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In certain compression stations where twin-screw compressors assemblies are installed, certain operational problems have been 
observed when starting the assembly again after it was shut down. The downtime can vary from several minutes to a few days, 
depending on the shutdown causes. The gases accumulated in the compressor suction pipe can cause the inlet gas pressure to be 
above the typical pressure values ranging from atmospheric pressure (1 bar) to 1.5 bar. The compressor is automatically shut 
down via the sequences implemented in the automation control system if the pressure at the inlet of the compression unit exceeds 
1.5 bar, this value being the maximum suction pressure that the compressor unit is designed to withstand. The solution introduces 
a potentiometer for providing feedback on the suction valve opening angle and thus optimizing the valve control to prevent the 
occurrence of higher pressures which may lead to failed start-ups or emergency shutdowns.

1. INTRODUCTION 
The optimization of butterfly suction valve control [1–4] 

in gas screw compressor units [5–10] holds significant 
importance in achieving efficient performance and 
maximizing operational advantages. Suction valves are 
pivotal components responsible for regulating the gas flow 
into the compressor, thus influencing its overall operational 
effectiveness. Gas compressors are widely used in industry 
[11,12], in applications such as gas transport through 
pipelines, gas storage applications, air separation plants, for 
pneumatic equipment, or tools requiring compressed air, etc. 
[13]. By meticulously optimizing control mechanisms 
governing these motor-operated valves (MOV), operators 
can attain enhanced reliability, reduced energy consumption, 
and improved system efficiency. 

The optimization process entails using advanced 
technologies, sophisticated algorithms, and comprehensive 
data analysis methodologies. Different upstream and 
midstream applications lead to different compression system 
characteristics and control requirements, which, in turn, are 
the result of compressor requirements (such as high-pressure 
ratio and wide operating range) and process requirements 
[14]. These approaches facilitate fine-tuning suction valve 
operating parameters, encompassing opening and closing 
timings, valve lift, and valve profile, to achieve optimal gas 
flow characteristics. Typically, a compressor station receives 
a reference signal from the dispatch center, usually in the 
form of a total mass-flow setpoint for a parallel configuration 
or a pressure setpoint for a serial configuration [13]. 
Consequently, this optimization enables the gas compressor 
unit to adapt to changing operating conditions and variable 
demands, enhancing system performance and energy 
efficiency. 

The gas compression system and the set of local 
controllers used in each piece of equipment can be 
considered a complex multivariable system due to the high 
number of controlled variables. A station can have several 
compressors and a large number of heat-exchangers and 
manifolds, the nonlinear dynamics of the different sub-
processes, the high number of constrained variables in gas 
compressors (such as pressures and temperatures that have 

to be maintained within controllable ranges), and the 
coupling effects between the different manipulated and 
controlled variables [15]. One notable advantage of 
optimizing suction valve control lies in the reduction of 
energy consumption. By precisely controlling valve opening 
and closing timings, operators ensure that the compressor 
unit operates within its most efficient range, mitigating 
power losses, curbing energy wastage, and reducing 
operational costs. Furthermore, optimized control 
mechanisms for suction valves enhance the stability and 
reliability of gas compressor units, minimizing the likelihood 
of equipment failure and downtime. Multiple unit 
installations, installations with multiple compressors per 
train, and installations where the train must serve multiple 
gas streams, require specific process control considerations 
to match the compressors with the process system behavior 
and the objectives of the station or system operator [14]. 

Additionally, optimizing suction valve control contributes 
to improved system flexibility and responsiveness. The 
control system must be addressed concerning 
instrumentation and device requirements, the system 
dynamics, and the control methods of the drivers [14]. 
Leveraging advanced control algorithms, operators can 
adjust valve operations in real-time, swiftly responding to 
gas demand fluctuations, process condition variations, and 
changing system requirements.  

This adaptability enables the gas compressor unit to 
function optimally across various operating scenarios, 
ensuring reliable and efficient performance under various 
load conditions. The control system has to be addressed the 
instrumentation and equipment requirements, as well as the 
control methods of the electric drives [14]. 

The paper herein addresses a valid solution for the issues 
encountered at some gas compression stations owned by 
beneficiaries of INCD Turbomotoare COMOTI. These 
problems include building up pressure in the suction line, 
which can lead to failed startups. We developed a feedback 
system applicable to the current valves and a software 
solution for this problem, considering the information 
regarding the valve’s positioning.  
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2. OVERVIEW ON VALVE TEST BENCH AND 
PROPOSED SOLUTION  

Butterfly valves (Fig. 1) are quarter-turn rotary valves in 
which a closure disc is rotated to open, close, or regulate the 
flow passage, and can be used for flow in both directions. A 
pressure drop is induced in the flow, regardless of valve 
position, since the disc is always present within the flow [16]. 

 

           
Fig. 1 – Butterfly valve construction and working principle [16]. 

At the moment, for facilitating the startup of a screw 
compressor, manual maneuvers are necessary for lowering 
the inlet pressure, such as: opening the discharge valve of the 
station and continuously purging an amount of gas, or half-
opening the manual valve located on the station pipe to 
generate pressure drop, simultaneously with the initialization 
of the compressor start command. These maneuvers require 
the presence of two operators and do not always ensure that 
the compressor start condition is met. 

The proposed solution involves installing a pressure 
sensor monitored by PLC (Programmable Logic Controller). 
This eliminates the need to send an operator outside to read 
the manometer display installed on the suction pipeline of 
the compressor.  

A control cabinet [17,18] was designed for the valve, for 
the monitoring and control of the valve, both for testing its 
functionality on the bench with brake simulating mechanical 
load (Fig. 2), as well as testing its operation on the skid (Fig. 
3). The PLC acquires and monitors data from the test bench, 
such as: the torque produced by the electric driving motor 
[19], current and power of the electric motor, valve 
opening/closing angle. 

 
Fig. 2 – Valve test bench with brake.  

 

 
Fig. 3 – Valve installed on screw compressor skid. 

The front door of the control cabinet, presented in Fig. 4 
is equipped with a touchscreen operating panel, emergency 
shutdown button, start/stop buttons, and switch for selecting 
the operating mode between test bench or operation on the 
electro-compressor (ECS) skid, voltage indicator.  

  
Fig. 4 – Control cabinet front door.  

The equipment installed inside is shown in Fig. 5. On the 
upper row, from left to right, we have circuit breakers, two 
24 Vdc power supplies, the PLC with its I/O modules, and 
an Ethernet switch for connecting the operator panel and a 
laptop for data acquisition and any software modifications 
the. On the middle row, torque analyzer, 230 Vac socket, 
eleven 24 Vdc relays, four solid-state relays, a circuit breaker 
for dc, RTD adaptor that reads 0 ÷ 5 kΩ, and dc fuses. We 
have terminal blocks and a current analyzer on the bottom 
row on the right side. 
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Fig. 5 – Control cabinet inside equipment. 

3. BUTTERFLY VALVE WITH POTENTIOMETER 
When starting up the screw compressors installed in 

various locations, problems have arisen as a result of the high 
inlet pressure of the compressor, namely, a pressure greater 
than 1.5 bar. In the PLC’s software, designed for the 
automatic and safe operation of the compression units, we 
implemented a fault alarm that will stop the compression unit 
if the suction pressure indicates values higher than 1.5 bar. 
The only safe method successfully implemented for our 
compression units in secure conditions was delaying the 
error related to the inlet pressure by two or three seconds. 
This method allows the compression unit to undertake the 
higher inlet pressures at start-up. Other conceptual methods 
would be starting the automatic procedure of opening the 
inlet valve once the main engine driving the compressor unit 
starts up or gradually opening the valve on the inlet pipe. 

Installing a second pressure transducer is a good practice, 
based on the experience with the compression process and 
butterfly valves (Fig. 6). This second transducer is useful 
during the start-up, its role being to monitor the pressure in 
the suction pipe while the compression unit is stationary. At 
the same time, it will also indicate the initial opening position 
of the suction valve if the pressure is higher than 1.2 bar.  

Using a valve with a potentiometer for position 
adjustment, controlled by a PLC, it is possible to control the 
pressure level in the inlet line, especially when the 
compression unit is started-up. Suppose the pressure reaches 
the maximum threshold value allowed at the inlet. In that 
case, the sequences of PLC software will command the 
execution elements to gradually close the butterfly valve so 
that the pressure at the compressor inlet decreases. Pga2 is 
the parameter notation for the compressor inlet pressure, and 
Pga1 is the gas pressure value when entering the skid. In 
other words, the pressure is measured before the inlet valve 
(Pga1) and after the valve (Pga2). 

 
Fig. 6 – Valve installed on screw compressor skid. 

Depending on the Pga1 value at start-up, the valve opens 
between 20° and 90° in the first stage. As soon as the valve 
opens and Pga2 increases, the valve position is adjusted 
according to its recorded value. The compressor takes in the 
pressure from the suction pipe, and after the first stage, the 
valve will continue to open completely. 

A potentiometer with 0 ÷ 5 kΩ electrical resistance was 
mounted at the bottom of the electrically actuated valve. The 
rod drives the potentiometer mechanically, indicating the 
angular position of the valve. A gear mechanically drives the 
stem and moves with the butterfly, which closes or opens the 
valve. 

Since the total stroke of the actuated valve is only 90°, to 
increase the precision, we introduced a toothed gear to 
amplify the angular displacement (Fig. 7).  

  
Fig. 7 – 3D model showing the potentiometer mounted for providing 

valve position feedback. 

The driving gear was mechanically mounted on the stem 
indicating the working position of the valve. The driven gear 
was mounted on the potentiometer shaft (Fig. 8). 
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Fig. 8 – Physical implementation of the solution. 

An adapter converts the information provided by the 
potentiometer, from the resistance into unified current 0÷20 
mA. There are commercial PLCs that are able to read the 
resistance information on their own, but this implies very 
high costs. Moreover, there is a risk of data altering and 
reading errors due to requiring a communication cable longer 
than 50 meters to transmit the information between the 
potentiometer and the PLC. The difference in resistance is 
due to its increase with the length of the cable and the cross-
section of the conductors. 

4. EXPERIMENTAL TESTS AND OPTIMIZATION 
SOFTWARE  

Valve tests have been carried out employing the PID 
function provided by the PLC development software, and the 
results are shown in the graph in Fig. 9. We observed that the 
valve could not maintain the prescribed value of 0.3 bar, this 
leading to an oscillating opening-closing movement. The 
mechanical wear of the valve actuation can be foreseen, 
leading us to consider other approaches. 

 
Fig. 9 – Valve experimental data acquired with PID control. 

The PID controller [20] is a form of controller widely used 
in industry. A PID controller is simple to use and can address 
a wide range of control problems. The essence of the 
regulation task is to bring certain quantities from the 
technological process (temperatures, pressures, speeds, etc.) 
to prescribed values and to maintain them at these values, by 
eliminating or mitigating the effect of disturbances. 

The signal variation with time can be described by the 

function below. The constants kP, kI, and kD must be adjusted 
for a particular process and desired control mode. The PID 
controller coefficients kP, kI, and kD are frequently tuned and 
set for a particular control problem, in which case the PID 
controller is strictly a time-invariant linear system [21].  

𝑦(𝑡) = 𝑘! ∙ 𝑥(𝑡) + 𝑘" ∫𝑥(𝑡)𝑑𝑡 + 𝑘#
$%(')
$'

 , (1) 

where: kP – proportional constant; kI – integrative constant; 
kD - derivative constant. 

The previously mentioned approach consists of a 
software, which has the role of verifying, through the Pga1 
pressure switch, the value of the pressure at the entry into the 
compression skid. Depending on this value, a predefined 
opening command is given. After the initial opening, the 
opening angle of the valve can be calculated relying on the 
information provided by the second transducer, Pga2.  

The parameters for valve control, presented in Table 1, are 
set according to the mechanical design limitations of the 
compressor.   

Table 1 
Operating ranges 

Parameter Symbol Value 

Valve minimum opening angle θSDV_min 20° 
Valve maximum opening angle θSDV_max 90° 

Minimum pressure in the compressor Pga2min 0.5 bar 
Maximum pressure in the compressor Pga2max 1.2 bar 

 
The control loop (2) is done so that its adjustment 

conforms to the linear fit defined by the points of interest. If 
the value recorded by the pressure transducer will be less 
than 0.5 bar, the valve control value will go to a maximum 
opening of 90°. If the value indicated by the Pga2 transducer 
will be greater than 1.2 bar, then the command for the valve 
will be to close/open only 20°. 

𝑦 = (𝑥 − 𝑥1) .)*+),
%*+%,

/ + 𝑦1 .  (2) 

In the case of our linear adjustment loop (Fig. 10), for 
which we have information from the pressure transducer, 
Pga2, considering the points of interest for the linear 
parameters specified in Table 1, the eq. (2) can be written 
with our parameters as (3): 

θ-./ = (Pga2 − Pga2012) .
3!"#+3!$%

456*!$%+456*!"#
/ + θ067 (3) 

 
Fig. 10 – SDV opening with respect to the pressure in the compressor. 

We have thus implemented a register in the ladder diagram 
software (Fig. 11), which can be addressed as control_SDV, 
and a parameter recorded by a transducer, in this case Pga2. 
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Fig. 11 – Ladder diagram software .  

The software lines display the condition written for the 
software, where the FUNC bit needs to be active and the Start 
bit, inactive; after 5 seconds, the Start bit becomes inactive, 
as specified in previous software lines.  

In the first line, the SUB function subtracts the minimum 
value of interest (0.5 bar in our case) from the Pga2 recorded 
value and writes it in the “Variable” register.  

The following line describes the adjustment loop, which 
works between the 0.5 and 1.2 bar pressure values according 
to the second line. If the pressure range condition is met, the 
“Variable” is multiplied by 100 and is written in the register 
called “temporary1”, subtracted from the maximum value at 
which the valve will be opened (90° in our case) and the 
result will be written in the “temporary2” register.  

The stabilization is realised in the next two lines, where 
the “SDV_plus_2” and “SDV_minus_2” registers are added 
to the third line and represent the tolerance of ±2° considered 
herein. According to Fig. 9 above, this range can be adjusted 
after the first testing program, depending on the data 
obtained. The next lines we have the comparison conditions 
regarding the last value imposed on the valve: if “Val_SDV” 
is 2° higher than “SDV_plus_2”, then the “bit_GT_dgr” bit 
will be activated, else if “Val_SDV” is 2° In lower than 
“SDV_minus_2”, then the “bit_LT_dgr” will be activated. 

For activation of one of these bits, the required control 
value has an offset of at least 2° to the last imposed value for 

valve position, which will lead to a smaller variation of the 
valve position command. Bits "bit_GT_dgr" and 
"bit_LT_dgr" will act only when the adjustment imposes a 
value with 2° offset from the previously calculated position. 

The next lines show the activation conditions for 
“bit_GT_dgr” and “bit_LT_dgr”, for the subsequent 
computed value to be written in the register that controls the 
process element, namely the shutdown valve (SDV). We 
have the MOV (motor operated valve) block, which moves 
the calculated value from the "control_SDV" register to the 
"Val_SDV" register. 

The Pga2 values are compared to our target values. If Pga2 
is lower than 0.5 bar, the 90° opening will be written in the 
valve control register, if the Pga2’s value is greater than 1.2 
bar, the valve will close at the maximum allowed position 
(20° in our case).  

The last line implements the fault or shutdown sequence. 
“Bit_Tmr_start” that was previously activated in line 1.2 is 
reset after the FUNC bit becomes inactive. 

5. CONCLUSIONS 
The paper presents a conceptual solution to be tested and 

validated for optimizing the inlet valve control. The proposed 
solution is simple, effective, and does not require a PID for valve 
position feedback from the potentiometer. 
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Future research will consider the implementation and 
experimental testing. The parameter values and ranges are 
easily adjustable, as well as the angle tolerance. Depending on 
the results, the tolerance can be increased from the 2° given by 
the designer up to higher values for avoiding valve 
oscillations, the aim being to reduce the mechanical straining 
of the valve and thus avoiding premature mechanical wear. 
Future research will also involve controlling the valve only via 
the PLC software, without any mechanical modification 
(without potentiometer). The aim is to avoid the ATEX 
recertification of the anti-explosion valve involving third-
party entities, procedures, and documentation. 
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