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*e expansion experiment of the expansion liner hanger is a one-time failure process, so in order to save cost, the finite element
technology needs to be used to simulate the expansion experiment. Obtaining the mechanical parameters of the expansion liner
hanger can effectively optimize the size of the expansion liner hanger structure and guide the expansion completion. Firstly, main
structure and principle of expandable liner hanger were introduced. Secondly, mechanical equilibrium equations of the ex-
pandable process were established to obtain pressure of the expandable fluid, and pressure of the expandable fluid is obtained.
*irdly, finite element (FE) simulation mechanical model of the expansion of the Ø244.5mm×Ø177.8mm expandable liner
hanger was established to analyze the hang mechanism and the change rule of mechanical parameters during the expansion. *e
FE results have shown that radial displacement and residual stress of the inner wall of hanger varied in 5 cycles, and the expansion
ratio of the expandable tube was 7.4% during the expansion. *e expansion force did not change stably but gradually increased in
stages. And the hydraulic pressure required for the expandable cone to continuously move down was 18MPa. According to the
contact stress generated on five rubber cylinders and the contact stress generated on fivemetal collars, the total hang force has been
calculated, which exceeds 1000 kN and meets the design requirements. Lastly, the expansion test results have shown that ex-
pansion pressure was 19MPa, and the expansion rate was 7.1%. *e mechanical analysis results of the expandable liner hanger
were in good agreement with the experiment results in this study, which provide important mechanical parameters for well
completion with expandable liner hanger.

1. Introduction

*e liner hanger is an important tool in the oil and gas
completion. In the conventional liner hanger system [1–6],
the liner is placed on the upper casing with the cone and the
slip, and the liner overlap section has the poor sealing
quality. *e failure of hang and sealing of conventional liner
hangers often occurs in the complex down hole conditions in
deep wells, ultradeep wells, horizontal wells, multilateral
well, etc. and seriously affects the well completion.

With the progress of the expandable pipe technology, the
expandable liner hanger [7–15] is developed to help over-
come the shortcomings of the conventional liner hanger.*e
expandable liner hanger applies the expansion principle, i.e.,

the metal plastic strain characteristics of the expandable pipe
and exerts the radial expansion on the expandable hanger
with the mechanical force, the hydraulic pressure, or both.
*e expandable body is attached to the outer casing, which is
compressed by the residual stress, and the liner string is
hanged with the friction force. *e rubber cylinders are
generally placed on the hanger body to improve the sealing
and hang capability. *e rubber materials are squeezed into
the annulus between the hanger and the upper casing, ef-
fectively seal the annulus, and have an efficient two-way
pressure-bearing capacity. Compared with the conventional
liner hanger, the expandable liner hanger has the following
characteristics: the packer and the hanger are integrated, and
the seal assembly can withstand the high pressure and has
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the anticorrosion performance. *e expandable liner hanger
has no pressure-transmitting hole, which eliminates the
potential leakage. When the liner is blocked, the liner hanger
tool rotates the liner and circulates the killing fluids, which
increases the tripping in depth of the liner and does not
cause physical damage on the upper casing. Meanwhile, the
expandable hanger has no external attachments such as slips
and cones, which reduces the annular space occupied by the
hangers, thereby increasing the available space inside the
hanger and liner and improving the inside flow.

*e expandable liner hangers have been applied in
more than 2,000 well-times overseas [16–21], which lower
the potential down hole risk of the conventional liner
hanger and the poor sealing quality of the overlapped
section and improves the stability of the liner cementation
system. *e Drilling Engineering Research Institute of
CNPC XIBU Drilling Engineering Company Limited
started the development of ELH-1 expandable liner
hanger in 2011 [18] and completed trial production, in-
door evaluation, etc. of the φ245mm ×φ178mm ex-
pandable liner hanger prototype. In 2014, the expandable
hanger developed by SINOPEC Shengli Oilfield Drilling
Institute helped the Jidong Oilfield realize the first side-
tracking in φ177.8 mm cased-hole and achieve the hang of
φ139.7 mm on the φ177.8 mm intermediate casing with
the expandable liner hanger [22]. In 2015, the Drilling
Research Institute of the CNPC Great Wall Drilling
Company developed a new type metal collar expandable
liner hanger, which realizes hang and sealing of the liner
through the metal interference contact after the ex-
pandable tube expansion and is characterized by strong
hang and sealing performance, high temperature resis-
tance, short overlapped section, and large drift diameter.
*e sealing pressure difference greater than 40MPa, the
temperature resistance higher than 350°C and the hang
force greater than 1000 kN meet the sealing performance
requirements in the heavy oil thermal recovery [23].
However, these studies did not take an effective method to
systematically discuss and evaluate the mechanical
properties and suspension capacity of expansion liner
hanger. *e drilling technology in China goes to deep
wells and ultradeep wells where the probability of drilling
complex formations increases and the down hole con-
ditions are more complicated, which needs the research
and development of expandable liner hangers. *e ex-
pandable liner hanger ensures implementation of China’
strategy of exploring deep oil and gas resources and en-
hances China’s deep drilling capability.

Obtaining the mechanical parameters of the expansion
liner hanger can effectively guide the research and devel-
opment of expandable liner hangers and expansion com-
pletion operation. At present, physical experiment and finite
element simulation are the most commonly used methods to
obtain mechanical parameters. However, the physical ex-
periment method has a high cost, a long cycle, and more
personnel involved. With the rapid development of the
computer hardware and the finite element (FE) theory
[24–30], the computer simulation is applied in various in-
dustries. *e simulation in the FE software is used as a tool

for pretest verification and posttest optimization, which
greatly reduces the test period and the test cost.

2. Structure and Principle of Expandable
Liner Hanger

Structure of the expansion portion of the expansion liner
hanger designed in this study mainly includes the ex-
pandable cone assembly, the rubber cylinder (5 pieces), the
expandable tube, the outer casing, the mandrel, and the
pressure relief sleeve, as shown in Figure 1.*emodels of the
expandable cone, 5 rubber cylinders, the expandable tube,
and 10 metal convex collars are shown in Figure 2. *e
expandable structure is set as a state before expansion in the
outer casing. *e rubber cylinders are equally spaced on the
expandable tube and are axially separated and positioned by
the metal collar.

Working principle of the expansion liner hanger: the
high-pressure fluid enters the internal part of the ex-
pandable liner hanger, forming a large pressure difference
on both sides of the expandable cone and pushing the
expandable cone to move down. As the outer diameter of
the expandable cone is larger than the inner diameter of
the hanger body, cone radially expands the hanger body,
and thus, the plastically deformed hanger body is firmly
attached to the inner wall of the outer casing. When the
cone moves down to the designed position, the pressure
relief sleeve is pushed, the pin is sheared, the pressure
relief hole is exposed, the pressure of the expandable fluid
is released, and the expansion operation is completed. *e
hang force consists of two parts: the first is the friction
force generated by the rubber cylinder squeezed into the
annulus between the hanger and the upper casing due to
plastic deformation of the expandable tube, and the
second is the contact force due to contacting deformation
between the convex metal collar and the outer casing
during the expansion.

3. Mechanical Equilibrium Equations of the
Expandable Process

According to the research literature of relevant shell
structures [31–35], assuming that the expansion cone is
expanded uniformly and is considered as a quasi-static
process, the force on the expandable cone is shown in
Figure 3.

*e geometric parameters in Figure 3 include the initial
inner diameter r0, the initial wall thickness t0, the inner
diameter after expansion r1, and the wall thickness after
expansion t1. *e main parameters of the expandable cone
in Figure 3(b) include the cone height H and the cone angle
α. If the hanger body reaches a stable condition during the
expansion, the expansion cone is in a state of mechanical
equilibrium, the forces include the contact pressure qm

between the expandable cone and the expandable tube, and
the friction force f and the expandable force F were applied
to the expandable cone.

*e lateral area of the expandable cone can be obtained
from the geometric relationship in the figure:
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A �
π r21 − r20( 

sin α
. (1)

According to the axial mechanical equilibrium of the
expandable cone, we obtain

F � qmA sin α + μqmA cos α. (2)

*e force distribution of the hanger is shown in Figure 4.
*e expandable tube is longitudinally sectioned along its Z
axis for mechanical analysis.

According to the mechanical equilibrium equation on
the Z axis, we obtain axial principal stress σz:

σz �
r21 − r20( (1 + μ cot α)qm

r1 + t1( 
2

− r21
. (3)

According to the geometric relationship, the component
of the friction on the x-axis is established as

Fx(f) � r1 + r0( Hf tan α. (4)

According to the mechanical equilibrium in the x-axis,
we obtain

σθ �
r1 + r0( (1 − μ tan α)qm

t0 + t1
. (5)

Considering that the tensile deformation of the metal is
the Hollomon relationship between the true stress and the
true strain in the stage of uniform plastic deformation, we
obtain

σ � Kεn
, (6)

where σ is the true stress, K is the hardening coefficient, ε is
the true strain, and n is the hardening index.

As σθ, σr, and σz are the principal stresses and
σθ > σr > σz, the equivalent stress of the microelement is
obtained according to the Mises yield criterion:

σθ − σz � 1.15σeqv. (7)

*e pressure of the expandable fluid is obtained by
combining formulas (3)–(7):

P �
1.15Kεn r1 − r0(  t0 + t1(  2r1 + t1( t1(1 + μ cot α)

2r1 + t1( t1(1 − μ tan α) − r1 − r0(  t0 + t1( (1 + μ cot α) r21
, (8)

where
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Figure 1: Structure of the expansion portion of the expansion liner hanger.
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Figure 2: Hanger components of expandable liner hanger.
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qm �
1.15Kεn t0 + t1(  2r1 + t1( t1

r1 + r0(  2r1 + t1( t1(1 − μ tan α) − r1 − r0(  t1 + t0( (1 + μ cot α) 
. (9)

4. Numerical Simulation of Expandable
Liner Hanger

4.1. Finite Element Mechanical Model. *e expansion de-
formation of the expandable liner hanger covers the plastic
deformation of the metal, the compression of rubber ma-
terials, and multiple contacts, which are considered as a
complex nonlinear problem and cannot be calculated with
traditional analytical methods. *e literature research shows
that the research on the expansion mechanism and calcu-
lation on parameters of the expandable liner hanger with the

FE software is feasible [36, 37]. Considering that the outer
casing, the expandable tube, and the expandable cone are
circumferential parts with respect to the central axis, the
boundary conditions and loads are symmetrical about the
center axis, and in order to save the time of the calculation,
an axisymmetric model of the expandable liner hanger is
established. *e expandable cone is made of a material with
high rigidity and strength and is regarded as a rigid body
when establishing the FE model, as shown in Figure 5. In the
finite element model, element type of expansion tube, rubber
cylinder, and outer casing is CAX4R. *e number of
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Figure 3: Mechanical equilibrium model of expansion inside the hanger.

Z

Y

X
f

qm

t1r1

r0 t0

σZ

σr

σ θ

Figure 4: Distribution of forces applied to the expandable tube.
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expansion tube grids is 1450, the number of rubber cylinder
grids is 3256, and the number of outer casing grids is 1600.*e
boundary conditions and loads are set as follows: the ex-
pansion tube and outer casing are fixed axially, and the
downward velocity of 0.5m/s is applied to the expansion cone.

4.2. Geometric Parameters and Material Parameters of the
Model. *e size of hanger is φ244.5mm×φ177.8mm, the
outer diameter φ204mm, the inner diameter φ179mm, the
rubber cylinder length 300mm, the rubber cylinder wall
thickness 3.6mm, the expandable cone outer diameter
φ190mm, the length of expandable plastic deformation part
2300mm, and the outer casing diameter φ244.5mm. Some
material parameters of the components are shown in Ta-
bles 1 and 2.

*e rubber cylinder is made of modified nitrile rubber.
*e Mooney–Rivlin model is used to describe the super-
elasticity of the rubber cylinder with Mooney constants C01
and C10 and the incompressibility ratio D1.

*e relationship among the elastic modulus E and the
shear modulus G and the rubber material constant is
expressed as follows [37]:

G � 2 C10 + C01( ,

E � 6 C10 + C01( .
(10)

5. Finite Element Calculation Result

*e expansion rate of the hanger body, the expansion force
pushing the expandable cone to move downward, and the
hang force aremainmechanical parameters in the study of the
expandable liner hanger [38–51]. *e visualization module in
FE software is used to obtain parameters such as the contact
stress between the rubber cylinder and the outer casing, the
counter force of the expandable cone, and the radial ex-
pansion displacement of the expandable tube and indirectly
calculate the minimum hydraulic thrust, the hang force, etc.

5.1. Expansion Rate of the LinerHanger Body. *e expansion
rate of the liner hanger is an index determining the plastic
deformation of the material of the expandable tube and the

available space inside the hanger and the casing. It refers to
the ratio of the difference between the diameter after ex-
pansion and the diameter before expansion to the diameter
before expansion. *e formula is written as follows:

δ �
D1 − D

D
, (11)

where D1 is the diameter after expansion of the expandable
tube and D is the diameter before expansion of the ex-
pandable tube.

*e radial displacement cloud diagram of the expand-
able liner hanger after expansion is shown in Figure 6, and
the maximum radial displacement of the hanger body is
7.57mm. As the model is axisymmetric, the expansion value
of the expandable body is 15.14mm. *e size of the hanger
tube is 204mm, and according to formula (11), the ex-
pansion rate is 7.4%.

Figure 7 shows the relation between the radial dis-
placement of the expandable tube inner wall and the axial
path of the expandable tube. *e five rubber cylinders are
axially equally spaced by the metal convex collar on the
expandable tube (Figure 2), which causes five cyclic dis-
placement variation during the expansion.

5.2. Calculation of Expansion Pressure. *e expansion force
is the axial driving force applied to the expandable cone
during the expansion operation. It is the basic parameter for
the expansion deformation of the hanger body and is also the
raw data for the design of the expansion structure. *e
expansion force is mainly composed of two parts: one is
overcoming the friction of the contact surfaces, and another
is internal energy consuming the internal uneven
deformation.

*e expansion force is the basis for selecting the ground
pressure equipment. *e expansion force directly deter-
mines whether the pressure equipment can continuously
move the expandable cone downward to push the ex-
pandable tube to expand and deform. With the post-
processing in FE software, the expansion force of the
expandable cone along the axial path is obtained when the
expandable cone moves downward (Figure 8). During the
expansion, the expansion force does not vary uniformly but
gradually increases in stages.

F
F

Expansion cone

Expansion tube

Casing

Rubber cylinder

Figure 5: *e FE model of expandable liner hanger.

Table 1: Metal material parameters.

Structure
name

Density
(kg/m3)

Young’s
modulus
(MPa)

Poisson’s
ratio

Yield
strength
(MPa)

Expandable
body 7800 207000 0.264 530

Outer
casing 7850 207000 0.28 860

Table 2: Nitrile rubber parameters.

C10 (MPa) C01 (MPa) D1

1.84 0.49 0.0214
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Taking the maximum value 352 kN of axial counter force
Fmax in Figure 8 as the basis for calculating maximal ex-
pansion pressure Pmax, where Se is the area of pressure
action:

Pmax �
Fmax

Se

. (12)

*e hydraulic pressure for continuous downward
movement of the expandable cone is 18MPa. So the ground
pressure equipment is required to provide the hydraulic
pressure 18MPa to expand the expandable liner hanger. *e
pressure capacity of China’s field operation ground pipe
meets the requirements for pressurization.

5.3. Analysis of Equivalent Stress. During the expansion, the
hanger body is subjected to mechanical internal compres-
sion force, which causes a large plastic deformation. Figure 9
shows the equivalent stress generated on the hanger body
during the expansion. *e maximum equivalent stress
reaches 530MPa, which exceeds the yield strength of the
hanger body. As the body is deformed, the hanger is closely
attached to the inner wall of the outer casing by compressing
the rubber cylinder after the expansion. Figure 10 shows the
residual stress generated on the inner wall of the hanger

body after the expansion.*emetal convex collars placed on
the outer wall of the hanger body at equal intervals cause the
cyclic variation in residual stress axially.

5.4.CalculationofHangForce. *e hang force is a parameter
characterizing the mechanical properties of the expandable
hanger. *e hang force consists of two parts: the first is the
friction force generated on the rubber cylinders squeezed
into the annulus between the hanger and the upper casing
due to plastic deformation of the expandable pipe, and the
second is the hang force generated by the metal convex
collars, which contact the outer casing and are embedded in
the inner wall of the outer casing during the expansion. *e
formula for the hang force is as follows:

FT � FR + FM, (13)

where FT is the total hang force,FR is the hang force
generated by the rubber cylinder, and FM is the hang force
generated by metal convex collars.
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Figure 6: Radial displacement cloud diagram of the expandable liner hanger after expansion.
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Figure 7: Relation between the radial displacement of the ex-
pandable tube inner wall and the axial path of the expandable tube.
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Figure 8: Expandable force generated on the expansion cone
during the expansion.
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5.4.1. Hang Force Generated by the Rubber Cylinder. *e
contact stress between the inner wall of each rubber cylinder
and the expandable tube and that between the outer wall of
each rubber cylinder and the outer casing are calculated by FE
numerical simulation. *e rubber cylinder is made of
hyperelastic material, and it is elongated and deformed axially
after radial compression and deformation.*e axial extension
part of the rubber cylinder goes beyond the metal collar. *e
deformed rubber cylinder is divided into two parts: the first
part is the contact region with the inner wall of the casing, and
another is the noncontact region (shown in Figures 11–15).
*e data points along the axial path a-b are averaged to obtain
the average contact stress value on the rubber cylinder wall
(Figures 11–15). *e hang force of a single rubber cylinder is
calculated with the friction on the inner and outer walls.

As the rubber cylinder has a relatively small thickness,
the effective contact area between the inner and outer walls
of rubber cylinder is considered to be uniform before and
after compression, and the inner wall is considered as the
effective contact area:

FiR � 2fR × Ao × σiR, (14)

where FiR is the hang force of the i rubber cylinder; fR is the
friction coefficient between the rubber cylinder and the inner
and outer tube walls, fR � 0.15 in this paper [30]; AO is the
effective contact area between the rubber cylinder and the
inner and outer tube walls, mm2; and σiR is the average
contact stress of the inner and outer walls of the i rubber
cylinder, MPa.

*e hang force generated on each rubber cylinder is
calculated according to the FE analysis and formula (14), as
shown in Figure 16. *e hang force gradually increases from
the rubber cylinder 1 to the rubber cylinder 5, and the total
hang force of five rubber cylinders is FR � 1112 kN.

5.4.2. Hang Force Generated by Metal Convex Collar. In
addition to the compression deformation of the rubber
cylinder, the radial expansion deformation of metal convex
collar and the contact with the inner wall of outer casing
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Figure 9: Cloud diagram of equivalent stress generated on the hanger body during the expansion.
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Shock and Vibration 7



Contact
region

Noncontact
region

B

A

(a)

16
14
12
10

8
6
4
2
0

C
on

ta
ct

 st
re

ss
 (M

Pa
)

0 50 100 150
Along axial path A-B on the outer wall

of rubber cylinder 1 (mm)

200 250 300

y = –1E – 08X4 + 7E – 06X3 –
0.0014X2 + 0.0826X + 10.759

(b)
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Figure 12: Contact stress variation in the rubber cylinder 2 and the average contact stress along the axial path on the outer wall of the rubber
cylinder during the expansion.
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Figure 13: Contact stress variation in the rubber cylinder 3 and the average contact stress along the axial path on the outer wall of the rubber
cylinder during the expansion.
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result in the hang force. Similarly, the hang force on the
metal convex collar is calculated with the method of cal-
culating the hang force on the rubber cylinders.

In order to fix five rubber cylinders with equal intervals,
five sets (10) of metal convex collars are processed on the
hanger body. As the metal collar has the small size, a re-
gional mesh refinement (Figure 17) shows the metal convex
collar grid and deformation diagram. *e contact stress
value is extracted and averaged along the axial contact path
c-d between the metal convex collar and the casing (Fig-
ure 18). *e average contact stress generated on the metal
collars ①, ③, ⑤, ⑦, and ⑨ has a low value, and that
generated on the metal collars ②, ④, ⑥, ⑧, and ⑩ has a
high value.

*e contact axial deformation length of the convex collar
is 1.8mm, the average diameter after deformation is

207mm, and the hang force of each metal convex collar is
calculated with the formula as follows:

Fim � fm × Amσim, (15)

where fm is the friction coefficient between the metal collar
and the casing, fm� 0.25 [31]; Am is the effective contact area
between the metal collar and the casing wall, mm2; σim is the
average contact stress between the metal collar and the casing
wall, MPa, shown in Figure 18; and Fim is the hang force
generated on the metal convex collar, kN, shown in Figure 19:

Fm � 
10

i�1
Fim � 59.7 kN. (16)

According to formulas (13)–(16), the total hang force of the
expandable liner hanger is F� 1112 kN+59.7 kN� 1171.7 kN.
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cylinder during the expansion.
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Figure 15: Contact stress variation in the rubber cylinder 5 and the average contact stress along the axial path on the outer wall of the rubber
cylinder during the expansion.
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Figure 17: Metal convex collar grid and contact deformation diagram: (a) metal convex collar 3D diagram; (b) metal convex collar grid; (c)
metal convex collar deformation diagram.

0
20
40
60
80

100
120
140
160
180

A
ve

ra
ge

 co
nt

ac
t s

tr
es

s (
M

Pa
)

1054 8 96 7321
Metal convex collar number
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Figure 19: Hang force generated on each metal collar.
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6. Expansion Test

After assembling the processed parts of the expansion liner
hanger, shown in Figure 20, support it with the experimental
dismounting frame and keep it in a horizontal position
(shown in Figure 21).*e dimension parameters of key parts
are as follows: the outside diameter of the expansion cone is
190mm, the inside diameter is 143mm, and the length is
121mm. *e outer diameter of the liner hanger body is
204mm, the inner diameter is 179mm, and the expanded
length is 4500mm. Conduct a low-pressure test (3MPa) for
5 minutes to ensure that the sealing performance of each
sealing component is sufficient. After the low-pressure test,
prepare for the expansion test.

6.1. Test Step

(1) Use a pressure pump to slowly build the pressure
through low displacement.

(2) Boosting the pressure to 19MPa, the expansion cone
begins to move forward, and the hanger body begins
to expand and seal.

(3) *e expansion cone is moved to the position of the
pressure relief sleeve. *e pressure relief sleeve is
pushed, the pin is sheared, the pressure relief hole is
exposed, the pressure drops, and the expansion
operation is completed.

6.2. Test Results

(1) *e expansion pressure in the test was 19MPa, and
the expansion pressure obtained by finite element
analysis was 18MPa, with the expansion pressure
error of 5.3%.

(2) By measuring the diameter of the hanger body after
expansion and before expansion, the expansion rate
is 7.1%. By comparing the results of finite element
analysis, the expansion rate error is 4%.

Figure 20: Expansion cone assembly.

Experimental dismounting frame

Expansion liner hanger

Figure 21: Expansion liner hanger supported with the experimental dismounting frame and kept it in a horizontal position.

Rubber cylinder

Outer casing

Hanger body

Figure 22: Rubber cylinder is completely squeezed between the hanger body and the outer casing.
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(3) After expansion, the rubber cylinder is completely
squeezed between the hanger body and the outer
casing, so as to realize sealing and suspension, as
shown in Figure 22.

7. Conclusion

In this paper, a FE simulation mechanical model of the
Ø244.5mm×Ø177.8m expandable liner hanger is estab-
lished. *e conclusions are as follows:

(1) When the hanger body is expanded, its radial dis-
placement and the residual stress of the inner wall
vary in 5 cycles due to that the five rubber cylinders
are axially equally spaced by the metal convex collar
on the expandable tube, and the expansion ratio of
the expandable tube is 7.4%.

(2) *e variation in the expansion force is indirectly
calculated with the axial reaction force applied to an
expandable cone. *e expansion force does not vary
uniformly but gradually increases in stages. *e
hydraulic pressure required for pushing the ex-
pandable cone to move down is 18MPa.

(3) According to the contact stress generated on five
rubber cylinders and the contact stress generated on
ten metal collars, the total hang force has been
calculated, which exceeds 1000 kN and meets the
design requirements.

(4) *e FE mechanical analysis results of the expandable
liner hanger were in good agreement with the ex-
periment results in this study, which provide im-
portant mechanical parameters for well completion
with expandable liner hanger.
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