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Exchange of information

e Network planning, power systems operations, e The exchange of dynamic models

demands high degree of coordination and provides power system data related to
consistency in data exchanges, the parameters of an associated block
diagram

e Significantly streamlined through a common
data exchange standard
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Harmonization of the different information modeling and physical modeling computer
languages attractive to support power system model exchange and dynamic applications




Common Information Model

d IEC CIM Standard based On UML tO represent EConductingEquipment
semantic information of a real power system. j}

= EnergyConsumer

CIM

LSers group

+ costumerCount: int [0..1]

e OOQOP principles, defines all the basic components S + groundetsbaslean[0.1]
=+ p:float [0..1] UHIHE“
and topology of the power network & +gifon 0.1
=

+ pfixed: float [0..1] MODELING

+ gfixed: float [0..1] LANGUAGE L %

« ENTSO-E adopts different IEC CIM standards to %
conform the Common Grid Model Exchange

+ loadResponseCharacteristic

Standard (CGMES) 0.1

H LoadResponseCharacteristic

+ exponentModel: boolean [0.1]

+ pConstantCurrent: float [0..1]

+ pConstantimpedance: float [0..1]
+ pConstantPower: float [0..1]

+ pVeltageExponent: float [0..1]

+ gqConstantCurrent: float [0..1]

+ gqConstantimpedance: float [0..1]
+ gConstantPower: float [0..1]

+ qVoltageExponent: float [0..1]

+ energyConsumer
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The OpenlIPSL Power System Library

v 3¢ OpenlPSL
v LJ Examples
» B Machines v 3¢ oOpen:

 OpenIPSL Modelica library for modeling power

grid components. v[5) Contols > [5) Examples
» [»] PSS v|P| Etectrical
e Model components » () psar  »[P) Buses
. . v » CGMES » Branches
» Tested and validated against reference software » ¥ Es > [P| Machines
1 > rb] TG ' Controls
tools » ) kLoads »|P| psat
> Simulink
e Sample test networks (IEEE models, and others) > (2] soler , psse
»[»] Wind P| cames
» > Branches »[P] es
»[» FACTS »[P| e
MODEL |.E A (») TwoWinding1 Loads
(») SMiBpartial Banks
(») BaseTest Solar

OpenModelica

¥ ¥ ¥y ¥ ¥ ¥ ¥

e The library makes available standardized and de facto
standard power systems models usually available in
power system tools only accessible through
proprietary (and expensive) licenses
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Outline

e Background on MDSE & Model Transformations
« M2T, M2M
« UML & SysML

M. Brambilla, J. Cabot, and M. Wimmer, “Model-driven Software Engineering (MDSE) in Practice”, Morgan &
Claypool, USA, 2012, pp. 9-11, ISBN: 978-1-608-45882-0




Model transformation — M2T

oot Power Systems Analysis Too

Model-2-Text - “parsers” or “data file format converters/filters”.

Core Internal Structur Core Computatior
Process Internal Data
T \ / Steady-State Computation
dataset
atase | ¢ dﬁet \ z/ /
sdatastores attributes
— )
.—% Internal Structure AP Internal Data Structure Internal Model Select Analysis
taset

Input File J{mn A/ < K‘<

Parse Internal Data ﬁﬂ/

l

Write Output File

T~

Dynamic Computation

Model is implemented and processed using the
same programming language used to produce
the computation core of the analysis tool




Model transformation — M2T

Model-2-Text - code generation, model-level to code level

Input Mode Core Internal Structur Core Computatior

CIM Model

Adopting the CIM standards, Implementation software

interfaces to perform model-to-text transformations
(M2T) so to adopt the modeling semantics from CIM

zdatastores attributes
Parser UML D+)|nt€fna|5w€tur€ APl —== Internal Data Structure ——== Internal Model

Select Analysi=

l dataset / \
\ Dynamic Computation
Parse Internal Data

Write Output File

éoutput Results

dataset
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o Model transformation — M2M

Model-2-Model transformation processes source models to generate target models,
Endogenous (in-place) — transformation defined within the same modeling language
Exogenous (out-place) — transformation between different modeling languages

model gensal

E BasePower E BaseFrequency
& + basePower: Real [1] &l + baseFrequency: Real [1]
parameter Real wbase = 2 * pi * 50 "system base speed";
parameter Complex Epgp = fpp + a * It;
parameter Real delta0 = arg(Epqgp);
I TopologicalNodd (1 Terminal | 10.00] [ §ynchronousMachine ] Rotatinghachine parameter Real PmO = pO + (id0 * idO + iq0 * iq0) * Ra;
[ (= + mRID: String [1] &+ ratedS: Real [1] - a " oo
10.1] S+ name: String [1] o + piReal 1] Mappl ngs 2al delta "rotor angle™;
& +q:Real [1] ' - - e "
S« racedt: R 11 real w "machine speed deviation, p.u.";
[0.1 [1
e initial equation
14 I 10.1]
H swoltage H SuPowerFlow]| delta = deltaO;
= +v:Real [1] = +p: Real [1] — -
O +angle: Real [1] B+ qi Real [1] I o w = 0,
E synchronousMachineTimeConstantR... ] RotatingMachineDynamics
B + tpdo: Real [1] = + _
= 5 = equation
= + eal = +
& + rotortype: Real [1] Bl + statorLeackage: Real [1]
=+ xDirectSync: Real [1] =+ saturationFactor: Real [1]
S0+ DirectTrans: Real (1 51 + saturationFactor 20: Real [1] der(w) = ((PmO - D *w) 7/ (wW+ 1) - Te) / (2 * H);
=+ xDirectSubtrans: Real [1]
S+ xQuadSync: Real [1] der(delta) = wbase * w;
= +xQuadSubtrans: Real [1]
S+ tpap: Real 1] end gensal;
B +xQuadTrans: Real [1]
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o UML & CIM

« UML: set of model elements representing an analysis of the properties and behavior of a system.

e IEC61970-301 CIM Base UML package containing static information
o« IEC 61970-457 CIM for Dynamics Profile, UML package containing dynamic information

E BasePower Q BaseFrequency
= + basePower: Real [1] B +baseFrequency: Real [1]
. . . . f h ) ) f .
* Limited description of the dynamics information
doc SynchronousGeneratorMechanicaIEquation/
JF==sSSsssSSesssssssssssssssssssssssssssssssss===
' E TopologicalNodd 1| E Temina ] 0 synchr Machine E RotatingMach
Tm ! 1" =l + mRID: String [1] O + ratedS: Real [1]
[] =+ name: String [1] &= +p:Real [1]
0.1 L] F
: speed - 10.1] B +q: Real [1]
! Ll =+ ratedU: Real [1]
]
v d 10.1] m
Pm o n . Tm + angle 10.1]
---..,‘ T :.--...: nfd heee-0 L o Il 10.1]
+* b W i E Swoltage E SwPowerFlow
‘ = +wi Real [1] &+ p:Real [1]
' & +angle: Real [1] & +q:Real [1] 1 "
[
: E SynchronousMachineTimeConstantR... E RotatingMachine Dynamics
H B +tpdo: Real [1] =+ inertia: Real [1]
: ....... = +tppda: Real [1] = +damping: Real [1]
' ¥ " B -+ tppqo: Real [1] & + statorResistance: Real [1]
PP L 0 T Bl + rotortype: Real [1] B st eal 1]
' H = e Real [1] =+ saturationFactor; Real [1]
"""" =} B + saturationFactorl20: Real [1]
=
= 1
= 5 Real [1]
&+ tpql: Real [1]
B +xQuadTrans: Real [1]
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st SysML & Modelica
v 3¢ OpenlPSL

e SysML: Add design principles such as requirements v[») Examples
modeling and reuse of UML class diagrams as block > (2] Machines v 3¢ OpeniPsL

[ excSys: moClass SystemBase

. . . . . g v | Controls » || Examples
diagrams supporting parametric modeling interoperability ,:L PSFSE , Eioctrical
> E] PSAT - E Buses
v b CGMES l Branches
e Document and design concept model that we want to » % ES ' Machines
. v Controls
implement >34 TG ~[B| par
Loads
 Modelica language offers mechanism to implement SysML » (> Solar Esmsék
models > [»] Wind +[B] cames
S E Branches > E ES
- »[» FACTS »|P| 6
K1 gl P 3 (») TwoWipdirg > E Loads
_______ e &= (»~6MIBpartial »| P| Banks
[5] Gen1: moClass | ¥ inout p: moConnector i Li‘\\ BaseTest > 2 Solar
! 5 inout D:moConnulo - > P Wind
{:j| in u: double B ty: double > E Events
C »|P| FACTS
________________ > E Essentials
P)

Sensors

v

'] outy:double [H inu: double! MonElectrical
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» Workflow M2M - Research Focus on MDSE
e Reverse Engineering

e Binding Semantics: Mapping Meta-Model
 Power Network SysML Meta-Model

F. J. GOmez, L. Vanfretti and S. H. Olsen, “Binding CIM and Modelica for consistent power system dynamic model
exchange and simulation”, 2015 IEEE Power & Energy Society General Meeting, Denver, CO, 2015, pp. 1-5. doi:
10.1109/PESGM.2015.7286434




Reverse engineering

CIM 2 Modelica Factory

« XML for component mapping, (_(_{ ,
« JAVA code implementation = <—_
. Y0 Java

Apply Model-Driven Software
Engineering principles:
Let’s formalized this solution!

Mappings
Model Transformation



Model-2-Model Transformation

Design of a M2M workflow to generate power system Modelica models generation

from CIM

oo MZM transtormation workflow

<«<|loop node>

CIM Model

H Identify

Parse

Classes & Att.

|

RDF /XML

%

CIM ohject

Mapping Meta-Model

[]

u

Automatically generate target Modelica models from

source CIM models

General workflow, represent key actions to implement

ﬁ‘

Mapping class structur

map ohject

SysML Meta-Model

[]

0

Metework class structur

ﬁ Populate Mapping Objects ﬁ Instantiate Network Objects

network objec

Write Modelica Model %@

Modelica File




Binding Semantics: Mapping meta-model

p
oo Mapping Rules & Mapping Meta-Mode
CIM Profiles I

OpenlP5L

Mapping Rules %{ Mapping Meta-Model M

Mapping class structure

Identify kemrdﬂcnmmn attri?u

N

Identification of
relevant attributes
from CIM and
OpenlPSL

Each OpenlIPSL component
has mapping rules

Class Structure / Meta-Model

to populate CIM values
JAXB (XML/JAVA parser)
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Binding Semantics: Mapping Meta-Model

OCH KONST &

e @

N ( N

g ConnectionMap Q ComponentMap E AttributeMap

[E1, - terminal_rfdid: String [1] E‘# # rfdid: String [1] - cimName: String [1]
[EL - condEquip_rfdid: String 11 _ 8 _ 8 _ _ _ _ _ _ _ _ _ __ > E‘# # rfdresource: String [1] - content: String [1]
EL - topoNode_rfdid: String [1] E‘# # cimName: String [1] 0.1 - name: String [1]

[5;; # name: String [1]
E‘# # package: String [1]
[E5 # stereotype: String [1]

C I aSS to m ap th e E‘: # attributeList: AttributeMap [*]

AN

- dataType: String [1]
- visibility: String [1]

- variability: String [1]
- flow: String [1]

HaPpaan

connections between
CIM classes

ComponentFactory

E =] senrOUMap ] EsoC1 AMardl| Cl pwiinemap 2]
[CL, - pinMap: PwPinMap [1] - pinTMap: PwWPRinMap [1]

4 + createGENROUMap(): GENROUMap ‘_E - pinZMap: PwPinMap [1]

ﬁ- + createPwLineMap(): PwLineMap

S ] 5 )

Component’'s mapping: Specific class for each
component and general classes for common attributes




Modelica language stereotypes for
models and components.

Power Network SysML Meta-Model

sBlocks
Model

sBlocks
Class

properties

1. properties

Model — for a high-level power
system model

operations

operations

Class — for component-level

power system model
Connector

cici: SysML Meta-Maodal

Modelica (OpenlPSL)
.——e- Identify Modelica keywords

Metworlk Meta-Model M

Metwork clasg/structure

7

L.

Identification of relevant keywords to use for
parameter, variable and object declaration

Meta-model, to instantiate
component objects

sBlocks
Connector

properties

operations
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Q maoEquationConnect

+ in_component: String [1]
+ in_compoennt_pin: String [1]

+ out_component: String [1]

Oooo

+ out_compenent_pin: String [1]

1

B moNetwork

- componentList: moClass [*]

aa

- ist: ionCennect [*]

( £ moodet

E'# # rfdid: String [1]

|._.=",‘ll # name: String [1]

l.__:'# # stereotype: String [1]
E#. # package: String [1]
[Eg # comment: String [1]
[.__=‘# # annotation: String [1]

@ + to_ModelicaClass(): String
m ¥ + to_Modelicalnstance(): String

] motlass

£ mortant

CJ, - attributeList: moAttribute [*]
|._.=|_ - InstanceName: String [1]
[E3, - visibility: String [1]

[E4, - variability: String [1]

Q moCaonnector

[EL - attributeList: moAttribute [*]
[ - instanceName: String [1]
[=] + visibility: String [1]

[EL - variability: String [1]

( ] moattribute

= visibllity: String [1]
+ flow: boolean [1]
= variability: String [1]

& connectPlantCompanents

\S

- dataType: String [1]
- name: String [1]

= value: double [1]

- fixed: boolean [1]

dlgdggdaog

- annatation: String [1]

Power Network SysML Meta-Model

One class for each stereotype

with the relevant keywords for
parameter declaration




Power Network SysML Meta-Model

Q maoEquationConnect

£ moodet

[=] +in_component: String [1]

+ in_compoennt_pin: String [1]
+ out_component: String [1]

+ out_compenent_pin: String [1]

E‘# # rfdid: String [1]
|._.=‘# # name: String [1
pe: Stri

== Class implementation for the connections

[E;; # comment: String

[_F‘# # annotation: String [1]

[=] + visibility: String [1]
[EL - variability: String [1]

Q

8 + to_ModelicaClass(): String
/ ¥ + to_Modelicalnstance(): String :]
\ -

E moNetwork

aa

- componentList: moClass [*]

ist: “ennect [*]

] motlass 7 ] moattribute

= attributeList: moAttribute [*] = visibllity: String [1]

]

£ mortant

- instanceMName: String [1]
= visibility: String [1]

+ flow: boolean [1]
= variability: String [1]

d8ag

- variability: String [1] - dataType: String [1]

- name: String [1]

= value: double [1]

& connectPlantCompanents

- fixed: boolean [1]

Pldiaaog

- annatation: String [1]

Class implementation for the high-level models. Store
the instances of library components that compose the
power system models




SBUS CIM “au

].nlii{ =0,017, X=0.092, G=0, E=0.079) "something here" annctation():
nr an ()i

a0 ()3

nlls

AbE

a

rematically generated comm

tematically ger

Model-2-Model

OCH KONST &

s

tod comme I
m)(a b=100,M b=320,V_b=18,V_0=1.03,angle 0=-82.51, F 0=177.21,
@ 0=12,97,R a=0,X1=0,10, +510=1, :.'1,.,1?=1 oz, T1d‘1"6 Tpa0=0. , Tped0=0, 05, TpoqO=0.05, Xd=1., ?z,xp:ho 23,
Nppd=0. 20, Xq=1. 65, Xpa=0.37, Kppq=0.20) "au cation ()i

atically genera

ad LAE (angle 0=-3€.39,V 0=1.01,F 0=1,Q 0=0)

Lnd§ {R=0. 006, X=0.085, =0, B=0.087) "autcmatically
1d5 (angle 0=—97.19,V_0=0.99,P 0=1,0 0=0)

areferences

Ln8 2 (#=0, 011, X=0. 1, G=0, B=0,1045) "automarically de
[ mo_plant: moPlani :

ad comment™ annotation():

r | 1 . ;
| ereferences i ereferences 1 =0, X=0.0625,G=0, B=0, Aucl =0, 8 =0, cm o CZm0, t2=1, VNOM2=13. 8, VB2=1. (23, t1=1,VNCM1=230, VB1=237. 44) "autcmatic sreferences
e e e e e h | (=] Busl: moClass | | [&] TwTl: moClass generated comment® annotation () : Genlnf: moClass,
1 areferences 4 ; S )
' [=] Genl: moClass | B inout p: moConnecto 1 [ inou} p: moConnecto@ inout n: moConnecto soConnecto
|

B inout p: moConnecty

S5E. TwoWinding
LE 0575,..,4} EB=0,ANG1=0, 8 n=0,CW=0,CZ=0,t1=1, Um?(l 18, VB1l=1.03,t2=1, VNOM2=230, VYB2=235.927)

nsfo

[ in u: doubli Eloputy:double | %, o pl----  F Lo ______ 1

ally gen n ()

achines : . Gnl(S_b=100,M b=275,V b=16.5,V_0=1.038, angle 0=-94.34, P 0=S53.78,
0.06,11=9.55, D~ 512-1.02, Tpd0=0.96, Tppd(=0. 08, Tppgl=0. 05, kd~0. 36,Kpd=0.15, Xppd=0.1,
: i ni):
- catme

L0085, X=0.072, G=0, B=0.0745)

=

srafarencas
(=] excSys: moClass

mat o comment "

| |
'E] outy: double & in u: doubll

- Gn3 (8_b=100,4 b=300,V_b=13,¥_0=1.03,angle 0--87.72, P_0-89.58,
=2.35, D=0.47, S10=1.01, S12=1.02, Tpd0=5.83, Tpgo: + TppgO=0.05, Xd=1.68,
61, Xpg=0.32, Xppa=0.2

R avo,xluo 15, k
ppd‘—a 21, Xq=1

wreferences
| [ LoadBus2: m
_

= £ BUSB(R - 0.1, X = 0.01, tl1 = 0.5,

|

|

|

| | equation

| connect (LudG.p, BUS4.p):
connect (T2.n, BUST.p):

(T2.p, BUSZ.D);

5n2.p, BUSZ.p):
connect (En57.p, BUS3.pl:
connect (Ldé.p, BUSE.p);
cennect (Lnd5.n, BUSS.p);
connect (LdS.p, BUSS.p):
cennect (LuB%.n, BUSI.p]:
connect (T3 BUS3.p):
connect (Tl.n, BUS4.p):
{Ln83.p, BUSH.p):
. BUSH.p]:
connect (LndY.n, BUSY.p):
et (Tl.p, BUS1.p);
Gnl.p, BUSL.p);
connect (Ln78.n, BUS3.p):
connect (Lnd46.n, BUSE.p):
cennect (Gn3.p, BUS3.p);
=t (Ln63.p, BUSE.p);
in, BUS3.p):
connect (Ln78.p, BUSY.p]:
connect (T3.p, BU3S.p);

n Gnl . PMECHO, Gnl.PHE
t (Gnl . EFD0, Gnl.EFD):
connect (Gn2 . PMECHO, Gnl . PMECH
(5n2.EFDO, G
Gr3. PMECHO,

can

connect (Lnd5.

canm

added mannally

cennect (£_BUSE.p, B Buse.p) 5

end CIM_LEEE 9Bus;
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Conclusions

 Workflow that defines a modeling process that takes advantage of
CIM semantics, UML/SysML and Modelica languages.

e Defines a method to complement CIM Dynamics profile with
equation-based component model definitions for physical modeling
behavior,

 Using the Modelica language for supporting the CIM, for
dynamic simulation analysis.

 Defines of a scalable, modular and reusable mapping between
different modeling semantics for M2M transformation.
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Thank you!

MODPROD, 8™ February 2017, Linkdping
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