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(57) ABSTRACT 
Even when a fluid discharge for discharging high-pressure 
fluid (sealed fluid) to a high-pressure side of a sealing face 
is provided, the disclosed sliding component prevents pre 
cipitation, adhesion and accumulation of a deposition-caus 
ing Substance through a dehydration condensation reaction 
between the high-pressure fluid and low-pressure fluid on 
the sealing face, and also prevents occurrence of cavitation 
which would otherwise take place in association with a 
Sudden pressure drop due to a discharge of fluid. Disclosed 
is a pair of sliding components provided, on a high-pressure 
side of one of relatively sliding sealing faces thereof, with a 
fluid discharge for discharging fluid to a high-pressure fluid 
side, wherein a buffer groove for reducing penetration of 
low-pressure fluid toward the high-pressure fluid side is 
provided in the sealing face S on a low-pressure side of the 
fluid discharge. 

() 

  



Patent Application Publication Apr. 27, 2017. Sheet 1 of 10 US 2017/0114902 A1 

LOW-preSSure fluid Side 
( (Atmospheric Side) High-pressure fluid Side 

(Sealed fluid side) 

  



Patent Application Publication Apr. 27, 2017. Sheet 2 of 10 US 2017/O114902 A1 

Rotating direction of O 
COUnter Sealing face s 5 

  



Patent Application Publication Apr. 27, 2017. Sheet 3 of 10 US 2017/O114902 A1 

Rotating direction of 15a 15 
COunter Sealing face R 5 

High-pressure fluid Side 

LOW-pressure fluid Side 

Fig. 3 

  



Patent Application Publication Apr. 27, 2017. Sheet 4 of 10 US 2017/O114902 A1 

2b Rotating direction of 2. 
21 a COunter sealing face 2O 

  



Patent Application Publication Apr. 27, 2017. Sheet 5 of 10 US 2017/O114902 A1 

2 lb Rotating direction of 2 
21 a counter seating face 2O 

Low-pressure fluid Side f 
l 
s 
W 
& 

  

    

  



Patent Application Publication Apr. 27, 2017 Sheet 6 of 10 US 2017/0114902 A1 

Rotating direction of 
counter Sealing face 
e 

R 26 21b R 
) ) ) 21 

High-pressure fluid Side 

26 

Low-pressure fluid Side 

Fig. 6 

    

  

  

  



Patent Application Publication Apr. 27, 2017. Sheet 7 of 10 US 2017/O114902 A1 

Rotating direction of 
Counter Sealing face 

LOW-pressure fluid Side 
  



Patent Application Publication Apr. 27, 2017. Sheet 8 of 10 US 2017/O114902 A1 

ROtating direction of 
Col. Inter Sealing face 

  



US 2017/O114902 A1 Apr. 27, 2017. Sheet 9 of 10 Patent Application Publication 

  



Patent Application Publication Apr. 27, 2017. Sheet 10 of 10 US 2017/0114902 A1 

Rotating direction of 
52 COunter Sealing face 

  



US 2017/01 14902 A1 

SLIDING COMPONENT 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional application based 
on U.S. patent application Ser. No. 14/758,765, filed Jun. 30, 
2015, which in turn, is a 371 of PCT/JP2013/084029, filed 
Dec. 19, 2013, the contents of which are incorporated herein 
by reference in their entireties. 

TECHNICAL FIELD 

0002 The present invention relates to a sliding compo 
nent Suitable, for example, for a mechanical seal, a bearing 
unit or other sliding part. Particularly, the present invention 
relates to a sliding component such as a seal ring or bearing 
that requires both reduction in friction by interposing fluid 
between sealing faces and prevention of leakage of the fluid 
from the sealing faces. 

BACKGROUND ART 

0003. In a mechanical seal that is one example of such a 
sliding component, the performance thereof is evaluated 
based on leakage rate, wear rate and torque. In conventional 
technologies, a reduction in leakage, an extension in life and 
a reduction in torque are attained by optimizing the sliding 
material and sealing face roughness of a mechanical seal to 
enhance the performance. However, due to a recent rise in 
the awareness of environmental problems, further improve 
ments in the performance of mechanical seals are demanded, 
and technical developments beyond the bounds of the con 
ventional technologies are increasingly needed accordingly. 
The conventional technologies for mechanical seal include 
one that achieves improved seal function at a sealing face by 
providing, as shown in FIG. 10, a sliding component 50 with 
spiral grooves 52 in a sealing face 51 thereof and forcing 
sealed fluid, which would otherwise leak to a low-pressure 
fluid side, back toward a high-pressure fluid side through the 
use of pumping action of the spiral grooves 52 (for example, 
refer to Patent Citation 1). 

CITATION LIST 

Patent Literature 

0004 Patent Citation 1: JP-A-61-82177 (U) (FIGS. 1 and 
2) 

SUMMARY OF INVENTION 

Technical Problem 

0005 According to the above-mentioned conventional 
technology, the sealing face 51 is provided on a high 
pressure side with the spiral grooves 52 angled to discharge 
fluid to the high-pressure fluid side by relative sliding with 
a counter sealing face, whereby the fluid is forced back to the 
high-pressure fluid side under the viscous pump effect of the 
spiral grooves 52 to prevent the leakage. 
0006. However, the present inventors’ studies revealed 
that in this type of mechanical seals, low-pressure fluid 53, 
for example, air penetrates to the low-pressure fluid side of 
the sealing face under the a fluid pumping effect by sliding, 
and promotes a dehydration condensation reaction of high 
pressure fluid, that is, sealed fluid existing as lubricating 
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fluid on the sealing face, and that the resulting precipitation, 
adhesion and accumulation of a deposition-causing Sub 
stance on the sealing face lead to a deterioration in the 
sealing performance of the sealing face. 
0007. The above-mentioned conventional technology 
also involves a problem in that the lubrication of the sealing 
face is insufficient. 
0008 A first object of the present invention is to provide 
a sliding component, which has is improved seal function at 
a sealing face thereof by preventing, even when the sliding 
component is provided with a fluid discharge means for 
discharging high-pressure fluid (sealed fluid) to a high 
pressure side of the sealing face, a deterioration in the 
sealing performance of the sealing face based on prevention 
of precipitation, adhesion and accumulation of deposition 
causing Substance through a the dehydration condensation 
reaction on the sealing face between the high-pressure fluid 
and the low-pressure fluid and also the prevention of the 
occurrence of cavitation associated with a Sudden pressure 
drop due to a discharge of fluid. 
0009. A second object of the present invention is to 
provide a sliding component configured to have a sealing 
face provided with improved lubricity without reducing the 
negative pressure generating capacity of a fluid discharge 
CaS. 

Solution to Problem 

0010 Principle} 
(0011. The present invention is firstly to provide, in slid 
ing components including a fluid discharge means provided 
on a high-pressure side of a sealing face of at least one of the 
sliding components for discharging fluid to a high-pressure 
fluid side, a buffer groove in the sliding face on a low 
pressure side of the fluid discharge means for reducing 
penetration of low-pressure fluid toward the high-pressure 
fluid side. The buffer groove, which is provided in the 
sealing face on the low-pressure side of the fluid discharge 
means, functions as a buffer for the low-pressure fluid, 
which penetrates from the low-pressure fluid side onto the 
sealing face, against the high-pressure fluid, whereby the 
time until the sealing face is filled with the low-pressure 
fluid can be delayed to Suppress the dehydration condensa 
tion reaction of the high-pressure fluid. 
0012. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
0013 The occurrence of cavitation associated with a 
Sudden pressure drop due to a discharge of fluid can be also 
prevented. 
0014. The present invention is secondly to provide, in 
sliding components including a fluid discharge means for 
discharging fluid to a high-pressure fluid side on a sealing 
face of one of the, a positive pressure generating mechanism 
on a high-pressure side of the sealing face and also a fluid 
discharge means for discharging fluid to the high-pressure 
side on a low-pressure side of the positive pressure gener 
ating mechanism, and also a pressure releasing groove 
between the positive pressure generating mechanism and the 
fluid discharge means. 
0015 The positive pressure generating mechanism 
improves the lubricity by broadening the space between the 
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relatively sliding sealing faces through the generation of a 
positive pressure (dynamic pressure) and forming a liquid 
film between the sealing faces. The pressure releasing 
groove, on the other hand, maintains the seal function 
between the sealing faces by releasing a positive pressure 
(dynamic pressure), which has been generated by the posi 
tive pressure generating mechanism on the high-pressure 
side, to the pressure of the fluid on the high-pressure side to 
prevent the fluid from flowing into the fluid discharge means 
and the negative pressure generating capability of the fluid 
discharge means from being lessened. 
0016. Means 
0017. To attain the above-mentioned objects, a pair of 
sliding components according to the present invention firstly 
features that in the pair of sliding components provided, on 
a high-pressure side of one of relatively sliding sealing faces 
thereof, with, wherein a buffer groove for reducing penetra 
tion of low-pressure fluid toward the high-pressure fluid side 
is provided in the fluid discharge means. 
0018. According to this feature, the buffer groove pro 
vided in the sealing face on the low-pressure side of the fluid 
discharge means functions as a buffer for the low-pressure 
fluid, which penetrates from the low-pressure fluid side onto 
the sealing face, against the high-pressure fluid, whereby the 
time until the sealing face is filled with the low-pressure 
fluid can be delayed to Suppress the dehydration condensa 
tion reaction of the high-pressure fluid. 
0019. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
0020 Even if a sudden pressure drop occurs due to a 
discharge of fluid by the fluid discharge means, the occur 
rence of cavitation can be prevented since the Sudden 
pressure drop is reduced by the fluid existing in the buffer 
groove. 
0021. The sliding components of the present invention 
secondly features that in the first feature, the buffer groove 
is preferably formed in a semicircular, rectangular or dove 
tail shape in cross-section. 
0022. The sliding components of the present invention 
thirdly features that in the first or second feature, buffer 
groove has a width b set preferably at 10 to 500 um, more 
preferably at 50 to 200 um. 
0023 The sliding components of the present invention 
fourthly features that in the third feature, the buffer groove 
has a depth h set at 1 to 2 times the width b. 
0024. According to these features, the capacity of the 
buffer groove can be increased while securing the sealing 
face. 
0025. The sliding components of the present invention 

fifthly features that in any one of the first to fourth features, 
the fluid discharge means comprises a spiral groove. 
0026. According to this feature, despite the adoption, as 
the fluid discharge means, of the spiral groove associated 
with a potential sudden pressure drop due to its high fluid 
discharge function (high sealing effect), the precipitation, 
adhesion and accumulation of a deposition-causing Sub 
stance through the dehydration condensation reaction of 
high-pressure fluid can be prevented and the occurrence of 
cavitation can be also prevented. 
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0027. The sliding components of the present invention 
sixthly features that in any one of the first to fourth features, 
the fluid discharge means comprises a reverse Rayleigh step. 
0028. According to this feature, despite the adoption, as 
the fluid discharge means, of the reverse Rayleigh step 
associated with a potential Sudden pressure drop due to its 
high fluid discharge function (high sealing effect), the pre 
cipitation, adhesion and accumulation of a deposition-caus 
ing Substance through the dehydration condensation reaction 
of high-pressure fluid can be prevented and the occurrence 
of cavitation can be also prevented. 
0029. The sliding components of the present invention 
seventhly features that in the fifth or sixth feature, the 
sealing face is provided, on the high-pressure side thereof, 
with a fluid circulation groove in communication with the 
high-pressure fluid side in addition to the spiral groove or 
reverse Rayleigh step, and is also provided with a positive 
pressure generating mechanism in a part flanked by the fluid 
circulation groove and the high-pressure fluid side; and the 
positive pressure generating mechanism is in communica 
tion with an inlet portion of the fluid circulation groove and 
is isolated from an outlet portion of the fluid circulation 
groove and the high-pressure side by a land portion. 
0030. According to this feature, despite the provision of 
the fluid circulation groove, which plays a role of actively 
introducing and discharging sealed fluid from the high 
pressure fluid side onto and from the sealing face for 
preventing fluid and corrosion products and the like con 
tained therein from concentrating on the sealing face, in 
addition to the spiral groove or reverse Rayleigh step 
associated with a potential Sudden pressure reduction, the 
precipitation, adhesion and accumulation of a deposition— 
causing Substance through the dehydration condensation 
reaction of high-pressure fluid can be prevented and the 
occurrence of cavitation can be also prevented. 
0031. A pair of sliding components according to the 
present invention eighthly features that in the pair of sliding 
components provided, on a high-pressure side of one of 
relatively sliding sealing faces thereof, with a fluid discharge 
means for discharging fluid to a high-pressure fluid side, 
wherein a positive pressure generating mechanism for gen 
erating a positive pressure is provided in the sealing face on 
a high-pressure side of the fluid discharge means such that 
the positive pressure generating mechanism is isolated from 
the high-pressure fluid side by a land portion; an annular 
pressure releasing groove provided between the fluid dis 
charge means and the positive pressure generating mecha 
nism, the pressure releasing groove is connected to a dis 
charge-side end of the fluid discharge means, and is 
separated from the positive pressure generating mechanism 
in a radial direction by a land part; and a radial groove 
provided to communicate the pressure releasing groove and 
the high-pressure fluid side with each other, and the radial 
groove is provided at a position where the radial groove is 
in contact with an upstream end of the positive pressure 
generating mechanism. 
0032. According to this feature, the lubricity can be 
improved by broadening the space between the relatively 
sliding sealing faces by the positive pressure generating 
mechanism and forming a liquid film between the sealing 
faces, and the sealing performance between the sealing faces 
can be also improved by releasing a positive pressure 
(dynamic pressure), which has been generated by the posi 
tive pressure generating mechanism on the high-pressure 
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side, to the pressure of the fluid on the high-pressure side 
through the pressure releasing groove to prevent the fluid 
from flowing into the fluid discharge means and the negative 
pressure generating capability of the fluid discharge means 
from being lessened. 
0033. The sliding components of the present invention 
ninthly features that in the eighth feature, an even number of 
radial grooves are disposed in a circumferential direction, 
each adjacent ones of the radial grooves are different from 
each other in the direction of inclination, or an inlet of each 
radial groove in one group is inclined toward an upstream 
side, and an outlet of each radial groove in the other group 
is inclined toward a downstream side. 
0034. According to this feature, a gentle flow of fluid is 
produced in a deep groove constituted by the pressure 
releasing groove and the radial groove. Therefore, bubbles, 
impurities and the like are prevented from staying in the 
deep groove, fluid which is about to flow in toward the 
low-pressure side can be Surely released to the high-pressure 
fluid side under a pressure generated by the positive pressure 
generating mechanism on the high-pressure fluid side, and 
the sealing performance can be thus improved. 
0035. The sliding component of the present invention 
tenthly features that in the eighth or ninth feature, the sealing 
face is provided, on the low-pressure side of the fluid 
discharge means, with a buffer groove that reduces the 
penetration of low-pressure fluid toward the high-pressure 
fluid side. 
0036. According to this feature, despite the positive pres 
Sure generating mechanism provided to improve the lubric 
ity by broadening the space between the sealing faces and 
forming a film of fluid between the sealing faces, and the 
provision of the pressure releasing groove which plays a role 
of releasing fluid, said fluid being about to flow in toward the 
low-pressure side under a pressure generated by the high 
pressure side positive pressure generating mechanism on the 
high-pressure fluid side, the precipitation, adhesion and 
accumulation of a deposition-causing Substance through the 
dehydration condensation reaction of high-pressure fluid can 
be prevented and the occurrence of cavitation can be also 
prevented. 

Advantageous Effects of Invention 
0037. The present invention has excellent effects as will 
be described below. 
0038 (1) Since the buffer groove provided in the sealing 
face on the low-pressure side of the fluid discharge means 
functions as a buffer for the low-pressure fluid, which 
penetrates from the low-pressure fluid side onto the sealing 
face, against the high-pressure fluid, the time until the 
sealing face is filled with the low-pressure fluid can be 
delayed to Suppress the dehydration condensation reaction 
of the high-pressure fluid. 
0039. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
0040. Even if a sudden pressure drop occurs due to a 
discharge of fluid by the fluid discharge means, the occur 
rence of cavitation can be prevented since the Sudden 
pressure drop is reduced by the fluid existing in the buffer 
groove. 
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0041 (2) The capacity of the buffer groove can be 
increased while securing the sealing face by forming the 
buffer groove in a semicircular, rectangular or dovetail shape 
in cross-section, setting the width b of the buffer groove at 
10 to 500 um, and setting the depth h of the buffer groove 
at 1 to 2 times the width b. 
0042 (3) Even when a spiral groove or reverse Rayleigh 
step which is associated with a potential Sudden pressure 
drop is adopted as the fluid discharge means, the precipita 
tion, adhesion and accumulation of a deposition-causing 
Substance through the dehydration condensation reaction of 
a high-pressure fluid can be prevented and the occurrence of 
cavitation can be also prevented. 
0043 (4) Even when a fluid circulation groove, which 
plays a role of actively introducing and discharging the 
sealed fluid from the high-pressure fluid side onto and from 
the sealing face, is provided in the sealing face for prevent 
ing fluid and corrosion products and the like contained 
therein from concentrating on the sealing face, is provided 
in addition to the spiral groove or reverse Rayleigh step, the 
precipitation, adhesion and accumulation of a deposition 
causing Substance through the dehydration condensation 
reaction of high-pressure fluid can be prevented and the 
occurrence of cavitation can be also prevented. 
0044 (5) The lubricity can be improved by broadening 
the space between relatively sliding sealing faces by the 
positive pressure generating mechanism and forming a film 
of fluid between the sealing faces, and the sealing perfor 
mance between the sealing faces can be also improved by 
releasing the positive pressure (dynamic pressure), which 
has been generated by the positive pressure generation 
mechanism on the high-pressure fluid side, to the pressure of 
the fluid on the high-pressure side through the pressure 
releasing groove to prevent the fluid from flowing into the 
fluid discharge means and the negative pressure generating 
capability of the fluid discharge means from being lessened. 
0045 (6) Agentle flow of fluid is produced in the deep 
groove constituted by the pressure releasing groove and the 
radial groove. Therefore, bubbles, impurities or the like are 
prevented from staying in the deep groove, fluid which is 
about to flow in toward the low-pressure side can be surely 
released to the high-pressure fluid side under a pressure 
generated by the positive pressure generating mechanism on 
the high-pressure side, and the sealing performance can be 
thus improved. 
0046 (7) Even when the positive pressure generating 
mechanism, which is provided for improving the lubricity 
by broadening the space between the sealing faces and 
forming a film of fluid between the sealing faces, and the 
pressure releasing groove, which plays a role of releasing 
fluid, said fluid being about to flow in toward the low 
pressure side under a pressure generated by the positive 
pressure generating mechanism on the high-pressure side, 
are provided, the precipitation, adhesion and accumulation 
of a deposition-causing Substance through the dehydration 
condensation reaction of high-pressure fluid can be pre 
vented and the occurrence of cavitation can be also pre 
vented. 

BRIEF DESCRIPTION OF DRAWINGS 

0047 FIG. 1 is a vertical cross-sectional view showing 
one example of a mechanical seal according to a first 
embodiment of the present invention. 
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0048 FIG. 2A shows a sealing face of a sliding compo 
nent according to the first embodiment of the present inven 
tion, and FIGS. 2B to 2D are A-A cross-sectional views of 
FIG. 2A 
0049 FIG. 3 shows a sealing face of a sliding component 
according to a second embodiment of the present invention. 
0050 FIG. 4 shows a sealing face of a sliding component 
according to a third embodiment of the present invention. 
0051 FIG. 5 shows a sealing face of a sliding component 
according to a fourth embodiment of the present invention. 
0052 FIG. 6 shows a sealing face of a sliding component 
according to a fifth embodiment of the present invention. 
0053 FIG. 7 shows a sealing face of a sliding component 
according to a sixth embodiment of the present invention. 
0054 FIG. 8 shows a sealing face of a sliding component 
according to a seventh embodiment of the present invention. 
0055 FIGS. 9A and 9B are views for explaining a 
positive pressure generating mechanism composed of a 
Rayleigh step mechanism or the like and a negative pressure 
generating mechanism composed of a reverse Rayleigh step 
mechanism or the like, in which FIG.9Ashows the Rayleigh 
step mechanism and FIG. 9B shows the reverse Rayleigh 
step mechanism. 
0056 FIG. 10 is a view showing a conventional technol 
Ogy. 

DESCRIPTION OF EMBODIMENTS 

0057 Modes for carrying out the present invention will 
be hereinafter described by way of example based on 
embodiments with reference to the drawings. The dimen 
sions, materials, shapes and relative arrangements of com 
ponent parts described in the embodiments are, however, 
never intended to limit the scope of the present invention 
only to them unless particularly expressly described. 

First Embodiment 

0058. A sliding component according to a first embodi 
ment of the present invention is described in reference to 
FIG. 1 and FIG. 2. 
0059. In this embodiment, a description will be made 
taking, as an example, a mechanical seal that is one example 
of sliding components. Although an outer circumferential 
side of each sliding component, which constitutes the 
mechanical seal, is taken as a high-pressure fluid side (sealed 
fluid side) and its inner circumferential side as a low 
pressure fluid side (atmospheric side) in the following 
description, the present invention is never limited thereto, 
and can be applied to a case in which the high pressure fluid 
side and the low pressure fluid side are reversed. 
0060 FIG. 1 is a vertical cross-sectional view showing 
one example of a mechanical seal that is an inside mechani 
cal seal configured to ensure the sealing of sealed fluid on 
the high-pressure fluid side although the sealed fluid is apt 
to leak from an outer periphery of each sealing face toward 
an inner periphery thereof. The mechanical seal is provided 
with an annular rotating ring 3 as one of the sliding com 
ponents and an annular stationary ring 5 as the other sliding 
component. The annular rotating ring 3 is disposed on the 
side of a rotating shaft 1 for driving a pump impeller (not 
shown) located on the high-pressure fluid side through a 
sleeve 2 in such a state that it is rotatable integrally with the 
rotating shaft 1. The annular stationary ring 5 is disposed in 
a housing 4 of the pump in Such a state that it is non-rotatable 

Apr. 27, 2017 

but movable in an axial direction. The rotating ring 3 and 
stationary ring 5 are slidable in close contact with each other 
at sealing faces S thereof, which have been mirror-finished 
by lapping or the like, by a coiled wave spring 6 and a 
bellows spring 7, because the stationary ring 5 is biased in 
an axial direction by the coiled wave spring 6. This mechani 
cal seal, therefore, prevents the sealed fluid from flowing 
from the outer periphery of the rotating shaft 1 to the 
atmospheric side between the respective sealing faces S of 
the rotating ring 3 and Stationary ring 5. 
0061 FIG. 2A shows a sealing face of a sliding compo 
nent according to Embodiment 1 of the present invention, 
which will be described taking, as an example, a case that 
the fluid discharge means and buffer groove, which pertain 
to the present invention, are formed, for example, in the 
sealing face S of the stationary ring 5 of FIG. 1. 
0062. The following description equally applies when the 
fluid discharge means and buffer groove, which pertain to 
the present invention, are formed in the sealing face S of the 
rotating ring 3. 
0063. In FIG. 2A, it is assumed that the outer peripheral 
side of the sealing face S of the stationary ring 5 corresponds 
to the high-pressure fluid side, the inner peripheral side 
corresponds to the low-pressure fluid side, for example, the 
atmospheric side, and the counter sealing face rotates coun 
terclockwise. 

0064 Pumping grooves 10 as the fluid discharge means 
for discharging fluid to the high-pressure fluid side by 
relative sliding with the counter sealing face are provided in 
the sealing face S. The pumping grooves 10 are in commu 
nication with the high-pressure fluid side, and are isolated 
from the low-pressure fluid side by a smooth part R (which 
may also be referred to as “land part R' in the present 
invention) of the sealing face S. The pumping grooves 10 are 
formed in a linear or curved shape so as to have an angle for 
discharging fluid to the high-pressure fluid side by relative 
sliding with the counter sealing face. In this embodiment, 
the pumping grooves are formed in a spiral shape along the 
rotating direction of the counter sealing face in consideration 
for vibrations, noises and the like. 
0065. In this description, a pumping groove of spiral 
shape is called a “spiral groove', and a description will 
hereinafter be made about a case in which Such pumping 
grooves are the spiral grooves 10. 
0066. A buffer groove 11 is provided in the smooth part 
R on the low-pressure side of the spiral grooves 10. In FIG. 
2A, the buffer groove 11 is provided in an annular form such 
that it extends along the low pressure-side ends of the spiral 
grooves 10. 
0067. With respect to the radial position of the buffer 
groove 11 in the sealing face S, the buffer groove 11 is 
located on the low-pressure side of the spiral groove 10 and 
is isolated from the low-pressure fluid side by the land part 
R 

0068. The cross-sectional shape of the buffer groove 11 
may be, for example, in a semicircular shape as shown in 
FIG. 2B, a rectangular shape as shown in FIG. 2C, or a 
dovetail groove shape as shown in FIG. 2D, but is not 
limited thereto. Further, the size of the buffer groove 11 is 
determined according to the capability or the like of the 
spiral grooves 10 as the fluid discharge means, and is set in 
a size having a capacity capable of storing fluid to an extent. 
For example, the width b of the buffer groove 11 may be set 
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preferably at 10 to 500 um, more preferably at 50 to 200 um. 
The depth h of the buffer groove 11 may be set preferably at 
1 to 2 times the width b. 
0069. The buffer groove 11 has a buffering action to 
reduce instantaneous penetration of low-pressure fluid to the 
low-pressure side of the sealing face under the fluid dis 
charging action (sealing action) of the spiral grooves 10, and 
functions as a buffer for the low-pressure fluid, which 
penetrates from the low-pressure fluid side onto the sealing 
face, against the high-pressure fluid, whereby the time until 
the sealing face is filled with the low-pressure fluid can be 
delayed to Suppress the dehydration condensation reaction 
of the high-pressure fluid. 
0070. When the low pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
0071. In the case of FIG. 2, the penetration of low 
pressure fluid 12 is limited to only a small part of the sealing 
face on the low-pressure side under the buffer effect of the 
buffer groove 11, and the high-pressure fluid remain cover 
ing from a vicinity of the buffer groove 11 to the high 
pressure side. 
0072 Even if a sudden pressure drop occurs due to a 
discharge of fluid through the spiral grooves 10, the occur 
rence of cavitation is prevented since the Sudden pressure 
drop is reduced by the fluid existing in the buffer groove 11. 

Second Embodiment 

0073. A sliding component according to a second 
embodiment of the present invention will be described with 
reference to FIG. 3. 
0074. In FIG. 3, the same reference signs as those in FIG. 
2 designate the same members as in FIG. 2, and their 
description is omitted herein. 
0075. In a sliding component 5 shown in FIG. 3, a 
plurality of reverse Rayleigh step mechanisms 15 as a fluid 
discharge means are provided in a circumferential direction 
in the sealing face on the high-pressure side. 
0076 Although these reverse Rayleigh step mechanisms 
15 will be described later in detail, fluid is drawn in through 
grooves 15a and reverse Rayleigh steps 15b which consti 
tute negative pressure generating grooves composed of 
shallow grooves isolated from the high-pressure fluid side 
by land portions R, and the fluid is discharged to the 
high-pressure fluid side through radial grooves 15c com 
posed of deep grooves communicating to the high-pressure 
fluid side. 
0077. A buffer groove 11 is provided in a smooth part R 
on the low-pressure side of the reverse Rayleigh step mecha 
nism 15. In FIG. 3, the buffer groove 11 is provided in an 
annular form and apart from the reverse Rayleigh step 
mechanism 15 toward the low-pressure fluid side. 
0078. With respect to the radial position of the buffer 
groove 11 in the sealing face, the buffer groove 11 is located 
on the low-pressure side of the reverse Rayleigh step mecha 
nism 15 and isolated from the low-pressure side by the land 
part R. 
007.9 The reverse Rayleigh step mechanisms will be 
described later in detail. 
0080. The cross-sectional shape, size and the like of the 
buffer groove 11 are the same as in the first embodiment. 
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I0081. The buffer groove 11 has a buffering action to 
reduce the instantaneous penetration of low-pressure fluid to 
the low pressure side of the sealing face under the fluid 
discharging action (sealing action) of the reverse Rayleigh 
step mechanisms 15, and functions as a buffer for the 
low-pressure fluid, which penetrates from the low-pressure 
fluid side onto the sealing face, against the high-pressure 
fluid, whereby the time until the sealing face is filled with the 
low-pressure fluid can be delayed to suppress the dehydra 
tion condensation reaction of the high-pressure fluid. 
I0082. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
I0083. In the case of FIG. 3, the penetration of low 
pressure fluid 12 is limited to only a small part of the sealing 
face on the low-pressure side under the buffer effect of the 
buffer groove 11, and the high-pressure fluid remains cov 
ering from a vicinity of the buffer groove 11 to the high 
pressure side. 
I0084 Even if a sudden pressure drop occurs due to a 
discharge of fluid through the reverse Rayleigh step mecha 
nisms 15, the occurrence of cavitation is prevented since the 
sudden pressure drop is reduced by the fluid existing in the 
buffer groove 11. 

Third Embodiment 

I0085. A sliding component according to a third embodi 
ment of the present invention will be described with refer 
ence to FIG. 4. 

I0086. In FIG. 4, the same reference signs as those in FIG. 
2 designate the same members as in FIG. 2, and their 
description is omitted herein. 
I0087. In FIG. 4, a plurality of fluid circulation grooves 
20, as a fluid circulating means, are provided in a circum 
ferential direction in a sealing face of a stationary ring 5. The 
fluid circulation grooves are in communication with the 
high-pressure fluid side, and are isolated from the low 
pressure fluid side by a land part R of the sealing face. 
I0088. Each fluid circulation groove 20 is composed of an 
inlet portion 20a for introducing fluid from the high-pressure 
fluid side, an outlet portion 20b for discharging the fluid to 
the low-pressure fluid side and a communicating portion 20c 
communicating the inlet portion 20a and the outlet portion 
20b with each other in the circumferential direction, and is 
isolated from the low-pressure fluid side by the land part R. 
The fluid circulation groove 20 plays a role of actively 
introducing and discharging sealed fluid from the high 
pressure fluid side onto and from the sealing face for 
preventing the concentration of fluid and corrosion products 
and the like contained therein on the sealing face. The 
inclinations of the inlet portion 20a and outlet portion 20b 
are set to be large to facilitate the introduction and discharge 
of sealed fluid onto and from the sealing face along the 
rotating direction of the counter sealing face, both of them 
are disposed so as to cross each other on the low-pressure 
fluid side (the inner peripheral side in FIG. 4), and this 
crossing point forms the communicating portion 20c. The 
crossing angle between the inlet portion 20a and the outlet 
portion 20b is an obtuse angle (for example, about 150). 
I0089 Spiral grooves 10 for discharging fluid to the 
high-pressure fluid side by relative sliding between the 
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rotating ring 3 and the stationary ring 5 are provided on the 
outside of parts of the sealing face of the stationary ring 5. 
said parts being Surrounded by the fluid circulation grooves 
20, and the high-pressure fluid side, in other words, between 
the adjacent fluid circulation grooves 20 and 20. 
0090. In the sealing face provided with the fluid circula 
tion grooves 20, a positive pressure generating mechanisms 
21 each of which includes a groove 21a shallower than the 
fluid circulation grooves 20 are provided at portions 
enclosed by the fluid circulation groove 20 and the high 
pressure fluid side. The positive pressure generating mecha 
nisms 21 are provided to improve the lubricity by broaden 
ing the space between relatively sliding sealing faces 
through the generation of a positive pressure (dynamic 
pressure) and forming a film of fluid between the sealing 
faces. 

0091. Each groove 21a is in communication with the inlet 
portion 20a of the fluid circulation groove 20, and is isolated 
from the outlet portion 20b and the high-pressure fluid side 
by the land portion R. 
0092. In this embodiment, each positive pressure gener 
ating mechanism 21 is composed of a Rayleigh step mecha 
nism provided with the groove 21a, which communicates to 
the inlet portion 20a of the fluid circulation groove 20, and 
a Rayleigh step 21b, but without being limited thereto, may 
also be composed, for example, of a dammed femto groove, 
and in essence, any mechanism can be adopted insofar as it 
can generate a positive pressure. 
0093. The Rayleigh step mechanisms will be described 
later in detail. 
0094. A buffer groove 11 is provided in a smooth part R 
on the low-pressure side of the fluid circulation grooves 20 
and spiral grooves 10. In FIG. 4, the buffer groove 11 is 
provided in an annular form Such that it is apart from the 
fluid circulation grooves 20 toward the low-pressure fluid 
side and extends along low pressure-side ends of the spiral 
grooves 10. 
0095. With respect to the radial position of the buffer 
groove Ilin the sealing face, the buffer groove 11 is located 
on the low-pressure side of the fluid circulation grooves 20 
and spiral grooves 10, and isolated from the low-pressure 
fluid side by the land part R. 
0096. The cross-sectional shape, size and the like of the 
buffer groove 11 are the same as in the first embodiment. 
0097. The buffer groove 11 has a buffering action to 
reduce the instantaneous penetration of low-pressure fluid to 
the low pressure side of the sealing face under the fluid 
discharging action (sealing action) of the spiral grooves 10, 
and functions as a buffer of the low-pressure fluid, which 
penetrates from the low-pressure fluid side onto the sealing 
face, against the high-pressure fluid, whereby the time until 
the sealing face is filled with the low-pressure fluid can be 
delayed to Suppress the dehydration condensation reaction 
of the high-pressure fluid. 
0098. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
0099. In the case of FIG. 4, the penetration of low 
pressure fluid 12 is limited to only a small part of the sealing 
face on the low-pressure side under the buffer effect of the 
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buffer groove 11, and the high-pressure fluid remains cov 
ering from a vicinity of the buffer groove 11 to the high 
pressure side. 
0100 Even if a sudden pressure drop occurs due to a 
discharge of fluid through the spiral grooves 10, the occur 
rence of cavitation is prevented since the Sudden pressure 
drop is reduced by the fluid existing in the buffer groove 11. 

Fourth Embodiment 

0101. A sliding component according to a fourth embodi 
ment of the present invention will be described with refer 
ence to FIG. 5. 

0102. In FIG. 5, the same reference signs as those in 
FIGS. 2 and 4 designate the same members as in FIGS. 2 and 
4, and their description is omitted herein. 
0103) In FIG. 5, a plurality of fluid circulation grooves 
20, as a fluid circulating means, are provided in a circum 
ferential direction in a sealing face of a stationary ring 5. The 
fluid circulation grooves are in communication with the 
high-pressure fluid side, and are isolated from the low 
pressure fluid side by a land part R of the sealing face. 
0104. A plurality of reverse Rayleigh step mechanisms 15 
for discharging fluid to the high-pressure fluid side by 
relative sliding between the rotating ring 3 and the stationary 
ring 5 are provided in a circumferential direction on the 
outside of parts of the sealing face of the stationary ring 5. 
said parts being enclosed by the fluid circulation groove 20, 
and the high-pressure fluid side, in other words between the 
adjacent fluid circulation grooves 20 and 20. 
0105. In the sealing face provided with the fluid circula 
tion grooves 20, a positive pressure generating mechanism 
21 including a groove 21a shallower than the fluid circula 
tion grooves 20 is provided at portions enclosed by the fluid 
circulation grooves 20 and the high-pressure fluid side. 
0106. A buffer groove 11 is provided in a smooth part R 
on a low-pressure side of the fluid circulation grooves 20 and 
the reverse Rayleigh step mechanisms 15. In FIG. 5, a buffer 
groove 11 is provided in an annular form and apart from the 
fluid circulation grooves 20 and reverse Rayleigh step 
mechanisms 15 toward the low-pressure fluid side. 
0107. With respect to the radial position of the buffer 
groove 11 in the sealing face, the buffer groove 11 is located 
on the low-pressure side of the fluid circulation grooves 20 
and the reverse Rayleigh step mechanisms 15 and is isolated 
from the low-pressure fluid side by the land part R. 
0108. The cross-sectional shape, size and the like of the 
buffer groove 11 are the same as in the first embodiment. 
0109 The buffer groove 11 has a buffering action to 
reduce the instantaneous penetration of low-pressure fluid to 
the low-pressure side of the sealing face under the fluid 
discharge action (sealing action) of the reverse Rayleigh step 
mechanisms 15, and functions as a buffer for the low 
pressure fluid, which penetrates from the low-pressure fluid 
side onto the sealing face against the high-pressure fluid, 
whereby the time until the sealing face is filled with the 
low-pressure fluid can be delayed to suppress the dehydra 
tion condensation reaction of the high-pressure fluid. 
0110. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 



US 2017/01 14902 A1 

0111. In the case of FIG. 3, the penetration of low 
pressure fluid 12 is limited to only a small part of the sealing 
face on the low pressure side under by the buffer effect of the 
buffer groove 11, and the high-pressure fluid remains cov 
ering from a vicinity of the buffer groove 11 to the high 
pressure side. 
0112 Even if a sudden pressure drop occurs due to a 
discharge of fluid through the spiral grooves 10, the occur 
rence of cavitation is prevented since the Sudden pressure 
drop is reduced by the fluid existing in the buffer groove 11. 

Fifth Embodiment 

0113. A sliding component according to a fifth embodi 
ment of the present invention will be described with refer 
ence to FIG. 6. 

0114. In FIG. 6, the same reference signs as those in 
FIGS. 2 and 4 designate the same members as in FIGS. 2 and 
4, and their description is omitted herein. 
0115. In FIG. 6, positive pressure generating mechanisms 
21, for example, Rayleigh step mechanisms which are each 
provided with a groove 21a and a Rayleigh step 21b, are 
provided in a sealing face on the high-pressure fluid side. 
The positive pressure generating mechanisms 21 are isolated 
from the high-pressure fluid side and the low-pressure fluid 
side by land portions R, and are disposed at four equidistant 
positions with equal intervals in a circumferential direction. 
0116 Spiral grooves 10 are disposed in an annular form 
in the sealing face on the low-pressure fluid side of the 
positive pressure generating mechanisms 21 Such that they 
are separated from the positive pressure generating mecha 
nisms 21 in a radial direction. 
0117. In addition, an annular pressure releasing groove 
25 is provided continuously in the circumferential direction 
such that it is located between the spiral grooves 10 and the 
positive pressure generating mechanisms 21. The pressure 
releasing groove 25 is separated from the grooves 21a of the 
positive pressure generating mechanisms 21 in the radial 
direction by the land portions R, and is connected to 
discharge-side ends (downstream ends) of the spiral grooves 
10. 
0118. Although the positive pressure generating mecha 
nisms 21 are provided at four positions with equal intervals 
in this embodiment, at least one positive pressure generating 
mechanism may suffice the need without being limited 
thereto. 

0119 Radial grooves 26 are provided to communicate the 
pressure releasing groove 25 and the high-pressure fluid side 
with each other. The radial grooves 26 are provided as many 
as four at equal intervals at positions where they are in 
contact with upstream ends of the groove portions 21a of the 
positive pressure generating mechanisms 21 as viewed in the 
circumferential direction and extend in directions orthogo 
nal to tangents of the pressure releasing groove 25. The 
pressure releasing groove 25 and radial grooves 26 are 
deeper than the grooves 21a of the positive pressure gener 
ating mechanisms 21. The radial grooves 26 are formed with 
a width larger than that of the pressure releasing groove 25 
in this embodiment. 
0120. The positive pressure generating mechanisms 21 
are provided to improve the lubricity by broadening the 
space between relatively sliding sealing faces through the 
generation of a positive pressure (dynamic pressure) and 
forming a film of fluid between the sealing faces. 
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I0121 The pressure releasing groove 25 is provided to 
prevent the negative pressure generating capability of the 
spiral grooves 10 from being lessened due to a flow of fluid 
into the spiral grooves 10 on the low-pressure side by 
releasing a positive pressure (dynamic pressure) generated at 
the positive pressure generating mechanism 21 on the high 
pressure side to the pressure of the fluid on the high-pressure 
side, and plays a role of guiding the fluid, which is about to 
flow toward the low-pressure side, into the pressure releas 
ing groove 25 under the pressure generated by the positive 
pressure generating mechanisms 21 on the high-pressure 
side and releasing it to the high-pressure fluid side. Accord 
ingly, the sealing performance at the sealing face can be 
further improved. 

Sixth Embodiment 

0.122 A sliding component according to a sixth embodi 
ment of the present invention is described with reference to 
FIG. 7. 

I0123. This embodiment has the same configurations as 
the fifth embodiment of FIG. 6 except that it is different in 
the directions of the radial grooves is from the fifth embodi 
ment, and the same reference signs as those in FIG. 6 
designate the same members as in FIG. 6, and their descrip 
tion is omitted herein. 

(0.124. In FIG. 7, radial grooves 27 are different in the 
direction of arrangement from the fifth embodiment 
although it is the same as the fifth embodiment in that they 
are at equal intervals as many as four at positions where they 
are in contact with upstream ends of groove 21a of positive 
pressure generating mechanisms 21. 
0.125 Described specifically, the radial grooves 27 are 
provided such that four radial grooves. 27a, 27b, 27c, and 
27d are grouped in two pairs and that in the radial grooves 
27a and 27b in one pair or the radial grooves 27.c in the other 
pair, inlets of the radial grooves. 27a (27c) on an upstream 
side, that is, on inlet sides are inclined toward the upstream 
side to facilitate the entry of fluid, and outlets of the radial 
grooves 27b (27d) on outlet sides are inclined toward a 
downstream side to facilitate the discharge of fluid. 
I0126. In other words, an even number of radial grooves 
27 are disposed in a circumferential direction, and are 
provided such that the adjacent radial grooves 27 are dif 
ferent from each other in the direction of inclination, and 
that the inlets of the radial grooves. 27a, 27.c in the one group 
are inclined toward the upstream side, and the outlets of the 
radial grooves 27b, 27d in the other group are inclined 
toward the downstream side. 
I0127. When the radial grooves 27 are provided as 
described above, gentle flows of fluid are produced in deep 
grooves constituted by the pressure releasing groove 25 and 
the radial grooves 27. Thus, bubbles, impurities and the like 
are prevented from staying in the deep grooves, the fluid 
which is about to flow in toward the low-pressure side can 
be surely released to the high-pressure fluid side under a 
generated by the positive pressure generating mechanisms 
21 on the high-pressure side, and the sealing performance 
can be thus improved. 
0128. Although the positive pressure generating mecha 
nisms 21 are provided at four positions with equal intervals 
in this embodiment, an even number of positive pressure 
generating mechanism 21 may suffice the need without 
being limited thereto. 
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Seventh Embodiment 

0129. A sliding component according to a seventh 
embodiment of the present invention will be described with 
reference to FIG. 8. 
0130. This embodiment basically has the same configu 
rations as the fifth embodiment of FIG. 6, although it is 
differed from the fifth embodiment in that eight pressure 
generating mechanisms are provided at equal intervals, and 
that a buffer groove is provided. The same reference signs as 
those in FIG. 6 designate the same members as in FIG. 6, 
and their description is omitted herein. 
0131. In FIG. 8, spiral grooves 10 are disposed in an 
annular form in the sealing face at a radial center thereof, 
positive pressure generating mechanisms 21, for example, 
Rayleigh step mechanisms are provided in the sealing face 
on the high-pressure fluid side of the spiral grooves 10, and 
a pressure releasing groove 25 is provided such that it is 
located between the spiral grooves 10 and the positive 
pressure generating mechanisms 21. Each positive pressure 
generating mechanism 21 and its corresponding pressure 
releasing groove 25 are in communication with the high 
pressure fluid side through an associated radial groove 26. 
0132) The positive pressure generating mechanisms 21 
are provided to improve the lubricity by broadening the 
space between relatively sliding sealing faces through the 
generation of a positive pressure (dynamic pressure) and 
forming a film of fluid between the sealing faces. 
0133. The pressure releasing groove 25 is provided to 
prevent the negative pressure generating capability of the 
spiral grooves 10 from being lessened due to a flow of fluid 
into the spiral grooves 10 on the low pressure-side by 
releasing a positive pressure (dynamic pressure) generated at 
the positive pressure generating mechanism 21 on the high 
pressure side to the pressure of the fluid on the high-pressure 
side, and plays a role of guiding the fluid, which is about to 
flow toward the low-pressure side, into the pressure releas 
ing groove 25 under the pressure generated by the positive 
pressure generating mechanisms 21 on the high-pressure 
side and releasing it to the high-pressure fluid side. 
0134. A buffer groove 11 is provided in a smooth part R 
on the low-pressure side of the spiral grooves 10 as a fluid 
discharge means. In FIG. 8, the buffer groove 11 is provided 
in an annular form Such that it extends along low pressure 
side ends of the spiral grooves 10. 
0135 With respect to the radial position of the buffer 
groove Ilin the sealing face, the buffer groove 11 is located 
on the low-pressure side of the spiral grooves 10 and is 
isolated from the low-pressure fluid side by the land part R. 
0136. The cross-sectional shape, size and the like of the 
buffer groove 11 are the same as in the first embodiment. 
0.137 The buffer groove 11 has a buffering action to 
reduce the instantaneous penetration of low-pressure fluid to 
the low pressure side of the sealing face under the fluid 
discharging action (sealing action) of the spiral grooves 10, 
and functions as a buffer for the low-pressure fluid, which 
penetrates from the low-pressure fluid side onto the sealing 
face against the high-pressure fluid, whereby the time until 
the sealing face is filled with the low pressure fluid can be 
delayed to Suppress the dehydration condensation reaction 
of the high-pressure fluid. 
0.138. When the low-pressure fluid is air, for example, the 
low-pressure side of the sealing face can be prevented from 
drying with air. The precipitation, adhesion and accumula 
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tion of a deposition-causing Substance through the dehydra 
tion condensation reaction of the high-pressure fluid can be 
prevented accordingly. 
(0.139. In the case of FIG. 3, the penetration of low 
pressure fluid 12 is limited to only a small part of the sealing 
face on the low-pressure side under the buffer effect of the 
buffer groove 11, and the high-pressure fluid remains cov 
ering from a vicinity of the buffer groove 11 to the high 
pressure side. 
0140. Even if a sudden pressure drop occurs due to a 
discharge of fluid through the spiral grooves 10, the occur 
rence of cavitation is prevented since the Sudden pressure 
drop is reduced by the fluid existing in the buffer groove 11. 
0141 Referring next to FIGS. 9A and 9B, a description 
will be made about a positive pressure generating mecha 
nism composed of a Rayleigh step mechanism or the like 
and a negative pressure generating mechanism composed of 
a reverse Rayleigh step mechanism or the like. 
0142. In FIG. 9A, a rotating ring 3 and a stationary ring 
5, which are opposed sliding components, undergo relative 
sliding as indicated by arrows. For example, a Rayleigh step 
21b is formed in a sealing face of the stationary ring 5 such 
that it is vertical to the direction of relative movement and 
faces an upstream side, and a groove 21a that is a positive 
pressure generating groove is formed on the upstream side 
of the Rayleigh step 21b. The sealing faces of the opposed 
rotating ring 3 and stationary ring 5 are flat. 
0143. When the rotating ring 3 and stationary ring 5 
undergo relative movement in the directions indicated by the 
arrows, fluid that exists between the sealing faces of the 
rotating ring 3 and Stationary ring 5 is about to move 
following the moving direction of the rotating ring 3 or 
stationary ring 5 due to its viscosity. Here, a positive 
pressure (dynamic pressure) as shown by broken lines is 
generated due to the presence of the Rayleigh step 21. 
0144. Denoted at 20a and 20b are an inlet portion and an 
outlet portion of a fluid circulation groove, respectively, R 
indicates a land portion, and 26 is a radial groove. 
0145 Also in FIG.9B, a rotating ring 3 and a stationary 
ring 5, which are opposed sliding components, undergo 
relative movement as indicated by arrows, a reverse Ray 
leigh step 15b is formed on a sealing face of the rotating ring 
3 or stationary ring 5 such that it is vertical to the direction 
of relative movement and faces a downstream side, and a 
groove 15a that is a negative pressure generating mechanism 
is formed on the downstream side of the reverse Rayleigh 
step 15b. The sealing faces of the opposed rotating ring 3 
and stationary ring 5 are flat. 
0146 When the rotating ring 3 and stationary ring 5 
undergo relative movement in the directions indicated by the 
arrows, fluid that exists between the sealing faces of the 
rotating ring 3 and Stationary ring 5 is about to move 
following the moving direction of the rotating ring 3 or 
stationary ring 5 due to its viscosity. Here, a negative 
pressure (dynamic pressure) as shown by broken lines is 
generated due to the presence of the reverse Rayleigh step 
15E. 

0147 Denoted at 15c is a radial groove, 20a and 20b are 
an inlet portion and an outlet portion of a fluid circulation 
groove, respectively, and R indicates a land portion. 
0148 Although the embodiments of the present invention 
have been explained with reference to the drawings, specific 
configurations are never limited to these embodiments, and 
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any modifications and additions shall be included in the 
present invention unless they depart from the gist of the 
present invention. 
0149. In the above-described embodiments, for example, 
the description was made about the cases in each of which 
the sliding component is used as one of a pair of a rotary seal 
ring and a stationary seal ring in a mechanical seal device. 
However, the sliding component can be also used as a 
sliding component of a bearing that is slidable toward one of 
axial sides of a cylindrical sealing face relative to a rotating 
shaft while sealing lubricant. 
0150. In the above-described embodiments, for example, 
the description was made about the cases in each of which 
the high-pressure sealed fluid is present on the outer periph 
eral side. However, the sliding component can also be 
applied to a case in which high-pressure fluid is present on 
the inner peripheral side. 
0151. In the above-described embodiments, for example, 
the description was made about the cases in each of which 
the spiral grooves 10 and the reverse Rayleigh step mecha 
nisms 15 are adopted as a fluid discharge means. However, 
the fluid discharge means may comprise dimples without 
being limited to Such cases. 
0152. In the above-described cases, for example, the 
description was made about the cases in each of which the 
buffer groove 11 is formed continuously in an annular form. 
However it does not have to be formed continuously and 
may be formed in an intermittent form. In essence, the buffer 
groove 11 may be formed in any form insofar as it has a 
capacity equipped with buffering action. 

REFERENCE SIGNS LIST 

(O153 1 Rotating shaft 
0154 2 Sleeve 
(O155 3 Rotating ring 
0156 4 Housing 
(O157 5 Stationary ring 
0158 6 Coiled wave spring 
0159. 7 Bellows 
0160 10 Pumping groove (Spiral groove) 
(0161) 11 Buffer groove 
0162. 12 Low-pressure fluid 
0163 15 Reverse Rayleigh step mechanism 
(0164. 15a Groove 
0.165. 15b Reverse Rayleigh step (Negative pressure 
generating mechanism) 

(0166 15c Radial groove 
(0167 20 Fluid circulation groove 
(0168 20a Inlet portion 
(0169. 20b Outlet portion 
0170 20c Communicating portion 
0171 21 Rayleigh step (Positive pressure generating 
mechanism) 

0172. 21a Groove 
(0173 21b Rayleigh step 
0.174 25 Pressure releasing groove 
(0175 26 Radial groove 
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(0176) 27 Radial groove 
(0177 S Sealing face 
0.178 R Land part or portion 
1. A pair of sliding components provided, on a high 

pressure side of one of relatively sliding sealing faces 
thereof, with 

a fluid discharge for discharging fluid to high-pressure 
fluid side, wherein a positive pressure generating 
mechanism for generating a positive pressure is pro 
vided in the sealing face on a high-pressure side of the 
fluid discharge Such that the positive pressure generat 
ing mechanism is isolated from the high-pressure fluid 
side by a land portion; 

an annular pressure releasing groove is provided between 
the fluid discharge and the positive pressure generating 
mechanism, the pressure releasing groove is connected 
to a discharge-side end of the fluid discharge and is 
separated from the positive pressure generating mecha 
nism in a radial direction by a land part; and 

a radial groove is provided to communicate the pressure 
releasing groove and the high-pressure fluid side with 
each other, and the radial groove is provided to be in 
contact with an upstream end of the positive pressure 
generating mechanism. 

2. The sliding components according to claim 1, wherein 
the positive pressure generating mechanism comprises a 
groove, the pressure releasing groove being deeper than the 
groove of the positive pressure generating mechanism. 

3. The sliding components according to claim 1, wherein 
the positive pressure generating mechanism comprises a 
groove, the radial groove being deeper than the groove of the 
positive pressure generating mechanism. 

4. The sliding components according to claim 1, wherein 
the positive pressure generating mechanism comprises a 
groove, the radial groove and the pressure releasing groove 
being deeper than the groove of the positive pressure gen 
erating mechanism. 

5. The sliding components according to claim 1, wherein 
the radial groove is wider than the pressure releasing groove. 

6. The sliding components according to claim 1, wherein 
the positive pressure generating mechanism comprises a 
Rayleigh step. 

7. The sliding components according to claim 1, wherein 
the fluid discharge comprises a spiral groove. 

8. The sliding components according to claim 1, wherein 
a number of the plurality of radial grooves is an even 
number, the plurality of radial grooves are disposed in a 
circumferential direction, each two adjacent ones of the 
plurality of radial grooves are different from each other in 
direction of inclination with respect to a radial direction, an 
inlet of each radial groove in one group is inclined toward 
an upstream side, and an outlet of each radial groove in the 
other group is inclined toward a downstream side. 

9. The sliding component according to claim 1, wherein 
the sealing face is provided, on a low-pressure side of the 
fluid discharge with a buffer groove that reduces penetration 
of low-pressure fluid toward the high-pressure fluid side. 

k k k k k 


