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Conclusion. The transmitssibility results obtained
under random vibration excitation (0—1600 Hz) re-
vealed a generally low transmission ratio, with all val-
ues remaining below unity. This confirms that the
system effectively attenuates dynamic forces rather
than amplifying them. Notably, 17 discrete frequen-
cies exhibited close agreement between longitudinal
and transversal transmissibility, implying near-iso-
tropic dynamic behavior at those points. These fre-
quencies likely represent common structural response
modes where energy distribution is balanced between
directions. Beyond these points, differences between
the two directions became more pronounced, reflect-
ing the inherent anisotropy of the dynamometer and
mounting configuration. Overall, the results provide
a strong experimental basis for developing
a transmissibility law characterizing the directional
dependence of vibration transmission within the
system.
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Abstract. High voltage substations depend heavily on reliable DC power supplies to ensure the continuous oper-
ation of protection relays, telecommunications systems, and control equipment. This paper presents the design of
a Quality Management System (QMS) aimed at remotely monitoring and controlling these DC supply systems,
with particular emphasis on battery banks and chargers supporting telecom and protection infrastructure. The pro-
posed system ensures compliance with reliability standards, enhances real-time visibility, and enables predictive
maintenance, thereby improving operational efficiency and system resilience. A new standard by the international
Electro technical commission (IEC) which is IEC 61850 communication system in substations which is primarily
used to eliminate the problem of interoperability between IEDs supplied by different vendors. Currently existing
systems used only give an indication of a failure of DC supplies but do not offer ways to control the DC supply
system so that it functions well. This paper looks into that and also proposes a way to monitor and control the DC
supply system.

Keywords: quality management system, remote monitoring, protection systems, telecommunication batteries,
battery chargers, predictive maintenance.

Address for correspondence: Harare Institute of Technology, Harare, Zimbabwe
e-mail: hit@hit.ac.zw

Introduction. Modern power systems rely on
high voltage substations for the transmission and dis-
tribution of electricity. Within these substations, reli-
able DC power is essential to maintain critical sys-
tems such as protection relays, automation
equipment, and telecommunications. Failure in DC
supply systems can lead to malfunctions in protection
schemes, delayed fault clearing, or even blackouts.
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Therefore, ensuring the health and reliability of bat-
teries and chargers in substations is a matter of signif-
icant operational importance.

Substation DC systems generally include:

Battery banks (typically VRLA or Ni-Cd types),

Battery chargers (rectifiers with float and boost
charging), Distribution panels with circuit breakers
and monitoring devices and Remote Terminal Units
(RTUs) or intelligent electronic devices (IEDs).
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The proposed system architecture shall include:

Sensors and IEDs to monitor voltage, current,
temperature, electrolyte levels, and charger output.

Data Acquisition Units (DAUSs) integrated with
existing RTUs or PLCs.Communication Interfaces
using secure protocols (e.g., [IEC 61850, DNP3, Mod-
bus TCP/IP). Cloud or Local Server Platforms for
data storage and visualization. User Interface Dash-
boards for operators and maintenance personnel.

Alarm and Event Management System integrated
with the SCADA/HMI.The SCADA system shall also
be used for quality control of the system ensuring that
it performs as intended.

Design of the Quality Management System
(QMS). Quality Objectives. Ensure battery voltage
and temperature within specified limits. Maintain
charger output regulation and health. Early detection
of battery degradation (for example sulfation, cell im-
balance). Timely alarm on low charge/discharge
events.

Key Features. Automated Reporting on battery
state of health (SoH) and state of charge (SoC). Trend
Analysis of parameters to forecast maintenance.
Alarm Hierarchies based on severity. Self-test Rou-
tines scheduled to minimize false alarms.
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Figure 1 — DC supply system in a substation

Implementation and Monitoring.
Implementation. Implementation and monitor-
ing will include, Baseline Survey of existing equip-
ment, Gap Analysis to determine integration needs.
Selection of Remote Monitoring Devices compatible
with substation standards. System Integration Testing
with existing SCADA/EMS platforms. Staff Training
and procedure development, Deployment and Com-
missioning and Ongoing monitoring includes real-
time dashboards, monthly performance reports, and
quarterly audits. Al-powered analytics may be em-
ployed for anomaly detection and lifecycle prediction.
There are various benefits of this system which in-
clude improving uptime of protection and telecom
systems. Data-driven maintenance and lifecycle man-
agement. Enhanced safety through early fault detection.
Disadvantages are also found in such systems and
these include Integration with legacy systems.
Cybersecurity concerns with remote access.
Initial capital cost and training requirements.
DC Battery Systems. The dc auxiliary service of
a substation is responsible for supplying dc current

for all devices. It is composed basically of a rectifier,
a battery charger, and a bank of batteries for each
level of dc voltage required. The proper operation of
the dc battery system and the source of ac is essential
for the operation of the control and protection systems
of a substation. However, not all the rectifiers and bat-
tery chargers have auto diagnostic mechanisms, and
those that have them only signal to indicate alarm sit-
uations.

Amog ‘Pout to Pomt R

Commumication

N I

simd
i SCADA
Process Plant MF
Status coamol meter

PS4
Mo Bt
[ B
MODEM Internet MODEM contol
[ R

Firewall

Computer Security system

Figure 2 — Remote monitoring system for a substation

Quality control. This shall be achieved through
ensuring system design meets IEC standards,
SCADA operator training, designing user friendly
HMI, simulation of the system before testing it in the
real world, design drawings shall be reviewed includ-
ing program flow charts and system back up archived.
Access control and cybersecurity protocols shall also
be implemented for system protection from unauthor-
ized users.
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