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Application: Earth Fault Resistance Monitoring of Brushless Exciter 
Generators/ Motors 

Monitoring brushless exciter ground fault resistance (insulation resistance of field 
winding to rotor ground) to prevent rotor damage 

Industry: Power 

Product: EFREM (Earth Fault Resistance Monitor) 

Parameters measured: Ground Fault Resistance, Field Voltage, Fault Location 

Accumetrics is supplying the EFREM system to major manufacturers of power 
generation equipment to enable the active, continuous monitoring of field winding fault 
resistance (insulation resistance) to rotor ground. For brushless exciter based equipment, 
the field winding is normally not accessible without the use of troublesome slip rings, 
which in many cases are only infrequently applied for momentary measurements (for 
instance, one touchdown of brushes every 24 hours). Early detection of faults can lead to 
timely repairs before rotor damage occurs from a second fault arising. Trending of the 
fault data allows understanding of the effects of humidity, noise, and normal resistance 
parameter variation. The EFREM, through an induction powered digital design, allows 
wireless connection to obtain precise and dependable rotating measurement of fault 
resistance at a rate of about 1.5 seconds per measurement. In measuring fault resistance, 
the EFREM is also able to report the actual field voltage, as well as the fault location (if 
the system is unfortunate enough to have developed a fault).  The digital data used by the 
EFREM allows robust communication without interference from EMI, which is a 
common problem with some telemetry and slip ring measurements. 

The system is an improvement on the popular GDS (Ground Detection System), a digital 
telemetry system that has been supplied by Accumetrics for generator protection for 
years. The GDS uses a fixed current leakage threshold as an alarm/no-alarm indication of 
generator safe operation. Since this current will vary depending on the magnitude of the 
field voltage at the wire fault, the GDS’ alarm is more sensitive to faults near the positive 
terminal of the field winding. Alternatively, the EFREM shows trending of the actual 
fault/ insulation resistance; this data can be charted and used for statistical process control 
condition monitoring. Multiple user-settable alarms are included. As added benefits 
contrasted with the GDS, field voltage is reported, and an indication of the location of a 
fault is computed by the EFREM, which is output as the fault’s percentage of its distance 
from the negative field terminal to the positive field terminal. 



The picture above left shows an end-of-shaft mounted rotating Transmitter for the 
EFREM. The above center picture shows a system ready for shipment. The above right 
picture is the Ethernet system control and display software, “EFREMview”, showing the 
Log Resistance vs. Time chart, as well as readouts of Field Voltage and Fault Location. 
The lower left picture shows an EFREM system mounted at a mid-shaft location. The 
lower right picture shows a typical NEMA style Receiver, with dual 4/20mA outputs, 
multiple relay contacts for ground fault threshold Alarms, and full data output via 
Ethernet and RS232.  . The Receiver generates the induction power, allowing the system 
to be fully functional even when the generator is at 0 RPM. 
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Rochester, NY, USA - www.sti-tech.com – Mechanical engineering consulting firm 
specializing infinite element analysis, advance analytical techniques, experimentation,
technology development, &design optimization for turbo machinery, industrial machine 
systems & mechanical structures.

WHITE PAPER
What are divisions of PCB Piezotronics?
PCB Piezotronics, a member of the PCB Group families of companies, has five major divisions, all of which offer targeted sensor technologies.  These
divisions are supported by an active outside direct sales force of Field Application Engineers, as well as international direct sales offices throughout
the world.  Individual PCB Piezotronics divisions, locations and their primary product specialties include:

Depew, NY, USA - www.pcb.com – Piezoelectric, ICP®, piezoresistive & capacitive
pressure, acoustic, force, torque, load, strain, shock & vibration sensors.

Depew, NY, USA - www.imi-sensors.com – Industrial vibration sensors, bearing fault
detectors, mechanical vibration switches, panel meters, cables & accessories for 
predictive maintenance and equipment protection.

Depew, NY & Provo, UT, USA www.larsondavis.com – Precision microphones,
sound level meters, noise dosimeters, audiometric calibration systems.

Novi, MI, USA - www.pcb.com/auto  – Sensors & Instrumentation for automotive testing,
including modal analysis; NVH; component durability; powertrain testing; vehicle dynamics;
safety and regulatory testing.

Depew, NY, USA - www.pcb.com/aerospace  – Sensors & Instrumentation for 
aerospace & defense applications, including air and spacecraft testing.

Farmington Hills, MI, USA - www.pcb.com/LoadAndTorque  – Designs and manufactures
high quality, precision load cells, wheel force transducers, torque transducers, telemetry 
systems, and fastener torque-tension test systems.

San Clemente, CA, USA - www.pcb.com – Research & development engineering
center for special technologies.

Seattle, WA, USA - www.pcb.com – Process development and fabrication of
MEMS sensors.

Cincinnati, OH, USA - www.modalshop.com – Global leader in dynamic calibration offering a
complete line of automated calibration systems and recalibration services to support dynamic 
vibration, pressure and force sensors in applications such as: national standards, commercial
labs, government/military research, consultancies, and industrial/plant floor operations.
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