ISSN 2456-6977
Volume 10, Issue 2, 2024
DOI (Journal): 10.37628/IJTCK

International Journal of

Thermodynamics and Chemical Kinetics

https://chemical.journalspub.info/index.php?journal=JTCK

ITCK

Computation of Compressor Components Failure and
Maintenance Characteristics

Ukpaka C. P.!; Victor Chukwuemeka Ukpaka®, Abraham Peter Ukpaka™

Abstract

The computation of the compressor components’ failure and maintenance characteristics as related to
the major parts are described in this research. The research projected the root cause of the
compressor components failure as well as projected the necessary measures to reduce such
occurrences in the gas compressor operation. The parameters of the Mean time between failure,
failure rate, downtime maintenance, reliability, unreliability, and availability were commuted with
respect to the number of failures of each compressor component per year. The research revealed that
an increase in the unreliability of each compressor component was experienced with an increase in
sampling years from 2016 to 2020. This increase in unreliability will increase the cost of operational
maintenance of the plant as well as reduce the rate of production and the performance of the system.
The research further revealed that failure of some components induces the performance of another
component, and some cases causes the other component to fail as well. The computation also shows
the trend in which the component investigated failed and the value of each component's
characteristics in terms of evaluated values. The compressor components considered in the
investigation include reciprocating gas compressors’ “O” rings, valve, piston, crankshaft, cylinder,
and seal. The research has shown that lack of adequate maintenance as well as overloading the
operation units of the plant not recommended to the operational may be the cause in failures of the
component of the gas reciprocating compressor components
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INTRODUCTION

The development of technologies for compressor’s expanding maps goes back to the 1970s.
Historically and into the modern era, the focus has
primarily been on systems that can induce swirl in
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front of the compressor. To achieve this, inlet
guide vanes (IGV) were strategically positioned
directly in front of the compressor impeller to
create a swirl in the incoming air [1].

A novel approach was introduced based on the
principle of dynamically adjusting the trim of a
compressor as needed [2]. For experimental
research, a conical body was developed and placed
in front of the impeller. This design accelerates the
incoming air while preventing it from entering the
portion of the impeller operating at high peripheral
speeds [3]. As a result, this reduces flow separation
and enhances the inflow angle at the blade channel.
The conical body occupied nearly 40% of the inlet
cross-section [4], resulting in a surge limit shift of
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approximately 33% and a 7%-point increase in isentropic compressor effectiveness [5].

Additionally, a variable system that allows for trim variability (VTC) was proposed. The method of
trim adjustment was later incorporated into further studies, where the streamlined cone body was
replaced with a more compact design [6]. In a closed position, the flow is directed through an orifice,
while in the open position, the inlet cross-section is fully released [7]. For these designs, a comparable
potential regarding surge limit shifts was identified for the VTC system. Various strategies for surge
limit shifts have been evaluated, including VTC, IGV, and exit guide vane systems (EGV), along with
their combinations, both numerically and experimentally [8]. Among these measures, the VTC system
exhibited the highest potential. Experimental investigations corroborated these findings [9].

In a practical application, the original two-stage charging system of a 1.4-liter gasoline engine
producing 125 kW was replaced with a single-stage system utilizing variable turbine geometry (VTG)
and an expansion mechanism on the compressor (IGV or VTC). The results indicated that the optimal
method for achieving the original base load was through the combination of VTG and VTC [10-16].
Gas compressor is a major unit in the gas industry operation and the failure of any component
influences production as well as increases downtime because of its usefulness to the plant operation
[17-21]. There is a need to check the reliability of each unit at the section where it is stored to avoid
failure and loss of man hours. In most operations, the failure of the gas compressor unit influences
other unit components that their sources of operation depend on the energy released from the gas
compressor [22-24]. However, it is necessary to carefully examine the causes of the gas compressor
failure, by checking the reliability and unreliability of the unit components to avoid sudden short
down of operation [25-26].

MATERIALS AND METHODS
Materials of Gas Compressor Components

The various gas compressor components sampled as demonstrated below in terms of the cross-
sectional regions in Figure 1. Indeed, plate 1 demonstrates the “O” rings, plate 2 illustrates the valve,
plate 3 shows the crankshaft, plate 4 showcases the cylinder, and plate 5 demonstrates the seal as well
as Figure 2 shows a well-labeled diagram of the valve and Figures 1-3 illustrate the well-labeled
diagram of the piston.

Typical gas reciprocating compressor cross-section.
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Figure 1. Typical gas reciprocating compressor cross-section.
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Figure 1. (a) Plate 1: reciprocating gas compressors’ “0” rings, (b) plate 2: gas reciprocating, and (c)
compressor valves.
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Figure 2. Gas reciprocating compressor valve (with components).
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Figure 3. Gas reciprocating compressor pistons.

Review of Applied Maintenance Engineering Studies

A collaboration was made with a private company called RC to analyze the performance of their
used reciprocating compressor and meant to identify and evaluate the effects of reliability,
availability, and maintainability (RAM) study presented the most relevant aspects and findings by
assessing the operative performance of the reciprocating compressor system. Similarly, it goes over
the maintenance activities, outlined failures, and main measures contributing to putting at risk the
production process. It emphasized the generated preventive maintenance responsibilities and planning
on reciprocating compressor APl 618 and recognized the desire for a structural method to implement
RAM. The method used was bibliographic research, documented and content analysis of storing most
of the maintenance problems. Figures 4-6 research output reproduced the importance of using RAM
for plant lifespan control and reviewed the RAM performance and emphasized the usefulness of
learning RAM principles to the process engineers to apply.
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Figure 5. Gas reciprocating compressor cylinder.

Figure 6. Gas reciprocating compressor bearing and gas reciprocating compressor seals.

Integrity supervision is defined as a somewhat advanced risk prevention and risk administration
method and completed a study on the risk-based inspection (RBI) method for gas compressor stations
and reproduced the applied integrity administration of a gas compressor station was inadequate. Thus,
he reviewed the elementary principle of RBI in the gas compressor station and determined the process
loops and corrosion mechanisms. The possibility of failure is calculated by means of using the
modified coefficient and the significance of failure is determined in the guantitative method. Actual
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measures taken to remove the influence of risk. The results indicate that the cumulative risk and
average risk were much higher mostly because of the potential of piping and equipment for sulfide
stress corrosion cracking. As stated by the analysis output, it institutes that about 10% of the
compressor accounted for about 80% of the risk in the plant and by developing a targeted inspection
plan would efficiently control the risk and decrease costs.

Besides that, a study focused on the method of improving efficiency through overall equipment
effectiveness (OEE) with the help of lean manufacturing performance in compressor manufacturing
industries. Lean manufacturing technique has been used to identify the waste and losses and reduce
such losses from the process. The study carried out two high-pressure air compressor manufacturing
units and addressed three features; namely, the availability, performance, and quality which quantify
OEE. The investigation result showed that the OEE has improved from 45.9% to 55.8% in inspecting
the influence of the total equipment efficiency which compared before and after implementing the
lean tools. The end results gained a 75% decrease in the tool searching period, 23% of downtime and
efficiency has been increased in the range of 12.5% and overall equipment efficiency improved by
17.7%. The equations below were used to acquire the OEE:

T operating time

Avallablllty ~ total available time—planned down time (1)
It considered the performance rate as the manufacture period of net output of equipment to its entire

availability time as per the below description:

Performance = Ideal cycle time X Total cycle time Operating time 2
Quality = Total parts run—Total defects Total parts run 3
OEE = Availability x Performance X Quality 4)

RESULTS AND DISCUSSION

The results and discussion of research as presented in Tables 1-5 shows the parameters of interest
monitored which include the failures of compressor 1 to 4 as related to operation time, idle time of the
unit, expected operation time, expected maintenance time, and number of failures per each year. For
2016, the compressor failure order is:

4 >1 >3 >2, for 2017 4 >3 =1>2, for 2018 4 =3 >1 >2, for 2019 4 >3 >2 =1, and for 2020 4 >3 >1 >2.

Table 1. Failure data for compressor in 2016.

Failed System | Failure Operation Idle Time | Expected Expected Number of
Time (hr.) | Time (hr.) (hr.) Operation  Time | Maintenance Time | Failures
(hr) (hr)
Compressor 1. |214.43 565.77 7091.8 7872.00 768.00 12
Compressor 2. | 710.01 470.12 6691.87 7872.00 768.00 5
Compressor 3. | 1042.00 667.65 7497.65 7872.00 768.00 11
Compressor 4. | 2243.43 659.23 4969.34 7872.00 768.00 13

Table 2. Failure data for compressor in 2017.

Failed System | Failure Operation Idle Expected Expected Number of
Time Time (hr.) Time Operation Maintenance Failures
(hr.) (hr.) Time (hr.) Time (hr.)

Compressor 1. 1129.00 601.40 6141.60 7872.00 768.00 10

Compressor 2. 667.65 942.05 6262.30 7872.00 768.00 8

Compressor 3. 393.10 2962.27 6260.91 7872.00 768.00 10

© JournalsPub 2024. All Rights Reserved 5



Computation of Compressor Components Failure and Maintenance Characteristics Ukpaka et al.

| [ 1165.41 | 506.39 | 96851 | | |

Table 3. Failure data for compressor in 2018.

Failed Failure Operation Idle Time | Expected Expected Number of

System Time (Hr.) | Time (Hr.) (Hr) Operation  Time | Maintenance  Time | Failure
(Hr) (Hr.)

Compressor 1. |4298.91 132251 2250.58 7872.00 768.00 7

Compressor 2. | 2162.68 3912.25 1797.07 7872.00 768.00 7

Compressor 3. |1590.93 1531.20 4749.87 7872.00 768.00 9

Compressor 4. | 6569.82 1250.10 52.08 7872.00 768.00 9

Table 4. Failure data for compressor in 2019.

Failed System | Failure Operation Idle Time | Expected Expected Number of
Time (hr.) |Time (Hr.) (hr) Operation Time | Maintenance Time | Failures
(Hr.) (hr)
Compressor 1. 1307.06 5003.85 1561.09 |7872.00 768.00 7
Compressor 2. | 2596.83 1586.33 3688.84 | 7872.00 768.00
Compressor 3. | 3458.60 1421.72 4880.32 |7872.00 768.00
Compressor 4. [ 5995.88 1250.10 629.02 7872.00 768.00 13

Table 5. Failure data for compressor in 2020.

Failed System | Failure Operation Idle Time | Expected Expected Number of
Time (hr.) | Time (Hr.) (hr.) Operation Time|Maintenance Time | Failures
(Hr.) (hr.)
Compressor 1. |466.93 4083.54 332152 |7872.00 768.00 6
Compressor 2. | 890.68 2682.15 2572.82 |7872.00 768.00 5
Compressor 3. |2990.83 3803.29 1102.50 7872.00 768.00 7
Compressor 4. | 1234.21 1500.60 5137.19 |7872.00 768.00 9

Table 6 shows each component failures analysis of the reciprocating gas compressors’ “O” rings,
valve, piston, crankshaft, cylinder, and the seal and frequency valve each year from 2016 to 2020 for
component grouping of 1 to 4. The failure of each component monitored changes as the period of
increase in some cases as well decreases with an increase in sampling time. Table 7 demonstrates the
four compressor running hours in five years and the compressor running hours increase as the year of
sampling increases as well.

Table 6. Compressors’ components failures analysis.

Number of Components’ Failures Recorded from the Year 2016 to 2020
Years Components Comp 1|{Comp 2 |Comp 3| Comp 4 | Frequency
Year 1 (2016) Valves. 2 2 3 10
Seal. 2 1 2 3 8
Pistons. 1 0 0 1 2
Bearing. 2 1 3 2 7
“O” rings. 3 1 2 3 9
Cylinders. 1 0 2 1 4
Total 40
Year 2 (2017) Valves. 2 2 2 0 6
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Seal. 3 1 2 0 6
Pistons. 0 1 1 0 2
Bearing. 2 2 1 0 5
“O” rings. 2 2 3 0 7
Cylinders. 1 0 1 0 2
Total 28
Year 3 (2018) Valves. 2 1 3 1 7
Seal. 2 1 2 1 6
Pistons. 0 0 1 1 2
Bearing. 0 1 1 2 3
“O” rings. 2 3 2 3 7
Cylinders. 1 1 0 1 3
Total 28
Year 4 (2019) Valves. 2 1 1 1 5
Seal. 2 2 3 5 5
Pistons. 0 0 0 1 1
Bearing. 1 1 2 1 4
“QO” rings. 2 3 2 4 5
Cylinders. 0 0 1 1 2
Total 22
Year 5 (2020) Valves. 1 1 1 2 5
Seal. 2 2 3 0 4
Pistons. 0 0 0 1 1
Bearing. 1 1 0 1 3
“O” rings. 2 1 2 4 4
Cylinders. 0 0 1 1 1
Total 18

Table 7. Four compressors running hours in five years.

Compressors Running Hours Yearly (5 Years)

Years | Compressor 1 | Compressor 2 | Compressor 3 | Compressor 4 | Total Total Total Mean MTBF
Operational | Component | Down Down
Time (hrs.) | Failures Time Time

(hrs.) (hrs.)

Year1l |214.43 710.01 1042 2243.43 4209.9 40 1008 25 105.25
Year2 |1129 667.65 393.1 1165.41 3355.2 28 1440 51.4 119.83
Year 3 |4298.91 2162.68 1590.93 6569.82 14622 28 1080 38.6 522.23
Year4 |1307.06 2596.83 3458.6 5995.88 13358 22 510 23.2 607.20
Year5 |466.93 890.68 2990.83 1234.21 5582.7 18 625 34.7 310.15
Total 7416.33 7027.85 9475.46 17208.75 41128 136 4663 173 1664.6

Figure 7 shows the program input and output of human—machine interface (HMI)-1 AND Figure 8
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shows the HMI-2 run-out information of the system with respect to the computation order. Tables 8-
11 demonstrates the failures and the root causes of failure with the prevention and correction
measures for the compressor components unit monitored, such as reciprocating gas compressors’ “O”
rings, valve, piston, crankshaft, cylinder, and seal.
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Figure 7. HMI — 1.
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Figure 8. HMI — 2.

Table 8. Cylinder failures modes and the causes of failure.

Failure Mode Failure Caused Failure Effect
i. | Cylinder fails to move. Spring loaded valve fails to open Loss of gas output.
ii. | Cylinder leakage. Mechanical wear. Reduced compressor efficiency.
Damage seal.
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Liquid entering one or|Seal failure.

Permanent valve damage.

more compression
cylinders. Reduced compressor efficiency.
iv. |Gas leakage. Piston—cylinder clearance. Cracking.

Cylinder head loose.

Noisy compressor.

Table 9. Piston failure modes and the causes of failure with remedies.

Failure Modes

Caused of Failures

Remedies

Excessive rocking of piston.
Bent connecting rod.
Insufficient compression.

Uneven or pitted cylinder walls.

Lack of lubrication.

i. |Piston crown | Installing the wrong piston type or | Ensure the right piston and correct piston dimensions.
damage. piston with incorrect dimensions.
Ensure that the cylinder head parts are always working
Faulty cooling system. correctly since they are the major cause of crown damage.
Broken valves.
ii. |Piston skirt | Incorrect piston (too small) for the|Ensure the proper size of the piston and cylinder.
damage. cylinder.

Ensure that piston installation is done in the right
position.

Ensure sufficient compression.

Ensure proper lubrication.

Table 10. Bearing failures modes and the causes of failure with remedies.

S. |Effects |Caused Remedies
N.
i Worn Installing the wrong bearing type or bearing with | Ensure the right bearing and correct bearing
incorrect dimensions. dimensions.
Lack of lubrication. Proper lubrication.
Misalignment. Ensure  proper alignment and review the
manufacturer’s recommendation.
i Fatigue | Lack of lubrication. Ensure that bearing installation done in the right
position.
Overloading.
Ensure proper lubrication.
Check design assumptions.
iii | Cracking | Overloading. Check lubrication procedures.
Excessive bearing clearance. Repair or replace.

Table 11. O-ring failures modes and the causes of failure with preventions/corrections.

S.N.

Failures Mode Failures Caused

Prevention/Correction

Elevated
increases the damage.

Rapid gas decompression.

Explosive

temperature

decompression

or gas expansion rupture is
caused by high-pressure
gas trapped within the
internal structure of the

Increase decompression time to allow trapped gas for
the workout of seal material.

Choose a seal material with good resistance to explosive
decompression.

Minimize the time application is held under pressure.
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elastomeric seal element.

Excessive trapped gas may
cause destruction of the
seal.

Blind grooves in multi-port
valves.

Oversize or undersize of
“O”-rings.

ii. Abrasion. Improper finish of the | Use proper surface finish.
surface in dynamic contact
with the “O”-ring. Provide adequate lubrication by using proper system
fluid.
Improper lubrication
provided by system fluid. | Consider the use of internally lubricated O-rings to
reduce friction and wear.
Excessive temperatures. Check for contamination of fluid and eliminate the
source.
Contamination of system
fluid by abrasive particles. | Install filters, if necessary.
Consider changing to an “O”-ring material with
improved abrasion resistance.
iii. Installation. Insufficient lead-in | Break all sharp edges on metal components.
chamfer.

Provide a 20° lead-in chamber.

Check all components for cleanliness before installation.
Use an “O”-ring lubricant.

Double check the “O-ring to ensure the correct size and
material.

will swells in size because
the incompatible elastomer
is absorbing the fluid.

“O”-ring  twisted/pinched

during installation.

“O”-ring not properly

lubricated before

installation.

“O”-ring not properly

lubricated before

installation.

iv. Fluid incompatibility “O”-ring exhibiting | This also results in the O-ring material softening and

chemical attack. becoming gummy, which ultimately leads to other
failure modes. Other times, the O-ring material will

Shrinking. become embrittled, or cracked, sometimes taking a
compression set. Therefore, used the O-ring that meets

Swelling:  The “O”-ring | up with the required materials.

CONCLUSIONS

The data set in this research is relatively small and the results are only representative of just five
components and did not extrapolate to reflect the situations in other components. To improve the
performance of the reciprocating gas compressor or control breakdown:

i.  The research has drawn significant database information, and the system recommended that the
times past of failures of compressors must be data-based in such a technique that access to the
information concerning the number of hours before a certain failure happened.

ii. A study of reliability-centered maintenance (RCM) that incorporates methodologies of
implementation of preventive, predictive, and corrective maintenance in one pack. The research
has demonstrated the best mechanism by implementing an RCM program, this can help in
identifying the critical parts and life-limited components, as well as identifying the appropriate
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maintenance activities and scheduling to optimize reliability.
The reliability of gas reciprocating compressor components.

The analysis of reliability in gas reciprocating compressor components must incorporate the HMI

within a monitoring system known as a programmable logic controller (PLC). The primary goal of
this setup is to enable operational personnel to monitor all critical components effectively, ensuring
they remain accountable for the associated machinery. By integrating HMI with PLC systems,
operators can access real-time data on component performance, facilitating timely maintenance
decisions and enhancing overall system reliability. This proactive monitoring approach helps identify
potential issues before they escalate, ultimately leading to improved operational efficiency and
reduced downtime.
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