Introduction

Dynamic simulation consists of at least these &teps:
Load flow preparation
Dynamic model assigning
Simulation parameters
Simulation and results evaluation.

This short tutorial describes these steps on thwlsi case study (based on Example 1 from the EURGSF
Tutorial).

Some operation instructions are in the User manbalh is available from menkile/Programs documents.
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Example — Input data
The network with necessary load flow data are énfétlowing figure:

Step-up transformer 1300 MVA Lines 100 km  Step-down transformer 1000 MVA

241400 KV R=0.03Q/km, 400/158 kV
U=10.5 % Ap=0.24 % X=0.33Q/km, =18 % Ap=0.21 %
GEN NGEN NHv1 B=3.86uS/km o NLOAD

M . LINEL_2A {(D—I eﬁoo
Generator 3 1131, LINE1_2B 2 124 48 MVA
1150 MVA 24 kV
0%,=0.956 24 kV 380 kV 150kV
Load depends on voltage and frequency accordingldtions:
P=R(U/Ug)L(fffe) Q=QyU/Ug)*
It corresponds so called static load model (AppiicaGuide [1] chapter 4.1):
PSTAT=Po(t)* (1-Ap-Bp+Ap* U+Bp* U*)*(1+Cp*sy)/(1-Ap-Bp+Ap* U+ Bp* Uo’)
QSTAT=Qu()*(1-AQ-BQ+AQ* Uo+ BQ* Us")(1+CQ* sU)/(1-Ap-BP+Ap* Ug+ BP* Ug?)
With parameters: g=1, Bp=0, Op=1 AQ=Ap/ty  BQ=1+Bp/ty = CQ=Co/tgd Ap=0, Bp=0, Cp=0
Generator parameters are Un=24 kV, ggu0.956, Sn=1150 MVAX;=2.57, X;=2.57, X4=0.422 , X;=0.662
X4'=0.3, Tgo=7.695 s, Tx'=0.643 s, ;v'=0.061 s, [¢'=0.095 s, [,=2H=12.6 s.
Use constant Efd for excitation system model (CON&Ad standard turbine model (STAN) according feifg
figure®:
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Nt =const.
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Power control loop is open (switch is in OFF pasi)iwith A1=1. Nominal turbine power is Ntn=1000MWurbine
and speed governor are represented by followin@rpeters: k=Sn/Ntn=1.15, =0, k=25, Tes=0.01 s, T=0.01 s,
Trp=0.01s, k=10 s, kp=0.3, kp=0.7. Other parameters are default.
Following events will be simulated:
1. step change of load of 50+j25 MVA,
2. switching off the line LINE1_2A.

! More details on power system modeling is in Apgtiien Guide [1] which is available from meRile/Programs documents
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Load flow data

The best way to prepare new load flow is using efiybroject and editing its data.
To Open the project:
Click on the project name NEW in tieojects tree.

Click &= icon on toolbar or use meroject/Open.

Confirm OK and the MODMAN overwrite working subdirectories V& VYST by projects files (use the menu

Project/Saveor Save Asto save proceeding project data

There is only one case named UST_STAYV in the NEWyept and we use it as a base for our new netwadtion.

Click ™" icon to open Load Flow Editor. Adaptation the maxles network contains the following steps:

to rename the node names UZEL1 and UZEL2 to NH\ULNHV?2

to change the reference voltage Uv from 400 kv&0 BV

to change the consumption and generation Ploadddod Pgen/Qgento 0

to change the reactive power range Qmin-Qmax to 0

to rename the line name VED1_2 to LINE1 2A

to change the line parameters R=3, X=33 ,B=386

to rename the Unit Name BLOK1 to GEN and Node N&€eGEN

to change of nominal power Sn=1150, Ntmax=1000 {nahturbine power) and unit transformer ratio pt=1

It will be done simply by editing of cells in taklef nodes, branches and units.
To add new parallel line LINE1 2B:

Use mentEdit/Add branch
Complete form for the similar parameters like EIN 2A

. Form for parameter set up for branch determine the topology firstly

Senuention -~ Topology —————— R [Ohm: % [Ohm]; B [mikroS]: State [0A] ImacSman: [AMYA] = Tugica) gats

Mumber: From Mode: To Made:
I 5] j33 fa86 |1— [z
: |1 j |2 j [~ Unsymmetrical data

Branch
Mame:

TNET Branch Type
— ’VF Line " Transt.

K

Cancel (:- e ('\- [ [R1E]=)

b ettt

=101]

Click on theOK button

Then we add two new nodes NGEN and NLOAD.
To add new node:

Click in the table of nodes (the table must beoye)l
Use menuedit/Add node

Complete the following  form  for |

NGEN node (|t is PU type node dui dertification  Area Reference  SetVoltage 5ot Delivered Qmin (ML Gimas MY AT
Mode

Mumber: Woltage [KW] [kv]: Pavver [hdy]:

=10 x|

to connected generator GEN).
Ja |1 j |24 j J24.5 o J-a00

Ictertification Mace: Type Active Load Reactive Load

Marme: PG ThAiT: [hd Ar]:

INGEN &+ Pl jo Jo
= Motar
oK |

Click on theOK button

v Added branch Cancel |

| |
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e Complete the following form — determine From Nodenter 1 firstly (in the Topology frame) and theteseTransf. for
Branch Type.:

W, Form for parameter set up for branch determine the topology firstly -0 x|
Sequention  ~Topology ———————— Pk [%]: uk [%]: i0 [%]: Tape [-1 State [0A] Smanc [MYA] v Mameplate data
Fumber: From Mode: To Mode: IU = |1 n IU . | 5 - |1 o 4 5
b EE =5 : =) I _ I~ Addta 3 wind transf akle
Sn[MvAL  Fromnode side  To node side Un Ratio incremert [%]; | Unsymmetrical data Tonieal data

Branch |1 300 |4°':' I24 I,I ypical data;
Mame: -
IF Branch Type Tap+ [-]: Tap- [ IMaInS?U_M\-"A vl

- © Line (¥ Transf. jro jro Save |

Ok
Cancel fu e -

* Repeat preceding steps for NLOAD node (it is PQ éNdgipe with Reference voltage 150 kV and Activeftiea Load
600/200) and T4 _2 branch (determine To Node nun@bérstly and then select Transf. for Branch Type aheck
Nameplate data, From/To node side Un is 158/400 kV)

To add new parallel line LINE1 2B:

* Use menwEdit/Add branch
e Complete form the similar parameters like LINEA MRGEN
*  Click on theOK button

To remove unit EKV_TS:

e Click in the table of units (the table must be gef) in the row with EKV_TS ¥ must be in the left column)
e Press the Delete key and confirm deleting
PressOK button

Before computing this new load flow it is necesdarperform the following steps:

1. define new Reference node (slack bus) to 3

2. press th&avebutton JRI=TEY
3. confirm the topology variation by Yes button _;;a;;:r;:;;n;ﬁ: o Flows e

4. complete the fornNew Load Flow Specification | [eroen

- GLOAD is anidentificator and Description it
adjusted according the new network

5. click OK button

6. confirm the load and units variation bYes
buttons

Load Flowy Description:

I' Generstor feeding the load through double lines

I'Simple four nodes netvwork'

o |
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Now it is possible to recalculate the load flow fmessingRecalculate LF After recalculating the first table with
nodes is refreshing. Because the voltage in th@AL is low (146.3), we increase it.

To change the voltage of the NLOAD:

e Click in the table of branches in line T2-4 (table must be yellow an® must be in the left column)
e Change the ratio (it is denoted abs{Up/Uk}) of &4 from 0.9993 to 0.94

¢ PressSavebutton and No for new variant conformation.

» PressRecalculate LFbutton to calculate new load flow.

The voltage is 156.95 kV. The load flow data isgared for other steps. The load flow data ovenigein this form:

LF editor GLOAD100 Project:NEW Case : UST_STAY ﬂll
File Show Edit LoadFlow Dynamic Intidisation  Search  Oneline scheme
| ' Generator feeding the load through the double line Reference Power [MYA]Reterence Nodes: ‘ Save
| 'Simple four noces network ' |1 o0 3 Extt
Table of Nodes: GLOADT00.ust
IdentM |NodeMame |-aldMumber| Uw(kW]] absU(kV]| argU[deq)| Ploadtw]| Qloadiiviar] PoeniMiw] Gaenibdyarn | complbyin | Dmin(kiiér|Emaxiiar) ey Load
1 [NHW1 1 3&0 4021 -25814 0 0 a 0 0 0 Flowy
2|NHW2 1 360 38997 -6.0854 ) o a ) o ) )
3|MGEN 1 24 245 o 0 o 604.52 228.57 o <300 600
» 4 |NLOAD 1 150 156 .95 -12.067 600 200 a 0 a 0 0
*
Flows
Table of Branches: GLOAD__0.vet
SeqB|BranchMame Fromitode|  TajMaode RO #[0hm)] BlmikioS] abs{Up[-WUR[-H-] arg{Up(-JAUkldeg]]  State(041] GilmikroS]) Biifmikro5]) GilmikroS] BilmikraS]]  Imax/Smes(f/MyA] RO
» 1 |LINE1_22 1 2 3 33 386 1 0 1 a 0 0 a 1200
2|LIMNE1_2B 1 2 3 33 356 1 o 1 a ) o a 1200
3|T1-3 1 3 0 0.044 1] 1.053 0 1 a 0 0 a 1300
4 |T2-4 2 4 0052 4.493 ) 0.94 o 1 a ) o a 1000
*
K| I3
StateG [ UnitName NodeName Number-] SnibVAT] Mgt/ ]] Nimas(tdiad] ¥l Pt -] Part]  Mode[]] Load Flowy Calculation:
1]GEn NGEN 1150 100 1000 0 1 0 0 || RecalousteLr | EEARSRERURERRC VAT -
% Mowed b ot tertion %
| Program UST 2.218 | =
| Released: 21.7.2003 |
|tc) Karel Masio PRD 1984-2003 |
| Serie:T_2003 |
t calculstion of the Jacokian in the each iteration
Generator feeding the load throudgh the double line
Simple four nodes network
MNodes number, Number and Id.number of skack nodes Refere 4 1
tteration process overview
max.error fteration Num
S.9120952E-07 1
(Calculation timefh min sec 0.01*sec] O 0 O O
« | LlJ

Directly from the Load Flow Editor is possible toitialise dynamic models nevertheless no dynamidetwoare
defined. The MODES uses default dynamic mddatsl typical parametérs After selectingDynamic initialisation from the
menu three blank text boxes appear in the mid@tleneans, that starting dynamic models are ingédiwell and it is possible
to carry out next step — specify dynamic modelssPIEXxit button to return to MODMAN environment.

LIt is classical model for generators and standaodel for turbine
2 The first set of typical parameters in the glatathlogue is default

MODES 2.2/11 Tutorial 1st Edition 8/2008



Dynamic Models
Simply way to assign dynamic data to units is usimit Models Editor.

Click on the Unit Models Editor |co® on the toolbar.

Click on the unit GEN

PressAdd record button

Press yellowsenerator button and select PARK model from the list box
Press greekxciter button and select CONS model from the list box
Press bludurbine button and switch OFF radio button

PressChange all modelgo replace default models and confirm all changes

Now we change parameters by simply editing of defaarameters. Press again yell@gnerator button. Then click
on the last blank row in the table and prAdsl parameters button. The default set of parameters are comigis row and it
can be edited. Click again in the new row and ireparameters according chapter Example — Inpug. ddten click on the
other row (symbol of pencil disappears) and clieklbto the editing row. Press tdange parametersto exchange default

parameters for this new set of parameters S1100.

Generators | Un Cosn | Sng Xd Xq Xd1 Xd2 | Xt | TdO1 | TdO2 | Tq02 | Tm Xql Tq0l | Coment
kv) | () (MVA) | () ) () () (s) (s) (s) () [0 (s)
S1100 24 0.956 | 1150 257 | 257 | 0422 | 0.3 | 0 | 7.695 | 0.061 | 0.095 | 12.6 | .0662 | 0.643 | 1100MW from Example 1

We edit parameters for turbine model. Press agi@ Turbine button. Click on the default set of parameters and
pressChange parametersbutton. Further procedure is similar like for gexters. Changed parameters are bold in the

following table.

Turbines kN TV TI The Tr TLp Vm Vmx Vimi Vima Vesto Visto Gmn Gmx KLp Knp k|v Coment
() () [ (5) [(S) [ (5) | (s) n (f) | (Is) [ (/s) [ (Is) | (Is) | () | () () 0 10
T1000 115 | .01 |02 | .01 |10 | 04 (1 |01 | 4 0.67 | 4 -4 0 1 07 103 |2 Turbine from ..

The last changes app
Changed parameters are bold

ly to governor. Press agam Piime mover control button and repeat the editing process.
in the following table.

Regulator|AL|A2| Tl |TIB |Tn|Ten |KT |K|ksp |Ker [Kcor |Kpres |Kror |GEN [VN step [dFr |dSp |dpres [P |Nemax |Nemin|Coment
O O [9)[(s) [9)[(s) 1) |-]O) O | O 1O [%/min |(%) (%) |(%) |(%6) (% (%) (%)
OPENL |1 (0 [50|100|1 |0.01|1.5|1[25 |0 |0 1 05 |1 1 0 0 0 0 0 1.25 |1.25 |open loop with speed ....
The following screen shows the final models sebecti
EDatabase of Unit Models - Close the Models Editor to return to the Yiewer 2lx|
~List of unit = ~ Glokal madels —Component selection for unit models — 15 ToolTi
e in Qwercurtent limiter S
(7 Generalors modification: z Change parameters |
i MoREREtt, | Underexctaton imitar_|
Modfcaon || ifbasie | —Sustem stabiser | Cromgenseel || s parameters |
Biok.001 detabsse: & controlier Speed control Crenge el | T I
Area selection IND - Excitation Prime maver
1 - 0bit control canirol [peorrotmesde | Remoue record l
= o
W € Sheed Ok
e T Carcel
i LY
S | ] Turkine S
cons  « STAN wljcons  ~| scheme
Set of unit models typical parameters from TP_BLOK.CAT catalogue:
Generators Uniev] Cosn(l] __ Snalbfa]] #il] #il] 2d1[) =ef2[)| B8 Td01[z] Td0z[] Tap2k] Trfz] Halp) TaDifz] Rstall] Ri
cietaul 175 085 235 25 25 0425 03 ] ] 0.08 04 12 25 [ ]
cistaul 175 085 235 25 25 0425 03 0 8 0.0 04 12 0425 8 a
350 24 0564 1100/ 25 25 0425 03 0 8 0.08 04 12 0425 8 [
J350+T 24 D864 100/ 25 25 0425 03 0 8 0.0 04 12 0425 8 a
390+ 15 067 250/ 27 25 036 029 013 85 0.05 035 8 035 85 [
P260+T 15 0867 300/ 27 2B 036 023 013 65 0.05 0.35 ] 0.36 85 [
519547 15 0867 | 27 2B 036 023 013 85 0.05 035 8 035 85 0
P130+T 15 0367 150/ 27 2B 036 023 013 85 0.05 0.35 8 036 85 a
R 24 07 5000/ 25 25 0425 03 013 8 0.06 04 12 0425 8 a
130T 1575 067 130/ 148 077 042 025 i 76 0.038 043 575 0.42 7B a
¥ [51100 24 0355 1150/ 257 257 0422 03 0 7635 0.061 0.035 125 0.0662 0643 a
DIESEL 63 08 73| 138 069 023 012 [ [ 0.08 04 3.58 0.69 5 0.009 00
*
K 3
Typical parameters of selected unit GEM - NGEW
[ Generators [Un(k] [Cosnl] [SnaMvA] [=d] [Xall [Rdi[] [Xd2(] [0 [Td01is) [Tdo2(s) [Tq02(s] [Tmis) [¥al([] |[Tq0i(s) [FstatC] [Rrot] [dPAC) [Erem(] [Komentiext] [Katalltext] [Duplbool] [NumberfInt] |
Zs100 |24 nass |1150 |257 [257 [0 422 |03 |o 7685 |06t (0085 [126 |0 0552 [0643 |0 o o o 11100 My from Exampls 1 |Lacal o |14 |

After changing models and editing parameters p@d§s confirm new modification and saving new paranwfato

catalogues as well.
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Data for load models are managed by Nodes ModétsrEd

«  Click on the Nodes Models Editor ic&= on the toolbar.

¢ Click on the node NLOAD

* PressAdd record button

e Press purpl&tatic load button

* Move slider for Static load to 100%

* Pres<Lhange participation button

*  Write 1 to the text box Number of active recordVndification.

Now we change parameters by simply editing of defsarameters. Click on the last blank row in thel¢ and press
Add parameters button. The default set of parameters are comidtlis row and it can be edited. Click again in tiesv row
and repair parameters according chapter Examphput | data. Then click on the other row (symbopencil disappears) and
click back to the editing row. Press tbdange parametersto exchange default parameters for this new sgtacdmeters
LINEAR displayed in the following table:

Regulator AP BP CP A0 BO Co Coment
The following screen shows the final models sebecti
EDatabase of Nodes Models; NEW; UST_STAY ilﬁl
rlistofhodes: ———————————————  _aketive Models—— _podel Selection —— —Participation on the Load Model
MHY Active Databaze Rumber of Active Dynisimic: ol
IHY2 e Records in Termostatic (sl | Ji
Lizly 004 Modification: J— : :
A ¢ . o 0% 1
! B T Static ioad
|1_ Constant active current J
Mumber of A_ct‘ive _ J |
Records in Basic 5 = - 0% i o 100% 1o
Database: Enquival 8
. as mtar Congstant reactive current I
Load frecquency: 0 0% 1 o £ !
shedding Change Participation | ‘
Taable of typical parameters for: Stal i i = —
m Cp A0 B COf 8] dumd[]] dum2(-]] d : i | the first stage
0 e e e et e - 101
0%
the second stage
0%
the third stage
0%
the: fourth =tage
0 e e e e e = 100
0%
Change Yolume |

OK | Cancel |

Addirecord | Remove record

IV Tool Tips B | Add parameters
arameters

PresOK, confirm new modification and saving new paramgeieto catalogues as well.

Dynamic models are ready now and it is possibleitothe simulation by clicking on ic® in the toolbar. Standard
graphic occurs on the display (Active and reacpesver output PG and QG, speed deviation SG andrtarmoltage UG
of the first generator) and it shows a steady stRress E key to exit

We can save our work in this phase like case. Glickhe menCases/Save aand fill the following form.

x|

Buist SES: Case Mame:
IMITSTAT

UST_STAY I Save |
Author:
|uiivatel Cancel |
Created: Madified:
|5 52008 52008
Description:

Initial state with defined dynamic models

Then press th8avebutton. Now we can continue the solution.
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Simulation parameters

Simulation parameters contains especially:

=  Simulation time and sampling periods
= Definition of scenario - sequence of simulationrage
= Definition output variables - displayed during slation
= Determination of output files for post processing.
Click on the menModify/Control to changesimulation parameters and fill the following form:

i, Calculation parameters; NEW; INITSTAT - | Ellll

Load Flow Calculation

Initialisation
' Calculate Initial Condition and run the simulatian

ode

' Run the simulation fram the initial state

= Run the simulation from the final state of the preceeding simulation
= Run the simulation from the snaped state of a preceeding simulation
(" Read input data and calculate initial condition anly

[™ Keep the Time after a Snap [Return Mode) I~ "Real Time'" Calculation
Time of Simulation End [5]  Sampling Period [5]

|1un |.05

r~ Integration Step [z]
Inifal 109

Minirnum I 25
I awirnum I Kl

r—&llowed Error [pu] of

Integration of the Differerntial Equationsl o0z

Iteration of the Metwork Equations o0z

Allowed Mumber of [terations

I 10 [~ Create aDiagnostic File

¥ Use the Tools Tips oK | Cancel

Then press th®K button and confirm Yes to create new variant.
Simply way to define events is using Scenario djddox.

Click on the first icon in the third groups on the toolbar.
Click onAdd eventbutton

Write time 10 s

SelectNodesin Object types frame

Click onAdd object button

Select NLOAD fromNode combo box

Write deltaP=50*100/600=8.33 % and deltaQ=25*100£12.5 % intdParameter specificationframe
PressAdd andCancelbuttons twice

Click onAdd event button once more

Write time 20 s

SelectBranchesin Object types frame

Click onAdd object button

Select LINE1_2A fronlLine combo box

i =1glx|
PressAdd andCancelbuttons twice, o evets
so that scenario dialog looks like: Time [sEtiey: [ change of e oad
PresfOK and confirm creation of new variant. mzo, BRAN | | Moges  deftar(%) cetaarin)
10000,  [EMD
MLOAD ! .33 125
Change the object |
Addeverﬂ Remove event Clear all |
¥ Tool Tip Help Ok | Cancel |
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Simply way to define output variables is using Griamialog box.

e Click on the second icoE in the third groups on the toolbar.

«  Write Example 1 to theeft title text box

e Write 4 to the Graphs number text box

e Click onClear button in the 1st graph frame

e Click onAdd variable button

* Select SG fronvariables combo box

¢ PressAdd andCancelbuttons

e Write 0 and 1.2 to the text box&snin andYmax in the
2nd graph frame

e Click onClear button in the 2nd graph frame

e Click onAdd variable button

« SelectNodesin Object selection frame

e Select NHV1 fromNode combo box

e Select /U/ fromVariables combo box

* PressAdd andCancelbuttons

*  Write 0 and 3.2 to the text box&snin andYmax in the
3rd graph frame

e Click onClear button in the 3rd graph frame

e Click onAdd variable button

« SelectBranchesin Object selection frame

¢ PressAdd andCancelbuttons

e Similarly like SG Add variable NT (turbine output)to
the 4st graph, so that graphic dialog looks like:

¢ Press0K and confirm creation of new variant.

. Data of grphic; NEW; INITSTAT O 5'
Left title Righit title:
IEXAMPLE1 ITRANS\ENT STABILITY
Graphs number [a ¥ Step chnges I~ Complex plane [~ External source
—:;s;ii:;a: Objects TR _\zfl;::t;ﬁaih Ohjects VRS
' min I *'min
SG 'GEN' v o THWT !
M miEE I 11 Wmax (1.2
Add varible | Add varible |
Replace I Replace I
Remove I Femoyve I
Clear I Clear I
_\eradng::: Objects Mini _3t:r|ga:aa|22 Objects T axas
min I i
Y 'LINET _24! o NT 'GEN' v
Ymax |32 max |1—
Add varible | Add varible |
Replace I Replace I
Remove I Remayve I
Clear I Clear I

| Toal Tip Heln

left title:

Showy the case name in

| Cancel |

It is necessary to define output files for inveatign of simulation time courses after finishingcafculation. Click on
the menwModify/User File to define these files and fill the following form:

e Write Example 1 to th€omment line text box
» DeleteGeneric Name for User Filegext box
e Click onAdd User file button

e SelectVariables from display tap

« SelectVariables from the first graph radio button and pregsdd button

e SelectVariables from the second graptradio button

* PressAdd andCancelbuttons, so that scenario dialog looks like:

. User output files setup; NEW; INITSTAT

=0l

Comment line —Units Yariables far 'SET' User File
IEXAMPLE L —the First Set
Generic Mame for User Files: I— Wariable Symbol
G - l
aal Objects List
-EE‘Z- Add User File [FEBLE
GR3

¥ Use the Took Tips

Remove

Clear

il Uit

Bemove

Clear

uil
Ml

~the Second Set
Yariable Symbal
PG h l

Objects List

Acld Urit

Bemaove

Clear

Cancel

oK |

Then press th®K button and confirm Yes to create new variant.
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Simulation and results evaluation

Now we can repeat the simulation by pressing thécon ® in the toolbar. You can see the system response on
events determined by scenario directly on dispB®scause the response of the system and calculsiult are satisfied we
can save the calculation like case named like LINEO

It is possible to show predefined variables timarse after calculation. Cheds graph check box in thdResults

icon on the toolbar. Four iconE appear on the toolbar. You can examine of timesmby
clicking on these icons. The following figures shih& time courses.

The voltage /U/ decreases after load step chanddia®m outage. Load decreases consequently duegidation
effect (especially due to voltage dependency). igaqy deviation increases due to power exces®irsknd.
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Now when we have finished work we can save it Bkproject. Click on the menrojects/Save asand define the
name (e.g. Tutorial) and description.

Reference
[1] MODES 2.2/2 Application Guide "3 Edition 10/1995
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