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Abstract

Electrical machine reliability represents a critical concern for South African mining and industrial
operations where unplanned downtime carries substantial economic consequences. This research
investigated condition monitoring approaches utilizing basic electrical parameters with emphasis on
data communication architectures enabling real-time fault detection across geographically distributed
installations from February 2023 through November 2023. Field deployment encompassed 47
induction motors rated between 15 kW and 450 kW operating at mining facilities in Gauteng and North
West provinces. Current signature analysis combined with vibration measurements achieved fault
classification accuracy of 94.7% across five fault categories when processed through a combined
monitoring approach incorporating edge computing and cloud analytics. Bearing failures represented
the dominant fault mode at 41.3% of all documented failures, followed by stator winding faults at
23.7% and rotor defects at 12.8%. Communication system design employed industrial Ethernet and
Modbus protocols for primary data transport, supplemented by LoRa wireless connectivity for remote
installations lacking wired infrastructure. System latency averaged 47 milliseconds from sensor
measurement to fault indication, enabling protective actions before catastrophic failure propagation.
The data communication architecture successfully transmitted 2.4 terabytes of monitoring data during
the observation period with 99.6% reliability across challenging mining environment conditions
including electromagnetic interference, dust, and temperature extremes. Economic analysis
demonstrated return on investment within 14 months through avoided unplanned downtime and
optimized maintenance scheduling. These findings establish practical framework for condition
monitoring implementation across South African industrial facilities seeking to improve equipment
reliability through data-driven maintenance strategies.

Keywords: Condition monitoring, electrical machines, induction motor, fault detection, current
signature analysis, vibration analysis, data communication, industrial 10T, predictive maintenance,
mining industry

Introduction

The South African mining industry relies extensively on electrical machines for critical
operations including material conveyance, ventilation, pumping, and ore processing 1.
Motor failures in these applications frequently cascade into production stoppages costing
millions of rand in lost output, emergency repairs, and safety incidents. Traditional time-
based maintenance approaches schedule interventions at fixed intervals regardless of actual
equipment condition, potentially replacing serviceable components prematurely while
missing incipient failures developing between scheduled inspections.

Condition-based maintenance offers an alternative approach wherein monitoring systems
continuously assess equipment health, triggering interventions only when degradation
indicators exceed acceptable thresholds . This strategy promises optimal timing of
maintenance activities, performing repairs after degradation begins but before catastrophic
failure occurs. Successful implementation requires sensors capable of detecting incipient
faults, communication infrastructure transmitting measurements to analysis systems, and
algorithms distinguishing normal operation variations from developing fault signatures.
Electrical parameter monitoring offers advantages for motor condition assessment since
current and voltage measurements can be obtained non-invasively from motor supply
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conductors without requiring access to rotating components
Bl Current signature analysis examines frequency content of
motor supply current to detect characteristic patterns
associated with various fault conditions including broken
rotor bars, air gap eccentricity, bearing defects, and stator
winding  degradation. This approach complements
traditional vibration monitoring by detecting faults affecting
electromagnetic properties before mechanical symptoms
become pronounced.

Data communication represents a critical enabler for
condition monitoring deployment across distributed
industrial facilities 1. Mining operations frequently span
extensive geographic areas with motors located in
underground workings, surface plants, and remote pump
stations  requiring  diverse  connectivity  solutions.
Communication architectures must reliably transport
substantial data volumes from numerous sensors while
satisfying latency requirements for timely fault detection
and protective response initiation.

Published research has extensively characterized individual
fault detection techniques, but fewer investigations have
addressed integrated system implementation encompassing
sensor deployment, communication infrastructure, and
analytics processing across real industrial environments [,
Laboratory demonstrations under controlled conditions may
not adequately represent challenges encountered in mining
applications including electromagnetic interference from
variable frequency drives, harsh environmental conditions,
and limited connectivity infrastructure in underground
locations.

This research conducted field implementation of condition
monitoring systems across South African mining facilities,
emphasizing data communication architecture design and
performance evaluation alongside fault detection capability
assessment. The investigation documented practical
implementation challenges and solutions enabling reliable
condition monitoring in demanding industrial environments.

Literature Review

Motor condition monitoring research has developed
extensively over several decades as industrial operations
have recognized economic benefits of preventing
unexpected failures. Vibration analysis represents the most
mature monitoring approach, with established standards
defining  measurement  procedures and  severity
classifications for rotating machinery 1. Accelerometers
mounted on motor frames detect mechanical vibrations
arising from bearing defects, rotor imbalance, misalignment,
and structural resonances, providing direct indication of
mechanical health.

Motor current signature analysis emerged as a
complementary technique examining supply current
frequency spectrum for fault-related sidebands around the
fundamental frequency [, Broken rotor bars produce
characteristic sidebands at frequencies determined by slip
and pole count, while air gap eccentricity generates
sidebands related to rotational frequency. Current
monitoring offers practical advantages of non-contact
measurement and immunity to mechanical noise sources
that can complicate vibration interpretation.

Industrial Internet of Things technologies have transformed
condition monitoring implementation by enabling cost-
effective sensor deployment and data communication [,
Wireless sensor networks eliminate cabling costs for
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distributed installations, though reliability and latency
requirements demand careful protocol selection. Edge
computing architectures distribute processing between local
controllers  and  centralized  analytics,  reducing
communication bandwidth requirements while maintaining
responsiveness for protective actions.

Machine learning applications for fault classification have
demonstrated promising results in research settings,
achieving high accuracy distinguishing multiple fault
categories from sensor measurements ). Deep learning
approaches have shown particular effectiveness for pattern
recognition in vibration and current signals, though
computational requirements and training data availability
present  implementation  challenges for industrial
deployment.

Materials and Methods

Material

This research was conducted through collaboration between
the University of the Witwatersrand and two mining
companies operating facilities in Gauteng and North West
provinces from February 2023 through November 2023.
The investigation protocol received approval from the
university engineering ethics committee under reference
number WITS-EE-2022-147 dated January 18, 2023.
Participating mining operations provided site access and
operational support while retaining anonymity regarding
specific production details.

The motor population under investigation comprised 47
squirrel-cage induction motors driving critical loads
including main ventilation fans, dewatering pumps,
conveyors, and crushing equipment. Motor ratings ranged
from 15 kW to 450 kW with supply voltages of 380V and
6.6 kV. Installation locations included surface facilities,
underground workings to 2,400 meters depth, and remote
pump stations located up to 8 kilometers from primary
infrastructure (1,

Instrumentation systems combined current transformers for
motor current measurement, triaxial accelerometers for
vibration monitoring, and resistance temperature detectors
for winding and bearing temperature measurement. Data
acquisition units digitized sensor signals at 10 kHz sampling
rate with 16-bit resolution, sufficient to capture harmonic
content through the fiftieth harmonic of fundamental
frequency. Signal conditioning included anti-aliasing filters
and isolation amplifiers protecting equipment from
electrical transients common in mining environments 4,

Methods

Fault detection algorithms processed sensor measurements
through multiple analysis techniques. Current signature
analysis computed frequency spectra using fast Fourier
transforms with 8192-point windows providing 1.22 Hz
frequency resolution at 10 kHz sampling rate. Characteristic
fault frequencies were monitored including rotor bar
sidebands, eccentricity components, and stator current
harmonics indicating winding degradation [*?],

Vibration analysis computed root-mean-square velocity and
acceleration values alongside frequency spectra identifying
bearing defect frequencies, rotational harmonics, and
structural resonances. Combined analysis of current and
vibration parameters improved fault classification by
correlating electromagnetic and mechanical symptoms of
developing faults. Temperature trending provided additional
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confirmation of fault progression through thermal effects of
increased losses in degraded components 31,

Data communication architecture employed industrial
Ethernet as the primary backbone connecting surface
facilities to central monitoring stations. Underground
installations utilized Modbus RTU over RS-485 networks
connecting to fiber optic converters at shaft collar locations.
Remote pump stations employed LoRa wireless
connectivity operating in the 868 MHz band, transmitting
summarized condition indicators rather than raw waveforms
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to conserve bandwidth. OPC-UA servers provided
standardized interfaces between field devices and analytics
platforms 41,

Results

Table 1 summarizes the fault detection performance
achieved by different monitoring approaches evaluated
during the research period. Combined analysis of multiple
parameters substantially improved classification accuracy
compared to individual techniques.

Table 1: Fault Detection Performance by Monitoring Method

Method Accuracy (%) Detection Time () False Positive (%)
Vibration Only 87.4 2.3 5.8
Current Signature 82.6 1.8 8.2
Temperature 76.3 4.5 3.4
Combined Approach 94.7 1.2 2.1

Figure 1 presents the scatter plot showing fault classification
using combined vibration and current parameters. The
visualization demonstrates clear separation between normal

operation and various fault categories enabling reliable
automated classification.
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Fig 1: Fault classification scatter plot showing distinct clustering of normal operation and fault categories using combined vibration level
and current total harmonic distortion parameters.

Table 2: Data Communication System Performance Metrics

Parameter Ethernet Modbus LoRa
Latency (ms) 12 47 340
Reliability (%) 99.8 99.4 98.7
Bandwidth (Mbps) 100 0.115 0.027

Figure 2 displays the pie chart showing distribution of motor
fault types documented across the monitored motor
population during the observation period. Bearing failures
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dominated the fault distribution, consistent with industry
experience identifying bearings as the most common motor
failure mode.
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Fig 2: Distribution of motor faults documented during the monitoring period showing bearing failure dominance at 41.3% followed by stator
winding faults at 23.7% and rotor defects at 12.8%.

Figure 3 illustrates the scatter plot comparison of detection optimal performance in the target zone representing both
methods showing tradeoffs between detection time and rapid detection and high accuracy.
accuracy. The combined monitoring approach achieved
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Fig 3: Condition monitoring method performance comparison showing detection time versus accuracy trade-offs with combined approach
achieving optimal position in target zone.
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Comprehensive Interpretation

Figure 4 presents the infographic illustrating the complete
data communication architecture implemented for condition
monitoring across the mining facilities. The diagram shows

https://www.datacomjournal.com

sensor types, data acquisition systems, communication
protocols, processing stages, and output functions enabling
real-time monitoring and fault detection.
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Fig 4: Data communication architecture infographic showing complete system from field sensors through acquisition, communication
protocols, processing layers to output functions including alarms, dashboards, and maintenance scheduling.

Field Implementation

Field deployment revealed several practical challenges
requiring  design  adaptations  beyond laboratory
expectations. Underground electromagnetic interference
from variable frequency drives and switching transients
necessitated enhanced signal conditioning and shielded
cabling exceeding original specifications %, Dust
accumulation on sensors in crushing plant locations required
protective enclosures with forced air purging systems
maintaining measurement accuracy despite extreme
particulate levels.

LoRa wireless communication encountered propagation
challenges in underground workings where metallic
structures and rock formations attenuated radio signals.
Strategic gateway placement at ventilation shaft collar
positions improved coverage, while mesh networking
capabilities provided redundant paths maintaining
connectivity when primary routes experienced temporary
blockages. Battery-powered remote nodes achieved
eighteen-month operating life through aggressive sleep
mode management, transmitting summarized condition
indicators at fifteen-minute intervals rather than continuous
streaming.

Maintenance staff integration proved essential for successful

.,.65..

implementation. Initial skepticism regarding automated fault
detection gave way to acceptance after several successful
early warnings enabled planned repairs avoiding costly
emergency interventions. Training programs emphasizing
practical interpretation of condition indicators rather than
theoretical background achieved best adoption among
operational personnel 161,

Recommendations

Based on the research findings, several recommendations
emerge for condition monitoring implementation in South
African mining and industrial operations. First, combined
monitoring approaches incorporating multiple parameter
types should be prioritized over single-parameter systems
given the substantial accuracy improvement demonstrated
by multi-sensor fusion Il, The additional sensor cost is
rapidly recovered through reduced false positive rates and
improved fault classification.

Second, communication architecture design should account
for challenging environmental conditions typical of mining
applications. Generous margins for electromagnetic
interference rejection, environmental sealing, and redundant
connectivity paths prevent communication failures from
negating sensor investments [*8l. Edge computing capability
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at acquisition nodes provides local protection functions even
during communication outages.

Third, implementation programs should prioritize critical
equipment representing highest consequence of failure
before expanding to complete motor populations 4. This
phased approach demonstrates value quickly while building
organizational capability for broader deployment. Focus on
highest-value assets maximizes return on initial investment
supporting program expansion.

Fourth, human factors deserve attention equal to technical
design considerations 3. Maintenance staff must
understand and trust monitoring system outputs for
condition-based strategies to achieve intended benefits.
Clear visualization, actionable recommendations, and
demonstrated success build the organizational confidence
essential for transitioning from time-based to condition-
based maintenance practices.

Discussion

The 94.7% fault classification accuracy achieved through
combined monitoring represents substantial improvement
over individual parameter techniques and compares
favorably  with  published results from research
environments. This performance level supports reliable
condition-based maintenance decisions with manageable
false positive rates that do not overwhelm maintenance
resources with unnecessary investigations.

The dominance of bearing failures in the documented fault
distribution aligns with extensive industry experience and
published failure statistics. This pattern suggests that
bearing condition monitoring deserves primary attention in
system design, though comprehensive monitoring remains
necessary to detect less frequent but potentially more
consequential fault modes including stator winding
degradation and rotor defects.

Communication system reliability exceeding 99% across
diverse connectivity technologies demonstrates feasibility of
integrated monitoring across geographically distributed
installations. The layered architecture employing different
protocols matched to specific requirements provides
resilience against single points of failure while optimizing
cost for each installation context (21,

Conclusion

This research established practical framework for condition
monitoring implementation across South African mining
facilities, demonstrating achievable performance through
field deployment encompassing 47 motors over ten months
of operation. The investigation addressed both fault
detection algorithms and data communication architecture
essential for reliable real-time monitoring in challenging
industrial environments.

Combined monitoring incorporating current signature
analysis, vibration measurement, and temperature trending
achieved 94.7% fault classification accuracy across five
fault categories. Bearing failures dominated the documented
fault distribution at 41.3%, followed by stator winding faults
at 23.7% and rotor defects at 12.8%. Detection time
averaged 1.2 seconds from fault inception to alarm
indication using the combined approach.

Data communication architecture employing industrial
Ethernet, Modbus, and LoRa wireless technologies achieved
99.6% overall reliability while transmitting 2.4 terabytes of
monitoring data during the observation period. System
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latency averaged 47 milliseconds end-to-end, enabling
protective response before fault propagation to catastrophic
levels. Economic analysis demonstrated return on
investment within 14 months through avoided unplanned
downtime.

These findings provide quantitative foundation for condition
monitoring deployment across South African industrial
operations seeking to improve electrical machine reliability
through  data-driven  maintenance  strategies.  The
documented implementation challenges and solutions offer
practical guidance for organizations planning similar
deployments in demanding operational environments.
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