:data:C [pu]

[] amps:spectum:A [pu] HO1
[¥] amps:spectum:A [pu] H 02
9] amos spectnam A fpu] _H03
[] amps:spectum:A [pu] H 04

[] amps:spectum:A [pu] H OB

[] amps:spectum:A [pu] HO6

[1 ampe:spectrum:A [pu] HO7

[] amps:spectum:A [pu] H 08

[] amps:spectum:A [pu] HO3

e Export graphics to csv files

< Single or multiple files analysis

[] amps:spectum:A [pu] H 10

[] amps:spectum:A [pu] H 11

[] amps:spectum:A [pu] H 12

[] amps:spectum:A [pu] H13 _— .

[] amps:spectum:A [pu] H 14 time:rms:ABC [s]

[] amps:spectum:A [pu] H 15 ) _ _

[1 amps:spectrum:A [pu] H 18 j K fois: |time:ms:ABC [5] j

Ready
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9. IEC 61400-21 Toolbox — Current Harmonics Emission

i
File Edit Tools Help
EFHdS =@
Selected File:  C:\Documents and Settings'Xavier'My Documents'\GridCodeAnalyzer'Code' Executable'bin'.Debug'\Demo’demo_analyze_cutD.cut
Selected File Type: |semicolon (1) j Generator: |Default j
[~ Rated Values Graphs I Harmonics  Inter-Harmonics | Higher Frequency Components I
Line Voltage: 20000 v -
I I J Export Graphic
P - 2000000 [
Er I SUbbLLY I" ' ﬂ [ amps:spectrurm:max [pu]]
Power Factor: I 1 Il:'u d ' ' ' j
Frequency: | 50/ JHe =l
™ Line To Line Measurements 015 1
Compute
Y Auis Series: 1
[ amps:data:A [pu] - 0.10 1
[] amps:data:B [pu] ]
[] amps:data:C [pu]
[ amps:spectrum:A [pu] HO1
[w] amps:spectru ] HO2
[®| amps:spectr u] HO3
[ amps:spectru ] 04 1
[ amps:spectru ] HO5 0.05 4 J
[ amps:spectru ] HO&
[[] amps:spectru HO7
[] amps:spectru H 08
[[] amps:spectru H 05
[[] ampz:spectru H10 “
[ amps:spectru ] H11 1 ’-”l “ “
[ amps:spectru ] H12 0.00 LA Iﬂ[”””l[lﬂ [I"ﬂﬂﬂ"ﬂﬂﬂﬂfllﬂﬂﬂﬂﬂr!ﬂm_llmmu_
[ amps:spectru ] H13
[[] amps:spectru ] H14 10 20 30 40
[ amps:spectrum:A pu] H 15
[ amps:spectrum:A pu] H 16 ;I
Ready

Bar diagrams of harmonics, inter-harmonics, and higher frequency components can be exported
as csv-files.
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10. File Edition Tools — File Cutting

File Edit Help

Generator: IDefaurt j

Pre-Trigger time: I:_E 5
Post-Trigger time: IE 5

Select Files |

==

Selected File Type: |semicaolan {1) j

File Cutter

[™ Line To Line Measurements

—Rated Values
Line V{:Itage:l 20000 I' j
Pawer. | 2000000 vA 7]
Power Factor: | 1 ||:-u j
Frequency:| 50 IHz =]

=10l %]

DIgSILENT GridCode v1.0

SILEN
O

Characteristics:

Cut file around events
e Pre-trigger and post-trigger
= Single or multiple files

«If no event detected, pre-trigger
uses the beginning of the file and
post-trigger is the duration of the
generated output file
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10. File Edition Tools — File Re-sampling =
Ne—— =I0Ixl| characteristics:
B Fil= Edit Help
*Resample file
New Sampling Rate: 10000 "He < Single or multiple files

e Qutput file format = input file
Select Files Selected File Type: [semicalon (2) | format

e Filter parameters settings

=2

Re-sampling methods: up-sampling + interpolation
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10. File Edition Tools — File Merging =
Merge 2 files: File 1 with electrical data and File 2 with other data (i.e. mechanical data, hydraulic
pressure, etc.)
Requirements: both files should have a voltage series in common
=0l ~haracteristics:
File  Edit Help
=r=4 W] | <Automatic re-sampling of lowest
rate file
—Rated Values
: — - Generator: = OQutput file format = csv
L Voage | | [ = <] _ .
Power- - = Filter parameters settings
owier: 2000000 |ua 7]
Power Factnr:l 1 IF.U j
Frequency: | 50/ |Hz =]
[ Line Teo Line Measurements

File 1: |

_|
File 2: | [ [osv 11 =]

Merge |

File 1: voltages and currents from an cscilloscope
File 2: pitch angle, wind speed, etc.

Ready
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11. Generator -
Generator objects allow to set up pre-recorded rated values parameters and alarms levels
=10l x|
Name
T [ Generator =10l x|
G
* EL V= Generator 1
—Rated Values
IJneVDIbge:l 20000 I" j
Power: | 2000000 VA 7]
Power Fac:t{:r:l 1 Ip,_, j
Frequency: 50/ |Hz |
[ Line To Line Measurements
Alarms:
Type | SubType Phase Comparisan Value 1=
» ms A = 11
0 | gizz | fleion X_ais blade_1 - 11 e
amps ms C = 1.1
1| | _’l_l
Individual generator are accessed
through the generators list 2l s |
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