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Abstract. Vane seal - hydraulic cylinder inner wall (rotor outer circle) friction pair is studied as
object of this paper. The contact pressure mathematical model of vane seal was established by using
the generalized Hooke's law, and the distribution of pressure on the contact surface was obtained.
Based on the transient average Reynolds equation and the G-W micro-bulge contact model, the
hydrodynamic lubrication model of the surface of the hydraulic rotary vane actuators with the
surface topography was established. Under the condition of the contact pressure of the vane, the
lubrication model was carried out by inverse solution method and the distribution of oil film
thickness were obtained. The influence of the surface morphology on the lubrication seal of the
vane was analyzed by the known curve of the surface performance parameters of the vane seal
surface, which provides a theoretical basis for the sealing of the hydraulic rotary vane actuators.
Introduction
The hydraulic rotary vane actuators is an efficient hydraulic actuator. During the working process,
the vane seal surface is in a mixed lubrication state. In the mixed lubrication state, the surface
roughness have important influence on the oil film pressure and the lubrication oil film distribution. In
1966, Greenwood and Williamson [1] proposed a robust contact model (G-W model) between rough
surfaces and smooth surfaces based on statistical analysis, and obtained a theory of elastic contact
near the actual conditions of engineering, pointing out that contact deformation and surface shape
related. In 1969, Christensen [2] established a stochastic model that takes into account the effects of
pure transverse and longitudinal textures on surface morphology, and corrected the Reynolds equation
to allow it to consider the effects of surface roughness. The lubrication problem of the vane sealing
surface is an important technical difficulty in the research process of the hydraulic rotary vane
actuators sealing system.

1-Cover plate,2-Rotating the ring,3-Vane seal,4-Vane baffle,5-Rotor,6-Stator

Figure 1. Schematic diagram of the overall structure of the hydraulic rotary vane actuators.
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Vane Contact Pressure Mathematical Model
Ignoring environmental factors, the distribution of the contact pressure of the vane is

p =ζy =

1
E (ε y + νε z ) + ν (1 + ν )ζ x
E

[

]

(1)

ε
where ζ x is equal to oil pressure, and y and ε z are y and z -direction of the rubber seal
normal strain. when considering the thickness of the oil film and the deformation of the vane in the
y -direction, the distribution of the contact pressure of the vane is
pJ = ζ J =

1
E (ε y + h + νε z ) + ν (1 + ν )ζ x
E

[

]

(2)

a) Rotor seal contact pressure calculation model

b) Stator contact pressure calculation model

Figure 2. Stator and rotor vane seals.

Vane Seal Lubrication Model
Calculating the one-dimensional average Reynolds equation based on the assumption that the
temperature and density of the lubrication oil are constant, ie
∂  h 3 ∂p 
∂h
∂ (φs )
 φ x
 = 6U T + 6Uσ
∂x  µ ∂ x 
∂x
∂x
(3)
p
where u , , U and σ are lubricant viscosity,average oil film pressure, vane running speed and
integrated surface roughness, respectively.
The actual film thickness is the sum of the nominal film thickness and the roughness height.

h + δ T
hT = 
0

when not in contact

（ 4）

when touched

The average film thickness is expressed as
+∞

hT = ∫ (h + δ T ) f (δ T )d (δ T )

(5)

−h
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2πδ T

f( x) =

(6)

H = h / σ , where H is film thickness ratio, then equation (3) can be reduced to
∂  h 3 ∂p 
∂h
∂ (φs )
 φ x
 = 6Uφc
+ 6Uσ
∂ x  µ ∂x 
∂x
∂x

(7)

Numerical Solution of Lubrication Model
Substituting H = h / σ into equation (3) and simultaneously achieving differentialism on both sides

σ 2 ∂2 p 3
σ2
∂H
∂ (φs )
T ∂p
(3H 2 ⋅ φx + H 3 ⋅ φx )
H
+
= 6Uφc
+ 6Uσ
φ
x
2
∂x
∂x
∂x
η ∂x
η
T

(8)

T

where φ x = ∂φ x / ∂H and φ s = ∂φ s / ∂H . We can simplify equation (13) as

σ 2 ∂2 p 3
H φx
∂H
η ∂x 2
=
σ2
∂x
T
T ∂p
6U (φc + φs ) −
(3H 2 ⋅ φx + H 3 ⋅ φ x )
η
∂x

（）
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In the case of known distributions, the oil film distribution is solved using the inverse solution
method. The differential equation is used to find the partial derivative in the solution domain

∂p
p − pi −1

) i = i +1

∂x
2∆x
(10)

∂2 p
pi +1 + pi −1 − pi 
( 2 )i =

∂x
( ∆x ) 2
the forward difference method and the backward difference method are used on the boundary of the
solution domain
(

∂p
p − p1 
)1 = 2

∂x
∆x

∂p
p − pi −1 
( )n = i
∂x
∆x 
according to the hypothetical boundary conditions
(


∂ 2 p1
= 0
2
∂x1


2
∂ pn
= 0
2

∂ xn


(11)

(12)

Results Analysis
The contact pressure distribution of the vane seal is shown in Figures 3 and 4. It can be seen that the
dry contact pressure of the stator seal and the rotor seal is gentle in the middle area, and the two
ends are larger and the minimum pressure is greater than the cylinder oil pressure.
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Figure 3. Rotor vane seal dry contact pressure.

Figure 4. Stator vane seal dry contact pressure.

Figure 5. Rotor seal oil film thickness.

Figure 6. Stator seal oil film thickness.

In the same surface direction parameters ( γ = 1 ), different surface roughness ( σ = 1.3,1.4,1.5,1 .6 ),
the rotor and stator vane seal surface oil film thickness distribution is shown in Figure 6 and 7. It can
be seen that the oil film thickness curve in the middle part of the approximate line, at both ends of the
larger changes.

Summary
Based on the influence of the surface morphology of the vane, considering the elastic deformation
of the vane seal surface in the initial pre-compression and the fluid pressure of the lubrication oil
film, a method for calculating the hydrodynamic lubrication of the vane seal surface of the
hydraulic rotary vane actuators is constructed more accurately the influence of surface morphology
on the lubrication was studied. The results show that the surface morphology has a great influence
on the lubrication performance.
1. Based on the generalized Hooke 's law, the mathematic model of vane contact pressure was
established. The formula of dry contact pressure of vane seal and the contact pressure calculation
formula were given, considering the effect of oil film thickness.
2. Based on the average Reynolds equation and the G-W micro-bulge contact model, the
hydrodynamic lubrication model of the surface of the hydraulic rotary vane actuators with the surface
topography was established.
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