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Fig. 1. Geometry of a hydraulic O-ring rod seal
without (a) and with (b) sealed pressure

(psealed) (Unit: mm)

Tab. 1. Mooney-Rivlin parameters of NBR under
different Shore A hardnesses

H (ShoreA) E(MPa) G (MPa) Cy, Co1
60 3.62 1.21 0.48 0.12
65 4.44 1.48 0.59 0.15
70 5.54 1.85 0.74 0.18
75 7.08 2.36 0.94 0.24
80 9.39 3.13 1.25 0.31
85 13.23 4.41 1.76 0.44
90 20.93 6.98 279 0.70
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Fig. 2. Flowchart of the mixed

lubrication model.



Effect of rubber hardness on static
mechanical properties

1 mm 60 Shore A I12 67 1 mm, 75 Shore A 2 g7 L MM 90 Shore A |12 67
10.56 10.56 10.56

8.45 8.45 8.45

16.34 16.34 ‘ 16.34

: 4.22 4.22
Extrusion effee fect 4.22
= NMX |2.11 “--:.«MXIZ.ll I2 11
e - _ O
o =12.67 MPa 0 Gmax=8.79 MPa o =7.69 MPa

von Mises stress (MPa)

.mm, ’ | . e m‘ | gi6.73 Lmm - §ie.73
\ Zé 13.94 \ | 4 13.94 |x 13.94
11.15 S 1115 . 11.15
8.37 8.37 8.37
Extrusion effect / 5.58 Extrusion effect 5.58 I 5.58
/MX -y I2.79 r I2.79 g I2_79

0 l 0 | 0

psc.max=11-14 Mpa pscmax—lz 22 MPa pscmaX=1673 MPa

Static contact pressure (MPa)

Fig. 3. The distributions of von Mises stress and static contact pressure under
different rubber hardnesses.



Effect of rubber hardness on dynamic
sealing performances
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Fig. 4. Effect of rubber hardness on the minimum film thickness, flow rate and
friction force during outstroke and instroke.



Optimized selection of rubber hardness
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Fig. 5. Optimized rubber hardness of allowable net leakage and minimum frictional
power loss under different operating conditions.

B the optimum rubber hardness is the minimum value meeting the leakage
standard.

Multi-component regression m |U| has the most significant effect on Q

|
| Q g4I | 1aTas o022 -‘U ‘—0-52995 followed by pPgeaeq @Nd H, while H has the
I sealed

most significant effect on W followed by |
!_ W = @ 759830 | 14243012 psealedo.42556 -‘U ‘0-02534 Pecated and |U|.



Conclusions

B \With the increase of rubber hardness, the resistance to deformation
of the O-ring seal is enhanced, and then the static contact pressure
Is increased and the minimum film thickness is decreased, which is
conducive to preventing leakage, but not conducive to reducing
friction.

B The low rubber hardness seal is prone to the extrusion effect and
Induced stress concentration especially under high sealed pressure
conditions and is recommend for use at high speed or on other
occasions with low sealing requirements.

B The high rubber hardness seal has better dynamic and static
sealing performances but with a high friction force. It is especially
recommended for application under high pressure conditions. As
far as possible, and under the premise of not exceeding the leakage
requirements, low rubber hardness should be selected so as to
reduce friction.





