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Abstract — A split magnetic liquid sealing combines the magnetic liquid rotary sealing and the adhesive plane sealing. Based on
the Volkersen shear-lag model theory, this paper utilizes the finite element method to analyze the glue coating under the influence
of normal and tangential joint loading. Also, we analyze the influence of the size and interface topography of different surfaces on
the sealing performance. The results indicate that with increasing roughness, i.e. increasing micro-pit depth, the stress of Mises on
the wave crest reduces and the stress of Mises on the wave hollow increases. The closer to the interface, the more obvious the
effects are, and the maximum is located between the interfaces. Under the same roughness, the sealing performance is the best
when the interface topography is the sinusoid and the sealing performance is the worst when the interface topography is the
curved generatrix because the surface curvature increases clearly and the stress concentration is easier to occur. The simulated
results can provide reference for the sealing performance evaluation of different sealing devices and the estimation of the critical
stress at the time of interface failure.
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I.

INTRODUCTION

As a new functional material, magnetic fluid not only
has the fluidity but also the magnetism of solid material.
Under the effect of magnetic field, the magnetic fluid
presents many features which are not owned by the normal
liquid. [1-5].Magnetic fluid sealing technology uses the
changes of high saturation magnetic fluid in response to the
magnetic field to seal the related equipment.[6-10]The split
magnetic liquid sealing technique is a new technique for
the replacement, maintenance, commissioning, research
and development of the sealing elements of the large-scale
mechanical equipment. When the electric machine breaks
down, it only needs to disassemble the sealing elements of
the whole equipment, and thus saving a lot of the
manpower and material resources. It not only has the
advantages of zero leakage of the magnetic liquid, long
service life, high dependability, no pollution, self-recover
ability, and ability to bear the high rotation speed, small
change of torque, simple structure, and easy production
[11-16]
but also solves the complex issue of disassembly and
installation for inspection and maintenance with high
practical value and economic value.
The design of sealing technique of the adhesive
surface is a key technique of the split magnetic liquid
sealing. It focuses on the adhesive technique of the external
half shells. The effects of the adhesive have direct impact
on the result of sealing. The microscopic concave and
convex interface topography of the adhesive surface not
only influences the adhesive strength and stress
distribution,
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but also leads to the disbanding coating and slabbing, and
even sealing failure. Therefore, it is vital to study the size
and the topography of the microscopic interface.
Currently, the sealing techniques of the magnetic
liquid receives much attention and develops rapidly. Li
Decai deduced the equation of anti-pressure of the
magnetic liquid [17]. Yang Xiaolong and Li Decai utilized
the finite element numerical method to calculate the
magnetic field in the magnetic liquid sealing structure so
that they calculated the anti-pressure ability of the magnetic
liquid [18]. However, because that the magnetic liquid
sealing structure is integrated with the axle, it is difficult to
conduct replacement, maintenance, and commissioning. In
2007, Boyson proposed the reliability problem of applying
the split sealing techniques [19]. Saito C, Belli S , et al.
applied the technology of adhesive sealing to the medical
field [20-21]. Based on this, the paper combines the magnetic
liquid sealing techniques and the adhesive sealing
techniques and gets a split magnetic liquid sealing structure.
This paper analyzes and studies the influence of different
interface’s size and topography on the stress with the
change of temperature through finite element analysis for
the matrix layer, adhesive layer, and plane strain model. In
the end, this paper gets the influence on the split magnetic
liquid sealing performance.
II. THE THEORETICAL ANALYSIS OF THE PLANE
SEALING PERFORMANCE OF THE SPLIT
MAGNETIC LIQUID ADHESIVE [22-23]
A. The plane sealing structure of the split magnetic liquid
adhesive
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The constants C1 and C2 are decided by the boundary
load.

 max 
III.

Fig 1 The radial section at the pole shoe of the split magnetic liquid
sealing structure

Figure 1 is the radial section at the pole shoe of the
split magnetic liquid sealing structure. The cylinder in the
middle is the axle, the shadow is the pole shoe, and the
space between them is sealed by the magnetic liquid. The
outermost are the two half shells, the adhesive plane of the
shell is plane and is sealed by the glue. There it is clear that
the split magnetic liquid sealing is the combination of the
magnetic liquid rotary sealing and adhesive plane sealing.

Fig.2 Schematic diagram of the model of
and matrix

matrix and glue coating

(1)
(2)

G is the shear modulus of the adhesive layer, d is the
thickness, b is the width, A1E1 and A2E2 is the axial rigidity
of the upper and lower adhesive. The shear strength of the
adhesive is:
(3)
  C1 cosh(x)  C 2 sinh(x)
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THE ESTABLISHMENT OF THE FINITE
ELEMENT MODEL

Supposing that the glue coating and the base are good
bonding with each other, the upper and lower half shells are
symmetrical(as is shown in figure 2), and establish the
model of matrix, glue coating, and matrix. Because the
thickness of the matrix is far greater than that of the glue
coating, and the matrix is made of the 304 stainless steel
rigid material, suppose it will nor deform so it will not have
any influence on the simulation result to have the matrix
thickness of 1mm. The glue coating uses the TONSAN
1596 silicone rubber with the thickness of 1mm. The
characteristics of the matrix and the glue coating’s material
are shown in the table1. All the displacement of the nodes
on the upper and lower line of the model has fixed
constraints. To have higher accuracy when calculating the
stress, refine the grind near the contact zone. The element
type applied is CPE4T. There are 1,865 nodes in total (as
shown in figure3

B. The theoretical calculation of the sealing performance
of the split magnetic liquid adhesive plane
Supposing that the adhesive only has shear
deformation under the influence of the radial pressure and
loading, the connected only has tensile deformation and the
thickness direction of the adhesive’s shearing strength
remains the same. Supposing that the adhesive layer is only
influenced by the shear stress and strain and the elastic
stress and material between the adhesive line and adhesive
material are isotropic. Supposing that the bending moment
caused by the non-coaxiality is ignored. Supposing that the
ignoring the loading caused rotation of the adhesive and
resulted the nonlinear effects of the adhesive layer. Based
on the above suppositions, the second-order equation
deduced from the Volkersen shear-lag model theory is
shown as follows:

    2  0
1 
 Gb   1

 2   

 d   A1 E1 A2 E 2 


PG 
1
1
 (4)


d  E1 A1 tanh(L) E 2 A2 sinh(L) 

Fig.3 Finite element mesh of the model.

Use the sine curve to study the influence of the
interface size on the residual stress under the temperature
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change so get the influence on the split magnetic liquid
sealing performance. The interface size of the sine curve
refers to the change of the micro-pit depth.

Fig.4 Microscopic interface model of different interface morphology.

The different microcosmic interface topographies are
shown in figure4 to study the influence of different

Material
TONSAN 1596
304 Stainless Steel

interface topography on the split magnetic liquid sealing
performance. Suppose the glue coating and the upper and
lower matrixes are ideally thermal contacted with each
other, in other words, the temperature and the thermal
current is continuous. The temperature caused by the
rotation of the internal axis or the external heat source
increases and then removes the heat source to reduce the
temperature to the room temperature, 25°C so that the glue
coating is influenced by the temperature difference. This
paper defines the temperature difference is 25°C.
Supposing that various material parameters are definite and
the parameter reference of the material surface in the glue
coating [24] is shown in the table 1 within that temperature
range. This paper studies on the influence of the interface
size and topography on the residual stress under the
temperature change so as to have the influence on the split
magnetic liquid sealing performance.

TABLE.1 THE MATERIAL PARAMETERS OF MATRIX AND GLUE COATING
Elastic
Heat
Coefficient of
Density
Poisson's
Modulus
Capacity
Thermal Expansion
Ration
（tonne/mm3）
J/（g·°C）
10-6/°C
（MP）
0.97×10-9
2
0.49
310
1.46
7.93×10-9
205000
0.3
17.3
0.5

stress on the interface

IV. RESULTS AND ANALYSIS

which are the
A. The total stress analysis and the interface size and
topography
The main judging standard on influencing the split
magnetic liquid sealing performance are the max shear

 xy

 xy

and

Thermal
Conductivity
W/（mm·°C）
0.00015
0.0162

and the max pressure stress  y ,

y

in the direction of xy[25].

Besides, according to that the elastic-plastic theory needs to
consider the influence of the equivalent stress of Mises, the
Mises pressure should be :

1
2

   { [( 1 -  2 ) 2  ( 2 -  3 ) 2  ( 3 -  1 ) 2 ]}1/2  S y
In the equation (5),
Mises,  1 ,  2 and

3



(5)

is the equivalent stress of

are the first, second, and third

principal stress and S y is the local yield strength. In the
following, this paper will focus on explaining the
distribution conditions of the different simulative shear
stress and pressure stress and the equivalent stress of Mises
of the micro-pit depth and interface topography.
The interface size utilizes the following function to
simulate. The micro-pit depth h is the amplitude and is
represented by A; the micro-pit width λ is wave length and
it is determined by the sinusoid curve:

y  Asin（
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2



x）

R a and A are
A 
  1.55
in a direct proportion, which is to say:
Ra 2
Because the roughness of the interface

[26]
, so the change of the roughness can be simulated
through changing the amplitude A. Because the roughness
of the adhesive surface of the split magnetic liquid sealing
equipment Error! Reference source not found.μm, A∈
[2.48, 80. 6] μm. This paper’s model chooses A to be 80,
50, and 20μm to simulate the distribution conditions of the
corresponding stress.

(6)
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.

Fig. 5 Sketch map of different interface morphology.

Figure 5 is the sketch map of different interface
morphology. The microscopic interface topography of the
sinusoid curve is indicated by equation (6). The broken line
microscopic interface topography is simulated with the
following functional equation:
Fig. 6 The distribution along x-axle of the Mises stress with different
micro pit depth.

Error! Reference source not found.
(7)
Concave and convex line microscopic interface
topography is stimulated with the following functional
equation:
Error!

Figure 6 is the distribution along x-axle of the Mises
stress with different micro-pit depth. The depth of 0.2mm is
the peak and wave crest and the depth of 0.6mm is the
bottom and wave valley and so on with the wave length of
0.8mm. From figure 6, it is clear that in the wave crest, the
stress of Mises decreases with the increasing depth of the
micro-pit. In the wave valley, the stress of Mises increases
with the increasing depth of the micro-pit and the closer to
the boundary, the more obvious it is. The greatest stress of
Mises is located in the two boundaries. The stress of Mises
is greatest when the micro-pit depth of the outside
boundary is 80 μm.

Reference source not found.
(8)
Simulate the corresponding stress distribution
conditions for the above three curves’ functional equation
with the same roughness A=50 μm.
B. The influence of the interface size on the sealing
performance
When the micro-pit depth h changes, the stress
distribution on the matrix and adhesive interface are shown
in the figure 6 to figure 8. The greater stress, the weaker
sealing performance is
Fig.7 The distribution along x-axle of the shear stress

 xy

with different

micro pit depth.

Figure 7 is the distribution along x-axle of the shear
stress

 xy with different micro pit depth. From figure 7, it

is clear that the shear stress has two directions. The max
shear stress is located in the two boundaries with the
direction to the axis. When it is located in the wave crest,
the shear stress
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increases with the increasing
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micro-pit depth. When it is locate in the wave valley,

 xy

decreases with the increasing micro-pit depth. The closer to
the boundary, the more obvious the effects are.

Fig. 9 The distribution along x-axle of the Mises stress with different
micro pit morphology.

Fig.8 The distribution along x-axle of

y

of y-axis with different

micro pit depth.

Figure 8 is the distribution along x-axle of

y

of

y-axis with different micro pit depth. From figure 8, it is
clear that when the temperature decreases, the
y direction is the tensile stress. The greatest

y

y

of the

is located

in the boundary and is about in the first wave crest and the
last wave crest, where the model whose micro-pit depth has
the greatest

y

y

greater than the other two models. The

stress near the boundary decreases with the increasing

Figure 9 is the distribution along x-axle of the Mises
stress with different micro pit morphology. From figure 9,
it is clear that in the wave crest, the stress of Mises
decreases with the increasing depth of the micro-pit. In the
wave valley, the stress of Mises increases with the
increasing depth of the micro-pit and the closer to the
boundary, the more obvious it is. The max Mises stress is
located in the boundaries.
As shown in figure 9, the stress curve of the broken line
is similar with the stress curve of the sine wave. However,
the stress concentration is more easily to occur when the
stress curvature of the stress curve of the broken line
increases obviously. The curvature of the concavo-convex
line changes obviously, which means it is easy to have the
many weak places of sealing leakage so it has the worst
sealing performance.

micro-pit depth.
C. The impact of micro-pit depth on the sealing
performance
The micro-pit depth remains the same, which
means the amplitude A remains the same. When the
micro-pit depth changes, the stress distribution in the
matrix and the adhesive coating is shown in figure 9 to
figure 11. The greater the stress, the poorer sealing
performance.

Fig.10 The distribution along x-axle of the shear stress

 xy

with

different micro pit morphology.

Figure 10 is the distribution along x-axle of the shear
stress
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different micro pit morphology. From
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figure 10, it is clear that the shear stress has two directions.
The max shear stress is located in the two boundaries with
the direction to the axis. The max shear stresses

 xy

of

three topography curve are located in the boundaries and
are close to each other. However, from the analysis for the
curvature change of the curve, the smallest influence of the
sinusoid curve on the sealing performance, the more stable
it is.

increases. The closer to the interface, the more obvious
effects are. The maximum is located at the both boundaries.
(3)Under the same roughness, the sealing performance
is the best when the interface topography is the sinusoid,
and the sealing performance is the worst when the interface
topography is the curved generatrix because the curvature
of the curve increases obviously and the stress
concentration tends to occur.
(4)The result of simulation can provide reference for
the base sealing performance evaluation of different sealing
device and the estimation of the critical stress at the time of
interface failure.
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