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Fig.1 Schematic diagram of the packer rubber cylinder structure
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Fig. 2 The deformation process of the rubber cylinder( sealing principle)
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Fig. 3 Structure parameters and the coordinate model of the packer rubber
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Table 1  Parameters of the packer rubber in the Euler space

description undeformed after free deformation

displacement point vector P(R,0,Z) 0(r,0,z2)
matter point coordinates Lagrangian coordinates Eulerian coordinates

configuration reference configuration D deformed configuration D
Dy = {(R,0,Z),Ry < R<R,,, D={(r0,2),r =r(R,Z),
configuration range

0<O<mw, -h<Z<h} 6=0,:=z2R,2)}

standard orthonormal basis E; Ey E, e e, e,

packer rubber radius Ry, R, To»T
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Table 2 Related parameters of the packer rubber

parameter description numerical value
Ry /mm inner diameter of the rubber cartridge 42
R, /mm outer diameter of the rubber cartridge 55.5
T /mm thickness of the rubber cartridge 13.5
Ry, /mm radius of the casing tube 118.6
H /mm height of the rubber cartridge 100
My shear modulus of HNBR under different hardnesses 0.769 14~2.418 9
Mo shear modulus of HNBR under different hardnesses 0.019 9~1.209 4
Fy /MPa initial axial load 0.3~8
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Fig. 9 The axial compression ratios on the outer surface of the packer rubber
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Fig. 10 Deformation curves of the inner surface of the Fig. 11 Deformation curves of the inner surface of the
packer rubber for different values of 8 packer rubber for different values of &
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Fig. 12 Deformation curves of the inner surface of the

packer rubber for different values of u *
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Fig. 13 Deformation curves of the inner surface of the

packer rubber for different values of
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Table 3 Numerical values of displacement and deformation of the packer rubber

inner surface outer surface
parameter influence factor

Jowin S Sin S
a axial height - - 0.012 3 0.0151

axial height 0.010 4 0.011 5 - -
8 radial thickness 0.009 6 0.011 5 0.009 4 0.015 2
w hardness of HNBR 0.011 1 0.012 8 0.017 2 0.018 9
Q axial load 0.006 1 0.011 8 0.009 8 0.022 2
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Table 4 Numerical values of axial compressibility of the middle section in the packer rubber

axial compression ratio A of the middle section

parameter influence factor
inner surface outer surface
axial height - 0.853 1
axial height 0.198 0 -
4 radial thickness 0.244 8 0.819 3
p hardness of HNBR 0.122 5 0.792 4
Q axial load 0.163 2 0.890 7
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Analysis on Free Deformation Characteristics of Packer
Rubber Surface Under the Initial Sealing Load

ZHANG Fuying, LI Tiantian, ZHANG Yufei
( College of Mechanical Engineering; Key Laboratory of Integrated Design and
On-Line Monitoring for Light Industry and Food Machinery and Equipment in Tianjin,
Tiangin University of Science and Technology, Tianjin 300222, P.R.China)

Abstract: The displacement and deformation characteristics of the inner and outer surfaces of
the packer rubber under the initial load in the free deformation stage were investigated. Based
on the continuum mechanics, a finite-deformation mathematical model was established in the
free deformation stage. The process of radial deformation of the inner and outer surfaces of the
packer rubber under the initial axial load was given, and the analytical solution of the nonlinear
deformation of the packer rubber was obtained. Through numerical calculation, based on the
solution of analytical formulae for free deformation of the outer surface, the influences of the
nonlinear deformation law and the relevant parameters on the sealing performance of the inner
surface were further analyzed. The results of deformation characteristics can be applied to dif-
ferent types of packer rubbers, and provide an important theoretical basis for the sealing and

reliability design of packer rubbers.

Key words: packer rubber; initial load; free deformation stage; surface displacement and de-

formation; analytical solution
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