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Executive Summary 

Since its founding, Smart Wires has been a leader in developing power flow control solutions for the 

transmission network. The technology, which is designed and manufactured in the United States, offers its 

customers a unique solution to improve the flexibility of their existing transmission networks and meet the 

challenges of the coming utility paradigm.  

In 2009, Southern recognized the game-changing potential of this technology and joined the Smart Wire Focus 

Initiative (SWFI) a consortium of utilities within the National Electric Energy Testing Research and Applications 

Center (NEETRAC) to develop performance requirements for the PowerLine GuardianTM, previously known as the 

Distributed Series Reactor. Collaborating closely, Smart Wires and Southern successfully completed the 

installation of 33 PowerLine Guardian units spread across two transmission lines in March of 2013.  

The initial Smart Wires installations at GPC were deployed to demonstrate the power flow control and real-time 

sensing capabilities of Smart Wires’ technology.  This report describes the architecture of the Installations, 

performance over a 16-month test period (4/1/2013 – 7/31/2014), and power system impacts.  The Installations 

met or exceeded the objectives over the 16-month test.  The units exceeded project requirements and were 

available 99.1% of the time to respond to operator commands to control power flow or transmit sensed data.  

The injected inductive impedance of the Installations varied from zero to full nameplate capability and many 

stages in-between.  On average, the units were dispatched to inject 75% of the nameplate impedance.  As of 

October 2014, the Installations had been in continuous operation for 19 months, had demonstrated a 

statistically significant impact on power flow, and had been 100% available to control power flow using local 

control.   
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Introduction 

PowerLine Guardians were installed on two GPC lines in March 2013, the Grady – Moreland and Grady – West 

End 115 kV transmission lines.  Following installation, use case testing was performed to ensure the Installations 

were functioning in accordance with modeled expectations.  Starting in April 2013, the Installations were 

operated by GPC for a 16-month test and performance was evaluated.  The objective of the Installations was to 

demonstrate the reliability of the power flow control and real-time sensing capabilities of Smart Wires’ 

technology, and mitigate overload during N-1 contingency without using the prior solution (a permanently 

online air core reactor).  The lines are shown in Figure 1. 

 

Figure 1: Map of the GPC installations and neighboring lines 
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Architecture of the GPC Installations 

The Smart Wires system is an end-to-end system to control power flows and measure the state of the 

transmission system.   

Figure 2 shows the communication layer of the end-to-end system.  Components of the system include: 

 PowerLine GuardianTM – Changes line impedance by an incremental amount and measures the state of 

the transmission asset. Typically deployed en masse and distributed along the transmission line.  

 Cellular Enabled PowerLine GuardianTM (Guardian+) – Serves as a PowerLine Guardian and 

communication bridge between the fleet of PowerLine Guardians and the PowerLine CommanderTM. 

 PowerLine CommanderTM – Performs a suite of services, which include Energy Management System 

(EMS) interface, data aggregation, archival, operator logging, and alert generation. 

Each PowerLine Guardian is able to operate in one of four modes – standby mode, monitoring mode, injection 

mode, and in extremis.  In standby mode, the unit is unable to change modes or communicate as the line current 

is insufficient to power the units.  In monitoring mode, full telemetry and communications is enabled while the 

secondary of the unit is shorted and negligible impedance is injected into the line.  In injection mode, the 

magnetizing impedance of the transformer is injected into the line. During in extremis, the unit protects itself 

from conditions that are outside of the set of allowable operating conditions (i.e. fault-inducted current). 

 

Figure 2: Overview of Smart Wires communications layer 

For the GPC Installations, GPC accesses PowerLine CommanderTM through a web-interface.  The operator GUI is 

shown in Figure 3, with each green dot representing a unit in monitoring mode and each red dot indicating a 

unit in injection mode.  The operator may put all units in monitoring mode via the All Stop button or put all units 

into injection mode using the Max Inject button.  Alternatively, the operator may apply one of the pre-defined 
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Set Point configurations, allowing units to self-determine the mode based on local conditions such as conductor 

temperature or current.  PowerLine CommanderTM may also be used to monitor the state of each Installation in 

total or individual assets. 

 

Figure 3: PowerLine CommanderTM GUI 

 

Performance Summary: Long-term Test 

For the long-term test, the Installations were operated from 4/1/2013 through 7/31/2014 in Standby, Set Point, 

Max Inject and All Stop configurations.  From April through July 2013 with the exception of the Use Case testing, 

the Installations were operated exclusively with roughly 50% of the modules in injection mode.  From July 

onward, the Installations were operated with all units in injection mode.   

Upon completion of the 16 month test, summary statistics were generated to characterize uptime, usage type, 

and robustness of the communications system.  As of October 24, 2014, the Installations continued to be in use 

by GPC. 

 

PowerLine GuardianTM Uptime and Mode of Operation 

Summary statistics for the period of the Long-term test are presented below. 

1. Period of Record: 

 1.1. 4/1/2013 through 7/31/2014 
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2. Definition of Participating Units: 

 33 of 33 PowerLine Guardians available at beginning of the 16-month test. 

 31 of 33 PowerLine Guardians available at end of the 16-month test (95%).  Units 2MH 

and 58MB categorized as unavailable. 

3. Results: 

 3.1. Percentage of time that participating units were available to change modes via remote command 

and/or send data (periods for which the conductor current was below the PowerLine Guardian minimum current 

level have been excluded from the set of potential available periods): 

 Average across both Installations: 99.071% 

 Minimum for any given PowerLine Guardian: 89.749% 

 Maximum for any given PowerLine Guardian: 99.998% 

 3.2. Percentage of time that participating units were available to change modes via local command 

(periods for which the conductor current was below the PowerLine Guardian minimum current level have been 

excluded from the set of potential available periods): 

 100% 

  3.3. Number of times a unit entered injection mode:  

 Total across both Installations: 5631 

 Average for any given PowerLine Guardian: 170.6 

 Minimum for any given PowerLine Guardian: 15 

 Maximum for any given PowerLine Guardian: 518 

 3.4. Number of hours the units were in injection mode:  

 Total across both Installations: 282,347 unit-hours 

 Average for any given Guardian: 8556 unit-hours 

 Minimum for any given PowerLine Guardian: 2741 unit-hours 

 Maximum for any given PowerLine Guardian: 9665 unit-hours 

 3.5. Number of hours the units were in monitoring mode:  

 Total across both Installations: 95,623 unit-hours 
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 Average for any given PowerLine Guardian: 2898 unit-hours 

 Minimum for any given PowerLine Guardian: 1999 unit-hours 

 Maximum for any given PowerLine Guardian: 5464 unit-hours. 

Unit 2MH was removed from service and NEETRAC was chosen to perform a failure analysis on the unit in the 

presence of GPC and SW representatives.  After detailed examination of the failed unit and telemetry data, it 

was determined that the primary cause of failure was related to the electrical connection between the two 

halves of the secondary winding.   The PowerLine Guardian was redesigned to reduce the likelihood of a future 

failure.  The redesigned unit was then tested extensively at NEETRAC and other laboratories. 

 

Communications Robustness 

Regular status polling was executed by each PowerLine Guardian+ to determine the status of each local 

PowerLine Guardian.  The robustness of PowerLine Guardian to PowerLine Guardian+ communications is 

determined by comparing the frequency of polling errors to polling attempts.  This calculation does not assess 

the robustness of backhaul communications between the PowerLine Guardian+ units and the Operation Center. 

1. Results: 

 2.1 Attempted communications events over this period:  4.53 x 107 

 2.2. PowerLine Guardian polling errors: 3.93 x 104  

 2.3. Percentage packet loss over the period: < 0.0087 %  

2. Conclusions: 

One packet was lost for every 1153 status inquires generated by the PowerLine Guardian+.  When considering 

the outbound and inbound messages required for an exchange, one packet was lost out of 2306 packets.  As 

expected, some errors resulted during normal maintenance activities such as firmware updates.  

 

Installation Impact on the Power System 

The impact on the power system was not significant enough to identify via analysis of a limited number of power 

flow cases extracted from the GPC state estimator.  Instead a statistical test was performed to determine if the 

Installations impacted the power system and quantify the magnitude of the impacts. 

Data for the statistical test were extracted from all available Max Inject and All Stop events for each Installation.  

During a Max Inject event, injected inductance of each phase was changed from zero to maximum over the 
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course of a few minutes.  During an All Stop event, the inverse occurred.  For each Max Inject event, the phase 

current measurements were sampled at the last time step the Installation inductance was zero and the first time 

step the inductance reached its maximum value.  For each All Stop event, the phase current measurements were 

derived at the last time step the Installation inductance was at maximum and the first time step the inductance 

reached zero.   

For each Installation, two groups of records were populated.  The first group (no injection) contains all 

measurements before transmission of the Max Inject command and all measurements after the All Stop had 

been confirmed.  The second group (max injection) contains all measurements after the Max Inject command 

had been confirmed and all measurements before transmission of the All Stop command.   

For the Grady – Moreland Installation, the no injection records have a mean current 1.25% higher than the max 

inject records.  The null hypothesis that the two means are statistically equal was tested at a significance level of 

0.05 using a one-side paired t-test.  The result of the t-test supports rejection of the null hypothesis, suggesting 

that the mean current of the no injection records is statistically higher than the mean current of the max inject 

records sample.  Thus, the statistical test supports the conclusion that the Grady – Moreland Installation 

lowered line current when operated in Max Inject.   

For the Grady – West End Installation, the no injection records have a mean current 2.83% higher than the max 

inject records.  The null hypothesis that the two means are statistically equal was tested at a significance level of 

0.05 using a one-side paired t-test.  The result of the t-test supports rejection of the null hypothesis, suggesting 

that the mean current of the no injection records is statistically higher than the mean current of the max inject 

records sample.  Thus, the statistical test supports the conclusion that the Grady – West End Installation lowered 

line current when operated in Max Inject.   

In conclusion, the statistical test demonstrates a high certainty that the Installations had the expected effect on 

power flows.  On average, switching the state of all units simultaneously changed the current flow by 7.5 A and 

6.3 A per phase for the Grady – Moreland and Grady – West End Installations respectively.  This corresponds to a 

change in flow of 1.5 MVA and 1.3 MVA respectively or approximately 100 kVA and 70 kVA per unit respectively.  

The Installations would provide more control capability if additional units are added.   

 

Conclusion 

The GPC Installations demonstrated the intended capabilities, namely power flow control and real-time sensing.  

On average over the 16 month test, the Installations were operated at 75% of nameplate impedance in injection 

mode.  Guardian to PowerLine Guardian+ communications were successful over 99.991% of the time.  Across 

the set of instances where the entire Installation was switched from monitoring to injection mode or vice versa, 

the average impact on power flow was 1.5 MVA and 1.3 MWA for the Grady – Moreland and Grady – West End 

Installations respectively.  As of October 2014, the Installations had been in continuous operation for 19 months.   


