
Mechanics & Industry 19, 309 (2018)
© AFM, EDP Sciences 2018
https://doi.org/10.1051/meca/2017045

Mechanics
&Industry
Available online at:

www.mechanics-industry.org
REGULAR ARTICLE
Mechanical analysis of sealing performance for compression
packer rubber tube
Fuying Zhang1,2, Xiangmin Jiang1,*, Honghao Wang1, Nana Song1, Jianlei Chen1, and Jingying Duan1

1 College of Mechanical Engineering, Tianjin University of Science and Technology, Tianjin 300222, PR China
2 Tianjin Food Safety and Low Carbon Manufacturing Collaborative Innovation Center, Tianjin 300457, PR China
* e-mail: k
Received: 20 April 2017 / Accepted: 21 November 2017

Abstract.The compression packer rubber is one of the core components of the packer. According to the sealing
mechanism of the compression packers rubber, the deformation of rubber between the central tube and casing
tube is analyzed in the initial and working stages. The compression rubber is also strained radially against the
support ring by means of a controlled tubular expansion process. In this paper, the theoretical model for the
deformation analysis is established by the structure and working characteristics of rubber tube. In addition, the
nonlinear relationship between the material, geometry and stress in the constrained and stable deformation
stages is analyzed by application of pressuremethods. The analytical results show the contact pressure and shear
stress distribution on the sealing surface of the rubber and the effect of rubber geometry and its material
properties on sealing performance in terms of maximum sealing pressure. Then, the criterion of sealing
performance evaluation of the rubber is established by the numerical results. This analytical model will provide a
theoretical basis and guidance for the structural design of the compression packer rubber and it will be of great
significance to improve the sealing performance and reliability of packer rubber.
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1 Introduction

Compression packer is a kind of down-hole tools, which are
widely used in oil and gas resources exploitation. With the
improvement of drilling technology and the complexity of
the oil mining environment, packers which can meet the
higher performance requirements are necessary. Rubber
tube is the key component of the packer and its sealing
performance has a direct effect on the sealing ability of the
packer in the oil well [1]. During down-hole operation,
elastic rubber is compressed under axial load and generated
radial expansion, which will seal the annular space between
the central pipe and the casing tube. The contact pressure
between the rubber and the casing tube is a major index
which indicates the work pressure of packer. Generally, in
theoretical researches of the packer, the contact pressure is
mainly calculated with linear elastic theory as well as the
hyperelastic theory of rubber material and Hooke’s law.
However, due to the complexity and large deformation
characteristics of the rubber, there is a huge difference
between the theoretical stress state and the real situation.
Mechanical behavior of compression rubber has been
rancytj@163.com
studied by many researchers. Some studies on this subject
show that the rubber tube in different working stages has
different mechanical behavior during compression loading
conditions.

In reference [2], the rubber tube deformation state is
divided into free deformation and restrained deformation
stages. By using the basic theory of mechanics the
deformation equation of the rubber was established. The
contact pressure and amount of compression of each stage
were calculated by load iterative method. With the above
results, the researchers made the conclusion that the
contact pressure as the judgment of the sealing perfor-
mance. But they ignored the material nonlinearity of the
rubber under the highly pressure loading. Thus, the shear
stress where the contact surface between the rubber and
the casing tube, would affect the sealing performance. In
reference [3], Yu studied the pressure and shear stress of an
elastomer under the loading pressure. And they founded
that the pressure and shear stress are affected greatly by
the structure and material parameters of the solid
elastomer. They established the mechanical analysis model
of the solid rubber and showed that the force response of
the elastomer was very sensitive to its compressibility,
especially the structure was constrained. Yu gave the
result that the material properties (Poisson’s ratio v) can
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Fig. 1. Schematic diagram of the compression packer structure.

Fig. 2. The analysis model of the rubber tube.
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drastically affect the pressure’s distribution. According to
Ma et al. [4] research, the Y221-114 double rubber packer is
investigated by using the finite element software ANSYS,
and the effects of the friction coefficient was studied by
experiments method. The results show that the friction
coefficient between the rubber and the tube is greater for
the contact pressure different, and reduced the frictional
coefficient of the rubber can improve the contact pressure,
which helps protect the rubber under the highly working
pressure conditions.

In addition, there are great many of studies researched
the sealingperformanceof the rubberonthecontactpressure
using the commercial finite element software, such as
ANSYS and ABAQUS. Generally, these studies are based
on the assumption of strict incompressibility and the linear
behaviorof the rubber, inorder toavoidhighlynonlinearand
complicatedmodels.Meanwhile, somestudiesontheeffectof
geometry andmaterial properties onmechanical behavior of
the rubber have obtained the seam conclusion. In references
[5,6] took the material properties into consideration, they
developed a theoretical approach for analyzing the material
compressibility effects by using the pressure method. And
this method was applied to analyze the sealing performance
of rubber with similar shape.

On the research of sealing performance of the rubber,
Al-Hiddabi et al. [7] established the solid expandable
tubular (SET) analysis model and the deformation of an
elastomer between a metal tube and a rigid casing was
investigated. Differential equations governing the behavior
of the elastomeric seal under radial and axial compression
due to tubular expansion and surrounding fluid pressure in
the well are developed. The analytical results show the
effect of elastomer geometry and its material properties on
sealing performance under the sealing pressure. Some
studies on this subject [8,9] show the mechanical and
characterization of a swelling rubber under the different
compression or tension pressure, by a mechanical testing
equipment.

Due to the special material property of the rubber tube
and large deformation, the sealing performance of the
rubber tube, under high pressure, is not only affected by the
structure and material, but also the deformation of the
sealing surface, such as the variation of the stress, the
nonlinear flow and failure of the material [10]. For this
purpose, we estimate the traditional analysis method to
reproduce some of the existing results in the literature, but
some of methods were difficult to apply in engineering
practice directly, or it can spend a lot of time to do
preparatory work. Therefore, it is important to establish a
sealing theory for packer rubber tube under the high
pressure to improve the sealing performance of the packer,
optimize the design of the rubber tube and evaluate the
sealing performance. And it can be applied effectively and
conveniently in oil well engineering practices [11,12].

2 Analysis model of compression packer
rubber tube

The shape of compression packer rubber tube also varies
with the working conditions, but the basic shape is
cylindrical [1]. As shown in Figure 1, it is a typical
compression packer with a single rubber tube and
supporting ring. It is mainly composed of the central tube,
packer slip, rubber tube, support ring, casing tube, etc.
During the down-hole operation, the packer is vertically
descended into a predetermined position in the tube, in
which the hydraulic pressure is generated. Thus, the piston
pushes the locking sleeve and up centrum upward,
compressing the rubber tube, causing radial expansion
under the well sealing the annular space between the casing
tube and central tube. The packer slip and locking sleeve
mesh each other on the inside and outside gear, and thus
limit rubber tube in a compressed state. When the packer
unsetting, the central pipe rises, the packer connector



Fig. 3. The structure and working principle of the compression
packer rubber tube.
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makes the casing tube upward, the packer slip and the
casing tube separate, the lock sleeve and the sealing ring go
downward under the elastic force of rubber tube, and the
rubber tube returns to the initial position [13]. The sealing
performance of packer rubber tube will be analyzed in the
next section, according to the working condition of the
packer. The simplified rubber tube analysis model is shown
in Figure 2.

3 Mechanical property analysis of
compression packer rubber tube

3.1 Working condition analysis

The working process of compression packer is generally
divided into three conditions, namely initial setting, packer
setting and unsetting [14]. Accordingly, the working process
of the rubber tube has three deformation stages: free
deformation, constrained deformation and stable deforma-
tion [2,5].Forapackerunder axial direction load in the initial
setting, freedeformationappearswhen the rubber tube isnot
in contactwith the casing tube or the twoparts are in a stress
free contact. Under packer setting load, constrained
deformation appears during the contacting process between
the rubber tube and the casing tube from the varying
beginning to the total contact. Generally we think the free
deformation is elastic deformation, in which the volume of
rubber tube is unchanged, and this condition matches the
analysis conditions of Hooke’s law. In constrained deforma-
tion, the radial deformation of the rubber tube is limited by
thecasing tubeand thecentralpipeof thepacker.The rubber
tube is bounded in the radial direction, and it not only bears
the axial force, but also can be influenced by the contact
pressure. Thus, the deformation of the rubber tube is no
longer a linear change, and the volume will also be changed.
Based on the constrained deformation, the stable deforma-
tion,which is nonlinear, appearswhen the rubber is confined
under the working pressure.

Figure 3 shows the sealing principle of each deformation
stage. (a) The initial installation of rubber tube, in which
the rubber tube is in free state without loading pressure. (b)
Free deformation stage, in which the axial compression and
radial expansion of the rubber tube are caused by the initial
setting pressure. But there is no contact pressure between
the rubber tube and the central pipe and between the
rubber tube and the casing tube. (c) Constrained
deformation stage, in which the rubber tube is compressed
in the axial direction, and the radial deformation is
constrained. The contact pressure is generated between the
rubber tube and the inner wall of the casing tube. (d) Stable
deformation stage, the rubber tube is further compressed
under the working pressure, and the contact pressure
between the rubber tube and the casing tube is increased.
Generally speaking, when the contact pressure between the
rubber tube and the casing tube is greater than the working
pressure, we think the packer sealing is well.

According to the working condition of the compression
rubber, we will establish the theoretical model in different
deformation stages. In addition, the strain and stress
distribution in the sealing surface of the rubber is also
analyzed [6].
Based on the fact that the volume of the rubber tube
will remain unchanged, the deformation equation of the
free deformation stage is analyzed, by analyzing the micro
element of the rubber tube, and establishing the differential
equation of the radial displacement. With the generalized
Hooke’s law, the stress equation of the stage is obtained.
Furthermore, the compression length of rubber and initial
sealing force can be determined.

The analytical equation of constrained and stable
deformation of the rubber tube is established, which is
based on the axial and radial force balance. The traditional
assumption is the case that the axial load of the rubber tube
is equal to the sum of the elastic force and the friction force
on the binding surface. And through combining with the
generalized Hooke’s law and the thick walled theory of
mechanics of elasticity, the stress equation, contact
pressure equation and the axial strain equation of the
rubber tube are calculated. However, this assumption
cannot simulate the high pressure of sealing the rubber
tube’s deformation and contact pressure distribution at
any part of the rubber. In this paper, a method based on the
pressure method is proposed to calculate the stress and
shear stress distribution in the contact surface of the
constrained and stable deformation stages.

3.2 Sealing performance analysis
3.2.1 Free deformation stage

The free deformation analysis is that the rubber tube
cannot reach the casing tube which there is no contact
pressure is generated, under the initial setting pressure
[15,16]. The main features of the deformation stage of
rubber tube are that the deformation belongs to elastic



Fig. 4. Analysis of the force of the micro-element of an
axisymmetric rubber.
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deformation. The volume remains unchanged and the
material mechanical follows the Hooke’s law. According to
reference [2], the mechanical properties of the rubber tube
is analyzed in the free deformation stage, and the
differential equation for the radial deformation of the
rubber tube is established from three aspects, such as
geometry, static force, and physical balance, as following:

d2ur

dr2
þ 1

r
⋅
dur

dr
� ur

r2
¼ 0: ð1Þ

The boundary condition is:

urjr¼R0
¼ 0; urjr¼Ros ¼ Ros �R1:

We can get the radial displacement of the rubber tube:

ur ¼ �ðRos �R1ÞRos

R2
os �R2

0

r� 1

r

ðRos �R1ÞR2
0Ros

R2
os �R2

0

; ð2Þ

where ur is the radial displacement, Ros the inner wall
radius of casing, R0 the inner radius of rubber, R1 the outer
radius of rubber, and r is the radius of the rubber tube at
any point.We can calculate the length of rubber (H1) under
the radial strain Ɛr and circumferential strain Ɛu by
equation (3).

er ¼ dur

dr
; eu ¼ ur

r
: ð3Þ

The rubber tube is subjected to radial, tangential and
axial stress, under the axial direction pressure, according to
the generalized Hooke’s law of material mechanics.

sr þ su þ sz ¼ E

1� 2n
ðer þ eu þ ezÞ; ð4Þ

whereE is the elastic modulus, n the Poisson’s ration, Ɛr, Ɛu,
Ɛz the radial strain, circumferential strain, and axial strain,
and sr, su, sz are the radial stress, circumferential stress,
and axial stress. The volume of rubber is constant in the free
deformation stage by Ɛr+Ɛu+Ɛz= 0. It can determine the
axial stress and axial strain by equations (5) and (6).

sz ¼ � 2ERos

1þ n

Ros �R1

R2
os �R2

0

 !
; ð5Þ

eZ ¼ � 2RosðRos �R1Þ
R2

os �R2
0

: ð6Þ

With the equation of the strain and stress of the rubber,
we can obtain the minimum initial sealing force Ft in free
deformation by equation (7).

Ft ¼ 2p∫Ros
R1

rszdr: ð7Þ

Substituting (5) in (7), we obtain Ft and the length of
the rubber under the force of Ft.

Ft ¼ �2p
ERos

1þ n
⋅
R2

os �R2
1

R2
os �R2

0

⋅ðRos �R1Þ; ð8Þ

H1 ¼ 1� 2RosðRos �R1Þ
R2

os �R2
0

 !
H; ð9Þ

whereH is the initial height of rubber. Obviously, the initial
sealing force is proportional to the gap between the rubber
and casing wall, and it is also proportional to the elastic
modulus (E) and the radius of the casing tube. When the
initial installation, the larger the gap between the surface of
the rubber and the casing wall is, and it needs the greater
initial sealing force.

3.2.2 Constrained deformation stage

In constrained deformation stage, the rubber tube shows a
nonlinear deformation under the axial pressure, and its
volume and stress state will be changed. These changes will
result that the axial stress and the strain are not fitting the
linear relationship [5]. In this stage, the total radial and
axial strain of the rubber tube is equal to 0, because it is
restrained by the central tube and the casing.

In order to get the deformationmechanical in this stage,
an infinitesimal rectangular element (dz� dr) is founded
from the rubber to be subjected to force analysis, as showed
in Figure 4. Under the initial sealing force of Ft, we assume
that there has contact pressure p in the constrained
deformation stage. And t is the shear stress in areas where
the rubber contacts within the tube and casing tube. Then
there is a stress balance on the micro element, such as
equation (10).

tð2prdzÞ � t þ ∂t
∂r

dr

� �
½2pðrþ drÞdz� þ pp

�ðrþ drÞ2 � r2
�

¼ pþ ∂p
∂z

dz

� �
p
�ðrþ drÞ2 � r2

�
: ð10Þ



Fig. 5. The distribution of contact pressure.
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Rearranging and neglecting higher order differential
terms, we get

∂p
∂z

¼ � 1

r
t � ∂t

∂r
: ð11Þ

The shear stress t is given by

tðr; zÞ ¼ �G
∂uðr; zÞ

∂r
; ð12Þ

where u(r, z) is the axial displacement. As for all isotropic
continua, the bulk and shear modulus are related to the
modulus of elastic modulus and Poisson’s ration by

K ¼ E

3ð1� 2nÞ ; G ¼ E

2ð1þ nÞ : ð13Þ

From equation (13), small changes in Poisson’s ratio
can have dramatic efforts on the bulk and shear modulus.
Furthermore, it will efforts the deformation and stress of
the rubber tube, under the highly compress pressure.

Comparing equations (11)–(13), we get:

∂2u
∂r2

þ 1

r

∂u
∂r

¼ 1

G

dp

dz
: ð14Þ

The boundary condition is:

uðr ¼ Ros; zÞ ¼ 0; uðr ¼ R0; zÞ ¼ d; ð15Þ
where d is compression distance d ¼ 1

4G ∫
r

R0

dp
dz

du
dr dr, the

axial displacement of the rubber tube.

d ¼ 1

4G

dp

dz
ðR2

1 �R2
0Þ⋅

lnRos � lnR1

lnR1 � lnR0
� ðR2

os �R2
1Þ

� �
: ð16Þ

Substituting (15) to (14), we obtain the deformation of
the rubber tube in any part.

uðr; zÞ ¼ � 1

4G

dp

dz

�
R2

os

�ðR2
1 �R2

0ÞlnRos

lnR1 � lnRo
þ ðR2

1 �R2
0Þlnr

lnR1 � lnRo
� r2

�
: ð17Þ
Assuming that the change rate of volume in the
constrained deformation stage is the ratio of the internal
stress and the bulk modulus (K).

DV

V
¼ � p

K
: ð18Þ

Taking a small element of length (DZ) along the Z-axis,
we can get

DV

ADz
¼ � p

K
; ð19Þ

where A ¼ pðR2
1 �R2

0Þ is the initial cross-sectional area of
the rubber before deformation. The volume can also be
determined through integration, using equation (20)

DV ¼ 2pRs ∫
Ros

R0

½uðr; zþ DzÞ � uðr; zÞ�dr; ð20Þ

where Rs ¼ ∫
Ros

R1

uðr; zÞrdr
�

∫
Ros

R1

uðr;zÞdr
In the constraint deformation stage, the initial sealing

pressure effect in the both ends of rubber generated by the
P0:P0=F/A, and so on the boundary condition is equation
(21).

pðz ¼ 0Þ ¼ p0
pðz ¼ HÞ ¼ p0

:

	
ð21Þ

Substituting equations (19) and (20) to equation (17),
and combining the boundary condition (21), we can get the
distribution of contact pressure on the sealing surface in the
constrained deformation stage.

p1ðzÞ¼ p0 tanh
l̂

2
sinh l̂

z

H1
� 1

� �� �
þ cosh l̂

z

H1
� 1

� �� �	 

;

ð22Þ
where l̂ ¼ H1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
8GðlnRos�lnR0Þ

K ðR2
osþR2

0ÞðlnRos�lnR0Þ�ðR2
os�R2

0Þ½ � :
r

From equation (22), the contact pressure between the
rubber tube and the casing is related to the working
pressure, material properties, the height of the rubber tube,
inner diameter of the tube and the outside diameter of the
center tube, under the working pressure. According to the
dp/dz=0, the maximum pressure can be expressed as:

p1max ¼ p0 cosh tanh�1 tanh
l̂

2

� �� �� �
� ½�1þ coshðl̂Þ�

sinhðl̂Þ

	

sinh tanh�1 tanh
l̂

2

� �� �� �

: ð23Þ

The shear stress t of the rubber tube in the constrained
deformation stage can be calculated by:

t ¼ �G
∂uðr; zÞ

∂r
: ð24Þ
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Substituting equation (17) to (24), we obtain

t1ðr; zÞ¼� 1

4

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
8GðlnRos � lnR0Þ

K ðR2
os þR2

0ÞðlnRos � lnR0Þ � ðR2
os �R2

0Þ
� �

s

� � R2
0s �R2

0

rðlnRos � lnR0Þ þ 2r

� �

� p0 tanh
l̂

2

� �
cosh l̂

z

H1
� 1

� �� �	

þ sinh l̂
z

H1
� 1

� �� �

: ð25Þ

3.2.3 Stable deformation stage

In the stage of stable deformation, the rubber is restrained
by the central tube, support rings and the casing tube,
under the working pressure, and the radial strain is zero.
The upper surface of the rubber tube is affected by
pressure, the boundary condition of stable deformation
stage is given by

pðz ¼ 0Þ ¼ Dp;
dp

dz
ðz ¼ H1Þ ¼ 0: ð26Þ

Substituting equation (19) to (14), we can get distribu-
tion of contact pressure in stable deformation stage.

p2ðzÞ ¼
Dp

cosl̂
cosh l̂

z

H1
� 1

� �� �
: ð27Þ

According to equation (20), when z= 0, the maximum
pressure can be expressed as equation (27), under the
working pressure.

p2maxðz ¼ 0Þ ¼ Dp: ð28Þ
In the same way, the shear stress of the rubber tube in

the stable deformation stage is:

t2ðr; zÞ ¼ � 1

4

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
8GðlnRos � lnR0Þ

K½ðR2
os þR2

0ÞðlnRos � lnR0Þ � ðR2
os �R2

0Þ�

s

� � R2
0s �R2

0

rðlnRos � lnR0Þ þ 2r

	 


� Dp

cosl̂
cosh l̂

z

H1
� 1

� �	 

: ð29Þ

3.2.4 Sealing performance criterion

The contact pressure between the rubber tube and the
inner wall of the casing is the major index to measure the
sealing performance of the packer. In the stable deforma-
tion stage, the total contact pressure is the sum of the
contact pressure in the deformation stage and the stable
deformation stage by equation (30).

pðzÞ ¼ p1ðzÞ þ p2ðzÞ: ð30Þ
In order to ensure the normal operation of thepacker, the
maximum contact pressure of the rubber on sealing surface
should be greater than the working pressure [7,8]. Mean-
while, themaximumcontactpressure is thesumofmaximum
contact pressure in these two stages by equation (31).

pmaxðzÞ ¼ p0 cosh tanh�1 tanh
l̂

2

� �� �� �	

�tanh
l̂

2

� �
sinh tanh�1 tan

l̂

2

� �� �� �

þ Dp: ð31Þ

In additional, the leakage of the rubber tube may cause
huge economic losses in engineering. In this work, we
choose proper reliability coefficient C, to ensure the safety
and reliability of rubber. Therefore, the criterion for the
sealing performance of the packer is equation (32).

pmaxðzÞ≥CDp: ð32Þ
Meanwhile, the rubber performance is affected by the

structure under the working pressure, the shear stress
between the central tube and casing. The total shear stress
is the sum of the shear stress in the two stages, namely
constrained deformation and stable deformation stage, by
equation (33).

tðr; zÞ ¼ t1ðr; zÞ þ t2ðr; zÞ: ð33Þ

According to the formula of the shear stress, the
maximum shear stress is distributed in the end surface of
rubber where is the contact position of the central tube and
casing. The maximum shear stress is calculated by:

tmaxðr; zÞ ¼ maxftðR0; z ¼ 0Þ; tðRos; z ¼ 0Þg; ð34Þ

where

tmaxðR0; 0Þ ¼ � 1

4

l̂

H
2R0 � R2

0s �R2
o

R0ðlnRos � lnR0Þ
� �

� p0tanh
l̂

2

� �
þ Dptanhl̂

� �
:

tmaxðRos; 0Þ ¼ � 1

4

l̂

H
2Ros � R2

os �R2
os

RosðlnRos � lnR0Þ
� �

� p0tanh
l̂

2

� �
þ Dptanhl̂

� �
:

The value of shear stress should maintain the allowable
range, under the load pressure. If the shear stress is
exceeded, the rubber will be destroyed and the sealing is
invalid. So, the maximum shear stress should be less than
allowable shear stress [t].

tmax � ½t�: ð35Þ



F. Zhang et al.: Mechanics & Industry 19, 309 (2018) 7
4 Example analysis: a certain type of
compression rubber tube

The rubber tube structure of this compression packer is
shown in Figure 2. The inner wall radius of casing (Ros),
inner radius of rubber (R0) and the outer radius of rubber
(R1) are Ros=118.6mm, R0= 84mm and R1= 111.0mm.
The height of the rubber tube (H) is 100.0mm. The rubber
material is HNBR. The derived values for modulus and
Poisson’s ratio are E=17.3MPa and ʋ=0.4995. And the
allowable shear stress [t] is 6.0MPa. The working condition
is: initial sealing force of about 5 t (p0= 11.85MPa) and
working pressure (Dp) is 70MPa.
Fig. 6. The distribution of shear stress.
4.1 Mechanical analysis results and discussion

According the mechanical analysis of compression rubber,
the relevant parameters of the sealing performance in
different deformation stage are calculated. Since the
working load is relatively stable, reliability coefficient C
is 1.11.
(a)
 the initial sealing force (Ft) and compression height
during the free deformation stage (H1) are Ft=4.066
kN and H1= 74.3mm;
(b)
 the maximum contact pressure in the constrained
deformation stage is p1max= 14.8497MPa;
(c)
 the maximum contact pressure in the stable deforma-
tion stage is p2max= 70MPa;
(d)
 the total maximum contact pressure on the contact
surface Pmax=81.8497≥CDp=77.7MPa. It shows
that the results satisfied the sealing requirements,
and the contact pressure distribution along the sealing
surface is shown in Figure 5. It is clear that sealing
pressure reduces with the increasing in sealing surface;
(e)
 using equations (16) and (20), the shear stress
distribution is shown in Figure 6. The analysis of the
calculation results shows that the direction of the shear
stress are various in the different position. The
maximum shear stress appears around the surface of
rubber-casing position. At the load end (z= 0), the
shear stress reaches the maximum, and decreases along
sealing the surface of the rubber gradually.

tmax ¼ tðRos; z ¼ 0Þ ¼ 1:9533MPa � ½t�:
4.2 Analysis of the effect of rubber tube structure and
material parameters

Based on the above analysis, equations (25) and (28) are
used to calculate the contact pressure and shear stress of
the rubber, which is used to judge the sealing performance
and guide the packer operation. Through the analysis of the
numerical model, the geometric parameters of rubber,
material parameters and environmental parameters (such
as plastic cylinder sealing length, thickness, the sealing
compression, the fluid pressure, material properties, etc.)
will affect the sealing performance [17,18]. According to the
performance criterion, we combining the practical applica-
tion, determined the effective sealing length in the sealing
surface (contact pressure is greater than the working
pressure). In the following analysis, we will discuss the
influence factors of the geometric parameters (H/t) and
Poisson’s ratio (n) of the material parameters on the sealing
performance.

4.2.1 Variation of length thickness ratios (H/t)

According to the numerical model analysis, the length and
thickness of rubber (H and t) are important parameters
which affect the sealing performance of the packer. In
practical applications, the length of sealing surface
increased with an increase in the high of the rubber tube.
Under a higher working pressure, it is easy for a longer
rubber tube to local deformation instability (torsion,
extrusion, etc.). And it will affect the service life of rubber.

In theory, the rubber tube is thicker, the stability and
the acceptable pressure become greater. However, the
rubber is too thicker, the installation is more difficult and
the influence of sediment erosion is greater. And it will west
more materials. The thickness of rubber is smaller, it is
easier to “be torn” in the edge, under the high pressure.
Therefore, we should consider the packer sealing environ-
ment, the requirements and other conditions under the oil
well in the design. According to the numerical model, we
analyzed the distribution of the contact pressure and shear
stress of the rubber under different thickness ratios of 15,
10, 7.4 and 5.

In Figure 7, the contact pressure distribution of the
rubber tube at different H/t ratios is analyzed according to
the mechanical analysis results. With an increase of H/t
ratio, the contact pressure decreases, and the effective
contact length on the sealing surface also decreased
gradually. However, when the H/t ratio is greater than
10, the contact pressure will be less than the working
pressure rapidly. And the sealing reliability of rubber is
reduced.

Figures 8–10 show the shear stress distribution for
different H/t ratio of rubber geometric. It can be seen form
the figure that the shear stress decreased rapidly with the
high ratio of length-thickness. Due to the direction of the
working pressure, the stress direction at R0 has different
with other contact surface with shown in Figure 8.



Fig. 7. Distribution of contact pressure of rubber at differentH/t
ratio.

Fig. 8. Distribution of shear stress at R0 at different H/t ratio.

Fig. 9. Distribution of shear stress at R1 at different H/t ratio.

Fig. 10. Distribution of shear stress atRos at different H/t ratio.
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The increase of the H/t ratio will result in an increase the
maximum shear stress of the rubber. To illustrate the
result, Figures 9 and 10 show the shear stress distribution,
which has same trend carves in the different contact
surface. These carves are approximately linear decreases
with the seal length. It can be concluded that the contact
pressure distribution is greater and the shear stress is
smaller, with the lower level of the H/t ratio.

4.2.2 Variation Poisson’s ratio

The sealing performance of the packer is closely related to
the material properties, in addition to the design of its
structure parameters.

In the numerical simulation analysis, the volume of
rubber material is considered as not compressible (Poisson
ratio n= 0.5). In fact, the bulk modulus of rubber is not
infinite, and it is just larger than the shear modulus. So, it is
generally considered that the rubber material is not
compressible, which is just a reasonable assumption.
And for rubber tubes with different hardness, the elastic
modulus (E) and Poisson’s ratio (n) are various. Generally
speaking, the greater the hardness of the rubber tube, the
greater E and n is.
With the rubber tube’s the structure parameters and
load pressure being constant, we analyzed the material
properties in different Poisson’s ratio (0.490, 0.495, 0.499,
and 0.4995) of the rubber with different hardness.

Figure 11 shows that the contact pressure decreases
gradually along the sealing surface. The initial value of the
contact pressure is basically same with the curve in
different Poisson’s ratio. The reason is the geometric
deformation of the rubber tube with the same structure and
working pressure in the initial stage. The diagram shows
that the Poisson’s ratio has a significant effect on the slope
curve of the contact pressure distribution. The lower
Poisson’s ratio is, the faster the contact pressure decreases.
It indicated that the volume compression degree is different
under the working pressure. Generally speaking, the
Poisson’s ratio is lower, the higher the compression rate
of the volume is, the rubber radial deformation and the
contact pressure is smaller.

Figures 12–14 show the shear stress distribution at
different Poisson’s ratio of rubber tube. As can be seen from
the figure, with the increase of Poisson’s ratio, the shear
stress and the slope of curve become smaller. When
Poisson’s ratio become 0.495 and 0.490, the shear stress is
greater than the allowable stress values. Therefore, to get



Fig. 11. Distribution of contact pressure of rubber at different
Poisson’s ratio.

Fig. 12. Distribution of shear stress at R0 at different Poisson’s
ratio.

Fig. 13. Distribution of shear stress at R1 at different Poisson’s
ratio.

Fig. 14. Distribution of shear stress at Ros at different Poisson’s
ratio.
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better sealing performance, the materials of rubber tube
with a large value of Poisson’s ratio should be chosen in the
design.
5 Conclusions

In this study, the work performance and sealing principle of
the compression rubber were investigated. The mechanical
analysis model of the contact pressure and shear stress
under the initial sealing force and the working pressure is
established, and the relationship between the working
parameters and the structure parameters of the rubber
tube is also determined. To evaluate the sealing perfor-
mance, we introduced the reliability coefficient, and
established the criterion for evaluation of sealing perfor-
mance of compression rubber. This criterion can be used to
the engineering practices work directly. The test results
have been consistent to the existing study results and can
illustrate the validity of the mechanical analysis model.

This paper mainly analyses the impact of rubber tube
structure parameters (H/t) and material parameters
Poisson’s ratio (n) on the sealing performance of the
rubber tube. From the results of the analysis, we can
conclude that the H/t mainly affects the distribution of
effective sealing surface. The higher the H/t ratio is, the
shorter the length of effective sealing surface is, and the
lower the sealing reliability is, the effective length is
smaller, the sealing reliability is lower. The material
properties (n) of the rubber mainly affects the contact
pressure and shear stress distribution. With an increasing
Poisson’s ratio of the rubber material, the contact pressure
distribution is gradually increased and the sealing
reliability becomes higher. Sealing performance of rubber
can be increased significantly by choosing the proper length
thickness ratio, or by using higher Poisson’s ratio of rubber.

Nomenclature
K
 Bulk modulus (N/m2)

E
 Young’s modulus (N/m2)

G
 Shear modulus (N/m2)

v
 Poisson’s ratio

ur
 Radial displacement

Ros
 Inner of radius of casing
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R0
 Inner of the radius of rubber

R1
 Outer of the radius of rubber

H
 Length of rubber

s
 Engineering strain

Ɛ
 Engineering stress

t
 Shear stress

p
 Contact pressure

r
 Radius of the rubber

d
 Compression distance

p0
 Initial sealing pressure

Dp
 Working pressure
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