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ABSTRACT  

This paper addressed the digital input/output 

Programmable Logic Controller (PLC) module in case 

of unavailable electronic pressure switch with direct 

digital output due to manufacturing product line issue 

for this classic type of switch, the modification is 

done for loop of another model of electronic pressure 

switch to get a direct digital signal to PLC (switch 

out). this modification method is applied with the 

classic model of an electronic pressure switch which 

has three wiring terminals, one direct switch out to 

PLC and two power terminals and the new 

modification for United Electric one series electronic 

pressure switch model 2W2D00 has been designed 

and tested with the PLC in the field. 
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I. INTRODUCTION 

Nowadays, instrument air compressors are used for 

supplying clean and dry instrument air with sufficient 

pressure to pneumatically actuated control valves, 

emergency shutdown valves (ESD) and any other 

pneumatically operated instruments or devices in the 

process plant. The lead-lag operation of instrument air 

compressors is achieved by selecting one of the 

compressors (lead) to supply the required system 

pressure while the other compressor (lag) is idle and 

will only come online if the system pressure drops 

down below lead compressor cut in pressure.  

This action will boost the lead compressor and 

maintain system pressure within the operating limits. 

Most of instrument air compressors depend on one 

series electronic pressure switch to control start and 

stop motor drives of air compressors because the one 

series electronic switch is based on an all-solid-state 

electronic module that integrates a microprocessor, 

the combination of features as no moving parts and 

IAW self-diagnostics provide a highly reliable, 

accurate and Repeatability monitor for detecting 

Pressure maximum , once reached, can make 

intelligent switch decisions based on saved settings 

and current conditions. This IAW (I Am Working) 

feature provides a good solution to the “blind device” 

issue common with mechanical devices, which it will 

always make sure about the health status of the one 

series. Due to unavailability of One Series electronic 

switch, which feeds our PLC by direct digital input 

(switch out), we used an “electromagnetic 24Vdc 

relay” with the power loop of One Series electronic 

switch model 2W2D00 to provide a digital input to 

PLC. 

Most of the instrument air compressors controlled by 

Programmable Logic Controller (PLC) to regulate cut 

in and cut out pressure by using pressure switches 

located at discharge line as digital inputs to the PLC, 

these instrument air compressors due to their vital role 

in process plants are always available in redundant 

and are working in a lead lag manner, in our case in 

my field we had classic model of electronic pressure 

switch which has three wiring terminals, one direct 

switch out to PLC and two power terminals, here we 

had addressed the digital I/O PLC module, because of 

unavailability of the electronic pressure switch with 

direct digital output due to manufacture stop product 

line for this classic type of switch, so  the 

modification is done for loop of another model of 

electronic pressure switch to get a direct digital signal 

to PLC (switch out). 

LITERATURE REVIEW 

Air compressor and PLC: In industries mostly 

pneumatic valves are used. These valves operate using 

air pressure, to supply this air pressure we need a 

compressor. Usually due to the large volume of air 

needed most of the industries to use screw compressor 

which operates on a relay bases system. The relay-

based system has a lot of disadvantages like complex 

circuitry design, difficult troubleshooting, and since 

the relay is a mechanical device, It takes some delay 

to switch from off state to on state. Using PLC we can 

eliminate these disadvantages and the major 

advantage of using a PLC[1]. 
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Air compressor application in air-separate equipment: 

The air compressor system components primarily 

involve air filters, air compressor units, coolers, and 

fuel tanks and so on. The functional block diagram of 

a process flow for the air compressor system is shown 

in Figure.1. Currently, the centrifugal compressor is 

commonly selected for air compressors. The air 

compressor system operating, clear air is introduced 

from the intake pipe into impellers and is rotated to 

improve its speed and pressure by high-speed rotating 

blades. The air absolute velocity from impellers is 

extraordinarily large. The speed is slowed down but 

the pressure is further enhanced after air enters into 

the diffuser. The centrifugal compressor used in the 

air-separation plant is generally multistage, which is 

composed of a number of impellers. Therefore, air is 

progressively compressed [2]. 

 

 
Figure.1 Process flow for air compressor system 

 

The air filter removes the solid impurities from the 

entered air. The most basic control in air compressors 

embodies the start/stop control of the air compressor 

motor as well as the constant pressure or constant 

flow control of the outlet pressure. The constant 

pressure control or constant flow control is namely 

that the air compressor outlet pressure or flow is kept 

stable by the certain adjusting means when the 

compressor flow or pressure fluctuates. There are 

approaches, such as inlet-outlet flow regulation and 

variable speed regulation and so on.   

A. Air compressor system 

The air compressor provides not only the required 

pressure air for the cooling equipment and 

refrigeration plant but also the raw material required 

for the air separation plant. Utilizing the air 

compressor is extremely extensive in many significant 

departments such as the metallurgy, oil and chemical 

industry. The air compressor production process is a 

time-varying, delay and nonlinear complex system 

and gas consumption in the industrial field is 

irregular. Defects in the traditional control method 

lead to the pressure instability of the compressed air 

outputted from the air compressor in volatile gas-

consumption situations, sometimes a wide range of 

fluctuation arising. Therefore, the working state of the 

air compressor becomes unstable. It results in both a 

waste of resources and greater energy consumption. 

Therefore, guaranteeing the output pressure of the air 

compressor system steady is extraordinarily 

significant for improving efficiency and saving energy 

for the overall air separation system [3].  
 

Air compressor single chip controller: [4] designed a 

new air-compressor controller based on the single-

chip microcomputer and intelligent control 

technology. The controller possessed small volume, 

high reliability, stable control, and easy manipulation. 

Moreover, parameters could be set, the human-

computer interaction was achieved and control 

accuracy was rather high, which was less than 

0.01MPa.  

Fluctuation during the device operation is less and 

energy consumption was lower. Consequently, the 

production cost decreased. The intelligent controller 

in the system structure implemented real-time 

monitoring of working conditions of all components 

and important parameters. Attained data compared 

with nominal parameters of the system, the 

corresponding start-up and shutdown control was 

enforced on the system in accordance with control 

requirements [4]. 

Air compressor controlling: On/Off control. An 

On/off control, the compressor turns on and starting to 

add compressed air to the system when the air 

pressure falls to the lower activation pressure. The 

compressor continues to run and filled the compressed 

air into the system until the system pressure reaches 

the upper activation pressure when the compressor 

turns off. Typical lower and upper activation 

pressures range approximately would be 90 psig and 

100 psig. On/off control may also employ a timer to 

reduce short-cycling. Reciprocating air compressors 

typically utilize on/off control. On/off control is the 

most efficient type of part-load control since the 

compressor draws no power when it is not producing 

compressed air [5]. 

 

Load/Unload Control: In load/unload control, the air 

compressor “loads” and begins to fill the compressed 

air into the system when the system pressure falls to 

the lower activation pressure. The compressor 

continues to run and fill the compressed air into the 

system until the system pressure reaches the upper 

activation pressure. It then “unloads” and does not 

add compressed air to the system unless the system 

pressure drops to the lower activation pressure. 

Typical lower and upper activation air pressures 

would be 90 psig and 100 psig. When unloaded, 

rotary screw compressors naturally partially close the 

air inlet valve and bleed the remaining compressed air 

in the sump to the atmosphere [5]. 
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Air pressure adjustment by PID with the rapid 

development of power electronics technology, 

transducer is widely used in adjusting the speed of AC 

asynchrony motor. So, a transducer is designed as an 

executor in the air compressor control system to 

adjust output air pressure. In order to control the air 

pressure in the pipeline, the motor’s rotation speed 

should be in control [6]. However, the motor disables 

to change its rotation speed itself, the only method is 

to adjust its frequency to change the rotation speed. 

So, a transducer used to control the motor’s rotation 

speed, then, the flux from air compressor can be 

adjusted. Figure 2 shown system schematic diagram. 

 
Figure. 2 System schematic diagrams 

After comparing enactment pressure signal with 

feedback pressure signal, a pressure signal error is 

obtained, which is used for calculation of PID 

arithmetic and then converted the error signal to a 

control value to adjust the frequency of AC power 

supply. 

Then the asynchronies motor will drive an air 

compressor to an appropriate rotation speed with the 

variable frequency power supply to eliminate the 

pressure error and ensure a constant air pressure. The 

air pressure adjusted by PID arithmetic in the pipeline 

is shown in Figure.3. In general, a transducer has an 

inner PID control unit [6]. 

 
Figure. 3 Air Pressure adjusted by PID arithmetic 

 

II. METHODOLOGY 

United Electric one series electronic pressure switch 

model 2W2D’s specifications facilitated and made our 

improvement and modification easier to accomplish. 

However, this model of pressure switch can be wired 

in series with the coil of certain interposing relays, the 

relay coil specifications must not exceed the 

maximum switch ratings of model 2W2D. Moreover, 

in this model of the Pressure switch, when open the 

switch draws 750 μA when closed the switch sinks or 

sources 40 mA maximum at 12-30 VDC. 

In this paper, we depend on features and 

specifications of 2W2D00 and by utilizing the power 

loop and cable for the old switch as is shown in 

Figure. 4. 

The main activity of this paper, is the modification of 

the power loop of electronic pressure switch model 

2W2D00 to provide direct digital input (switch out) to 

PLC as the classic switch which has three wires, two 

of them from external power supply (+ & -) and the 

third as input to PLC as shown in Figure. 5. 

 

 
 

Figure. 4 Terminal of the old switch 

 
Figure. 5 The circuit of old switch with PLC 

 

Practically, the modification is done by connected the 

coil of the electromagnetic relay (A1, A2) in series 

with the new switch (+,-) and the common of the relay 

connected with the negative from source and N/O 

connected as an input to PLC. To simulate the 

operation of the compressor’s control circuit, the 

pressure switch is connected to the relay in series and 

the voltammeter is connected between N\O and 

common of the relay. Switch set point: 10 bar, dead 

band 2bar. The compressor starts at 10bar and stops at 

(10+2=12 bar). 

The simulation was done as follows when the pressure 

reaches 10bar or less than that, the switch draws 750 

μA and the coil of the relay is energized and the 

output voltage from NO to PLC is 24V, which 

represents cut in and the compressor starts. 

When the pressure reaches 12 bar or more than that, 

the switch draws 40 mA and the coil of relay de-

energized and the output voltage from NO to PLC is 0 

V, which represents cut out and compressor stops. 

Main components: Instrument air compressor. 

Electronic pressure switches 2W2D00. Programmable 

logic controller. Finder Relay 55.32. 
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III. RESULTS AND DISCUSSION 

The results of the hardware circuit components are 

shown in the figures below, in addition to the outputs 

and different states of the circuit. Hardware Circuit 

Interconnection: The hardware components 

connection is shown in Figure. 6 below which consist 

of the pressure switch, relay, voltmeter & power 

source.  

 
Figure. 6 Circuit Components Connection  

Cut in to start: Figure. 7 photo in the workshop. When 

the pressure reaches 10 bar or less than that, the 

switch draws 750 μA and the coil of relay energizes 

and the output voltage from NO to PLC is 24 V, 

which means the compressor start. 

 

 
Figure. 7 Compressor Start  

Cut out to stop: Figure. 8 represents a photo in the 

workshop. When the pressure reaches 12 bar or more 

than that, the switch draws 40 mA and the coil of 

relay de-energizes and the output voltage from NO to 

PLC is 0 V, which means compressor stop. 

 
Figure 8 Compressor Stop 

Real result in the field: Figure. 9 represents a photo on 

site showing lead and lag switches with the new relay 

circuit. 

 
Figure. 9 lead and lag switches, new relay circuit 

 

Figure. 10 represents a photo on site showing lead and 

lag switches with the new relay circuit and PLC. 

 
Figure. 10 Lead and lag switch PLC. 

 

IV. CONCLUSION  

The new modification for United Electric one series 

electronic pressure switch model 2W2D00 has been 

designed and tested with the PLC in the field. All old 

electronic pressure switch model D1B1F0N were 

replaced by the new electronic pressure switch model 

2W2D00. Now, the compressor can start and stop on 

the appointed pressure. This design is applied to three 

compressors and is working properly. 
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