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Introduction to Control Panels

* Definition: A control panel is a flat surface
area that houses the instruments and controls
of a system.

* Applications: Industrial automation, power
systems, HVAC, (heating /ventilation /air-
conditioning) etc.

* Importance: Centralizes control, improves
safety, and simplifies maintenance.



How HVAC is Organized within a Control Panel:
Sensors:

HVAC systems utilize various sensors (temperature, humidity,
pressure, etc.) to monitor environmental conditions.

Controllers:

These sensors feed data to controllers, which are essentially the
brains of the HVAC system.

Actuators:

Controllers then activate actuators (e.g., dampers, fans, valves) to
adjust the HVAC equipment and maintain desired conditions.

User Interface:

The control panel provides a user interface, allowing operators to
monitor the system, adjust settings, and troubleshoot issues.



Types of Control Panels

Power Control Panels
Motor Control Panels (MCP)

Automation Panels (PLC/DCS)
Lighting Control Panels



* Programmable Logic Controllers (PLCs) and
Distributed Control Systems (DCSs),
are essential components in  industrial
automation, responsible for controlling and
monitoring various processes.

* PLCs are typically used for -controlling
individual machines or processes, while DCSs
are used for managing more complex, large-
scale systems



Basic Components

Circuit breakers
Relays

PLC/HMI
Terminal blocks
Wire ducts



* A PLC (Programmable Logic Controller) is a
ruggedized computer that acts as the "brain"
of a machine or process, controlling its
operations based on programmed logic.

* An HMI (Human-Machine Interface) is a user
interface that allows operators to interact with
the PLC and the machine, providing real-time
data visualization and control capabilities.



PLC (Programmable Logic Controller):

Core Function:

PLCs are specialized computers designed to
control industrial processes and machinery.

How it works:

They receive input signals from sensors (like
temperature sensors, pressure sensors, etc.),
execute pre-programmed logic (often using
ladder logic or other programming languages),
and send output signals to control devices like
motors, valves, and actuators.
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Panel Layout Organization

Logical grouping of components (Power vs.
Control section)

Horizontal or vertical arrangement
Clear labeling for identification
"PSU" stands for Power Supply Unit.



Wiring and Cable Management

* Use of wire ducts
* Color coding of wires
* Cable tags and ferrules



Safety Considerations

Proper grounding and earthing
Use of MCBs, ELCBs
Compliance with IEC/NFPA codes

[Diagram: Grounding symbol and safety label
examples]
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Miniature Circuit Breaker Protects electrical circuits from overcurrent due to overload or short circuit.

Earth Leakage Circuit Breaker ~ Detects earth faults and disconnects power to prevent electric shock.
Residual Current Circuit Breaker Similar to ELCB, but more sensitive to leakage currents; used for human safety.
Molded Case Circuit Breaker Protects larger circuits; handles higher current ratings than MCBs.

Air Circuit Breaker Used in industrial panels for high current protection and switching.

Variable Frequency Drive Controls motor speed by varying frequency and voltage.

Programmable Logic Controller ~Automates control processes; used in industrial automation.

Human Machine Interface Interface for operators to monitor and control machines.

Current TransformerMeasures current and provides input to protective relays or meters.

Potential Transformer Steps down voltage for metering and protection.

Switched Mode Power Supply  Converts electrical power efficiently; used in control panels for DC supply.

Uninterruptible Power Supply ~ Provides backup power during outages.

SCADA Supervisory Control and Data Acquisition Monitors and controls industrial processes remotely.



Fishbone diagram

* A Fishbone Diagram (also called a Cause-and-
Effect Diagram or Ishikawa Diagram) is a visual
problem-solving tool used to identify, organize,
and analyze the possible causes of a specific
problem. It helps teams perform root cause
analysis instead of only treating symptomes.

* It was developed by Kaoru Ishikawa in the 1960s
and is widely used in quality management,
manufacturing, healthcare, software
development, and project management
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Fish Head: The problem or effect being analyzed.
Main Bones: Major categories of possible causes.
Small Bones: Specific causes under each category



Common Cause Categories (6Ms)
In manufacturing, the six common categories are:

Category Description

Human errors, lack of skills, insufficient

Man (People) training

Equipment breakdown, improper

Machine .
maintenance
Method Incorrect procedures or processes
: Poor-quality raw materials or incorrect
Material q Y
materials
Measurement Faulty measurements, inaccurate data

Temperature, humidity, lighting,

Mother Nature (Environment) e
workspace conditions



n service industries, categories may include:
People

Process
Technology
Policy
Environment
Communication



Example Problem 1

Problem: Motor not starting

Question :Draw the fish bone diagram for the above
problem and discuss the solution.

* Possible Causes:

* - Contactor not closing

* - Overload relay tripped

- Control fuse blown
Solution:

* - Check contactor coil voltage
- Reset overload relay

- Replace fuse if needed
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Example Problem 2

Problem: PLC not communicating with HMI .Draw the
flow chart and discuss the issue.

Possible Causes:

- Faulty Ethernet cable

- [P address conflict

- Program error

Solution:

- Replace cable

- Reassign IPs

- Verify logic in PLC program
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Maintenance Tips

Regular visual inspections

Tighten loose terminals

Clean dust and debris

Test protective devices periodically



Home work question

Develop a flowchart with a computer program
to diagnose the issue of a PLC not
communicating with an HMI in a control panel
system. Discuss the possible causes and how
artificial intelligence techniques like neural
networks can assist in fault detection.



1. Hardware Issues

Loose or damaged communication cables

Faulty PLC or HMI ports

Power supply failure

2. Configuration Errors

Incorrect IP address or subnet mismatch

Wrong communication protocol (e.g., Modbus, Ethernet/IP)
Baud rate or parity mismatch (for serial communication)
3. Software Issues

PLC or HMI program not running

Firmware incompatibility

Network congestion or firewall blocking

4. Diagnostic Tools

Ping test for IP connectivity

PLC and HMI diagnostic logs

Protocol analyzers (e.g., Wireshark)



Flowchart Fault Diagnosis for pLc-HMI communication
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Summary

* Organized control panels ensure safe and
efficient operations

* Diagrams and logical layout are key to
troubleshooting

* Routine checks prevent major failures



Thank You

END
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