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Abstract: Casing will be damaged in a well because of the setting force, and may even be broken when the force is too 
large. To clearly demonstrate the interaction of the mechanism of packer and casing, a mechanical model of casing as 
thin-wall cylinder was established with the consideration of the axial force and additional bending moment induced by the 
bending of casing near the slips of packer. And, the equation of limit setting force on the casing exerted by slips was 
deduced by bending moment theory of cylindrical shell. The relationships of the limit setting force of N80, P110, TP140 
casing and thickness were analyzed. It was found that the bending stress and the hoop stress were the biggest near the 
bottom of the slips, and that position was the dangerous section. The limit setting force of casing exerted by slips 
increased with the thickness of casing, when the packer and the outer diameter of casing remained the same. And the limit 
setting force was higher in high grade casing. The limit setting force calculated in this paper was decreased by 5 % to 14 
% than by thick-wall theory, and it is deduced to be safer. The method proposed in the paper can be used to evaluate the 
limit setting force and provide the basis for the choice of hanging load. 
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1. INTRODUCTION 

 In recent years, there are many accidents such as collapse of 
casing caused by packer slips. Fracture of the slips itself, sealing 
failure of rubber, cut of hydraulic anchor malfunction, creep of 
downhole string and the leakage of wellhole, occurring 
frequently in oilfields during the process of setting, acid 
fracturing and well opening [1, 2]. Research on packer slips 
includes the analysis of contact stress between slip and casing 
[3, 4], structure optimization design of new slips [5], and 
simulation of casing damage due to cut of slips in laboratory [6]. 
But there should be a further study on the interaction 
mechanism between slips and casing. In the previous analysis 
before, the distribution of radial force was assumed uniform or 
the radial displacement kept the same [7-9] but because of the 
bending moment and axial tensile forces acting on the slips, we 
should also consider to them to accurately evaluate the limit 
setting force. Whether the casing should be taken as thin-wall 
cylinder or thick-wall cylinder relies on the steel grade as well 
as the ratio of diameter of the casing and thickness of the wall. 
Taking 5 1/2 inch P110 casing as example, the general 
thicknesses are 6.99mm, 7.72mm, 9.17mm, 10.54mm, 
12.09mm, and 13.46mm [10]. When the ratio of outer diameter 
of the casing and thickness is larger than 26.22, the casing 
should be taken as a thin-wall cylinder and when the ratio of 
outer diameter of the casing and thickness is less than 12.44 by 
the standard of API BUL 5C3 and mechanic of cylinder, it 
should be taken as a thick-wall cylinder. In this paper, the 
interaction of casing and packer was analyzed and the formula 
of the limit setting force of casing was deduced with the casing 
taken as thin-wall cylinder [11]. 
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2. ESTABLISHMENT OF THE MECHANICAL 
MODEL OF CASING EXERTED BY PACKER SLIPS 
USED IN WELL TESTING 

 The casing bears the weight and radial pressure of slips 
when setting. The distribution of the contact stress between 
casing and slips was assumed uniform and the friction 
coefficient was constant, so the mechanical model of the 
casing was a thin-wall cylinder subjected to uniform 
pressure, bending moment and weight. The radial contact 
stress between the slips of packer and casing was obtained 
as: 

  
pr = K !

Q
nldc sin"k

  (1) 

where, K is the transverse load coefficient, Q is the axial 
force of packer, n is the number of the pieces of slips, l is the 
length of slips,  dc  is the inner diameter of casing  ,  !k  is 
half the angle of the tooth surface of slips. 

 The deformation differential equation of casing exerted 
by packer slips under the action of radial uniform pressure 

 pr  and axial force Q can be expressed as follows by the 
theory of bending moment of cylindrical shell [12]. 
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where, u is the radial displacement of Casing   exerted by 

packer slips along x direction, 
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geometric parameters of the casing, 

  

EI= E!3

12 1"# 2( )
 is the 

flexural rigidity of the casing, where, E is the elastic 
modulus of the casing, !  is the Poisson’s ratio of the casing   

and 
  
R =

1
2

dc +!( )  is the average radius of the casing. 

 Equation 2 is a non-homogeneous constant coefficients 
differential equation of the fourth order, and the solution is: 

  
u x( ) = pr

8! 3EI
e"!x cos!x+ sin!x( )+ µQx

2#$El
   (x ! l)   (3) 

 Equation 3 is the radial displacement of casing exerted by 
the packer slips under  pr  and Q. Because the force was 
uniform in the derivation process of equation 3, it can be 
used to get the stress approximately when the force only 
exists in the contact surface of casing and slips. With the 
pressure as  pr  and length l, the displacement of casing   
inside the slips of packer can be obtained by the principle of 
elastic superposition and integral method as: 
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 The relationship between the inner stress of shell and 
displacement can be expressed as follows by the theory of 
cylindrical shell. 

  

Nx =
!Mx

!x
= "EI !

3u
!x3

=
Qx

2#Rl

Mx = "EI !
2u
!x2

=
pr

4$ 2
e"$x sin$x+ e"$ l"x( ) sin$ l " x( )%
&'

(
)*

N+ = "
E,u
R

= "pr R 1" 1
2

e"$x cos$x " 1
2

e"$ l"x( ) cos$ l " x( )
%

&
'

(

)
*"

-Qx
2#Rl

M+ = "-EI !
2u
!x2

=-Mx

 ( x ! l )  (5) 

where,  Nx  is the axial force of casing per unit length, 
 
N!  is 

the circumferential force per unit circumference,  Mx  is the 
bending moment per unit axial length, positive when the 
section bending toward the external side of the shell, but 
negative in the opposite direction, 

 
M!  is the circumferential 

bending moment per unit circumference and the rules of 
positive or negative are same as above. 
 To simplify the deduced process, the following functions 
have been introduced. 

  
!1 x( ) = e"#x sin#x  

  
!2 x( ) = e"# l"x( ) sin# l " x( )  

  
!3 x( ) = e"#x cos#x  
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 So, equation 4 and equation 5 can be rewritten as: 
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 The curves of stress with x can be drawn based on the 
equations above, and the dangerous section of the casing 
exerted by packer slips can be estimated. From the structure 
of the function

  
! i x( ) , we can get the limit value of  Mx and 

 
N!  by the extreme value method. From  Mx  in equation 7, 
we can obtain 

  
!3 x( )+!2 x( ) =!1 x( )+!4 x( )   (8) 

 It was obvious that when x was in the middle position of 
casing, the differential of  Mx  with respect to x was zero. 
And, it can be found that the bending moment of casing 
reaches the maximum at the two ends of casing, while 
reaches the minimum at the middle point with further 
analysis. 

 From 
 
N!  in equation 7, we can obtain 

  
!2 x( )+!4 x( )"!1 x( )"!3 x( ) = #Q

2$R2 pr%l
  (9) 

 From above equations, we can know that the hoop tensile 
force near the bottom of the Casing   exerted by slips 
reachesthe maximum. 

3. STRESS ANALYSIS OF CASING   EXERTED BY 
SLIPS 

 From the above analysis, it can be seen that the bending 
moment and hoop tensile force near the bottom of casing   
are maximum, so we should use the stress at this dangerous 
position to verify the strength safety of casing. The formulas 
of positive axial stress and positive circumferential stress 
are: 
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 The stress at the dangerous position can be obtained by 
the strength theory as follows [13]: 
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 The maximum of the stress can be obtained when the 
derivative of  ! xd with respect to x was 0. 
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 Here, the Poisson’s ratio is 0.3. 

4. ANALYSIS OF THE LIMIT SETTING FORCE 
EXERTED BY THE PACKER’S SLIPS ON THE 
CASING   

 From equation 13, we can obtain the formula of the limit 
setting force of exerted by packer’s slips on the casing as 
follows: 
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where,  ! s  is the yield strength of the material of the casing  . 

5. EXAMPLE OF LIMIT SETTING FORCE OF 
CASING   EXERTED BY SLIPS BASED ON 
CYLINDRICAL SHELL THEORY 

 In the example, 5 1/2″ packer was set into casing   with 
outer diameter as 139.7mm, variable thicknesses as 6.99mm, 
7.72mm, 9.17mm, 10.54mm, 12.09mm, 13.46mm, steel 
grade as N80, P110, TP140. The number of slips was 6, the 
wedge angle was 15°, the length of the slip teeth was 
110mm, the face angle of slip teeth was 50°, the transverse 
load coefficient was 3, and the Poisson’s ratio was 0.3. The 
curve of limit setting force of the casing exerted by slips of 
packer calculated by the method is mentioned in this paper, 
and the thick-wall theory with the thickness of casing is 
plotted in Fig. (1). In the figure, solid line shows the value 
calculated by the thick-wall cylinder and the dotted line 
shows the value calculated by the thin-wall cylinder. 

 From Fig. (1), we can see that the limit setting force of 
casing exerted by slips increase in the thickness of casing 
and increases with the decrease of the inner diameter of 
casing when the packer and the outer diameter of casing 
remained constant. The limit setting force was higher in high 
grade casing, that is to say, the limit setting force of TP140 
casing   was the biggest of all, while the limit setting force of 
N80 casing   was the least of all. Because of ignoring the 
bending moment and axial tensile load, the value of limit 
setting force calculated by thick-wall theory was increased 
by 5% to 14 % than the method used in this paper. 
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Fig. (1). Limit setting force of the casing   exerted by slips of 
packer with the thickness of casing. 

CONCLUSION 

 The equation of limit setting force of casing   exerted by 
slips of packer was deduced by the theory of strength and the 
bending moment of cylindrical shell with the consideration 
of the axial force and additional bending moment induced by 
the bending of casing   near the slips of packer. The 
relationships of the limit setting force of N80, P110, TP140 
casing   and thickness were analyzed and, some conclusions 
were drawn from the example. 
1. The bending stress and the hoop stress were the 

largest near the bottom of the slips, and that position 
was the dangerous section. So, we should use the 
stress at this dangerous position to verify the strength 
safety of casing. 

2. The limit setting force of the casing   exerted by slips 
increased with the thickness of casing   when the 
packer and the outer diameter of casing   kept the 
same. 

3. The limit setting force was higher in high grade 
casing, or to say, the limit setting force of TP140 
casing was the biggest of all, while the limit setting 
force of N80 casing   was the smallest of all. 

4. With the consideration of the axial force and 
additional bending moment induced by the bending of 
casing   near the slips of packer, the limit setting force 
calculated in this paper was decreased by 5% to 14 % 
than by thick-wall theory, and it is deemed safer. 
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