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Abstract

Background/Objectives: Micro-grid is new electrical networks with Distributed Energy Resources(DERS) like photovoltaic, energy
storage, small generator. IEC 61850 is international standard of integrated power system with various DERSs.

Methods/Statistical analysis: Many researches are being conducted about modeling Distributed Energy Resource and designing system
operation and protection method. So, we need integrated system modeling with IEC 61850-7-420 and design uninterrupted system with
Photovoltaic, Energy Storage System, Generator.

Findings: To operate DERs with uninterrupted system, it required electrical facility like Closed Transition Transfer Switch (CTTS).
CTTS performs an uninterrupted switching operation between two power sources. International Electrical Code 61850-7-420 described
some DERs model and LNs (logical nodes) and data classes. This logical nodes and data classes are effective in modeling DERs. So, this
paper describes uninterrupted system for mapped IEC 61850 and considers LNs in existence and new logical nodes.
Improvements/Applications: The proposed uninterrupted systems combined the DERs with IEC 61850 and the systems are applicable

to Micro-grid system
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1. Introduction

Electricity generation increase 4.1% each year, from 332,413GWh
in 2005 to 477,592GWh in 20141, The increased concern for the
environmental impacts of centralized generation, distributed gen-
eration like micro-grid system favorably occurs from renewable
sources. Distributed Energy Resources (DERs) are Photovoltaic,
Wind power, small generator. Recently, To solve the renewable
energy unstability (Frequency, Active Power), Energy Storage
System (ESS) is introduced in the micro-grid system. Most DER
and micro-grid research has focused on system operation, eco-
nomic analysis and system protection$. The micro-grid has very
dynamic behavior because DERs or loads connection and discon-
nection are very frequent. So, Micro-grid is important to maintain
stable power supply without interruption and needs integrated
operating system for system’s control. IEC 61850 is international
standard about integrated distributed automation system. . Interna-
tional Electrical Code 61850-7-420 defines LNs(logical nodes)
and data classes for DERs and help in modeling DER system ef-
fecitively”8. This paper present uninterrupted power system model
with IEC 61850-7-420 and experiment on uninterrupted system
with diesel generator, energy storage system.

2. Modeling uninterrupted power system

The uninterrupted power supply system consists of generator, ESS,
Photovoltaic and Closed Transition Transfer Switch (CTTS) as
shown in Figure 1.
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Fig. 1. Diagram of Uninterrupted Power Supply System.

If grid fault occurs in the power system, the system detects acci-
dent of grid and discharge battery. While the load was supplied by
energy storage system, CTTS send the signal to diesel generator.
When the generator has normal voltage, CTTS check the synchro-
nization condition between generator and ESS. If synchronization
condition satisfied, it is transferred to the generator power and
supply power to load. After grid fault disappear, CTTS check the
synchronization condition between Grid and generator. The switch
transfers to the Grid system and supply electrical power to load.
Photovoltaic charge the ESS battery or supply power to load. This
process maintains stable power supply system without regard to
the system’s state.
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2.1. Modeling DERs with IEC 61850-7-420

1)

2)

4)

IEC 61850-7-420 is constituted to the standards to support
the various DERs®. This standard defines the IEC 61850 in-
formation models to be used in the exchange of information
and communication with DERs, which composed dispersed
generation devices and dispersed storage devices, including
synchronous generator, photovoltaic, wind power system,
energy storage. This paper used a existing model of DERs

given blow.

Synchronous Diesel Generator(CTTS)

ESS(PCS)
Photovoltaic(Inverter)

The common LNs in distributed resource measurements could
include

CSWI: Switch between generator and inverter (see IEC 61850-7-4.
MMXU: Output electrical measurement (see IEC 61850-7-4)
ZBAT: Remote monitoring and control of critical auxiliary battery
system function and states

MENV: Emissions characteristics, including coolant air or water
intake, outlet exhaust air, manifold, engine, turbine, oil lubrication,
after-cooler, etc

MTEMP: Temperature measurements

Most distributed resources support RS-485 or TCP modbus data
and convert to IEC 61850 standards.

No |Dimension Type Pr::i:dr::: Modbus Description IEC61850 Mapping Data

1 int | 40005 Operation Status KESCOCTTS/LLNOSSTSLocSstval

2 int 40008 MODE KESCOCTTS/LLNOSSTEMod$stval

3| A | float | 4004 GEN_CRNT R_RMS, A KESCOCTTS/MMXULSMX$AS phsA$cyalSmagst
4 A float 40042 GEN_CRNT_5_RMS_A KESCOCTTS/MMXULSMXSASphsBScVal$magst
3 A float 40043 GEN_CRNT_T_RMS_A KESCOCTTS/MMXULSMX$ASphsCocValSmaghf
0 v float 40045 GEN_VOLT R_RMS KESCOCTTS/MMXULSMXSPhVSphsAScValSmagf
7 v float 40046 GEN_VOLT_S_RMS KESCOCTTS/MMXULSMXSPRVSphsBScVal$mags$t
8 v float 40047 GeN VOLT_T_RMS KESCOCTTS/MMXULSMXSPRY$phsCocvalSmagsf
g v float 40049 GEN_VOLT_RS_PH PH KESCOCTTS/MMXULSMXSPPVSphsABS cValsmagt
10 v float 40050 GEN_VOLT_ST PH_PH KESCOCTTS/MMXU1SMXSPPVEphsBCScalSmagst
1 v float 40051 GEN_VOLT_TR_PH_PH KESCOCTTS/MMXULSMX$PEVSphsCAScValSmag$f
12 Hz float 40052 GEN_FREQ R KESCOCTTS/MMXULSMX$HzEmag$f

13 float 40053 GEN_PF R_POWER_FACTOR KESCOCTTS/MMXULSMXSPFSphsAScval§magst
14 float 40054 GEN_PF & POWER_FACTOR KESCOCTTS/MMXULSMXSPFSphsBScValSmagf
15 float 40055 GEN_PF_T_POWER_FACTOR KESCOCTTS/MMXU1SMXSPFSphsCScval§magst
16 kw float 40057 GEN_POWER_R_W KESCOCTTS/MMXULSMXSWS phsAScValSmag$t
17 kw float 40059 GEN_POWER S W KESCOCTTS/MMXULMXSW$phsBScvalSmagdf
18 kW float 40061 GEM_POWER T W KESCOCTTS/MMXULSMXSWSphsChcvalSmagst
19 kW float 40063 GEN TOTAL W KESCOCTTS/MMKU1SMKS TotWémagst

20| War | float | 40065 GEN_POWER_R_VAR KESCOCTTS/MMXUISMXSVArSphsAScVakmagsf
2 war | flot | 40067 GEN_POWER_S_VAR KESCOCTTS/MMXUTSMXSVArSphsBScValsmagst
22 | kvAr float 40068 GEN_POWER_T VAR KESCOCTTS/MMKU1SMKSVArSphsCscValimagsf
23| kVAr float 40071 GEN_TOTAL VAR KESCOCTTS/MMXU16MXS TotVArsmagsf

2| wa | float | 40073 GEN_POWER_R_VA KESCOCTTS/MMXU15MX$VASphshscValsmagst
5| WA | flot | 40075 GEN_POWER_S_VA KESCOCTTS/MMXU1$MXSVASphsBSCValémagsf
26| kvA float 40077 GEN_POWER T VA KESCOCTTS/MMXULEMKXSVASphsCScValsmagsf
27| kvA float 40079 GEN_TOTAL VA KESCOCTTS/MMXU1SMKS TotVASmagsf

B A | float | 40141 MAIN_CRANT R AMS_A KESCOCTTS/MMXUZSMX$AS phsA$cyalSmagst
29 A float 40142 MAIN_CRNT_S RMS A KESCOCTTS/MMXUZSMX$ASphsBScval$magt
30 A float 40143 MAIN_CRNT_T RMS_A KESCOCTTS/MMXUZSMX$ASphsCocValSmaghf
il v float 40145 MAIN_VOLT_R_RMS KESCOCTTS/MMXU24MXSPhVSphsAscValsmagst
| v | float | 40146 MAIN_VOLT 5_RMS KESCOCTTS/MMXU2SMXSPhV $phsBScVatimagst
B v | float | 40147 MAINVOLT_T_RMS KESCOCTTS/MMXU2SMXSPhYSphsCocValmans?
34 v float 40149 MAIN_VOLT RS_PH_PH KESCOCTTS/MMXUZSMXSPPVSphsABS cValsmagt
33 v float 40150 MAIN_VOLT 5T PH_PH KESCOCTTS/MMXUZSMXSPPVEphsBCScalSmagst
36 v float 40151 MAIN_VOLT_TR_PH_PH KESCOCTTS/MMXUZSMX$PEVEphsCAScValsmag$f
37 Hz float 40152 MAIN_FREQ R KESCOCTTS/MMXUZSMX$Hzsmag$f

38 float 40153 MAIN_PF R_POWER_FACTOR KESCOCTTS/MMXU2SMXSPFSphsAScvals magst

Fig. 2: Mapping IEC 61850 for CTTS (Generator).
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No [Dimension Type ;:Lofr:zz Modbus Description [EC61850 Mapping Data

1 int 40001 PCS STATUS KESCOPCS/LLNOS Health$stval

2 int 40002 /D STATUS KESCOPCS/LLNOSSTSModSstval

3 int 4003 Remote Mode KESCOPCS/LLNO$STSMod2stval

4 int 40004 QP MODE KESCOPCS/LLNOSSTS Mod3 $stval

5 int 40007 FAULT INFORMATION 1 KESCOPCS/LLND$Fault1$stval

& int 40008 FAULT INFORMATION 2 KESCOPCS/LLNO$Fault2$stval

7 int 40009 FAULT INFORMATION 3 KESCOPCS/LLNDSFault3$stval

8 int 40010 FAULT INFORMATION 4 KESCOPCS/LLNO$Fault4gstval

9 int 40011 FAULT INFORMATION 4 KESCOPCS/LLNDSFault3gstval

10 'C fioat 40012 PCS_IGBT_TEMP1 KESCOPCS/MTMP1EMXSTmpSmagst

1 'C fioat 40013 PCE_IGBT_TEMP2 KESCORCS/MTMP2SMXETmpSmagsf

12 C float 40014 PCS IGBT_TEMP3 KESCOPCS/MTMP3$MX$TmpSmagst

13 'C fioat 40015 PCS IGRT_TEMP4 KESCOPCS/MTMPASMX§TmpS mag$f

14 iC float 40016 AC FILTER 1 TEMP KESCOPCS/MTMPSSMXSTmpSmagst

15 'C fioat 40017 AC FILTER 2 TEMP KESCOPCS/MTMPESMXSTmpSmagst

16 iC float 40018 AC FILTER 3 TEMP KESCOPCS/MTME7SMXSTmpSmagst

7 iC fioat 40019 AC FILTER 4 TEMP KESCOPCS/MTMPBSMXSTmpSmagst

18| Vv flost | 40020 AC line to [ine voltage Vrs KESCOPCS/MMXU1SMXSphvSphsAScval§ magst
19 Vv flost | 40021 AC line to [ine voltage Vst KESCOPCS/MMXU1$MXSphv$phsBScvalSmagst
0| V float | 40022 AC linz to ling voltage Vir KESCOPCS/MMXULSMXSphvphsChcvalimagst
A | A fioat | 40023 AC cument R-phase KESCOPCS/MMXULSMXSASphsAScValSmag$t
2| A fioat | 40024 AC current S-phase KESCOPCS/MMXU1SMXSAS phsBScvalsmagsf
B A flost | 40025 AC current T-phase KESCOPCS/MMXU1$MX$ASphsCcValsmag$t
] I flost | 40026 AC frequency KESCOPCS/MMXU1$MX$HzSmags$f

25 | kw | float | 40027 AC Actve Power KESCOPCS/MMXULSMXSTotWSmag$t

26 | Kar | float | 40028 AC Reactive Power KESCOPCS/MMXUTSMXSTotVArSmagst
27| 001 | float | 40029 AC Power Factor KESCOPCS/MMXU1SMXS$totPFSmangs

28 | kih int 40030 Today discharge energy KESCOPCE/MNTR1$5TSTotWhSactVal

29 | kwh int 40031 Today charge energy KESCOPCS/MNTR2$STSTotWhSactval

30 | kwh int 40032 Total Dis-chagrge Energy KESCOPCE/MNTR3$STSTotWhSactVal

i 40033

32 | kwh int 40034 Total Dis-chagrge Energy KESCOPCS/MNTRA$STSTotWhSactval

33 40035

3 flost | 40036 DC-link voltage KESCOPCS/MMXU2SMXSphvSnetscValimagst
35 flost | 40037 Battery side voltage KESCOPCS/MMXU3$MX3phVnetscValsmagst
36 float 40038 Battery side current KESCOPCS/MMXU3SMXSASnatscValsmagst
7| kW float 40039 Battery sidz power KESCOPCS/MMXU3$MXS TatWémagst

3 % | float | 4o0a1 Battery SOC KESCOPCS/MENV1$MX$50Csmagsf

39 int 40050 §TS STATUS KESCOTRSTS/LLNO$Healthgstval

Fig. 3: Mapping IEC 61850 for PCS (ESS).
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No Dimension| Type :‘ﬁr:i: Modbus Description IEC61850 Mapping Data

1 int 40024 5YS_STS KESCONTI/LLNOSSTS Loc $stval

2 int 40032 RUNTM_TOT KESCONVTL/LLNOSSTSOpTmhSstval

3 vV float 40034 PV KESCONTL/MMXULSMXSPRY $netScValimagst
4 vV float 40036 Dcv KESCONTL/MMXU1$MXSPRVSPhsAS cValsmagst
5 A float 40038 PA KESCONTI/MMXU1SMXSASnetScVal$mag$t

b W float 40040 Pw KESCONTL/MMXULSMXSWSnet2cval Smagdf
7 vV float 40042 I\ KESCONTL/MMXU2SMKSPhY$netscVal$magsf
8 A float 40044 1A KESCONTL/MMXU2SMX$ASnetscVal$magst

9 w float 40046 w KESCONTI/MMXU2SMXSWSnetscval Smagdt
0| VA float 40045 VA KESCONTL/MMXU1$MXSTotVASmags$t

1 % float 40050 PF KESCOIVTL/MMXULSMXS TotPFSmagsf

12 Hz float 40052 7 KESCONTL/MMXULSMX$HzS mag$t

] v | float | 40058 Vi KESCONTL/MMXU3SMXSPhVSphsA$cVal§magst
15 v | float | 40080 V2 KESCOIVTL/MMXU3SMXSPhV$phsBScValsmag$t
6] v | float | 40082 V3 KESCONTL/MMXU3SMXSPhVSphsA$cVal§magst
17 A float 40064 Al KESCONTL/MMXU3SMXSASphsAScVal§magt
18 float | 40066 A2 KESCOIVTL/MMXU3SMYSASpheBScvalsmagsf
19 float 40068 A3 KESCONVTL/MMXU3SMXSASphsCScValimagt
20 W float 40070 Wi KESCOIVT1/MMXU3SMXEWSphsAscValsmagsf
A w | flot | 40072 W2 KESCOIVTY/MMXU3SMXSWéphsBS cValbmagst
22 W float 40074 W3 KESCOIVT1/MMXU3SMX$W4phsCocValsmagst
23| VA float 40076 VAl KESCOIVTL/MMXU3SMXSVASphsASCValsmagsf
24| VA float 40078 VA2 KESCOIVT1/MMXU3SMXSVASphsBscValsmagst
25| VA float 40080 VA3 KESCOIVTL/MMXU3SMXSVASphsCScValsmagsf
% % | float | 40082 PFL KESCOIVT1/MMXU3SMXSPRphahbcValbmagst
27 % float 40084 PF2 KESCOIVT1/MMXU3SMX$PFSphsBSCValsmagst
8] % | float | 40086 PF3 KESCOIVT1/MMXU3SMX4PFphsCScValbmags
29 v float 40088 MPP KESCONTL/MMXU3SMKSPhY$netscVal$magsf
30 float 40090 TEMP KESCONVT1/MTEMPLSMXS Trp$magsf

31| Wwh float 40094 KWH_TOT KESCONTL/MNTRL$STSTotWhSactval

32 Wh float 40100 KWH_QUART KESCONTL/MNTR2$ST$ TotWhsactval

33 | Wh float 40104 KWH_HOUR KESCONTL/MNTR3$STSTotWhSactval

34 | Wh float 40108 KWH_DAY KESCONTL/MNTRA$STS TotWhSactval

35 | Wh float 40112 KWH_MON KESCONTL/MNTRS$STSTotWhSactval

36 | Wh float 40116 KWH_YEAR KESCONTL/MNTRE$STSTotWhSactVal

37 int 40024 5Y5_STS KESCOVTZ/LLNO$STSLocSstval

38 int 40032 RUNTM_TOT KESCONVT2/LLNOSSTSOpTmhSstval

39 V float 40034 PV KESCOVTZ/MMXULSMXSPhYSnetScval$magst

2.1.1. Hardware implements

Fig. 4: Mapping IEC 61850 for Inverter (Photovoltaic).

Diesel generator, ESS and photovoltaic specifications are as fol-

lows.
Table 1: Hardware Specifications
Diesel generator ESS Photovoltaic

Capacity 300kW ?ggigh (2C-rate) 125kW
Phase 30 30 30
Frequency 60 60 60

380/220VAC 380VAC
Voltage 380/220VAC 750VDC 300VDC

IEC 61850 gateways have ARM Cortex CPU (500Mhz),
RAM(512MB), Flash memory(512MB). It communicated 2 chan-
nel Half Duplex Mode based on RS 485 and MMS protocol with
IEC 61850 Group 1. The Ethernet modem router support TCP/IP

protocol and connect network with data server

2.1.2. Software implements

SCL Forge software convert Modbus to IEC 61850 and modeling
Markup language based on XML. The program make CID model-
ing file and install CID to the Gateway. Each DERs define fixed
IP and check the data by Hammer program(Triangle Microworks
Inc).
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3. Experiment of uninterrupted power system

The CTTS consists of two switches for the resources (e. g. Grid,
diesel generator, ESS) and transfers uninterrupted state which
matches synchronization condition. The CTTS synchronization
condition are designed as stated in Table 210,

Table 2: Synchronization Condition & Parallel Operation Times

Category Conditions
Voltage Phase Difference <+10°
Frequency Difference <+1Hz
Voltage Difference <+5%
Parallel Operation Times <100ms

To verify uninterrupted power system, this paper followed scenar-
io given blow.

1) Grid fault

2)ESS discharge

3) Operating Diesel generator

4)Closed Transition Transfer between ESS and Diesel generator

5) Grid fault recover

6) Closed Transition Transfer between Diesel generator and Grid

7) Stopped Diesel generator
Figure 6 represents experiment of uninterrupted power system.
During all the proceedings scenario, the load remained uninter-
rupted. Figure 7 is closed transition transfer condition of two re-
sources (diesel generator, ESS).

Grid fault

Closed Transition Transfer

v

Flg 6: Result of Experirﬁent Uninterrupted Power System.
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o IO v -085 11 59999 | £0
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Fig. 7: Result of Synchronization Condition.

ESS voltage is 219.4V and Generator voltage is 218.3V. The dif-
ference between two voltage is 1.1V (0.5%), ESS frequency is
59.999Hz and Generator frequency is 60.063Hz. The difference
between two frequency is 0.064Hz. The phase of two resources is
-2.85° and parallel operating time is 41.1ms. All synchronization
conditions of experiment were satisfied with UL 1008 synchroni-
zation condition.

4. Conclusion

This paper design and modeling uninterrupted power system with
IEC 61850. To modeling DERs, we used IEC 61850-7-420 model-
ing data and convert modbus to IEC 61850 standard form using
SCL Forge program. Data was received with Gateway and we
constitute integrated micro-grid system operation. To verify unin-
terrupted operating system, we experiment system process and
synchronization condition of closed transition transfer switch. The
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result of synchronization condition was satisfied with UL 1008
standard. So, this system can adopt integrated mico-grid system
and maintain uninterrupted power supply regardless grid state.
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