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ABSTRACT

Wellhead system is one of the main systems in aesuproduction. As the subsea
industry has been growing at an impressive ratbe growth of the industry has
been driven by the price of oil, which has alloveetnpanies to invest in developing
reserves in increasingly difficult-to-access areighe wellhead fails, there is little
hope of keeping the flow of toxic crude oil fromtentially annihilating an entire
ecosystem. The affects of such a catastrophe welldelt throughout the entire
globe, not just on the environment, but on peopte veell. Economically,
environmentally and psychologically, the damagemfrehis oil spill will be
incalculable in more ways than we can imagine righw. Therefore, it is necessary
for us to ensure that the wellhead components aod gnough to use for a certain
working condition. This project consists of theess analysis of one of the
components in the wellhead system. The analysihefwellhnead component is
done by using computer-based simulation softwatectwis SolidWorks Premium.
The result from the analysis reveals that the acircemponent and design is suitable

for its specific working condition.



ACKNOWLEDGEMENT

In the name of Allah, The Most Gracious, The Mogrdlful. Praise to Allah
S.W.T by whose grace and sanction | manage to aimpinal Year Project within

time.

First and foremost, | would like to extend my sircegratitude to my
supervisor AP. Dr. Othman bin Mamat for being a denful mentor in guiding,
supporting and assisting me, also for his knowlestggred with me through the year,

which are simply precious.

Not forgetting to other lecturers of UTP especidilgm the Mechanical
Engineering department, thanks for useful thoughts assistance that help me a lot

in completing this project.

Last but not least, to my parents and colleagueskis for always stand in

my back and keep supporting me until | manage toptete this project.



TABLE OF CONTENT

CERTIFICATION OF APPROVAL.

CERTIFICATION OF ORIGINALITY.

ABSTRACT .
ACKNOWLEDGEMENT
CHAPTER 1: PROJECT BACKGROUND
1.1. Background of Study .
1.2. Problem Statements
1.3. Objective
1.4  Scope of Study
1.5  The relevancy of Project
1.6 Feasibility Study
CHAPTER 2: LITERATURE REVIEW
AND THEORY
2.1  Introduction
2.2 Working Pressure and Load. .
2.3 Design
2.4  Material Selection
2.5 Theory

2.5.1 Nodal and Element Stress

2.5.2 Hoop or Circumferential Stress

2.5.3 Von Mises and Tresca

12

13

13

14

16



CHAPTER 3: METHODOLOGY . : : 17

3.1 Research Methodology and Activities. 17
3.2  Gantt Chart and Milestone . : 19
33 Tools . . . . . 22
CHAPTER 4: RESULT AND DISCUSSIONS . 23
4.1 Data Gathering and Analysis. . . 23
4.2 Experimentation/Modeling. . . 26

4.2.1 Stress Analysis of Wellhead Housing

with Test Pressure of 15,000 psi 26
4.2.1.1 Nodal Stress and Element Stress 27
4.2.1.2 Hoop and Radial Stress 30
4.2.1.3 Von Mises and Tresca 33
4.2.1.4 Overall / Compilation 36
CHAPTER &: CONCLUSION AND
RECOMMENDATION. . : 37

REFERENCES : : : : : 39

vi



LIST OF FIGURES

Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 3.1
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13

Typical Wellhead System
Wellhead Housing
Wellhead Stackup

Nodal Values

Nodal Average Stress

Element Average Stress

Half of thin cylinder showing Hoop Sses

Flow Chart of Methodology

Dimensions of Wellhead Housing

Test Pressure

Meshing

Elements sizes reduces

Graph of Stress versus Element Size

Load Pressure

Stress Distribution

Hoop Stress at 15,000 psi of Internak&ure

Hoop Stress at 10,000 psi of Internak&ure

Graph of Internal Pressure versus Fiogss

Graph of Internal Pressure versus Maix Mises Stress
Graph of Internal Pressure versus ar8sess

Graph of various types of stress vergesnal pressure

LIST OF TABLES

Table 1.1
Table 2.1
Table 2.2
Table 2.3
Table 2.4

Subsea Production System

Codes for Subsea Wellhead

Working and Test Pressure

Wellhead Systems Standard Sizes and Types
Thickness to Radius Ratios for Various

API Pressure Ratings

Vii

5
8
11

13
14
14

15

18
24
26

26

27

8 2

29
29

30
30
31
34
35
36

10



Table 2.5

Table 3.1
Table 3.2
Table 4.1
Table 4.2
Table 4.3
Table 4.4

Table 4.5
Table 4.6

Table 4.7
Table 4.8

General Metallic Materials Recommendation

— Subsea Equipment 12
Gantt chart and Key Milestones FYP | 20
Gantt chart and Key Milestones FYP Il 21
Physical Characteristics of Wellhead kays 23
Physical Property for AISI1 4130 Steel 3 2
Mechanical Property for AISI 4130 Steel 23
Percentage Difference between MaximumesStior

Node Values and Element Values 28
Hoop Stress for Different Internal Pressu 31

Theoretical value of Hoop Stress foredéht
Internal Pressure 32

Maximum Von Mises Stress at Differeneintl Pressure 33

Maximum Stress Intensity and Tresca Hei2int Pressure 34

viii



CHAPTER 1

PROJECT BACKGROUND

1.1 Background of Study

The subsea industry has been growing at an impeesate. The growth of the
industry has been driven by the price of oil, whigds allowed companies to invest
in developing reserves in increasingly difficultdocess areas. At the same time the
industry has matured to the point where subseantéafy is no longer a specialist
area. It has become a routine choice, and ofterotie choice, for many long-

distance or deepwater developments.

In order to distinguish between the different fitiei and approaches which are

needed, the subsea oil field developments are lysmit into:

i) Shallow water:Continental shelf, or the area at the edges ainéireent from the
shoreline to a depth of 600 feet [200 m], wheredhetinental slope begins.

i) Deepwater Exploration activity located in offshore areasemd water depths
exceed approximately 600 feet [200 m], the appraxénwater depth at the edge
of the continental shelf.

First application of subsea technology in Malaysi&or shallow operation in 1999

(F23SW Shell operated Gas fields). With the inseeaf deepwater activities in

Malaysia in recent years, subsea technology apjdichas become more prominent

[ Table 1.1 below shows all systems that involvstibsea production systé&n



Table 1.1: Subsea Production System

System Description

Systems that provide an interface
between the production flowlines
and/or the wells. This system also
Template and Manifold Systems act to distribute injected chemicals
and control fluid, and to distribute the

electrical and hydraulic systems.

Provide connection between Xm’as
[

Tie-in Systems Tree/Manifold with the jumper/spoo

This system will is to ensure the
workover can be done when there is a
Workover Systems need to replace one or more non-
retrievable completion string

components

Control the wells by opening and
closing the valves installed on the
Xmas tree and other subsea
equipments. The hydraulic pressure
Subsea Production Control Systemgenerated at either the platform or the
onshore terminal is sent through
umbilical hoses to activate submarine

valves.

In this system, the Xmas tree
provides a pressure containing
Wellhead and Xmas Tree Systemsmethod to safely cap
the well via its interface with the

subsea wellhead

In this paper, the focus is on the Wellhead and Xmeee System but will only

cover the wellhead component instead of both oiMeihead and Xmas Tree.



1.2 Problem Statement

The oil and gas industry is headed toward desigmgif pressure, high temperature
(HPHT) wells with increasing service pressures detnperatures in H2S
environments. As the well conditions become morallehging, it becomes
necessary to better understand the limits of rigiabaterial performance, so that
casing materials can be utilized to their full paigl without crossing over to levels

of unwanted or excess ridR.

It the wellhead fails, there is little hope of keepthe flow of toxic crude oil from
potentially annihilating an entire ecosystem. Tffeas of such a catastrophe would
be felt throughout the entire globe, not just oa #@nvironment, but on people as
well. Economically, environmentally and psycholadig, the damage from this oll
spill will be incalculable in more ways than we agaragine right now. The future is

indeed something to both dread and fear, for rmdliof inhabitants on this planet.

As the effect of the fail wellhead will produce wer situation, not only for the
company itself, but also for the environment, ihecessary for us to ensure that the

wellhead components are good enough to use fat@rcevorking condition.

1.3 Objective

Knowing that one of the ways to ensure the wellhead sustain its working

condition is by doing analysis using software, thrsject is all about the stress

analysis of the wellhead. Besides, doing analigsike cheapest way, safe and need

not much of time to accomplish it.

The objective of this project is:

1) To perform stress analysis of one of wellhead camepb which is Wellhead
Housing.

2) To interpret the result and decide whether the Neéall Housing is safe to

operate or not, based on its design specificatiwhnaaterial, AIS1 4130.



1.4 Scope of Study
The scope of study revolves around:

1) One of the wellhead components which is Wellheaddi.

2) Focus on only 10M-Wellhead Housing, which is therkimy pressure of the
wellhead housing will only strict on 10,000 Psi

3) Apply only one type of common material for the Wekhd Housing which is
AISI 4130

1.5 The Relevancy of the Project

The analysis of the wellhead system is the commethad for engineer to ensure
that the components are in a good condition betouse in the real system. This
project will simulate the stress analysis of thellwgad housing that made by
common material. This is an approach to underséaadprove that the material that

has been use to make the component definitely ustais its working condition.
1.6 Feasibility Study

All final year students need to complete their Fifaar Project (FYP) within 2
semesters. As this project will only focus on ohéhe Wellhead components, it has
a potential to be done within the timeframe. Tlbgective can be achieved if the

procedures are closely followed and succeed.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1 Introduction

Wellheads can involve dry or subsea completiony @mpletion means that the
well is onshore or on the topside structure on #shore installation. Subsea
wellhead is located under water on a special selatdraplate. The wellhead has
equipment mounted at the opening of the well talieg and monitor the extraction
of hydrocarbons from the underground formation.isTdiso prevents oil or natural
gas leaking out of the well, and prevents blow-aitthe well due to high pressure
formations. Formations that are under high typycaéquire wellheads that can
withstand a great deal of upward pressure fromet@aping gases and liquilfs

Typical wellhead system can be seen in Figuré'4.1

18 3/4" Wellhead Housing

10 3/4” Casing
Hanger

14" Casing Hanger

\ 30" Suspension

Joint/ Conductor
Housing

Figure 2.1: Typical Wellhead System



Subsea wellheads and Christmas Trees are one ofdbkevital pieces of equipment
in a subsea production system. The subsea wellbgstém performs the same
general functions as a conventional surface wellheld supports and seals casing
strings and also supports the Blow Out Prevent@RBstack during drilling and the
subsea tree after completion. The subsea wellsyatem mainly consists of
wellhead housing, conductor housing, casing hangersulus seals and guide base
(Temporary Guide Base and Permanent Guide Baskg high-pressure wellhead
housing is the primary pressure-containing bodyaf@ubsea well, which supports
and seals the casing hangers, and also transfeesnaxloads to the conductor
housing and pipe, which are eventually transfetoetthe ground®. Main codes for
wellhead are shown in Table 2t

Table 2.1: Codes for Subsea Wellhead

American Petroleum Institute (API Internationalg@nization for
Standardization (1ISO)

API 6A ISO 10423

Specification for Wellhead andWellhead and Christmas Tree
Christmas Tree Equipment Equipment

API 17D ISO 13628-4

Specification for Subsea Wellhea®ubsea Wellhead and Tree
and Christmas Tree Equipment Equipment

2.2 Working Pressure and L oad

The wellhead system suspends the casing and sasvesbarrier for well fluids
against the environment. The standard maximund nateaking pressure for subsea
wellheads shall be 2,000, 5,000, 10,000, or 15,aC808; 34.5; 69.0; and 103.5
MPa). Tools and internal components such as casargers may have other
pressure ratings depending on dfze The main component of the system which is
Wellhead Housing also has its own rated workingsguee according to the API
17D. The maximum rated working pressure for thdlhgad housing pressure
boundary shall be 2,000, 5,000, 10,000 or 15,000(¥%8; 34.5; 69.0 or 103.5

MPa). Selection of the rated working pressure showonsider the maximum



expected SCSSV operating pressure. This compomesds to go through the
hydrostatic body test pressure in order to enduaie the component can withstand
the required working pressure. The hydrostaticytiedt pressure shall not be less

than the following value$:

Table 2.2: Working and Test Pressure

Rated Working Pressure Rating  Body Hydrostatic Test Pressure
(PSI) (Mpa) (PSI) (MPa)
2,000 (13.8) 4,000 (27.6)
5,000 (34.5) 10,000 (69.0)
10,000 (69.0) 15,000 (155.2)
15,000 (103.5) 22,500 (155.2)

In designing the high pressure equipment, thera éoeof criteria’s that need to be
follow and one them is the housing should holdtés¢ pressure against the housing

seat without exceeding allowable stress lebels

2.3 Design

In the design, as a minimum, some loads shall bsidered and documented by the
manufacturer when designing the wellhead housifdie loads that need to be
considered are Riser Forces, BOP Loads, Subsea lloads, Pressure, Radial
Loads, Thermal Loads, Environmental Loads, Flowlimads, Suspended Casing
Loads, Conductor Housing Reactions, Tubing HangexcRons, and also Hydraulic

Connector LoadS.

The dimensions also vary based on the working timmdof the wellhead housing.

The minimum vertical bore of the wellhead housihglsbe design according to the
table below:



Table 2.3: Wellhead Systems Standard Sizes andsType

Mominal System Designation | BOP Stack High Pressure Minimum
(Inches-Psi) (mm-Mpa) Configuration Housing W.P. Vertical Bore
(PSI) (MPa) (Inches) (mm)
18-3/4-10M (476-69) SINGLE 10,000 {69,0) 17.56 (446)
18-3/4-15M (476-103) SINGLE 15,000 (103.5) 17.56 (446)
16-3/4-5M [425-35) SINGLE 5,000 (34.5) 15.12 (384)
16-3/4-10M (425-69) SINGLE 10,000 {69.0) 15.12 (384)
20-3/4-21-1/4-2M (527-540-14) DUAL 2,000{13.8) 18.59 (472)
13-5/8-10M (346-69) 10,000 {69.0) 12.31 (313)
21-1/4-5M {540.35) 5,000{34.5) 18.59 (472)
13-5/8-15M (346-103) DUAL 15,000 (103.5) 12,31 (313)
18-3/4-10M (476-69) DUAL 10,000(63.0) 17.56 (446)
13-5/8-15M (346-103) 15,000 {103.5) 12.31 (313)

Standard wellhead housing based on the API 17Bdwis in Figure 2.9,

I

GASKET PROFILE T

CONMNECTOR
PROFILE

HOUSING
LOCE DOWH
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Figure 2.2: Wellhead Housing



The wall thickness criteria for Wellhead Housingaaheed to follow the industrial
standard. The sizing of the basic wall thicknefsa Wellhead Housing is based on
the standardization in APl 6A. For a cylindricakgsure vessel at a point remote
from the ends, the membrane hoop stre8dlis

S=p.R/t (Equation 1)
where: p = the internal pressure

R = the inside radius

t = the wall thickness

The longitudinal stress is approximately half thhatue assuming the vessel has
capped ends. The radial stress is compressivee anmer surface and has a value of
—p. At the outer surface, the radial stress i®.zefherefore the membrane, or

average, radial stress is approximately:
S=-p/2 (Equation 2)

These are principal stresses. Therefore, the sstig®nsity is the algebraic
difference between the membrane hoop stress anddhebrane radial stress.

Pn=p.R/t+p/2 (Equation 3)
Therefore, solving for t, where S is the allowadti®ss intensity,
t=pR/(S-05p) EQuation 4)
For API 6A, the general primary membrane stresnsity at test pressure is limited

to 0.83 §, and at working pressure, 2/3 of. STherefore for this situation, test

pressure is the controlling ca%@.



The following chart shows the relationship of wialickness to inside radius for four

cases:

6A : The ASME Method in APl 6A

16A : The ASME Method in API 6A
DE1 : The distortion energy method assuming &rkion
DE2 : The distortion energy method with zero tensi

Table 2.4 below shows nine different combinatiofgest pressure and working
pressure, since for 2000 and 3000 psi equipmeifiereint test pressure are used for

different size ranges®

Table 2.4: Thickness to Radius Ratios for Variold Rressure Ratings

WP TP Sp | 0 e t/R Ratio -------------
psSi psSi psi 6A 16A DE1 DE2
2000 3000 60,000 0.062 0.057 0.047 0.053
2000 4000 60,000 0.084 0.077 0.064 0.072
3000 4500 60,000 0.095 0.087 0.073 0.082
3000 6000 60,000 0.128 0.118 0.100 0.122
5000 7500 60,000 0.163 - 0.130 0.144
5000 10,000 60,000 - 0.204 0.186 0.205
10,000 15,000 60,000 0.355 0.323 0.329 0.354
15,000 22,500 75,000 0.441 0.400 0.445 0.411
20,000 30,000 75,000 0.635 0.571 0.81D 0.835

It can be seen from the table that no one methodlvislys most conservative.

However, the ASME/API 6A method is most consenatior all ratings through
10,000 psi. For 15,000 and 20,000-psi ratingsDiséortion Energy method is most

conservative.

10



Figure 2.3 below shows Wellhead stackup duringrt®és hole drilling?®. At this
moment, the end part of the Wellhead Housing wellcovered by cement, which is

used to ensure the Wellhead is stable enough dthenmstallation.

SN

15 374 " BORE FROTECTOR
it - BB 1125000267

e TR, . I, . "W . VY, i

R

;m‘ T L\w

o e

e v 1Y

DURING 13" HOLE DRILLING

Figure 2.3: Wellhead Stackup
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2.4 Material Selection

The materials that are documented will combineasion resistance with strength,
toughness and weld-ability. In addition, machinédHgb availability, and cost will
also feature highly during the final material sél@t suitability review'?. The lists

of materials recommendation for subsea equipmenstaswn in Table 2.8

Table 2.5: General Metallic Materials RecommendaetidcSubsea Equipment

Component Large Steel Forgings

(Wellheads, Tubing Spools, Master Valve

Blocks)
Recommend Base Materials Class “EE”: Low alloy steel with
Case Material Alloy 625 trim.
Class “FF”: ASTM A182 F6NM with Alloy,
625 trim.

Class “HH”: Low alloy steel, all surfaces

exposed to produced fluids clad with

Alloy 625.

Alternative Material “FF": AISI 410, in special cases CA6NM.
“HH": Full body CRA in accordance with ISO
15156/MR0175.

Remarks “Trim” applies to pressure controlling parts

(seal faces), stems and mandrel hangers.
Low alloy steels: AISI 4130 or AISI 8630 low
alloy steel, or ASTM A182 F22 (2-1/4Cr 1Mp)
low alloy steel.
CAG6NM is used for very large valve bodies that
cannot be forged. Qualification procedures shall

be agreed by the Principal.

12



2.5 Theory

2.5.1 Nodal and Element Stresses

When running a COSMOS analysis, the solver interrealaluates the stresses for
each element in the model at specific locationgdenshe element (also called as
Gaussian or Quadrature points). These points fbarbasis of numerical integration
schemes used in Finite Element codes. The nunilmimts selected is determined
by the type and quality of the element. The subsetjstresses obtained at the
Gaussian points inside each element are extrapdiatihe nodes of the element.
Nodal Values are the averaged values of stresseacatnode. The value shown at
the node is the average of the stresses from thisdizen points of each element that
it belongs to. In the adjoining Figure 2.4, thetcailnode would carry a stress that is

an average of the 6 stresses coming from the 6eeisnthat it belongs t&:!

— e

Figure 2.4: Nodal Values

The alternative method of displaying stresses IeaeElemental Values. In this
method, each element individually looks at the sstes at its nodes from the
Gaussian points. The stress at the element isviliage of the stresses seen at its
corresponding nodes. Figure 2.5 and Figure 2.@vghe difference of approach to

average stresses between the nodal and elemesstre

13
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fl
0.5
2 35
1 B
Figure 2.5: Nodal Average Stress
Walues exlrapoialad ol each noda ol “alues avaeraged far each elemend

sach alament

Figure 2.6: Element Average Stress

The degree of difference in the values is a rafiacof the coarseness of the mesh,
and hence the convergence of stress results. Wdahes are very different, it is a
reflection of the mesh being too coarse at the Bighss location. Hence, the mesh

needs to be refined at those locations using Liesh Controf*¥.

2.5.2 Hoop or Circumferential Stress

A hoop stress which, in a pipe or pressure vesselldvtend to make the pipe
diameter or circumference increase. As fluid whels filled the pipe is pressurized
the hoop stress causes the diameter or circumfeteriocrease.

This is the stress which is set up in resisting Ibliesting effect of the applied

pressure and can be most conveniently treated isidering the equilibrium of half

of the cylinder as shown in Figure 2'%.

14



Figure 2.7: Half of thin cylinder subject to cyledpressure showing the hoop stress

The equation for total force on half-cylinder owitayinternal pressure is shown in
below equatioft®,

Total Force (internal Pressure) = p X projecteca

=pxdL (Equation 5)
where, p = internal pressure
d = diameter
L = length

While total force owing to hoop stress set up in the cylinder walls is given BS$:
Total Force (hoop stress) X Lt (Equation 6)

where, t = thickness of cylinder wall

By balancing both total forces, the new equatiarhfwop stress is:
Total Force (internal Pressure) = Total Forceofhstress)
p X dL=2opX Lt
on =pd/2t (Equation 7)

15



25.3Von Misesand Tresca

Von Mises Criterion (1913), also known as the maximdistortion energy criterion,
octahedral shear stress theory, or Maxwell-Hubarelg-von Mises theory, is often
used to estimate the yield of ductile materials.

This theory postulates that failure will occur whitre distortion energy per unit
volume due to the applied stresses in a part edhalgistortion energy per unit
volume at the vyield point in uniaxial testif§ Mathematically, the failure of

material will occur when its value is above critizalue as state iBquation 8':
{(01- 62+ (02-03)° + (03— 01)%} > 2 6,° (Equation 8)

The von Mises stress also can be referred as tbetigé stress. The alternate forms

of effective stress afe’:
G eft = (01° + 62° + G 3° — 0162 — G 53 — 53 G1) 12 (Equation 9)
6 et = {[(01- 62) + (62— 63)* + (63— 61)°)/2} 2 (Equation 10)

The maximum shear stress criterion is also knowiirasca's or Guest's criterion.
Yield in ductile materials is usually caused by gtippageof crystal planes along

the maximum shear stress surface. Therefore, a giomt in the body is considered
safe as long as the maximum shear stress at tivtipainder the yield shear stress
oy obtained from a uniaxial tensile test. From tllasign equation can be obtained,

as shown in Equation 10.

(Tmax) component< oy /2 (Equation 9)
Tmax=0y /2 n (Equation 10)

where n = safety factor

16



CHAPTER 3

METHODOLOGY

3.1 Resear ch M ethodology and Project Activities
The research methodology and project activitiesacoomplish the analysis are

shown in Figure 3.1 below:

PROJECT ACTIVITIESTO
ACCOMPLISH EACH PROCESSIN

START
THE FLOW

* Preview / Analyze problem
* Analyze requirement for Wellhead

Housing according to standardize code
LITERATURE (API)

REVIEW
 Fundamental studies from references and

journals
* Interpret the design specification of the
CREATE 3D wellhead housing into the model
MODEL USING * ldentify the requirement to make a model
SOLIDWORK that will allow analysis to be done on the
model
* Ensure the parameters of the model is
based on the requirement

e Interpret the material of the wellhead
housing based on the fundamental studies

v that has been done, into the Solidwork

RUN SIMULATION e Define the working pressure and load

USING SOLIDWORK based on the specification, into the
Solidwork

» Define the constraint of the model based

on the subsea wellhead system



l * Interpret the result and identify whether

the result is acceptable or not.

RESULT

VALIDATION e If not valid, the flow need to go through

the previous stage until obtain the valid

result, based on industrial specification

* Report on the result of the stress analysis
of the Wellhead Housing

FINAL REPORT

 Recommendation to improve analysis

Figure 3.1: Flow Chart of Methodology

18



3.2 Gantt Chart and Key Milestones

All activities that involves in the flow to acconmgh the analysis have been put in an
appropriate schedule or Gantt chart. This is \nemyortant in order to make sure
that not any single activities will be delayed awill cause this analysis cannot be
done within the time frame. Gantt chart for FY# Ishown in Table 3.1 while
Gantt chart for FYP Il is shown in Table 3.2

19
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Table 3.1: Gantt chart and Key Milestone FYP |

No Tasks Week |1 2 3 |4 5 6 7 10 |11 (12 |13 |14
Selection of Project topic: FEA of Subsea Wellhe
1 - Knowing what kind of analysis involve in
FEA
- Knowing roughly about Wellhead
Research on literatures related to the topic
- Background of the project
2 - Knowing the significance of this project in
life and industry o
- Decide the objectives of project o
3 | Submission of Extended Proposal A 0
Proposal Defence %
4 - Make a presentation to defend this project as g
an FYP e
5 Further study on the specification, constraint and T
working load of Wellhead Housing =
Prepare model for simulation software
6 - Creating Wellhead Housing model using
computer-based 3D modeling software
Study on simulations by computer-based simulation
r software
- The Wellhead Housing model will be use tg
run simulation
8 | Submission of Interim Draft Report A
9 | Submission of Interim Report




1¢

Table 3.2: Gantt chart and Key Milestone FYP I

No

Tasks Week

1

2

3

4

5

6

7

10

11

12

13

14

Further research on Wellhead Housing
- Working condition and load
- Calculation involve to verify the design

Study on simulation by computer-based softwars
- Getting deep understanding about the
software in order to gain better result
- Run simulation by using the latest
information from latest research

Evaluate the analysis result from Solidwork
- Analyze the critical stress of the Wellhead
Housing based on the load and pressure
- Evaluate the deformation of the model
whether acceptable or not

Submission of Progress Report
- Done the research and simulation. The reg
has been compile to be submit as Progress
Report

ult

Mid-Semester Break

Pre-EDX
- An evaluation to compete in EDX

Submission of Draft Report

Submission of Technical Paper

Submission of Technical Paper

O 00 N o

Oral presentation




3.3 Tool

The main equipment that will be used for this pcbje computer-based simulation
software, Solidwork Premium. This software is @asstead of other simulation
software due to this software has been used bwutieor during internship starting
from 7" June 2010 until 14 January 2011 at Aker Solutions Malaysia Sdn. Bhd.
This software can be used to create 3D model ofdneponent, Wellhead Housing.
Besides, after creating the 3D model, this softwaas ability to perform stress
analysis, which is the main objective for this Fiviaar Project.
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CHAPTER 4

RESULT AND DISCUSSIONS

4.1 Data Gathering and Analysis

The physical characteristic for the Wellhead Hogssshown in Table 4.1 while the
property for material, AISI 4130 Steel, normaliz#d870C, is shown in Table 4.2
and Table 4.3 below.

Table 4.1: Physical Characteristics of Wellhead $iiog

Characteristic Value Units
Mass 6,063 Pounds
Surface Area 11, 626 inces
Volume 21,402 inchés

Table 4.2: Physical Property for AISI 4130 Steelmalized at 874C

Physical Property Value Unit

Density 0.284 Ib/if

Table 4.3: Mechanical Property for AISI 4130 Steelmalized at 87T

Mechanical Property Value Unit
Ultimate Tensile Strength 97,200 psi
Yield Strength 66, 717 psi
Elastic Modulus 29,732,736 psi
Shear Modulus 11,603,019 psi
Poisson’s Ratio 0.29 -
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According to “Wellhead Systems Standard Sizes a3’ from API 17D (refer to
Table 4), the minimum vertical bore for Wellheadudimg should be 17.56 inches.
In order to ensure that the design is follow trendards or not, the dimensions for

the Wellhead Housing has been done and has beamshd-igure 4.1. The unit of
the dimensions is in inch.

210° 0.500 | 7
A |
e 0 B 193,507
LTj $26.995 _©18.718__
o ﬂ . . _
S o S
@18.950
0.4645 ﬁ_‘mz = — _—
DETAIL & '{I>
SCALEL & 749]2 ' @18950
| |
RO7E0 4 7

/ RO.750

1700

P2e250 | =1,
R2.000
18500
¥ - —
DETAILE A i
SCALEL: 4 ]5250

Figure 4.1: Dimensions of Wellhead Housing

Based on Figure 4.1, it shows that the minimumic@rbore of the design is 17.700
inches, which is exceeding the value for standardmum vertical bore. Therefore
the design is acceptable.



The thickness of the Wellhead Housing also neefbltow the standards that has
been put in API 6A (refer tBquation 4.

t=pR/(S-05p) EQuation 4)

According to the design, one part of the thickeall was a radius of 8.85 inch and its
thickness is 5.275 inch. The calculation belowshthat the value of thickness that
needed for a given radius when working and tesssure applied is less than

thickness that has been state in the design. fidier¢he thickness is acceptable.
At working pressure, P = 10,000 psi
Thickness, t = 10,000 (8.85) / (0.83*66,#13.5*10,000)
= 1.757 inch < 5.275 inch
At test pressure, P = 15,000 psi
Thickness, t = 15,000 (8.85) / (0.83*@6, 7 0.5%15,000)

=2.773 inch <5.275 inch
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4.2 Experimentation/M odeling

For this analysis, the working conditions will cats of stress analysis of Wellhead

Housing with its test pressure, 15000 psi.
4.2.1 Stress Analysis of Wellhead Housing with test pressure of 15,000 psi

The test pressure is applied at the whole contaictt pn the Wellhead Housing as
shown in Figure 4.2. In order to run the simulateind enable stress distribution
being seen, the model needs to be meshing fiiguré-4.3 is shown the model after

meshing.

e

o | PG

Test Pressure: 15,000 psi

Figure 4.2: Test Pressure Fagu3: Meshing
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4.2.1.1 Nodal Stressand Element Stress

Since the approach to average stresses is diffegethhe nodal and element stress,
the maximum stresses in the stress plot will bfediht. The degree of difference in
the values is a reflection of the coarseness ofrteégh, and hence the convergence of
stress results. If the values are very differdnt a reflection of the mesh being too
coarse at the high stress location.

Therefore, comparing nodal stresses and elemerttalsses is a way of
understanding if the mesh is fine enough, and ef résults have converged at the
highest stress location in the geometry. The sé®should approach one another as
the element size gets smaller. The elements simeseduce at the area that has
higher stress which is at the end of the Wellheaddthg, as shown in Figure 4.4.

While Table 4.4 and Figure 4.5 shown the outcom@®lement size reduced.

D=

Figure 4.4: Elements sizes reduced
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Table 4.4: Percentage Difference between MaximwesStfor Node Values and

Element Values

No. | Element | Total | Total Max. Stress| Max. Stress| %

Size Nodes | Elements | Node Values | Element Difference

(inch) (psi) Values (psi)
1 1.75 36,663 22,605 164,890 159,474 3.28
2 1.663 36,461 22,467 168,251 163,003 3.12
3 1.575 36,655 22,607 165,076 159,414 3.43
4 1.488 36,525 22,511 166,200 159,402 4.09
5 1.400 36,610 22,574 165,264 159,434 3.53
6 1.313 36,698 22,586 165,111 159,424 3.44
7 1.225 36,730 22,597 165,017 159,404 3.40
8 1.134 36,708 22,600 165,162 159,612 3.36
9 1.050 36,941 22,747 166,032 161,956 2.45
10 | 0.963 37,053 22,790 164,690 160,432 2.59
11 0.875 37,019 22,761 164,326 159,781 2.77
12 | 0.788 37,169 22,808 164,451 159,909 2.76
13 | 0.700 37,873 23,250 164,370 160,323 2.46
14 | 0.613 38,249 23,409 164,876 160,481 2.67
15 | 0.525 39,259 23,929 164,622 160,817 2.31
16 | 0.438 40,822 24,759 165,283 161,994 1.99
17 | 0.350 43,241 26,040 164,858 161,723 1.90

Stress (psi)

170,000

168,000

166,000

164,000

162,000

160,000

158,000

=4 Node Values

0 0.5 1

1.5

Element Size (inch)

—fi—Element Values
Linear (Node Values)

Linear (Element Values)

Figure 4.5: Graph of Stress versus Element Size
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The element size has been reduced by 5 until 8epefrom the starting or initial

element size, 1.75 inches in an increment of Sguerc The percentage difference
has been reduced from 3.28 percent to 1.90 percEhnis shows that the meshing
has become finer and produced more accurate reg@ut, as can be seen in the
maximum stress column for both node values and exiémalues, the values are
higher than yield strength and the tensile strenfjthe material, AlISI 4130. This is

because, the Wellhead Housing should be attachBdpaloint and that area will be
covered by cement, which will assist it to withstahe internal pressure. As this
report is only consist and focus on Wellhead Hagisimithout any equipment

attached to it, the pressure load will not be auplat the region. Besides, the
meshing will also focus on the region other thaa phevious region which is at the
end of the Wellhead Housing. Figure 4.6 show that area of the Wellhead
Housing that has been applied the load pressurte Wigure 4.7 show the stress
distribution at the area by applying meshing whike finest element size which is
0.350 inches.

Max: S6511 .6

Figure 4.6: Load Pressure Figure 4.7: Stress Distribution
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Element size of 0.350 inch is used due to it givery small difference in value
between nodal stress and element stress. FrommeFgud, it can be seen that the
maximum stress due to the load pressure is 56,5k1.6The value is less than the
yield strength of AISI 4130 which is 66,717 psiheFefore, it can be concluded that
this if AISI 4130 is used as the material for Welld Housing, this component will

not deform or yield which means it is safe to ofeera

4.2.1.2 Hoop Stress

Hoop Stress is the circumferential loading of andrical mechanical body and must
be kept well below the yield strength of the materi The hoop stress in the
Wellhead Housing would tend to make the pipe diamet circumference increase.
Figure 4.8 and Figure 4.9 below represent the vafugop stress at node 115922.
That node is one of nodes that situated in theoregf the Wellhead Housing that

has internal diameter of 17.7 inches and thicko&&s275 inches.

[Mode 115922 (525 0,111 i)
| - 25617 4 psi

[Made 115822 (52.5,0,-11 1 in)
| =17074.3 psi

Figure 4.8: Hoop stress at 15,000 psi Figure 4.9: Hoop stress at 10,000
of internal pressure psi of internal pressure
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The analysis for the hoop stress has been varynghbnging the amount of load
pressure. The load pressure will start at the imgripressure of the Wellhead
Housing which is at 10,000 psi until its test ptesswhich is 15,000 psi. Table 4.5
and Figure 4.10 show the amount of hoop stressndigpg to the pressure applied.

Table 4.5: Hoop Stress for different Internal Puess

Internal Pressure (psi) Hoop Stress (psi)
10,000 17,074
11,000 18,782
12,000 20,488
13,000 22,195
14,000 23,910
15,000 25,617
30000

25000 /)
20000

o
g
5, 15000
Q
o
(=]
I 10000
5000
0
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000

Internal Pressure(psi)

Figure 4.10: Graph of Internal Pressure versus Htogss
At test pressure of 15,000 psi, the hoop stre6j614 psi. This simulation has
given a positive result as the value of the hoaopsst does not exceed the yield

strength of the Wellhead Housing which is 66,717 ps
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The theoretical value of hoop stress of the Wetlndausing can be calculate using
the equation that has been put in API 6A (refdEdqaation ).

S =p.R/t (Equation 1)

At internal pressure, p = 10,000 psi
$ = 10,000 (8.85) / (5.275)
= 16,777 psi
Table 4.6 below show the theoretical values of hetypss starting from internal

pressure, p of 10,000 psi until 15,000 psi.

Table 4.6: Theoretical value of Hoop Stress fofedént Internal Pressure

Internal Pressure (psi) Hoop Stress (psi)
10,000 16,777
11,000 18,455
12,000 20,133
13,000 21,810
14,000 23,488
15,000 25,166

Based on the theoretical values, the hoop strassaith internal pressure does not
exceed the yield strength of the material whiclb6s717 psi. Therefore, as both
theoretical and simulation values give positiveuligsat can be conclude that the
material and design specification of the Wellheamising can withstand the hoop

stress on it.
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4.2.1.3Von Misesand Tresca

Von Mises and Tresca are often used to predictyibleling of ductile materials.

The Von Mises criterion states that failure occutsen the energy of distortion

reaches the same energy for yield/failure in umilatansion. While Tresca criterion
states that at any given point in the body, it ensidered safe as long as the
maximum shear stress at that point is under thiel wheear stress. Therefore, in
order to ensure that the Wellhead Housing is safeperate, both Von Mises and
Tresca values should be under yield strength ofriaterial. Table 4.7 and Figure
4.11 show the value of Von Mises by varying theiinél pressure starting from its

working pressure, 10,000 psi, until its test pressii5,000 psi.

Table 4.7: Maximum Von Mises Stress at differenétnal Pressure

Internal Pressure (psi) Maximum Von Mises Stress) (p
10,000 37,742
11,000 41,516
12,000 45,286
13,000 49,060
14,000 52,744
15,000 56,512
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Figure 4.11: Graph of Internal Pressure versus Mari Von Mises Stress

The value of Tresca cannot be known directly fradme simulation using the
SolidWorks. It can be found by manipulate the gabi stress intensity as stress
intensity is twice the value of Tresca stress. |@ah8 and Figure 4.12 show the

value of Tresca stress for different internal puess

Table 4.8: Maximum Stress Intensity and Trescaiti¢i2nt Internal Pressure

Internal Pressure (psi) Maximu-m Str.ess Tresca (psi)
Intensity (psi)
10,000 41,513 20,757
11,000 45,664 22,832
12,000 49,786 24,893
13,000 53,935 26,968
14,000 57,997 28,999
15,000 62,140 31,070
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Figure 4.12: Graph of Internal Pressure versuscar&sress

The value of maximum shear stress for this matesiaqual to half of the yield
stress, which is:
Tmax= 66, 717 psi /2
= 33,359 psi

As the failure of the material will only occur ifi¢ Tresca stress is exceeding the
maximum shear stress, it can conclude that theh&a&dl Housing is safe to operate.
This is because, based on the stress analysididhest value of Tresca stress is
only 31,070 psi.
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4.2.1.4 Overall / Compilation

Figure 4.13 show the hoop, maximum von mises, eegta stress for the Wellhe

Housing working internal pressure until its tesemal pressure

80,000

70,000

60,000

50,000

40,000

Stress (psi)

30,000

20,000

10,000

0 5,000 10,000 15,000 20,000

Internal Pressure (psi)

—&— Hoop Stress

== Max. Von Mises
Stress

Tresca

Hoop and Von Mises
Limitation

= = = Tresca Limitation

Figure 4.13: Grapof various types of stress versus internal pre:

The limitation lines are the indications for theabysis to decide whether the inter:

pressure will give deformation to the Wellhead Hogsor not.
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CHAPTER 5

CONCLUSION AND RECOMMNEDATION

5.1 CONCLUSION

A three-dimensional FEA which is a Stress AnalysiSubsea Wellhead Housing
was carried out using SolidWorks Premium softwafée material model used for
the simulation was AISI 4130. The process simatatias been done by applying an
internal pressure to the internal area of WellhBladising. The internal pressure

was varied from its working pressure, 10 000 psil its test pressure 15 000 psi.

The results from the simulation consist of NodaeSd, Elemental Stress, Von Mises
Stress, Tresca Stress and also Hoop Stress. Khmmseof stresses are important in
order to achieve the objective, which is to knowethler the Wellhead Housing is

safe to operate at its working pressure or not.

Yield stress of the material is used as the bags# pw analyze whether the model
can withstand the internal pressure or not. Froenresult, it can be conclude that
Wellhead Housing is safe to operate at its worlgngssure if AISI 4130 is used as

its material and the design is following its stamid@quirement.
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5.2 RECOMMNEDATION

Meshing is one of the factors that will affect thesult of the stress analysis.
Generally, by increasing the resolution of the mesle accuracy of the stress
analysis can be improved. In this project, the lmgs resolution was limited by

computer’s processor. Therefore, better compufaoeessor is needed for better

resolution. Then, it will lead to better result this project.

Another way to improve the result of this projest instead of using only single
component from the Wellhead System, the analysisildhinvolve all components
which have relationship with the Wellhead Housinbhis is because, as Wellhead
Housing will be installed together with other compats during the installation, it
will definitely given different result for the sgg analysis if the analysis is not
consider other components. In future work, muchetishould be given for this

project as will not able to be accomplished in @shme range.
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