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A Database Design Method for Wind Power Plant SCADA System
based on IEC61400-25

Chae Chang Hun" - Choi Hyo Yul™ - Choi Jun Suk™

ABSTRACT

In this paper, a database method for Wind Power Plant SCADA system based on IEC61400-25 was designed. To manage big data,
which is produced by the introduction of international standards and large/grouping of wind power plant, database should be systematically

designed. As identify the characteristics of the wind power data and reflect the requirements of a user, it would be decreasing the waste

of data space and managing efficiently the system. As a result, it is expected to reduce cost and effort in development and maintenance of

Wind Power Plant.
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Table 1. IEC61400-25 Document

Part Description

Part 1 Overall description of principle and models

Part 2 Information models

Part 3 Information exchange models

Part 4 Mapping to communication profiles

Part 5 Conformance testing

Part 6 | LN classes and Data classes for condition monitoring
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Table 2. Comparison of WTUR Class and Commercial Wind
power SCADA
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Table 3. IEC61400-25 Data type (Unit : bit)

Basic Types Extended Types
Name Length Name Length
BOOLEAN 1 Quality 26
INTS 8 RangeConfig 224
INT16 16 ScaledValueConfig 64
INT32 32 TimeStamp 67
INT64 64 UNICODE STRINGZ255 8160
INTSU 8 Unit 16
INT16U 16 Vector 128
INT24U 24 VISIBLE STRING255 8160
INT32U 32 VISIBLE STRING64 2048
FLOAT32 32 AnalogueValue 64
ENUMERATED 8 Originator 2056
CODEDENUM 8 OCTET STRING64 2048

A" W1E M3=(2012. 12)

OCTETSTRING 32 VISIBLE STRINGI128 4096
VISIBLESTRING 32 VISIBLE STRING3 96
UNICODESTRING 32 VISIBLE STRING2 64

. ARRAY OF [0..31]
Currency 0 INT32U 1024
ARRAY OF [0..12] 116

INT32U

ARRAY OF [0..20]
INT32U 672
ARRAY [0.numAlm] OF 156

CODED_ENUM
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Table 4. Total size of the data in LNs

Logical Node Data size(bit)
WTUR 4,478,569
WROT 4,604,504
WTRM 5,196,220
WGEN 3,832,699
WCNV 3,376,268
WTRF 4,212,236
WNAC 3,990,561
WYAW 2,458,969
WTOW 1,839,660
WALM 265,438
WAPC 5,843,754
WRPC 2,904,657
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ok o]& WEsW oF 5186MBe A71E /ML ol F
Configuration, description and extensione UERHE Hlo]
El:= oF 926KB, Historical information Hl°oJE+ <9k
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Table 5. The expected size of the data in 200 turbines

Configurati|historic
on al dchg

description [informa| (dupd)

extension | tion

bit | 43,503,571 | 7,585,028 | 27,872 | 13813 | 6,682

Q'Ty| Time | Unit | Total data achg

1 Sec.
KB 5,310 926 3.4 1.69 0.82
KB | 1,062,099 | 185,181 630 337 163
Sec.
GB 1.01 0.18 - - -
200 GB | 87514 15,258 56 2779 | 1344
Day
TB 85 15 - - -

Year | TB | 31,792 5,543 20 10.09 | 4.83
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Table 6. FCs of IEC61850

Table 8. Data type list from FCs (Raw data tables)

FC™ Semantic ST | MX | CO | CF | DC | SV | EX | SP | SG | SE
ST Status Information VISIBL
BOOL BOLEABBOOLEBOOLEBOOLE| E .
MX Measurands (analogue value) EAN ENUM N | AN | AN | AN ISTRIN INT | INT | INT
CO Control G255
SP Setpoint 'VISIBL
. . STRIN| E
SV Substitution INT |Quality] INT | INT G INT STRIN
CF Configuration GIZB
DC Description VISIBL
—~ - . TimeSt| TimeSt| FLOA| E .
SG Setting Group ENUM amp | amp T |STRIN Quality
SE Setting Group Editable G2
EX Extended Definition VISIBL
.. |Origina|Origina E |.,
BR Buffed Report J - - - -
uffed Repo Quality wor | tor ENUM STRIN Vector
RP Unbuffered Report G3
LG Loggi /
ossIng T Analog TimeS \ISEIBL Analog
GO GOOSE Control 1me Vector| ue 1mest ue - - - -
Stamp . amp [STRIN| ..
GS GSSE Control Valve Grog | Value
MS Multicast sampled valued control VISIBL|VISIBL
Original" %8 RangeCl E | E
US Unicast sampled valued control ema o | - fanse - - - -
tor Val onfig |STRIN|STRIN
e G255 | Ged
Table 7. CDC list from Wind power LN Scaled
S I I ™ I I I N I
WPPC | INC LPL INS SPC |WDPL| ING | SPS | ORG onfig
IPHD | INS [WDPL| PS | - | - | - | - | - o Tl - - - - -
WTUR| CTE | TMS | BCR | CMD | MV | SPV | STV - B B _ |CtMod| B ~ B B ~
wRoT| MV | stv o | - | - | - | - | - els
WIRM| MV | STV | - | - | - | - | - | - S I T o T I A B A
sses
WGEN | STV | TMS | MV DEL | WYE - - - ] i  PuseCd ] ] ] ] ]
WCNV | STV | TMS | MV | WYE | DEL - - - nfig
WTRF | STV | TMS | DEL | CMD | MV | WYE - - Object
- - - [Referen| - - - - - -
WNAC| STV | TMS | MV | SPV | CMD - - - ce
WYAW| STV | TMS | MV | CMD - - -
WIOW| MV | STV | - | - | - | - | = | - Table 9. RAWSTBLN table (example)
WMET| WV | - | - | - | - | - -
Hlo] &1 RAWSTBLN
WALM| TMS | ASS - - - - - -
WSLG | - _ _ _ _ _ _ _ Hol & JEHAR(ST)E 7H BOOLEAN EFSl€]
Ay Raw data Ho]&
WALG | - - - - - - - -
WREP | - _ _ _ _ R R _ gc=r LEEY A o A]
WAPC| sTv | INS | MV | spv | ovD | - - - TurbinelD | NUMBER H¥l ID -
WRPC | STV | INS MV | SPV | CMD - - - B1Ael AH(LN,
RefID NUMBER |CDC%)E #zx3dte= -
o D
Raw data tables®] 7} Ho|EE2 U3 d=5 7}xt,
dS Sol, Table 99 #°] RAWSTBLN HoJ=& AHA Value | NUMBER A 0, 1 (false, true)
H(ST)E 7k BOOLEN EF}e] Raw dHlo|EEo]EEM,
. TIMES YYYY-MM-DD
e A g (o)) j=3 A 7¢
TurbinelD, RefID, Value, Date®] = i TAE A Date TAMP 5, A HEMM:SS
FefID¥= ReferencelDE th el Al A3 A3kt
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Raw Data Tables
RAwSTBLN RAWSTINT RAwsTENT RAWSTLT RAwSTTSE RAWSTORG
TurbineID TurbinelD TurbineID TurbineID TurbineID TurbineID
RefID RefID FID RefID &fID RefID
value value value Value Value Value
e e e s i
RAwrET RAWXQLT RAwTKTSE o
Turb ineID Turb ineID TurbineID TurbineID TurbineID TurbineID
fID fID D RefID RefID ReflD
Valua Value value value value Value
o e B Ba e Ba
RAWECoBLN RAwComT RAwcoTsr RAwCooRS RAWCOANL
TurbineID TurbineID TurbineID TurbineID TurbineID
ReflD ReflD D RefID RefID
Value Value Value Value Value
e Bate Date Daie e
RAwCrBL RACrINT RAWCFLT RAwCrET RAWErTSP RAWEFRCE RAWErSVE
TurbineID TurbineID TurbineID TurbineID TurbineID TurbineID TurbineID
ReflD eflD RefID eflD RefID RefID
Value Value value Value Value Value Value
o Date Date Baie s daie bote
RAWDCBLN RAWDCSTR RAWDCSTRZ RAwDCSTR| RAWDCST
TurbineID TurbineID TurbineID TurbineID
ReflD RefID RefID RefID
Value value value Value
S | o pate
k\v///

Fig. 5. Raw data tales ER-Diagram

HEA o7 FC/volHeyds nie
table©] Fig. 59 #o] 46712 Ho]&

©% 3 Raw data
2 349 F

2) Reference data tables

Raw data tables & 7]&2x o2 N9, CDCH, Attribute
W o5 TEIE ARE AT F Qrh o] ARES

StringBt4 o2 AGE A9, A T dHE A E F
glom e RefIDE €1 9] Numbere}gj o2
Ageta, FxE = ¥=9] Reference data tablesE
et A I3 EHlE EAh oW, HoEES
IEC61850, IEC61400-259] 5730l whe} Ee]gx2 /3t
doly #zxe F84& P dE S50, Fig. 6%
Zo] WTURS AvlITmRs, OpTmRs 59 dataZ
AvlTmRs= TMS(State timing)2H= CDC typel.2 T4 5
o] Qo2 Z manRs, hisRs 59 datags ztA Ay =3

N
PE
rr
X,
i
rlo

ZEaL,

= [a
B
il

g
g

g
E

) EE
BEEE

Fig. 6. WTUR data structure

manRs+ SPC(Controllable single point)gti= CDC typel &

TE] L,
A9 EgTxE P4¥E JEES
#HEsta, ol ARES
Raw data tables®| 8}1}<] ReflD E =

+ ctlVal, Origin 59| datag Z+
Reference data tables®
3lhe] Reference IDZ 53}
M i

Table 103} Table 112 Reference data tables®] 3t <&

HojF1, Fig. 72 Reference data tables HAE

ER tholo]z o]t}

Table 10. LN Class table (example)

H o] &1 WTUR
Hol& A1 225 = IEC61400-25 WTUR(LN) Model
I=r J =S A o Al
Attribute AvITmRs
Attr_Name | VARCHAR?Z2 Name JOpTmRs =
TMS/CTE/BCR
Type VARCHAR2 CDC Type /STV =
Value NUMBER Fx %
Table 11. CDC Class table (example)
Hol =1 TMS
Hol& A1 x5 & IEC61400-25 TMS(CDC) Model
q=d 2R A o A]
Attribute manRs/hisRs
Attr_ Name | VARCHAR?2 Name JactTmVal =
CDC/Attribute SPC/INC/INS
Type VARCHAR2 Type /INTRU =
Value NUMBER 2z %
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1
Logicalode
LN_Name
Value
< pidentifyng>>
LN Model
WPPC LLHO LPHD WTUR WROT WTRM WGEN WOHY WTRF
Attr_Name Atir_Name Attr_Mame Attr_Name Attr_Name Attr_Mame Attr_Name Attr_Name Attr_Name
Type Type Type Type Type Type Type Type Type
Value Value Value Value Value Value Value Value Value
WHAC WYAW wrow WHMET WALM WsLG WALG WREP WAPC WRPC
Attr_Name Attr_Name Attr_Name Atlr_Name Attr_Name Attr_Name Attr_Name Attr_Name Attr_Name Attr_Name
Type Type Type Type Type Type Type Type Type Type
Value Value Value Valse Value Value Value Value Value Value
<sidentifying>>
CDC Model
LPL BCR INC INs SPS WDPL ING
Attr_Name Attr_Name Attr_Mame Attr_MName Attr_Mama Attr_MNama
Type Type Type Type Type Type
Value Value Value Value Value "
—]

Fig. 7. Reference data tables ER Diagram

3) Trigger data tables
Raw data tablest JAZIE HHoZ AYEH=
olpR 2 HxHA gerh wEbA A5 JHoEY
dole e 72 vt gtk AF JuolERE o]
Ao koA T T o EH EﬂO]Ei AELEE &
oA, A ZEAE PS4 gtk IEC61400-
N
H

2

F7e] dlolH

A
5 O
R

=5 F od fﬂol‘ﬂﬂ 2
z3] g A7t diste] AHEYTE WA,
453552 Mandatory = 2] 4 5 =
o] dlolEEL T A HE
g ola, A5 xR ALY
> F WA R Trigger A0 ]
EA f&‘?}. Trigger option< A EjL} 7k
, 2UAoR Y IgEEoTh BFdA AREEH
%+ dchg(data change), dupd(data update),
qchg(quality change)7} @1t} whebA] $-2]+= Trigger option
o] ARE HolHE AF FxEHE HolERE A4St HE
2 #2899 th Raw data tablesZ} PFR7FAZ 2 Trigger
option®] AAF data®l RE EYS Z=E3}e], Table 129}
ol FCH=E A#atrt wh7iAZ 59 FC/H ol HES]
Mg FRFoTH HolZe d=

3 GHE Fo E%"qoi Age 4
tableSL F1g 8»} 7“3] 267H/] Eﬂ IR =4
=9 Hole2 AW, o Hols diojE] =7]
o2 Raw data table?] 0.05%°l & ¥}s}t}

E_o]

o
piles
rlr do © & 0 o ff |m Aol de oo o

A Tof 2 o

p

Trigger

5
g ol

3l Trigger data

0] L=
AT T
= o Ji
T

= A
==

PN
U=

Table 12. Data type list from FCs (Trigger data tables)

ST CF CO MX SP
ENUM BOOLEAN INT ENUM INT
INT CtlModels Analgue Quality
Value VISIBLE
BOOLEAN| ENUM |BOOLEAN A‘r]ljzie STRINGZ
Quality FLOAT - Vector -
TimeStamp INT - - -
B Objec B B B
tReference
- PulseConfig - - -
- RangeConfig - - -
- ShoClasses - - -
B ScaledValue B B B
Config
- TimeStamp - - -
- Unit - - -
4) 71 ¥+9] data tables
71 yFe] SCADAAI~®lS FASH=Y Hadk oY data

tablese] A7} Fodt}h WA Alarm Data tablesE %9
7)o A W AslE de(Warning, Error 5)3 A]2¥] o]
Wl E (Warning, Error, Exception %) @il AF&A} o]HlE
(Login, Logout, Control, Alarm ACK %) Ho|&=Z FAgt
T Stk Eg H/WAAGEA R (CPU, Mem, HDD, Net)
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1
Trigger Data
TRGSTBLN TRGSTINT TRGSTENM TRGSTQLT TRGSTTSP
TurbineID TurbineID TurbineID TurbinelD TurbineID
ReflD ReflD ReflD ReflD ReflD
Value Value Value Value Value
Date Date Date Date Date
TRGMXENM TRGMXQLT TRGMXVCT TRGMXANL TRGCOBLN
TurbineID TurbineID TurbineTD TurbneTd TurbineID
ReflD RefiD RefiD ReflD ReflD
Value Value Value Value Value
Date Date Date Date Date
TRGCOINT TRGCOANL TRGCFBLN TRGCFINT TRGCFFLT
TurbineID TurbinelD TurbineTD TurbineTd TurbineID
ReflD RefiD ReflD ReflD ReflD
Value Value Value Value Value
Date Date Date Date Date
[TRecrenn] TRGCFTSP ‘ macm/
= T
Fig. 8. Trigger data tables ER-Diagram
— 1 N
Confgraton Deta \ AlarmData
wiG WF —1 \ \\ \.
GrouplD <cinifyng>> | FamiD Comectontane §l s Wik Sk titithiie]
Grouphiame Farmhlame Serve P e GrowplD UserID SystemID
TubneD [ |GowD D \ U Status StartTine StartTine
‘ubmeqnl GroupQnt P Mem_Status. EndTime EndTme
Level Subnetmask Port HOD_Status EveniType EveniType
Dete Comectedtp UpdateTime \ Net Status AdStats AdStatus
ModfiedDate 3 e AddD AID
Router \ Descrption Descripton
\\
\ Alarm_WT AlarmPolicy|
AlemiD <<identifying>> AlarmPolicylD
TurbineID Name
LNName Level
AarmType Descrption
Harmialue
StartTime
EndTime
AdStatus
AGID
Descrotion
NarmPoicyD
/ \.aenufm»'\
Fig. 9. Configuration Data, External Data(A) and Alarm Data(B)
Hol&, &4 gHolEo] ETAF F 9tk System stE Qlsto] W& e dHolH7 WAt shAR, 37 F
Configuration Data tablest A8l 73440 #eHd Al 2do]| A ALY dlo]E{H|o] Ak o] 2 ukdElx] L3}
ol EEEM, FYUYLAGA/AF/HY FTARRHE, A H, A%, &84, HoM, 494 T Be EAd &5
A/ A AREolE, ALY ArEolE, oA AE o] tk wehr ¥ =FolA IECE1400-25 = A EF7]u
HoARHol &2 TA4T 4 9lth External Data tables: o FYAzES AT ]H“ﬂ ol~5 AAs] 9k,
GpAseT QAEE doleE ARee Tho Y A bed 49S d3e, =@ ¥ AFHez wa
HHolE, ZHZHHHo|E, CMSHEHER FAT olel RS HA G WA v EAlshE WHA
S 9la, AAEE Asdel Wl B89 4tk Ao SCADAAZ~HO|A AL4EE dolEs 44 Fe SCADA
2 IHLAVIEY AN, ZEE T dAilol %JPJ& Al Z=glo Al ALEE = dlelE]E At R TEC61400-25 = A
dolElv= He] View HOlEE o]&38t9 xdE 4 glo Eol taiA zrEFRe] Addeiint 7)€ WAL SCADAA
W, ol seld Tlel TAHY A4 £ Otk Fig 9 e RIDBE cEa, A AN e A 2
= 99 EHlo]EE& Z &3 ER Diagrame]th. on FT EJEE HEAF AAst= Aot AR
SAEEe) BT o $AS Wasl BAT Ao uo)
4.4 = W 4§ ¥ SCADAAZHo] EFES o A% urge
i A, dod el dolHE Aan e 9
[EC61400-25 =A% =93 Fedde] qys) &~ gk dlojE o] AAE wEstedor & F o et
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=g doly ®HES AAs7e A IEC61400-259]
oy A7|¢} §AE wuste], dAe V& WS dAs
Atk FY SCADAA~HES dlo|ElH|o] A<= Raw data,
Reference information model, Trigger data, Alarm data,
System Configuration data, External data® TA13}Sith. 7t
A &2 fellA Awe nie} Zom A F4E& Fig.
103 #t}.

AHEl_BOOLEAN
YEH_INT
AEJ_ENUM
AMEf_Qualtiy
A4E}_TimeStamp
4E}l_Originator

External Data

B Hof

Turbine Raw Data Trigger Data

Reference Information Model Data

LN Model

dchg, dupd,

CDC Model qchg

‘ DA Model |

A2E PHTe ojfiEEE
WT/WTG/WF
TaRE
Qe AFHE Ly

|
o
ne
gt
o
f

Configuration Data Alarm Data

Fig. 10. Logical Data model
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