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                    Substation Automation and Protective Relaying - Primerrtpis.org/psc13/files/PSC2013_final_1356878012.pdf · Substation Automation and Protective Relaying - Primer Ronald Willoughby,


                    
                                                Download PDF
                        
                        Report
                    

                    
                        	
								Upload

									lyhanh
								

							
	
                                View

                                    256
                                

                            
	
                                Download

                                    5
                                

                            


                    

                    
                    
                        
                        
                            
                                    
Facebook

                        

                        
                        
                            
                                    
Twitter

                        

                        
                        
                            
                                    
E-Mail

                        

                        
                        
                            
                                    
LinkedIn

                        

                        
                        
                            
                            
Pinterest

                        

                    


                    
                

                

                    
                    Embed Size (px)
                        344 x 292
429 x 357
514 x 422
599 x 487


                    

                    

                    
                                        Citation preview

                    Page 1
						

Substation Automation and Protective Relaying - Primer
 Ronald Willoughby, SM IEEE
 Executive ConsultantWilloughby Consulting
 Apex, North Carolina [email protected]
 Dr. Gregory Reed, M IEEE
 Director Power & Energy InitiativeUniversity of Pittsburgh
 Pittsburgh, Pennsylvania [email protected]
 Abstract—Substation automation and protective relayingpresent many facets. Unfortunately, the electric power industrytends to over complicate both, starting with terminology. So, forthe benefit of everyone, conventional terminology is put insimple terms. Details of each will be left to another time.
 Next, the different types of substation automation and scenariosfor protective relaying are presented in an easy-to-understandformat, supplemented with illustrations and examples.
 Finally, with communications being critical to system operationas smart grid technologies evolve, reasons are given for anindustry standard protocol for substation and distributionautomation and system protection (IEC 61850).
 Index Terms—Substation automation, distribution automation,system protection, communication architecture, protocols, IEC61850.
 I. INTRODUCTION
 There are many facets to substation automation andprotective relaying. This paper offers a simplified overviewoverview of functional concepts needed for a workingknowledge. Sometimes, the electric power industryovercomplicates issues with a confusing array of informationand abbreviations. So, in support of the concepts, this paperuses conventional terminology and abbreviations.
 For more than two decades, electric power systemautomation has undergone a slow but steady transformation.In the 1980s and 1990s, the most significant issues wererooted in technology changes, such as the transformation fromelectromechanical to digital controls, from mini-computers toworkstations, and from workstations to PCs. New technologywas once considered acceptable justification for upgrading orreplacing automation equipment; but in recent years, projectshaving well-defined and measurable returns on investment(ROI) get priority. Gone are the days when flashy displays areenough to justify projects.
 II. SUBSTATION AUTOMATION
 Perhaps more than any other industry, electric power hasbeen dominated by custom solutions, often developed byutilities themselves, or in conjunction with consortiums, or
 through direct third-party contracts. Integration of the pieceshas become the dominant challenge. Communicationstechnologies working with a myriad of increasinglysophisticated intelligent electronic devices made possible thecollection of large amounts of data in near real time.Processing into practical, efficient, and actionable instructionsis now the challenge. Specialists with proven skills to managelarge projects and the ability to combine multiple technologies
 into a functional integrated whole is critical to success.
 Technologies include advanced databases, communicationstructures, control options, and application control schemes.Elements must seamlessly work together while satisfyingbusiness needs (business enterprise), functional needs(substation and feeder automation), and operational needs(supervisory control and data acquisition, or SCADA).
 Automation (A) can be simply defined as the process ofcollecting data (information) and doing something with it asdepicted in Fig. 1. The degree of complexity depends on thevolume of data, the number of elements to be automated, howinterrelated the automation schemes need to be, and how fastthese interactions must take place.
 Figure 1. Automation Simplied [1]
 Commonly used automation categories are the following:
 Substation Automation (SA): Using data fromIntelligent Electronic Devices (IEDs) to controlspecific functions that directly impact power systemoperation.
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Distribution Automation (DA): Using data fromIEDs to control specific functions on distributionfeeder circuits.
 Customer Automation (CA): Done at residential,commercial, and industrial level.
 Power System Automation (PSA) (SA+DA+CA):Systematically controlling the entire power systemusing SA, DA, and CA to feed SCADA and EMS(Energy Management) systems.
 PSA = SA + DA + CA
 As the number of devices increases, the complexity ofinformation exchange also increases. As illustrated by the“communication building blocks” of Fig. 2, each levelrequires more and more sophistication as technology movesfrom one device acting alone, to multiple devices workingtogether on a single distribution feeder, to multiple devicescommunicating with each other in a substation, to multipledevices communicating between substations, to entire systemsfunctioning as an integrated whole [1].
 Figure 2. Communication Building Blocks [1]
 As complexity grows and response times decrease, so dodemands on the communication infrastructure. As morecritical functions are automated, heightened security ofinformation becomes more of an issue. Common protocolsand open architecture for inter-operability between differentdevices and manufacturers become a practical reality and a
 necessity.
 A. Levels of Automation
 Automation can be viewed according to the followinglevels of increasing sophistication [4], [15]:
 Level 1 - Power system equipment
 Level 2 - IED selection & implementation
 Level 3 - IED integration
 Level 4 - Automation applications
 Level 5 - Utility enterprise system
 Level 1 is the lowest level, consisting of power systemsequipment, such as transformers, breakers, etc. Levels 2, 3,and 4 make better use of this equipment by adding datacollection points and processing capabilities. Level 5 makessure data is available for business enterprise use.
 Until recently, substation automation was a collection ofRTUs as data collectors that fed information back to a centralcontrol, or SCADA system. Proprietary protocols weretypically used. There was some local communication amongdevices from the same vendor, but most of it got sent back toSCADA. Operators could then take actions accordingly.
 Today’s challenges include making “OLD” technologies workwith the “NEW” as shown in Fig. 3. Noticeable differences:
 1 - Introduction of IEDs talking to each other
 2 - Introduction of more local processing (the PC’s)
 3 - Phasing out of proprietary protocols
 Data concentrators are now being used to collect data frommultiple vendors and process locally before sendinginformation to SCADA.
 Figure 3. Ultimate Automation [15]
 III. PROTECTIVE RELAYS
 Power system protection through the use of protectiverelays is an integral part of any power system automationstrategy. Consider the classic definition of system protection:The isolation and clearing of faults with an objective ofmaintaining stability while leaving as much in tact as possible.The number one priority is protecting people and equipment[5]-[6].
 Maintaining system reliability and integrity is the nexthighest priority. This comes from the first part of thedefinition: “The isolation and clearing of system faults with anobjective of maintaining stability while leaving as much
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‘system’ intact as possible” . . . people first . . . equipmentsecond.
 Protection is a thankless job, rarely getting the credit itdeserves. Many times the only credit protection engineersreceive is when something doesn’t work properly.
 Yet, the expectation is for the protection system to workcorrectly 100% of the time every time. One of the challengesis that protection equipment only has to operate whensomething goes wrong; yet, something rarely goes wrong.This places a great deal of pressure on the protection engineerto make sure protection systems are maintained to work asplanned even as system conditions change, and even with theequipment on the “bench” most of the time. As a result,protection schemes tend to be conservative, deploying well-established technologies and philosophies to ensure they workas planned each and every time.
 A protection system typically includes combinations of thefollowing components:
 • Current Transformers (CTs)
 • Voltage Transformers (VTs)
 • Protective Relays
 • Circuit Breakers
 • Reclosers
 • Fuses
 • Batteries
 • Communication System
 CTs and VTs are sensors that connect electronics to thepower system. A CT converts measured current from a highnumber to 5 amps or less. For example, a 4000:5 CT providesan output current of 5 amperes when the primary has 4000amperes. A potential problem with CTs is the signal quality. Ifa CT saturates, the relay will see and act on a distorted signal.This can be compensated for in the relay, or by using a higher-rated CT.
 Protective relays are IEDs that minimize the impact offaults and abnormal operating conditions on people andproperty. Technology has evolved in significant ways over theyears. The movement from electromechanical to digital relaysis a prime example.
 Electromechanical relays (old style): Induction-disc typeovercurrent relays are activated when the current exceedspreset values. Relays are set using time dials and mechanicaltaps based on the behavior of a rotating mechanical disk.Rotation is determined by the amount of electromagneticcurrent flowing. Taps and time dials are calibrated to knowspecific speeds for specific current conditions. A typicalmechanism is shown in Fig. 4 [8].
 In the old days, time-current curves (TCC) were overlaid andcoordinated on light tables. Today, it is done digitally usingprotection coordination programs from Cymn, ETAP, Milsoft,Electrocon, and others, as shown in Fig. 5 [13].
 Figure 4. Electromechanical Relay Mechanism [8]
 Figure 5. Digital Coordination Diagram [13]
 Microprocessor relays (new style): Also called digitalrelays, provide technical advantages and offer cost savingswhich include the following: Programmable, multi-function,saves panel space, higher precision, 2-way communicationenabled, and reduces wiring requirements.
 It is helpful to think in terms of TCC curves even withmicroprocessor relays, which are not constrained by physicalinduction disks, time dials, and taps. Any trip curve can beprogrammed into the device, but care must be taken whenapplying the power of this technology to make sure reliabilityand integrity are preserved.
 A. Relay Applications [6]
 Typical relay applications include the following functions:
 • Line Protection
 • Bus protection
 • Transformer protection
 • Generator protection
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• Motor protection
 • Circuit breaker failure protection
 • Voltage instability
 • Frequency instability (load shedding)
 • Fault location
 • High-impedance ground fault protection
 • Automatic reconfiguration
 • Automatic synchronizing
 • Communications-based protection and control
 • Adaptive relaying
 • Distributed resource interconnection
 For example, differential protection schemes are illustratedin Fig. 6, where currents on both sides of the equipment arecompared. A connection for only one phase is shown, butsimilar connections are used for each of the other two phases.Under normal conditions, or for a fault outside of theprotection zone, IP and IS are equal. Therefore, currents in thecurrent transformer secondary are also equal and no currentflows through the relay. However, if a fault develops inside ofthe protection zone, currents IP and IS are no longer equal,current flows through the relay, and the relay trips.
 The principle of the differential protection can be appliedto station buses. The sum of all currents entering and leavingthe bus must be equal to zero under normal conditions, or ifthe fault is outside of the protected zone. If there is a fault onthe bus, there will be a net flow of current to the bus and thedifferential relay will operate.
 Figure 6. Differential Protection [6]
 In the days of electromechanical relays, each relay wasbuilt for a specific purpose. With today’s microprocessorrelays, the same relay can be programmed to do multiplefunctions. The limiting factors then become relay operatingspeed and lack of physical redundancy; i.e., multiple andseparate relays.
 B. Coordination Selectivity
 The way in which protective devices are applied and set isextremely important to safety, reliability, and proper systemoperation. Devices need to operate in a specific order underabnormal conditions to minimize disturbances to customersand impacts to the system. This process is known as“coordination selectivity.”
 It is also important that 100% of the power system beprotected by one or more protective devices. To make thishappen, overlapping zones of protection are defined asillustrated in Fig. 7 [8]. Relays, reclosers, and fuses are thenapplied. If a device is to be the first to operate when there is afault, it is called “primary protection.” If it is to be the secondto operate, it is called “secondary protection.” If it is anindependent device, it is called “backup protection.”
 The concept of primary and secondary protection isreferred to as “sequence coordination.” It is important thedevice closest to the fault operate first. If something goeswrong and the device doesn’t operate as planned for anyreason (e.g., stuck breaker), the next device in line will operatein sequence.
 Sequence coordination can be conveniently drawn as a setof “critical coordination path” (CCP) diagrams, making iteasier to visualize the protection schemes and associateddevices [6]. A set of CCPs makes up a “system response map”(SRM). A simplified CCP and SRM are shown in Fig. 87.
 IV. IEC 61850
 Many protocols are in use around the world today, morethan 50 for substation communications alone [15]. The moreprotocols a power system has to handle, the more difficult it isto ensure reliable performance.
 A protocol is a communication language that allows twodevices to communicate (talk) to each other. Each devicemust use the same protocol and same version of that protocol.
 Vendors using proprietary protocols communicate onlywith their equipment. To communicate with other vendors’equipment, there must be a common protocol (or language).
 Ideally, a standard protocol will be used common to allequipment. The challenge then becomes migrating fromwhatever exists to the new standard, and systematicallyincorporating new technologies with old along the way.
 A protocol in wide-spread use today in the USA is DNP 3(Distributed Network Protocol 3). Even though DNP 3 is anexcellent technology, it has not been accepted as aninternational standard.
 As transmission and distribution systems began toincorporate more worldwide technologies, pressure increasedfor the industry to come up with an international standardacceptable to utility companies and suppliers.
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Figure 7. Simplified CCP and SRM Diagrams [8]
 Figure 8. Simplified CCP and SRM Diagrams [8]
 In 1995, an International Engineering Consortium (IEC)formed three working groups to develop an internal standardprotocol. The result is what we now know as IEC 61850 [16].Among the design objectives were the following:
 • A single protocol for complete substation use fordifferent data sets.
 • Data transfer mapping must be possible to otherprotocols.
 • High interoperability between systems from differentvendors.
 • Common method/format for storing data.
 Sometimes, data concentrators (protocol translators) areused to integrate existing systems and devices with new.Manufacturers include IEC 61850 as a standard feature intoday’s control packages. SCADA/EMS manufacturers alsoincorporate IEC 61850 object models as standard features.
 V. RE-ENGINEERING TO ACCOMMODATE DISTRIBUTED
 GENERATION
 As distributed generation (DG) is added to the distributionsystem, substation design and control, and system protection
 design and control must accommodate 2-way power flows ondistribution circuits instead of traditional 1-way flows. Controlschemes begin to look more like transmission systems [3]. Inaddition, rapidly changing fault currents complicateequipment selection as well as protection and control settings,depending on the direction of current flow.
 While advances in technology and standard protocols makeit possible to implement more complicated control schemesneeded for DG integration, these advances introduce a newmaintenance and training challenges.
 Replacing electromechanical relays with digital atdistribution substations require upgraded automation schemesto account for bi-directional power flows and changing faultduties. Maintenance cycles are reduced; on-going upgrades tofirmware, control software, protocols, and communicationequipment become a new reality. Field programs andprocesses must be upgraded. Operations and protectiondepartments have to deal with new challenges.
 VI. IN CONCLUSION
 This paper presented a simplified overview of functionalconcepts associated with substation automation andprotection. Conventional terminology is used in place of aconfusing array of abbreviations. This is especially importantfor the power systems engineer new to these technologies.
 Substation automation and protective relaying willcontinue to advance to meet changing needs of the modernpower system. Some applications will become morecomplicated; some more simplified; and some eliminated; anddoing more with less will be an on-going challenge.
 However, as this technology evolution occurs, puttingsafety first and all else second will not change, and willcontinue to guide system design and operation priorities.
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