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DEVELOPMENT AND RESEARCH OF AN AUTOMATED GAS CONSUMPTION
CONTROL SYSTEM

Abstract. The purpose of this work is to develop a gas flow regulator (GFR) based on standard
components from SMC. The problem is that existing integrated GFRs on the market are expensive,
whereas the components for assembling them (flow meters and proportional valves) are available,
but SMC does not offer a ready-made controller. This work proposes the creation of a modular
control system with feedback, consisting of a flow meter (PF2A/PFM), a proportional valve (VEF),
and a programmable logic controller (PLC). A mathematical model of the system was developed in
Simulink, and a physical prototype was built based on a Mitsubishi PLC. A control algorithm was
developed and implemented in Ladder Diagram language, ensuring precise maintenance of the set
gas flow by compensating for changes in inlet pressure. Experimental studies confirmed the system's
functionality and accuracy.

Key words: gas flow regulator (GFR), SMC, PLC, feedback, proportional valve, flow meter,
Ladder Diagram, Pl-controller.

Introduction. A gas flow regulator is a device that allows for the precise control of the gas
flow rate. Accurate regulation is necessary because flow depends on multiple parameters: channel
cross-section, pressure, and temperature. Simple throttling does not guarantee a precise flow rate
without accounting for these factors. For precise regulation, a closed-loop control system is required,
which includes an actuator (valve), a sensor (flow meter), and a controller.

Existing integrated GFRs on the market are expensive devices. SMC, a leader in the pneumatics
market, produces individual components (proportional valves of the PVQ/VEF series and flow meters
PF2A/PFM) but does not offer a ready-made integrated regulator. Therefore, creating a flexible,
modular, and cost-effective regulator based on these components is a relevant task. The purpose of
this work is to develop a gas flow regulator based on SMC components.

Methods and Materials. To achieve this goal, an automatic control system was developed
based on the principle of a tracking system with negative feedback.
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Fig. 1. Block diagram of a tracking system (1 - comparator, 2 - am'plifier—converter, 3 - actuator, g(t) -
setpoint, x - output value)

In the developed system (Fig. 1), the setpoint g(t) (required flow rate) is compared with the
actual output value x (signal from the flow meter). The error signal ¢ is sent to the controller (2),
which commands the actuator (3) — the proportional valve.

The system was physically implemented using the following components:

e Flow Meter: SMC PF2A511 (with 1-5 V analog output).
o Valve: SMC VEF 3121 electropneumatic proportional valve.
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o Amplifier: SMC VEA250 (to convert the control signal to a 0-1 A current and modulate it to
overcome spool friction).
o Controller: Mitsubishi Electric FX1N PLC with an FXon-3A analog module.
The control algorithm (a software Pl controller) was implemented in the relay-contact logic
language (Ladder Diagram) (Fig. 2).
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Fig. 2. GFR operation program in Ladder Diagram language

The algorithm (Fig. 2) constantly compares the setpoint (from register D1) with the actual value
(from register DO). If the actual flow is less than the setpoint (D1 > DO), the program increments
(INC) the output register D2, slowly opening the valve. If the flow is greater (D1 < DO0), the register
D2 isdecremented (DEC). To avoid rapid oscillations (hunting) of the valve, the increment/decrement
is performed smoothly, with a clock pulse of once per second (marker M8013), which ensures high
regulation accuracy.

The results of experimental studies (Fig. 3) showed the system's response to a change in the
setpoint signal (U3) and the system's ability (UBx) to accurately follow the stepped changes in the
setpoint.
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Fig. 3. Experimental transient response of the GFR to a setpoint change

Conclusions. During this work, a gas flow regulator was developed and physically
implemented based on standard SMC components (PF2A flow meter, VEF valve) and a Mitsubishi
PLC. A mathematical model was created, and a feedback control algorithm was developed and
implemented using Ladder Diagram language. Experimental tests of the assembled bench proved its
full functionality. The developed GFR successfully meets the objective: it automatically maintains
the set gas flow rate by compensating for disturbances (a drop in inlet pressure) by changing the
control voltage to the valve. The created device is not inferior to existing expensive analogs in terms
of regulation accuracy, but it is significantly cheaper and more flexible for configuring for specific
technical tasks.



