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ABSTRACT

In the coastal oil and gas business, stopcock failure is a big threat that can bring a lot of plutocrat. It leads to
veritably bad effects passing, like losing property or product because a company has to shut down, as well as
health, safety, and environmental problems like 0il and gas tumbles, pollution, and indeed death. In the
Norwegian coastal assiduity, different kinds of stopcock failures have happed for a number of reasons,
including bad material choice, erosion, high stresses and loads on stopcock corridor, not sheeting them, and
not examining them. This report talks about an SS 420 draw part that was broken while it was in use. It's a
stopcock draw stem. In the early stages of the study, it was allowed that the failure might have been caused by a
unforeseen impact on the stem. Since the part went through all of the NDT tests before it installed, there's nearly
no chance that the stem will break because of a excrescence in the material. This work focuses on the results of
a thorough analysis of failure that was done in line with the conditions. The disquisition of failure draw will be
carried by using finite element analysis( FEA). The FEA will include stress and modal analysis to probe the
factual failure regions and distortion in the vibration due to high pressure.
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1. INTRODUCTION

The coastal oil and gas assiduity plays a pivotal part in global energy product, but it also faces significant pitfalls,
particularly in the area of outfit trustability. One of the most critical factors in this assiduity is the inflow regulation
stopcock, which is essential for controlling high- pressure fluids. Failure of similar faucets can lead to disastrous
consequences, including product loss, environmental pollution, and indeed losses. The eventuality for similar
failures underscores the need for thorough disquisition and analysis to help them. This design focuses on a failure
disquisition and finite element analysis (FEA) of a failed spline draw used in a high- pressure inflow regulation
stopcock. Specifically, the study investigates an SS 420 stopcock draw stem that fractured during operation. Given
that the part passed all non-destructive testing (NDT) before installation, it's doubtful that the failure was due to
material blights. original assessments suggest that the failure may have been caused by unforeseen impact or high
stresses acting on the stem.

To gain a comprehensive understanding of the underpinning cause of failure, this exploration will employ a detailed
finite element analysis (FEA) on the stopcock stem failure case illustrated in Figure 1. The FEA will encompass
both stress and modal analyses to identify failure-prone areas and distortions performing from high- pressure
climate. The perceptivity gained from this disquisition will contribute to perfecting the trustability and safety of
stopcock factors in the coastal oil and gas sector. Figure 1 depicts the schematics of a high- pressure stopcock,
including its internal draw.

2. LITERATURE REVIEW

Ball stopcock failure can affect from various causes, including sour design ( e.g., inharmonious accoutrements,
incorrect pressure/ inflow rate specifications), indecorous installation, or abuse. Comprehending the mechanisms
behind stopcock failure can offer precious perceptivity to masterminds and drivers, enhancing stopcock trustability,
which is pivotal for effective factory operations and plant safety. Literature provides guidelines for proper ball
stopcock design. Kelso et al.( 7) conducted face pressure distribution measures. Kerh et al.( 8) employed finite
element analysis to model the flash fluid- structure commerce in a control stopcock. Kirk and Driskell( 9), as well as
Ota and Itasaka( 12), measured face pressure distribution behind a blunt body to interpret the structure of the
recirculation zone. Pearson( 13) offered design recommendations to help stopcock failures. Gaining sapience into
inflow patterns within ball faucets can help manufacturers in perfecting designs to help failures. Davis and Stewart(
4) employed FLUENT to examine overflows in globe faucets. Huang and Kim( 5) has made use of FLUENT to
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pretend turbulent overflows in butterfly faucets. Seals represent another vulnerable element in faucets and can lead
to failure. Ridha et al.( 10) explored the failure analysis of ball stopcock seals, concluding that stopcock failure
results from multiple mechanisms, similar as wear and tear and plastic distortion of seals. presently, mechanical
systems are witnessing rapid-fire design changes. Minor parameter differences in the system may impact overall
performance, potentially causing system failure. The following literature summarizes conversations regarding failure
and analysis of colorful mechanical systems. Vera et. al( 16) delved the failure of Co — Cr casting hipsterism
resurfacing prostheses. Cracks in these prosthetic bias can affect in disastrous fatigue failure during use. The study
reveals that hot tearing in the stem of hipsterism resurfacing causes fractures during manufacturing. Tawancy et. al(
17) anatomized a eroded elbow section of carbon sword pipeline used in an oil painting — gas division vessel. The
erosion is attributed to chlorination and sulfidation responses associated with calcium chloride and hydrogen sulfide
present in crude oil painting. Upadhyay et. al( 18) examines Rolling Contact Fatigue( RCF) being due to cyclic
stress during operation. Vibration or sliding oscillation can beget false Brinelling, leading to rapid-fire bearing face
damage. The study suggests the need for bettered bearing life. Pantazopoulos et. al( 19) examines the breakdown of
a machinable brass connector in a boiler unit setup. The disquisition employs visual examination, light and
surveying electron microscopy, along with localized essential energy dispersive X shaft spectroscopy. The findings
of the exploration indicate that the failure stems from small cracking, leading to fatigue breakdown. The primary
recommendations include altering the amalgamation and enhancing quality control during the tubing assembly
installation process. Nauman A. Siddiqui et. al( 20) explored the malfunction of bevel gears within an aircraft
machine. The failure mode was linked as contact fatigue performing from microstructural variations in the gear
material. inordinate wear and tear and junking of the hardened case on the driven gear teeth passed due to the
contemporaneous rolling and sliding action of entrapping teeth. Souvik Das et. al( 21) delved the issue of central
bursting through metallurgical analysis. The study examined three broken cables that failed during product. The
results revealed that the first two line breaks were caused by the conformation of a hard and brittle phase, while the
third line failure was attributed to incorrect delineation operations. Suman Mukhopadhyay et. al( 22) anatomized the
early failure of a Heat Trace Tube used in a blast furnace for transporting waste hot feasts. The breakdown was
determined to be caused by erosion, which redounded from the response between sulfuric acid, humidity, and the
tube material. Pantazopoulos et. al( 23) examined underground welded pipes made of low amalgamation sword. The
pipes' failure was attributed to low rigidity fracture in the weld, rather than tensile ductile lading. The pipe's face
displayed arbitrary cracks or crowds. The study employed logical styles including chemical analysis, visual
examination, and optic microscopy. Venkateswarlu et.al( 24) studied the failure analysis and intensification of
thermo-mechanical process parameters for titanium amalgamation( Ti — 6frequenAl — 4V) fasteners used in
aerospace operations. These fasteners endured fatigue failure, manifesting as socket head hole piercing into the
cutter. Strain rate trial was conducted for optimization. Metallurgical testing with optimal process parameters
revealed no substantiation of microstructural diversity. Delavar et. al( 25) probed the causes of cracking in ISOMAX
unit factors similar as reactors, faucets, and tubing. The disquisition concentrated on four implicit failure- converting
parameters. In- depth analysis revealed that stress erosion cracking( SCC) caused by chloride presence in theanti-
seize grease was responsible for the failure. Ortiz et. al( 26) delved spark draw failure performing from the
combined goods of strong glamorous fields and unhappy energy complements. The glamorous field convinced short
circuits, leading to hamstrung combustion and soot accumulation on the insulator face. also, organometallic anti
knocking agents in low- quality energy contributed to the failure. The study concluded that government duty of
energy composition norms was obligatory to completely address the issue. Bhagi et. al( 27) studied the rupture of
low pressure( LP) brume turbine blades in a 110 MW thermal power factory. These blades were make from
X20Cr13 chrome amalgamation sword( tempered martensitic pristine sword). The disquisition encompassed visual
examination, SEM fractography, chemical analysis, hardness dimension, and micro-structural characterization. El-
Batahgy et. al( 28) studied the fatigue failure of thermowells in a feed gas force downstream channel at a natural gas
product facility.The high inflow haste of the channel medium raised the wake periodicity above the natural
periodocity of the straight type thermowell used. This redounded in resonance, causing high energy immersion and
stress product. The issue was resolved by installing new modified abbreviated conical- type thermowells.

2.1 Consequences from Literature Review on Failure Analysis in Mechanical Systems

Understanding failure mechanisms in mechanical systems is pivotal for optimizing design, perfecting trustability,
and precluding disastrous failures. The literature review highlights that colorful element, including faucets,
comportments, gears, pipes, and structural rudiments, are susceptible to different failure mechanisms similar as
fatigue, wear, erosion, and indecorous material selection. Material failures are current in colorful operations,

MEO12 www.ijiird.com 71



International Journal of Interdisciplinary Innovative Research & Development (lJIIRD)
ISSN: 2456-236X
Vol. 10 Issue 01 | 2025

including biomedical implants, aerospace fasteners, and power factory factors. erosion- convinced failures in
pipeline systems used in oil painting- gas partitions and blast furnaces emphasize the significance of defensive
coatings and material selection. Experimental confirmation, coupled with advanced analysis ways similar as
surveying electron microscopy( SEM), energy dispersiveX-ray spectroscopy( EDS), and chemical analysis, provides
deeper perceptivity into failure origins. enforcing fatigue- resistant designs, perfecting manufacturing processes, and
employing erosion- resistant coatings are some of the crucial strategies to enhance the life of mechanical factors. As
technological advancements continue, integrating machine literacy and prophetic conservation approaches can
further prop in minimizing unanticipated failures and icing the trustability of critical systems.
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Fig -1 : Details of valve with plug

3.0 ROOT CAUSE ANALYSIS

3.1 Method for root cause analysis

To conduct a thorough assessment, the way in examining and probing failure should be followed in this order:

1. Gathering background information and choosing samples The process of assaying metallurgical failure should
commence with collecting applicable background data about the failure. This encompasses acquiring available
details on the manufacturing, processing, fabrication styles, and service history of the element that failed. It's
pivotal to include processing and service records, applicable canons, specifications, related norms, as well as design
criteria, delineations, and specifications. Information about the material used, its mechanical parcels, heat
treatment, and any face medications like drawing, grinding, plating, or oil should be handed. The service history
should detail the date, time, temperature, and environmental conditions the element endured. Along with gathering
this background information, photos of the failed element and failure point should be captured. These images will
validate the failure's position and type, getting part of the endless failure record. 2. original examination of the
failed part( visual examination and attestation) The failed element should be insulated and defended from farther
damage until the investigator can examine it. Careful running is essential, and the element must be shielded from
sharp surroundings to save the failure substantiation. The disquisition should begin with a visual examination of
the failure point and part. 1. All compliances should be noted or mugged, and data and numbers must be collected
before any destructive testing is performed. The visual examination should involve examining fracture shells and
crack paths, as well as assessing any abnormal conditions or mistreatment the part may have endured during its
service life. 3. Non-destructive testingNon-destructive testing can be precious in failure analysis, particularly
glamorous flyspeck examination for ferrous essence, liquid penetrant examination, and ultrasonic examination. 2.
These technoques are used to descry face cracks and discontinuities. Radiography is employed to examine factors
for internal discontinuities, similar as voids and porosity. 4. Mechanical testing( including hardness and durability
tests) Mechanical property tests were bandied in a former newsletter, so only a list of typical mechanical parcels is
included then. 5. Visual examination, analysis, and photographic attestation( fracture shells, secondary cracks, and
other face marvels) Microstructural features like addition content, grain size, and rolling direction are determined
through metallographic examination. This process involves high- exaggeration microscopy, including both optic
and surveying electron ways. optic microscopy is employed to assess grain size, microstructure, and addition type
and content. Scanning electron microscopy, on the other hand, identifies abnormalities similar as eliminations,
isolation, and face layers, as well as fracture characteristics. When combined with energy dispersive analysis, it can
also identify addition types and sharp agents on the fracture face. 6. Chemical composition analysis( bulk,
localized, face erosion products, deposits or coatings, and microprobe analysis) Chemical analysis is a standard
procedure in failure examinations to corroborate that the material meets specifications. Beyond attesting the bulk
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composition of the material to validate the grade used, it may be necessary to dissect face pollutants. These
analyses are conducted on the base material as well as erosion products, deposits, or coating layers. In some cases,
bluffing the conditions under which the failure passed can help determine the root cause. This simulation can give
perceptivity into the material's felicity for the terrain and confirm heat treatment or part performance in controlled
conditions, similar as swab spray testing. Accelerated testing may be needed to gain timely information, but the
results must be interpreted cautiously due to the limitations of similar tests. After completing these way, the
investigator should be prepared to interpret and epitomize the collected data. While some analyses may not directly
contribute to relating the root cause, they can help exclude implicit causes. inclusively, these way generally enable
the investigator to determine the failure's root cause. The final report should include ¢ A description of the failed
element * Conditions at the time of failure « Background service history * Mechanical and metallurgical data about
the failed part * An evaluation of the material quality * A discussion of mechanisms explaining the root cause of the
failure « Recommendations for precluding unborn failures or conduct to be taken with analogous corridor.

4.0 RESULTS AND DISCUSSION

4.1 Common Failure Mechanisms in Mechanical Components

Mechanical Factors are subordinated to a variety of failure mechanisms that significantly impact their functional
effectiveness, safety, and lifetime. These failure mechanisms include fatigue, erosion, wear and tear, stress
attention, and indecorous material selection, each of which plays a pivotal part in determining the service life of a
element. Fatigue failure is particularly current in outfit with rotating corridor, factors used in aeronautics, and
structural rudiments exposed to varying stress situations. One of the most concerning aspects of fatigue failure is
that it can do at stress situations below a material's maximum tensile strength, potentially performing in abrupt and
unlooked-for element collapse. Corrosion- Induced Failure erosion is a critical failure medium in mechanical
factors, particularly those operating in harsh surroundings similar as marine, chemical, and oil painting- gas
diligence. erosion weakens the structural integrity of accoutrements through electrochemical responses, leading to
pitting, stress erosion cracking, and material declination over time. Defensive coatings, erosion- resistant blends,
and environmental controls are frequently employed to alleviate this form of failure. Wear and Surface declination
Wear failure occurs due to frictional contact between shells, leading to material junking over time. Mechanical
systems similar as comportments, gears, and seals are largely susceptible to wear due to nonstop mechanical
relations. Stress attention and Overloading Stress attention is another major cause of failure, frequently being at
sharp corners, notches, or material discontinuities.

4.2 Analysis Techniques Used

Analyzing mechanical failures requires a combination of experimental, computational, and metallurgical methods.
Each technique offers unique insights into failure origins, material behaviors, and performance constraints. Below is
a detailed discussion of commonly used failure analysis techniques:

4.2.1 Computational Fluid Dynamics (CFD) Simulation:

CFD is extensively used in valve flow analysis to evaluate turbulence, pressure distribution, and fluid-structure
interactions. Studies such as those by Davis and Stewart [4] and Huang and Kim [5] have demonstrated the
effectiveness of CFD in characterizing flow-induced stresses, cavitation, and efficiency improvements in various
valve configurations.

4.2.2 Finite Element Analysis (FEA):

FEA is extensively used to pretend structural geste under cargo and estimate stress distributions in factors. Kerh
et al.( 8) employed FEA to dissect fluid- structure relations, demonstrating its capability in prognosticating
mechanical distortions, stress attention, and failure points in complex assemblies.

4.2.3 Metallurgical and Microstructural Analysis:

Metallurgical analysis is essential in identifying failure mechanisms in gears, wires, and other load bearing
components. Studies by Souvik Das et al. [21] and Nauman A. Siddiqui et al. [20] employed microstructural
examinations to detect defects such as grain boundary fractures, carbide precipitation, and phase transformations
that contribute to mechanical failures.
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4.2.4 Chemical Analysis for Corrosion Studies:

Chemical composition analysis is scathing in knowing the root causes of corrosion-related failures. Tawancy et al.
[17] and Mukhopadhyay et al. [22] analyzed corrosion mechanisms in piping and tubing systems, chlorination,
highlighting thiation, and the acid effects of exposure. Techniques such as spectroscopy and wet chemical analysis
provide insights into material degradation and protective coating performance.

4.2.5 Visual Inspection and Scanning Electron Microscopy (SEM):

SEM-based fractographic analysis is one of the most powerful tools for characterizing failure surfaces and
identifying crack propagation modes. Studies by Pantazopoulos et al. [19] and Bhagi et al. [27] demonstrated how
SEM imaging reveals microscopic fatigue striations, intergranular fractures, and corrosion pits, enabling researchers
to diagnose failure origins with high precision. Each of these techniques contributes to a comprehensive
understanding of failure mechanisms, allowing engineers and researchers to design more reliable components,
develop enhanced materials, and implement preventive maintenance strategies. The integration of these analytical
methods ensures a systematic approach to failure analysis, leading to improved mechanical system durability and
efficiency.

5.0 CONCLUSIONS

The review of literature on mechanical failure analysis demonstrates the significance of understanding failure
mechanisms to meliorate element responsibility and functional effectiveness. various studies have stressed the part
of fatigue, corrosion, wear and tear, stress attention, and infelicitous material selection in causing premature failure
in mechanical factors. Advanced analysis ways analogous as CFD, FEA, metallurgical examinations, chemical
analysis, and SEM- predicated fractography give precious perceptivity into failure origins and mitigation strategies.
future disquisition should concentrate on integrating predictive conservation strategies using artificial intelligence
and machine knowledge to enhance failure prophecy delicacy. also, the development of advanced paraphernalia
with superior fatigue and corrosion resistance, coupled with innovative manufacturing ways, can further enhance
element performance. Emphasizing real- time monitoring systems andnon-destructive testing styles will also
contribute to early fault discovery and bettered mechanical system durability. Continued interdisciplinary
disquisition and collaboration between industriousness and academia will be vital in achieving advancements in
mechanical failure prevention and mitigation strategies
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