Nw_Cap!
4

NE_03/882
NE_03/BB1

2N
S

TORY

Results Reporting

How to see and analyse calculation results

Introduction

PowerFactory offers a diverse range of calculation functions, from load flow and short-circuit analysis
through to many optional, specialist modules, such as Protection or RMS Simulation. But however
good the calculations are, it is also important to users that they have the best tools to access and
analyse those results efficiently. Sometimes an overview is needed; on other occasions it will be
necessary to look closely at every detail. That's why PowerFactory allows access to calculation
results in a number of different ways:

Shows the progress of the calculation, any errors and warn-
ings, and in some cases a summary of the key results.
Diagram colouring Offers a visual overview of calculation outcomes.

Enable the user to look at precise calculation results in any
specific part of the network.

For every active network element, all relevant results can be
seen, in a spreadsheet format.

Many different types of plot, such as time-series, R-X, eigen-
value, vector plots. ..

Flexible reports with filtering options, enabling the user to look
at all results and easily find the main items of interest.
Easy-to-read presentation of results. Reports can also be ex-
PDF reports ported from PowerFactory and shared with colleagues and
clients.

Options for users to access the raw results and generate their
own customised reports.

Output window

Diagram results boxes

Network Model Manager

Plots

Tabular reports

User-defined reports

In this paper, we present a number of different examples, to show how selected options might be
employed, according to the task at hand. Other reporting options are also of course available in each
case.
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Example 1: Load Flow Analysis

Calculation purpose and typical reporting options

Load flow analysis is fundamental to the modelling
and assessment of a network and underpins many
other calculation functions. When a load flow cal-
culation is run in PowerFactory, the results are
held in memory and can immediately be viewed
graphically and in the Network Model Manager
without the need to run a report.

Output window

The Output Window is an es-
sential source of information,
as it shows the progress of
the calculation, with a level of
detail that can be selected by
the user. Importantly, it shows

Selected Options:
Output Window

Network Model Manager

Diagram colouring

Diagram results boxes

| s+ Output Window

@ Erors (0) Warnings (0) | (@Events27) |1 |4 @ information (142) | (D Others (0) Vl\\\mn you type

@ Outer Loop: Iteration 3
@ Load flow iteration: &
@ Load flow iteration: 1
@ Load flow iteration: 2
@ Newton-Raphson converged with 2 iterations.
@ South East\SE_81_Site\SE_Trf_G1.ElmTr2:
Tap increased

| ¥ Clear allfittess

@ Unresolved control conditions detected. Further outer loop iterations required.

In B

@ Outer Loop: Iteration 4

any warnings or errors.
general, the information in the
Output Window can be filtered
and searched, or copied to be
used outside PowerFactory.

@ Load flow iteration: @

@ Load flow iteration: 1

© Load flow iteration: 2

@ Newton-Raphson converged with 2 iterations.
@ Load flow calculation successful.

@ control conaitions for all controllers of interest are fulfilled.

Diagram colouring

The default diagram colour-
ing for load flow calculations
gives a quick overview of the
state of the network, highlight-
ing any problems such as cir-
cuit overloading or voltages

outside limits. The colour se-
= o, lection and thresholds are of
it course fully configurable. A

=i heat-map option can be used
Loading Range
> 90,

- to enhance the colouring.
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Diagram results boxes

To see what is really going on in the
network in detail, it can be useful to
see power flows, currents etc. in a
particular part of the network. The
results boxes show calculation re-
sults for the various elements of the
network, and are configurable in
terms of content and format. Users
can also create their own results
boxes to show detailed or summary
results.

Network Model Manager

m Network Model Manager

W & 5 Network Model Manager x +

~~- Breaker/Switch Name Grid

Switch T
» 14 NE-SW.LT South West

17 NW-NE_L1 North West

~ Lines, Series Impedances and Transformers

Line

& 2-Winding Transformer 14 NW-MELZ North West
T Line Couplings T NW-MEL3 North West
v Generators, Loads and Sources Ty« NW-NE_L4 North West
& Static Generator 1 v NW-SW_L1 South West
% General Load T14 NW-SW_L2 South West
[ PV System T2 NW_L1 North West
© Synchronous Machine Lo NWL2  NerthWest
v Shunts and Filters -,:, NW-LE North West
2 Shunt/Filter T SWAT  SouthWest

~ Load Flow Controller Models T osw2 South West

El Power-Frequency Controller U oswis South West

EIN Station Control 1. oswid South West

~ Protection Devices <
- 17 SW_LS South West
) Relay

5 Relay and sub-relay

Ln1

~| | ™ | < Flexible Data | Scenarios

# T & bd[E Fiter -- Current Working Filter -- YR R B QO

Moz sie | [ |22 1 |
____________________ 79 A R - ¥ R ¥
7.9 -769 -50,5 -50,5
s lxl 11,2 2 270 15‘,6 7 g 10 11
oue 'f—‘—: > ’—1 »—‘—,-—.—
- ; 1 2 88,5 4 5 “510,0 515 4380 6972
98,7 32,2 224 1245 1743
05?:;25 l 1.29{?> 915 | |
=v P = -510,1 MW
o — Q=322 Mvar H
W sk e loading = 1290 % | _:
- o x The Network Model Manager
enables the user to see at-
active Power ReactivePower | Loading tribute details and calculation
Terminal i in MW Terminal i in Mvar % v
3394 157 195 results for each class of net-
s o e work element in the model.
947 -98 156 H H H
. o e The information is presented
5101 22 1290 in a tabular format, with sort-
-511,9 24 91,5 . . . .
02 1520 163 ing and filtering options. As
:ﬁZ j;j: ::ji well as standard tabs, a Flex-
-363.4 -46,5 530 H
e - o ible data page allows users to
— = = select exactly what they want
w52 1 7 to see. Data can also be
Characteristics | Distributions | Basic Data | Descripti > Copied and pasted into exter-
15 object(s) of 25 1 object(s) selected

nal tools such as MS Excel.

The ways of accessing calculation results that have been shown in this example for the load flow
calculation are widely applicable PowerFactory, with many options for adapting them according to the

analysis being carried out.

In the following examples, two other results reporting options are also explored: plots, which are
an essential visualisation tool, and reports, which come in tabular or text format according to the
requirements of the particular calculation function.
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Example 2: Contingency Analysis

Calculation purpose and typical reporting options

Contingency Analysis, also referred to as n-1, is a load-flow
assessment of the effect of fault outages on a network. As
with many other calculation functions, the quantity of result
variables and the fact that multiple results are recorded for
each network element means that the results are held not in

Selected Options:
Output Window

>

> Diagram colouring

memory but in a results file.

Output Window

In the Output Window, the user can see the
progress of the calculation, with options to show
convergence details. Additional information such
as remedial action scheme triggering (if used) will
be provided.

Diagram colouring

Results shown on the diagram will just be those
of the last-executed load flow, but the colouring
indicates the worst limit violations out of all the
contingencies.

> Tabular reports

Tabular reports

For functions such contingency analysis, which
potentially generate a great deal of calculation
output, tabular reports are the main tool for as-
sessing the results. As well as summary report
options, there are a range of different inbuilt re-
ports that allow the user to easily assess the out-
come of the contingency analysis. The reports
include options to look at specific contingencies
and specific time-phases, if used, and colouring
to allow quick visual assessments.

[ Loading viclations per case = o *
W €& <3 { ageviolations (Max voltage) % | Allvoltage violations (Min. voltage) X Loading violations per case % Voltage violations percas > +
Study Case: 01 Base Case @x\) L,ahtml r_,axlsx
Result File: 07 Base Case\Contingency Analysis AC
Contingency Name: _trf_7332_7333_1 [PASADENA 1] I > | (= Loading Limit: ‘&0.0 | 1% &
Time Phase: 1 min ~ K[> Overloading Limit: [100 | 1281 [
Component Branch, Substation Loading Loading Loading Base Case and Continuous Loading -
or Site Continuous ~ Short-Term Base Case [0,000 - 108,572]
- v % ~ [%] ~ %~
16 uf 733273332 O) PASADENA 1 1086 1086 o1 [
2 8w 733273333 PASADENA 1 1086 108,6 o, [N
3§ uf 72527253 1 ) ANGLETON 90,6 90,6 so5 [ |
4 © tf 3053 3056 1 O WINGATE 89,4 834 0000000 |
5 © uf 534153431 ©) LEWISVILLE 1 86,5 86,5 85,5 [
6 O uf 716172921 ©) HOUSTON 5 859 859 ss4 [N
7 © uf 7409 74101 O) KATY 2 84,9 849 =5 [N
8 © trf_7400_7410_2 O kaTY 2 849 849 =5 [
9 O uf_7409_7410_3 0) KATY 2 849 84,9 5 [
10 © tf_7095_7099_1 ©) WADSWORTH 847 847 27 [
1 6 tf 6293 6204 1 ©) CEDAR CREEK1 87 847 =7 [
12 6 tf 4140 4142 1 ) SARITA 1 832 832 R
13§ tf_6076_6077_1 ©) LA GRANGE 83,0 83,0 =2 [T
14 © tf 5260 5262 1 O) GLEN ROSE 1 827 827 =7 [
15 © trf_6308 63091 O HONDO 81,8 81,8 e1,2 [ .
Ln0 22Line(s) of 22 0O Line(s) selected 4
< >

Contingency Analysis tabular reports
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Example 3: Time-Domain Simulations

Calculation purpose and typical reporting options

RMS and EMT simulations are used to assess the dynamic stability of
a network, and look in detail at the transient effects of system distur-

bances. A typical case would be the use of an RMS simulation to study
the dynamic response of the network when a short-circuit event occurs.

Selected Options:

The information in the output window is important, because events in  ERENOITIioViRU[lelo]

the simulation are reported, together with any relevant warnings, but
the main tool is the use of plots, which access the results in the results

> Plots

file and allow variables of interest to be seen over the simulation time

period.

Output Window

The progess of the simulation is shown in the
output window, with information about simulation
events, modelling warnings and other details be-
ing shown; the user has options to control how
much information is displayed.

Plots

Plots are essential for the evaluation of any sim-
ulation. As part of the simulation set-up, the
user can select which element variables should
be recorded, and then easily configure plots to
show the results, once the simulation has run.

200
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Generator Speed (p.u.)

1,002 [Time =1,657805 5

0998228 —— WHARTON 1_24 K\\sym_7307_1: Speed
09982432 — WHARTON 1_24 K\isym_7308_1: Speed
0,0085035 —— WHARTOM 1_24 K\isym_7310_1: Speed
09983141 —— WHARTOM 1_24 K\\sym_7311_1: Speed |
09982321 — NEWGULF_13.8 KVisym_7329_1: Speed

0,993

0,996

0,994

o 05 1 1.5

RMS simulation plots

Of course, this is just one example; other calculations such as EMT Simulations, Quasi-Dynamic
Simulations and Unit Commitment and Dispatch Optimisation also make use of time-based plots.
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Example 4: Protection Functions

Calculation purpose and typical reporting options
The Time-Overcurrent Protection and Distance Protection modules

functions in PowerFactory offer a great range of different features to
support the protection engineer or system planner, including the Pro-
tection Coordination and Protection Audit. For some types of assess-
ment, the diagrammatic information may be the most important output,
but in other cases it is the detailed tabular output of results that is re-

quired.

Plots

Selected Options:

> Plots

Tabular reports

>

Diagrams or plots are essential for the evaluation of protection schemes, as is evidenced by the
number of different plot types available in PowerFactory:

Time-distance

* Time-overcurrent

Short-circuit sweep

» Relay operational limits

« R-X
» Phase comparison differential
+ Current comparison differential

+ Curve-input

10000

——] . \
=
3 1000 AN
—T \-
T Y
\
. 100 -
_S#a
Faga @ \ \
= 10 \‘\
&
\ .
\‘.
FDR_H I \\
01 \
E \
0.01 -
X
£o2
Fzes
p— 0,001
69KV 10 100 1000 10000 pri A 100000
T7-18_GEC 128 kv i L
. 100 1000 10000 100000
T 24k - - -
1000 10000 100000 1000000
(O3 ——— THCubicle_S0.1.1R_T1 LEVCub_1\R_C-H1 ——— T2.2\Cubicle_S$0.0.1\R_T7-1
M ——— T3Cubicle_S0.1.1\T1DIff ——— FDR_HF 6 _1

L4\Cub_1\R_T1_sec T3.2\Cubicle_S0.0.1\R_T7-sec

Time-overcurrent plot

POWERFACTORY | 6



Results Reporting m

Tabular reports

Tabular reports are used to output the results of PowerFactory functions such as the Protection Audit
or the Protection Coordination assistant. These reports don’t just present results in a table; they
include features such as options for further analysis or the transfer of calculated settings back to the
protection devices.

[E2 Protection Audit Results - Verify tripping times — o X
W & = Protection Audit Results - Verify tripping times x  +
Project Transmission System @ (G [Fas
Study Case 07 Protection
Shown fault case 3ph 0.000 + j 0.000
Protected element SW_L1
Back to summary Back to fault type
Side Protection device Role Time at Time at Time at Time at Time at Time at Time at Time at Time at Time at Timea ™
v v 0,00 % 10,00 % 20,00 % 30,00 % 40,00% 50,00 % 60,00 % 70,00 % 80,00 % 90,00% 100,00 %
18 Terminal i 5 Dist_NW_03... Tertiary Rev.
19 Terminal i 59 Dist_NW_03... Tertiary Rev.
20 Terminal i 3 Dist_NW_03... Tertiary Rev.
b 21 Terminali 5 Dist_NW_03... Tertiary Rev.
22 Terminal i 5 Dist_SW_02-... Tertiary Rev.
23 Terminal i 5 Dist_SW_02-... Tertiary Rev.
24 Terminal j 5 Dist_SW_01-... Primary 0,612 0,312 0,012 0.012 0,012 0,012 0,012 0,012 0,012
25 Terminalj 5 Diff_NE_03-... Secondary
26 Terminal j 5 Dist_NE_03~... Secondary
27 Terminal i 53 Dist SW 02-... Secondary e
¢ >
Ln21 43Line(s) of 48 1 Line(s) selected

Protection Audit results

Example 5: Connection Request Assessment

Calculation purpose and typical reporting options
Connection Request Assessment function in PowerFactory is just one
of many calculation functions that make use of PDF reports for present-
ing results. The function assesses potential connections against indus- Selected Option:
try guidelines and the reports show results such as voltage changes, S PDF reports
flicker and harmonics, as well as an evaluation of the acceptability of
the proposed connection.

PDF reports

Once a Connection Request Assessment calculation has been executed, it is very straightforward
to execute the report command, which will by default generate the PDF report in the inbuilt PDF
viewer within PowerFactory. The reports are structured in such a way as to provide all the necessary
calculation outputs together with a clear assessment outcome. The advantage of this type of reporting
is that it can simply be exported from PowerFactory and forwarded to managers or clients without
any further work, although there are also options for exporting in other formats such as MS Word,
to enable further editing outside PowerFactory. The reporting framework enables users to introduce
some customisation, such as the inclusion of company logos and suitable headers and footers.
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m Report: Connection Request according to VDE-AR-N 4105 06.05.2025

Connection Request Assessment VDE 4100/4105

1 Overall Assessment Summary

Number of connection requests: 1

HA_133\PV new Approved

2 HA_133\PV new

2.1 Power Plant Definition

S~ o Plant Pmax "?“‘E AMX | Minimum power | Total connectible
c jon (PoC) Supply WA (Pﬁ'nnk:-"P&nao QBmay) famnr?uslpm pmrwSrsam
kvar
HA_133\ND_1190 ;P‘FSTAW-“TRF-’ 630, 12 0, 1,000 630,00

2.1.1 Generating units

PV new J 1 No 04 15,00 1200

2.2 Point of Connection (PoC) Data

Point of Connection (PoC) PoCNmkn:Wolnge Shnn—GMrav:tPawer hpedaxmgle
HA_133\ND_1190 04 1,18 214

2.3 Assessment Summary

Overall Assessment Approved
Loading of Network Components Approved
Permissible Voltage Change Approved
Sudden Voltage Change Approved

24 Loading of Network Components

Assessment: Approved

TRFSTAQ9_1\TRF_19 326 100,0

DIgSILENT PowerFactory Page 3 of 5

Extract from sample PDF report
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Although all the options described above give a great deal of flexibility in results reporting, we recog-
nise that sometimes customers have some very specific requirements regarding how results are
presented to the user. It is therefore possible for users to have their own customised reports, and two
different approaches are possible.

Results Reporting

User-defined reports

Customised reporting scripts

Most calculation functions produce results files,
and these are readily accessible. Scripts written
in Python or DPL (the DIgSILENT scripting lan-
guage) can be used to access the data in the re-
sults files and report it in ASCII or tabular format.

Report Designer

The PDF reports described above can also be
modified or written from scratch by users. This is
done via the Report Designer, which makes use
of third-party software that has been integrated
into PowerFactory.

Such scripts can be written by users themselves
or commissioned from DIgSILENT.

Executive Summary

PowerFactory’s many calculation functions are complemented by a range of different options for
reviewing and assessing the results, ranging from results boxes that are readily viewed in a network
diagram to sophisticated and customised reports. In this paper, we have presented some examples
of typical applications and shown how the users can easily find the information that they need.

All reporting functions described in this paper are part of the PowerFactory Base Package.
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www.digsilent.de

DIgSILENT GmbH
Heinrich-Hertz-StraBe 9
72810 Gomaringen (Germany)
T: +49 7072 9168-0
mail@digsilent.de

DIgSILENT GmbH is certified

to the IS0 9001:2015 standard.
More information is available at
www.tuv-sud.com/ms-cert.

© DIgSILENT GmbH

White Paper, Results Reporting, Version 1



