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Project Overview

 Project Description

 Monitor alternating current (AC) system

 Measure the efficiency of the AC system

 Optimize the efficiency of the AC system 

through power factor correction

 Implemented with a digital system 

 Displays AC system information on an LCD 

panel 
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Project Overview

 Project Objectives

 Monitor AC Voltage

 Monitor AC Current

 Monitor AC Power Factor

 Power Factor Correction

 Proposed Solution

 Schweitzer Engineering Laboratories (SEL) 

 SEL-2411 Automation Controller

 AC power expansion card

 Customizable logic programming
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Subsystem Block Diagram
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Progress – Work Accomplished 

From Oct. 1 to Nov. 19
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Progress – Work Accomplished

 Achievements

 Designing circuit to 

interface with the SEL-2411 

power card to monitor AC 

voltage and current

 Successfully programmed 

SEL-2411 Automation 

Controller

 Established working 

communication with the 

device

 Explored capabilities of 

the ACSELERATOR QuickSet®

Software
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Progress –Work Accomplished

 Achievements – Continued

 Built Resistance-Inductive (RL) load for current 
monitoring

 Provides the load for the power factor 
correction portion of the project

 Motor inductive load was omitted for testing 
purposes

 Finished voltage monitoring and current 
monitoring build

 Finished ahead of schedule

 Calculation performed internally by the power 
card and placed into variables for the SEL-2411. 

 Defined the variables needed to display AC power 
system characteristics to the user.
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Progress – Work Accomplished

 Achievements - Continued

 Finished voltage monitoring and current 
monitoring build - Continued

 Most work focused on circuit design and 
construction to test AC system monitoring functions

 Successful testing of AC voltage and current 
monitoring

 Test result met tolerances of the power input card 
for the SEL-2411 Automation Controller

 Average error for voltage monitoring was -0.15% 

 Average error for current monitoring was -0.39%

 Cost of the project will remain the same from 
this part of the project
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Progress – Work Accomplished

 Problems Encountered

 Communication to the SEL-2411 Automation Controller 

 Requires a null-modem connection

 Windows driver issues with USB to Serial (RS-232)

 First RL load circuit used a transformer which 
introduced a non-linear current waveform. 

 Switched to loading reactors which produced a more 
linear response for the inductive load

 Testing tolerances for voltage monitoring

 Tolerance of ±3% issue with the oscilloscope equipment 
for used testing

 Used power meters with tolerance of ±0.5% for testing

 Tolerance rating for voltage monitoring is ± 0.08% from 
100Vac to 250Vac
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Progress – Work Remaining 

from Nov. 19 to Feb. 23
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Progress –Work Remaining

 Continue with the power factor calculation

 Should be done ahead of schedule (as was the case with 

the programming of the AC voltage and current 

monitoring)

 Finalize results from testing of the power factor 

calculations

 Build control circuitry for power factor correction 

control

 Time to construct test circuit was underestimated during 

original planning

 Test the performance of the power factor correction 

system
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Conclusion

 SEL-2411 Automation Controller

 Some difficulty in programming the device

 Loading reactor and rheostat will be used as the 

inductive load for testing

 Originally stated that this would be performed with motor

 Voltage monitoring and current monitoring testing were 

successful; can proceed to power factor calculation

 Building of the circuits for the project take significant 

time to assemble due to hazards of high voltage 

operations
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Q & A
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ACSELERATOR QuickSet® Device 

Programming
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Circuit Design



List of Functional Requirements 

for the AC System Monitoring 

Device

Specifications Max Min Tolerance

Voltage Range 250 Vac 100 Vac ±15%

Current Range 5 A 0 A ±15%

Power Factor 

Calculation
1.0 0.3 ±15%

Refresh Rate 1000 ms 1 ms N/A

Control Power 

Factor
N/A 1 Switch N/A
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Functional Specification of the 

SEL-2411 Automation controller

Specification Max Min Tolerance

Power Supply 250 Vac 125 Vac N/A

AC Voltage Input Card (300V 

Model)
250 Vac 100 Vac ±0.08%

AC Current Input Card (5A Model) 10.0 A 0.05A ±0.5%

Power Factor Calculation 1.0 0 ±1%

Analog Output Refresh Rate 100ms N/A N/A

Digital Electromechanical 

Contact Outputs
8 N/A N/A
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1st Voltage Test Results with 

measurements from Oscilloscope ±3%

Actual Voltage (Vrms) Read Voltage (Vrms) Voltage Reading Error

2.0 1.95 1.02%

6.4 6.63 -3.27%

14.5 14.8 -2.07%

22.2 22.7 -2.25%

33.3 33.1 0.60%

41.2 40.9 0.73%

53.2 54.7 -2.82%

65.4 66.7 -1.99%

73.3 74.7 -1.91%

85.0 86.7 -2.00%

98.5 100 -1.52%

107 110 -2.80%

115.0 114 0.87%

-1.34% 19



1st Current Test Results with 

Measurements from Oscilloscope ± 3%

Actual Current (mArms) Read Current (mArms) Current Reading Error

10.8 11 -1.85%

33.3 38 -14.11%

74.8 75 -0.27%

114 115 -0.88%

172 172 0.00%

206 203 1.46%

276 270 2.17%

336 330 1.79%

376 366 2.66%

438 425 2.97%

506 499 1.38%

556 563 -1.26%

577 571 1.04%

-0.38% 20



2nd Voltage Test Results with 

Measurements from Volt Meter ±0.5%

Actual Voltage (Vrms) Read Voltage (Vrms) Voltage Reading Error

101.5 101.3 0.20%

110.0 111.5 -1.36%

121.0 121.7 -0.58%

132.0 132.5 -0.38%

142.5 142.9 -0.28%

152.0 152.1 -0.07%

163.0 163.0 0.00%

169.8 169.8 0.00%

175.0 174.8 0.11%

182.2 182.4 -0.11%

189.8 189.2 0.32%

296.4 296.6 -0.07%

204.0 203.6 0.20%

210.5 210.8 -0.14%

-0.15% 21



2nd Current Test Results with 

Measurements from Current Meter ±0.5%

Actual Current (mArms) Read Current (mArms) Current Reading Error

160 162 -1.25%

230 230 0.00%

310 302 2.58%

385 378 1.82%

455 447 1.76%

518 514 0.77%

600 601 -0.17%

675 678 -0.44%

710 710 0.00%

748 746 0.27%

792 796 -0.51%

832 833 -0.12%

0.39% 22



Transformer Nonlinear Waveform 

for the First RL Load Circuit
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RL Load Using Loading Reactors
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Display Output from SEL-2411
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Detailed Gantt Chart
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