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Abstract

This paper deals with a numerical study of the tribological contact stress distributions of
elastomeric lip seals for oscillating shafts when the sealing interference and band width between the
lip edge of contact seals and the shaft are present. Using the finite element method, the contact
stress and band width of scraper seals are analyzed for the sealing interference including some
nonlinearities such as geometrical nonlinearity, material nonlinearity and nonlinear contact boundary
condition. The FEM results showed that the contact stress concentrated on the contacting lip zone
between the contacting edge of lip and the shaft for the increased interference. In double lip scraper
seals, the maximum contact stress of the dust lip, which is used to exclude foreign contaminants, is
six times higher than that of the primary sealing lip, which is used to contain lubricants.
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Fig. 1 Schematic of double lip seals.

Air

Fig. 2 FEM solid model of single lip scraper
seals.

Fig. 3 FEM solid model of double lip scraper
seals.
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" Table 1 Material properties of nitrile rubber.

Material properties Values
Young's modulus, MPa 5914
Poisson's ratio, v 0.49
Density, kg/cm’ 1460
Mooney-Rivlin constant C; MPa -0.4219
Mooney-Rivlin constant C;, MPa 1.3610

Table 2 FEM modeling data.

Single lip Double lip
Number of nodes 1418 1280
Number of elements 1323 1104

5-node isoparametric quadrilateral
Element type axisymmetric ring with extra

pressure node and Hermann
formulation

Contact distance L1x10%

tolerance, mm

Relative sliding

velocity between the 0.5x10°

nodes, mm/sec
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(a) Contact stress distribution

(b) Contact stress distribution in the lip edge
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Fig. 5 Maximum contact stress of single lip scraper
seals along the contacting surfaces for various
values of the sealing interference.
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Fig. 4 Contact stress distributions of single lip
scraper seals with a sealing interference &
=1.0mm in the radial direction.

Fig. 6 Effect of shaft interference on the maxi-
mum contact stress and contact width of
single lip scraper seals.
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Fig. 7 Contact stress distributions of double lip
scraper seals with a sealing interference &

=1.0mm in the radial direction.
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Fig. 8 Maximum contact stress along the secon-
dary sealing zone of double lip scraper
seals for various values of the scaling
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Fig. 9 Maximum contact stress along the primary
sealing zone of double lip scraper seals for

various values of the sealing interference.

((13=55°; d4=70°; B2=54°)



2adeoly A9 &84 &
50 T T T L LI T T v 1T T T 008
a5t
© | W Max contact stress s Jow
a0} ®  Contact width [
é 35 E —
g 30 E
25 L .é
g E
g 20}
g 15F
810k . p
4 002
osL ® ‘},_/ (] 1
| S .
00 ol A 1 1 - 1 1 Ao | 1 0‘01
02 04 06 08 10 12 14 16 18 20 22 24 26
Interference (mm)

Fig. .10 Effect of shaft interference on the maxi-
mum contact stress and contact width
along the secondary sealing zone.
(a;=55 a;=35"; 8,=90")

12 T T T L T T 71 T T L L 0.40
1
&  Max. contact stress Y
-~ 10} ) 4 o3s
s Contact width
E 09 |
-

<

08 - - 0.30 E
£ £
] T g
T o6} 025 ¢
8 1%%
€ o3 ]
o F 3

04 020 &
g g
gosl ©
2ozl g Ho1s
=L s °

0.0 ! L I bl 1 J P S} 1 L 0.10

00 02 04 06 08 10 12 14 16 18 20 22 24 26

Interference (mm)

Fig. 11 Effect of shaft interference on the maxi-
mum contact stress and contact width
along the primary sealing zone.

(a3=55"; ay=T70"; B3="54")

Contact stress (MPa)

‘01?1400 £.05 §.10 0.i§ 0.20 9.25 9.30 6.35 040 045
Axial nasitinn (mm)

Fig. 12 Maximum contact stress along the second-
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various values of sealing interference.
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Fig. 13 Maximum contact stress along the primary
sealing zone of double scraper seals for
various values of the sealing interference.
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