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Abstract

Oil-free air compressors are widely used in pharmaceutical, food, precision
electronics and laboratory applications where compressed air quality is critical.
Discharge pressure and temperature, loading and unloading sequences, and fault
response must be controlled reliably. Conventional relay-based control suffers from
complex wiring, difficult parameter tuning, and limited scalability of interlocking
logic, and it is inadequate for integrated process and safety management.

To address these issues, a control system for an oil-free compressor is designed
and discussed with a Siemens S7-1214C programmable logic controller as the core.
Based on an analysis of oil-free compression characteristics and site constraints, the
main-circuit scheme for the compressor motor and the cooling-fan motor is presented,
including protection devices. The PLC and SM 1234 analog module are selected, and
digital and analog I/O mapping to field devices is summarized. In the TIA Portal
integrated environment, the main OB1 program in ladder logic implements power-on
initialization, automatic and manual modes, sequenced start and stop, coordination of
intake, load and unload solenoid valves, scaling of discharge pressure and temperature,
and fault detection for overpressure, overtemperature, low pressure and motor
overload with reset logic. Custom function blocks realize PID pressure control linked
to the variable-frequency drive frequency setpoint, assisted by a data-change detection
routine. The human-machine interface on a TP1200 Comfort panel provides process
monitoring, parameter management, alarm configuration, and user management.

The results show that the proposed design has a clear structure, complete
interlocks, and a high degree of parameter visibility on the HMI, and that it can meet
the requirements for safe operation and regulation under varying conditions. The work
may serve as a reference for similar automation retrofits. The exposition is consistent
with the engineering package of main-circuit drawings, PLC wiring diagrams, control
software, and HMI configuration.

Key Words: oil-free air compressor; programmable logic controller; electrical

main circuit; PID control; human-machine interface; fault interlock
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