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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 DERs. 

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 

 
Keywords: Micro-Grid; Uninterrupted System; IEC 61850; Closed Transition Transfer Switch; ESS 

 

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 protection2-6. 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-

fecitively7-8. 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. 

 

 
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) IEC 61850-7-420 is constituted to the standards to support 

the various DERs9. 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. 

2) Synchronous Diesel Generator(CTTS) 

3) ESS(PCS) 

4) 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. 

 

 

 
Fig. 2: Mapping IEC 61850 for CTTS (Generator). 
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Fig. 3: Mapping IEC 61850 for PCS (ESS). 
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Fig. 4: Mapping IEC 61850 for Inverter (Photovoltaic). 

 

2.1.1. Hardware implements 

Diesel generator, ESS and photovoltaic specifications are as fol-

lows. 

 
Table 1: Hardware Specifications 

 Diesel generator ESS Photovoltaic 

Capacity 300kW 
250kW 
125kWh(2C-rate) 

125kW 

Phase 3Φ 3Φ 3Φ 

Frequency 60 60 60 

Voltage 380/220VAC 
380/220VAC 

750VDC 

380VAC 

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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Fig. 5: Result of IED Data by Hammer Program. 

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). 

 

 
Fig. 6: Result of Experiment Uninterrupted Power System. 

 

 
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 

Grid fault 

ESS discharge 

Operating Diesel generator 

Closed Transition Tra

nsfer 

Grid fault recover 

Closed Transition Transfer 
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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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