USOORE36405E
United States Patent 119] 111] E Patent Number: Re. 36,405
Akita et al. [45] Reissued Date of Patent: Nov. 23, 1999
[54] SLIDE BEARING ASSEMBLY 5,401,105 3/1995 Suzuki et al. .cccovvvivvvneinnninnnnnne, 384/4770

[75] Inventors: Hideki AKita, Tsuchiura; Makoto Ota,
Ibaraki-ken; Hideaki Nakatani,

Tsuchiura; Kazuyoshi Hatano,
Ibaraki-ken; Manabu Ogasawara,

Ibaraki-ken, all of Japan

73] Assignee: Hitachi Construction Machinery Co.,
Ltd., Tokyo, Japan

21]  Appl. No.: 09/017,319

22| Filed: Feb. 2, 1998
Related U.S. Patent Documents
Reissue of:
|64] Patent No.: 5,490,730
Issued: Feb. 13, 1996
Appl. No.: 08/326,334
Filed: Oct. 20, 1994
[30] FForeign Application Priority Data
Oct. 22, 1993 [JIP] Japan .......cccccccvviiveineineennene 5-287527
Aug. 11, 1994  [IP]  Japan ..oeeceeveevereeeeereerenne. 6-210493
Sep. 27, 1994  |[IP| Japan .......cvvimeniioinenennnn, 6-256095
51] Int. CLO e F16C 33/10
52] US.Cl o 384/147; 384/279; 384/902
58] Field of Search ... 384/147, 279,
384/902, 371, 470; 252/32.7 E
[56] References Cited

U.S. PATENT DOCUMENTS

2,266,379  1/1941 Floyd .
3,319,314 5/1967 Caubet .

4,371,220  2/1983 Brucher .......cccccevevevvnvnrevennnee. 384/371
4,952,328  8/1990 Davis et al. ....coevvevnnenneenn, 252/32.7 E
4,981,602 1/1991 Ripple et al. .......ccceeeueeeeee. 252/32.7 E

FOREIGN PATENT DOCUMENTS

1216 6/1952 Germany .
1056880 10/1959 Germany .

OTHER PUBLICATTONS

“Iwanami’s Dictionary of Physicochemistry”, 4th Edition, p.
1276. (no date).

H. Detter, “Operating Behavior, Characteristics and Calcu-
lations for Sintered Bearings for Precision Mechanical
Applications”, VDI-Z, vol. 116, No. 4, Mar. 1974, pp.
305-310.

D. Netuschil, “Synthetische Schmierstoffe fur Sintermet-
all-Gleitlager”, Maschinemarket, vol. 82, No. 34, 1976, pp.
608—611.

R. Kuhnel et al, “Werkstoile fur Gleitlager”, Springer—Ver-
lag, Berlin/Gottingent/Heidelberg, DE, pp. 323-326,
345-348. (No date).

Primary Fxaminer—_enard A. Footland
Attorney, Agent, or Firm—ZBeall Law Offices

57 ABSTRACT

The improved slide bearing assembly comprises at least a
shaft and a bush that 1s formed of a porous 1ron-base sintered
material and 1s characterized in that the bush 1s impregnated
with a lubricant o1l having a viscosity of 240-1500 cSt. The
bearing assembly can be operated 1n slow- and high-pressure
applications without o1l refillings for a prolonged period of
at least several years. The shaft 1s preferably formed of an
iron or a steel member that have been subjected to a
treatment of surface modification. The slide bearing assem-
bly 1s preferably used i such an environment that the
working pressure applied to the sliding surfaces 1s at least
6.0 kef/mm~ and that the sliding speed is in the range 2-5
cm/sec.

40 Claims, 9 Drawing Sheets
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1
SLIDE BEARING ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This mvention relates to a slide bearing assembly and,
more particularly, to a slide bearing assembly that can be
operated 1n slow- and high-pressure applications without o1l
refillings for a prolonged period.

To operate the drive mechanism of excavators such as
construction machines, the respective parts of the mecha-
nism are coupled together in a rotatable or swingable
manner so that they can be driven with a cylinder and other
actuators. Take, for example, a hydraulic shovel having a
bucket coupled to the arm at the distal end. To perform
excavation with the bucket, the bucket cylinder 1s recipro-
cated so that the bucket rotates or swings about the point
where 1t 1s coupled to the arm. To this end, the bucket 1s
coupled to the arm by means of a slid- bearing assembly
comprising a shaft and a bush.

FIG. 14 1s a cross-sectional view of a prior art slide
bearing assembly. As shown, a boss 1 has a bush 2 fitted
theremn. A dust seal 3 1s pressed against both ends of the bush
2. A bracket 6 1s provided at both ends of the boss 1 and a
shim 5 1s inserted 1n the gap between the boss 1 and each
bracket 6. An O-ring 4 1s fitted around each of the gaps. A
shaft 7 1s inserted through the bracket 6 at one end, the bush
2 and the bracket 6 at the other end. The shatt 7 1s prevented
from rotating by means of an engagement bolt 8 passing
through the shaft 7 and the bracket 6 at one end. A grease
feed hole 30 1s formed that runs from the other end of the
shaft 7 to the middle of the bush 2. A stopper 32 1s treaded

into one end of the feed hole 30, which is filled with grease
34.

During excavation, a slow but extremely large pressure 1s
applied to the surfaces of the slide bearing assembly. Under
the circumstances, the sliding surfaces must be amply sup-
plied with a thick lubricant such as grease 1 order to prevent
the occurrence of sticking, galling, uneven wear and other
froubles 1n early periods. To this end, frequent grease
refillings are necessary but the refilling operation i1s not
always easy to perform.

Another problem with grease refilling 1s that the old
orease which has turned liquid must be discharged out of the
bearing before it 1s refilled with new grease. Such discharge
and refilling operations are usually performed at excavation
sites. The discharged liquid grease 1s disposed of by being
scattered over the surface of the soil at the site but this can
cause a pollution problem. With the recent concern over
environmental protection, it 1s particularly desired to refrain
from discarding or scattering the liquid grease over the soil
surface during the preparation of housing sites and garden-
Ing operations 1n urban areas.

With a view to maintaining lubricity on the shding
surfaces for a prolonged period without refilling grease and
other lubricants, various methods have been developed, as
exemplified by embedding a solid lubricant in the sliding
surface of a bush (see FIG. 15, in which the bush 2 has
graphite particles 36 embedded in the sliding surface). Other
methods include forming the bush of self-lubricating plastics
or using unconventional means such as a magnetic bearing
and a pneumatic bearing. However, magnetic and pneumatic
bearings are not suitable for use in high-load applications.
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Bearings that use solid lubricants (e.g. graphite) or self-
lubricating materials (e.g. plastics) also have their own
limitations. In the former case, the touch between base metal
parts makes the occurrence of microscopic “galling”
unavoidable. In the latter case, the insufficient strength and
hardness of self-lubricating materials may occasionally
result in a sudden occurrence of abnormal wear or defor-
mation (creep).

SUMMARY OF THE INVENTION

An object therefore, of the present invention 1s to provide
a slide bearing assembly that can be operated 1n slow- and
high-pressure applications without o1l refillings for a pro-
longed period of at least several years.

This object of the invention can be attained by a slide
bearing assembly comprising at least a shaft and a bush that
1s formed of a porous 1ron-base sintered material, charac-

terized in that the bush 1s impregnated with a lubricant o1l
having a viscosity 1n the range from 240 to 1500 cSt.

The shaft 1s preferably formed of an 1ron or a steel
member that have been subjected to a treatment of surface
modification.

The slide bearing assembly of the invention 1s preferably
used 1n such an environment that the working pressure
applied to the sliding surfaces is at least 6.0 kgf/mm* and
that the sliding speed 1s 1 the range from 2 to 5 cm/sec.

The shide bearing assembly of the invention has a high-
viscosity lubricant o1l impregnated 1n a porous bush and,
hence, can be operated continuously for a prolonged period,
say, for at least 5 years without o1l refillings even 1n a slow-
and high-pressure working environment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing schematically an
example of the slide bearing assembly of the 1nvention;

FIG. 2 1s a cross-sectional view showing enlarged a part
of the sliding mterface between the shaft and the bush 1n the
slide bearing assembly shown 1n FIG. 1;

FIG. 3 1s a graph showing characteristic curves for the
relationship between pressure and frictional coefficient, tak-
ing as a parameter the viscosity of the lubricant o1l to be
impregnated 1n the bush of the slide bearing assembly of the
mvention;

FIG. 4 1s a graph comparing the tribological characteristic
of a prior art grease-fed slide bearing assembly and that of
the slide bearing assembly of the 1nvention which 1s impreg-
nated with a high-viscosity lubricant oil;

FIG. 5 15 a graph showing how much the bush of the slide
bearing assembly of the invention wore when 1t was sub-
jected to continuous swinging motions for 800 hours:

FIG. 6 1s a graph showing how much the shaft of the slide
bearing assembly of the invention wore when it was sub-
jected to continuous swinging motions for 800 hours;

FIG. 7a 1s an 1r spectroscopic chart for a fresh virgin
lubricant o1l;

FIG. 7b 1s an 1r spectroscopic chart for the black viscous
lubricating substance that formed when the bush impreg-
nated with said lubricant o1l and the shaft were caused to

slide for 100 hours;

FIG. 8 1s a chart constructed by X-ray 1dentification and
analysis of a dried powder of the solid master that was
separated from the oily content of the black viscous lubri-
cating substance;

FIG. 9a 1s a waveform chart showing the result of
measurement with a probe-type roughness meter of the
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sliding surface profile of shaft 10 that was disconnected
from the slide bearing assembly after the formation of the
black viscous lubricating substance was verified;

FIG. 9b 1s a waveform chart showing the sliding surface
profile of bush 9 that was disconnected from the assembly;

FIG. 10 1s a graph showing characteristic curves for the
relationship among frictional coefficient, temperature and
sliding time that demonstrate the effect of the combined use
of a high-viscosity lubricant o1l and grease i the shide
bearing assembly of the invention;

FIG. 11 is a cross-sectional view showing schematically
part of another example of the slide bearing assembly of the
mvention;

FIG. 12 1s a cross-sectional view showing schematically
part of yet another example of the slide bearing assembly of

the 1nvention;

FIG. 13 1s a cross-sectional view showing schematically
part of still another example of the slide bearing assembly of
the 1nvention;

FIG. 14 1s a cross-sectional view showing a prior art
orecase-fed slide bearing assembly; and

FIG. 15 1s a perspective view showing schematically, with
part taken away and partially 1 section, a prior art bush
having the particles of a solid lubricant embedded 1n 1ts 1nner
surface.

THE PREFERRED EMBODIMENTS OF THE
INVENTION

The slide bearing assembly of the 1invention 1s described
below specifically with particular reference to drawings.

FIG. 1 shows 1n cross section an example of the slide
bearing assembly of the mvention. It has basically the same
construction as the prior art version illustrated in FIG. 14
and, hence, the following description uses the same refer-
ence numerals to explain the same parts or members as those
shown 1n FIG. 14. The slide bearing assembly shown 1n FIG.
1 also has a bush 9 fitted in the boss 1. A bracket 6 1s
provided at both ends of the boss 1 and a shim 5 1s mserted
in the gap between the boss 1 and each bracket 6. An O-ring
4 1s fitted around each of the gaps. A shaft 10 1s inserted
through the bracket 6 at one end, the bush 2 and the bracket
6 at the other end. The sheaf 10 1s prevented from rotating
by means of an engagement bolt 8 passing through the shaft
10 and the bracket 6 at one end.

The bush 9 1n the slide bearing assembly of the invention
1s made of a porous composite sintered alloy that 1s typically
formed from a copper and an iron powder. Porous bushes
made of other materials may also be used. The bush has
preferably a porosity of about 5-30%. If the porosity 1s less
than 5%, the impregnation of the bush with the high-
viscosity lubricant o1l 1s so small that there 1s the likelihood
that 1t cannot be used as a component of a bearing assembly
that needs no o1l refillings. If the porosity 1s higher than
30%, the mechanical strength of the bush becomes too small
to prevent 1ts breakage during service. The pores 1n the bush
preferably communicate with one another.

In accordance with the invention, the porous bush
described above 1s impregnated with a high-viscosity lubri-
cant o1l having a viscosity in the range from 240 to 1500 cSt.
Below 240 ¢St, the fluidity of the lubricant o1l 1s so high that
it becomes ditficult to retain the oil within the pores 1n the
bush and unwanted troubles such as “galling” may occur
during service, thus rendering 1t impossible to use the
bearing assembly for a prolonged period without o1l refill-
ings. Beyond 1500 ¢St the lubricant o1l exuding over the
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sliding surfaces due to frictional heat will not readily return
to the porous imterior and the desired slhiding characteristic
cannot be maintained consistently over a prolonged period.

The lubricant o1l to be 1mpregnated in the porous bush 1s
not limited to a particular formulation msofar as its viscosity
1s within the range specified above. Mineral oils, synthetic
oils and all other commercial lube o1l formulations can be
used 1n the invention. It should, however, be noted that
orease 1S not suitable for impregnation 1n the bush since 1t
contains fibers. The lubricant o1l to be used 1n the invention
may contain the fine particles (=500 um) of solid lubricants
such as MoS,, WS, hexagonal BN, and graphite. These fine
particulate solid lubricants are particularly effective in the
case where the slide bearing assembly of the invention is
used 1n cold climates.

When impregnating the porous bush with the high-
viscosity lubricant oil, the latter may be heated to make 1t
less viscous and the bush 1s 1immersed in the resulting
liquefied o1l and left to stand in a vacuum atmosphere. As a
result, air 1s sucked out of the pores 1n the bush, which in
turn are filled with the liquid oil. If the bush thusly impreg-
nated 1s recovered 1nto the air atmosphere and left to cool to
room temperature, the liquid o1l 1n the pores 1n the bush loses
fluidity and returns to the initial highly viscous state. Thus,
the high-viscosity lubricant o1l can be retained within the
pores 1n the bush. The temperature at which the high-
viscosity lubricant o1l 1s to be heated 1s not limited to any
particular value and 1s variable with the specific viscosity of
the lubricant oil. Hence, the lubricant o1l may be heated until
it turns liquid. This 1s an easy work to carry out for a person
skilled 1n the art. The time for which the bush 1s immersed
in the liquefied lubricant o1l and the degree of vacuum in
which it 1s to be placed are not particularly limited, either,
since they also depend on the viscosity of the lubricant o1l
to be used. What 1s important 1s that the bush should be
immersed 1n the liquefied lubricant until the pores in the
bush are saturated with the oil. Consider, for [examples]
example, the case where a lubricant o1l having a viscosity of
460 ¢St is heated to 60°-80° C. and the bush is immersed in
the heated oil at a reduced pressure of 2x10™> mm Hg; the
pores 1n the bush will be saturated with the lubricant o1l 1n
about one hour.

The shaft 10 1s made of an iron or steel material. The 1ron
or steel shaft 10 1s preferably carburized, nitrided and rt
quenched, followed by modification of its outer surface by
suitable methods including the formation of a conversion
coating of zinc phosphate, manganese phosphate or the like,
and sulfurizing. Although the exact reason 1s not clear, the
thus modified surface of the shaft 1s improved 1n “wetting”
with the high-viscosity lubricant o1l impregnated 1n the bush
and this results 1n corresponding improvements in the lubri-
cating effect of the lubricant o1l and tribological character-
istics of the bearing assembly. The sliding surface of the
bush 9 1s also preferably modified by suitable methods
including carburization, nitriding and sulfurizing. For
example, a carburization hardened layer formed 1n a thick-
ness of 1-3 mm, preferably about 2 mm, on the sliding
surface of the bush 9 will contribute to a higher wear
resistance of the bush.

The boss 1 can be tightly fitted over the bush 9 by any of
the methods such as shrink fit that are well known to a
skilled person 1n the art.

FIG. 2 15 a cross-sectional view showing schematically

enlarged a part of the interface between the bush 9 and the
shaft 10. As shown, the high-viscosity lubricant oil 16
impregnated 1n the pores 14 1n the porous bush 9 will exude
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over the inner periphery of the bush 9 to form a thin o1l film
18, which provides a sliding interface between the bush 9
and the shaft 10 and exhibits a sufficient lubricating effect to
assure desired tribological characteristics. The high-
viscosity lubricant oil impregnated in the pores in the bush
has such a slow degree of flowability that 1t will not escape
from the bush even if the latter repeats sliding movements
relative to the shaft. As a result, the lubricant o1l film 18 will
be kept supplied consistently over an extremely long period.
Thus, the slide bearing assembly of the invention can be
positively operated for an extended period of time without
any refilling of the lubricant oil. In the prior art, “galling™
occurs between the shatt 10 and the bush 9 which are driven
to slide against each other under a [low] slow but high load
and this 1s caused by the microscopic metal touch between
the two members. However, 1n the present mvention in
which the bush 9 1s impregnated with the lubricant oil
having a viscosity between 240 and 1500 cSt, the micro-
scopic “oil reservoir (oil film 18)” contributes to the total
absence of damage due to galling and other troubles.

Turning back to FIG. 1, the amount of the high-viscosity
lubricant o1l impregnated in the bush 9 will occasionally
exceed the supply that 1s necessary and sufficient to form the
oil film 18 (see FIG. 2) and the excess amount may exude
over the sliding interface between the shaft 10 and the bush
9. The primary reason for this exudation would be that the
frictional heat from the sliding of the shaft 10 against the
bush 9 causes the lubricant o1l to expand with a certain drop
in viscosity. If the exuding liquefied lubricant o1l leaks out
of the bearing assembly, not only the tribological character-
1stics as observed between the shaft 10 and the bush 9 will
deteriorate but also an undesired environmental pollution
will occur as 1 the conventional case of using grease. To
prevent this problem, the slide bearing assembly of the
invention has an oil shield 12 provided at both ends of the
bush 9 and dust seals 3 are pressed between the shaft 10 and
the boss 1 1n such a way that they urge the o1l shields 12
against the ends of the bush 9. Thee o1l shields 12 are
preferably formed of a soft, elastic and o1l-absorbing mate-
rial. Exemplary materials that have these properties include
nonwoven fabrics, woven fabrics, porous elastic plastics,
sponge, asbestos and felts. Felts are preferred from the
viewpoints of cost, durability and o1l absorption. The lig-
uefied lubricant o1l exuding out of the bush 9 and moving in
the longitudinal direction will contact the felt-made oil
shield 12 at either end of the bush 9 and 1s absorbed by the
felt, thereby isuring that the liquefied lubricant oil 1is
clfectively prevented from leaking out of the bearing assem-
bly.

FIG. 3 1s a characteristic diagram showing the relation-
ship between pressure and frictional coefficient, with the
viscosity of lubricant oil in the bush being taken as a
parameter. To construct this diagram, three carburized and
quenched bushes were fabricated of a porous (15%) com-
posite sintered alloy from a copper and an 1ron powder and
then 1mpregnated with lubricant oils having different
viscosities, 230 ¢St (IDEMITSU DAPHNE SUPER GEAR
230 commercially available from Idemitsu Petro-Chemical
Co., Ltd.), 360 ¢St IDEMITSU DAPHNE SUPER GEAR
360 of Idemitsu Petro-chemical Co., Ltd.) and 460 cSt
(IDEMITSU DAPHNE SUPER GEAR 460 of Idemitsu
Petro-Chemical Co., Ltd.), by the method already described
hereinabove. Using the bushes, slide bearing assemblies of
the design shown 1n FIG. 1 were constructed. Various values
of pressure were applied to the sliding surfaces of those
bearing assemblies and galling resistance measurements
were conducted with each assembly being allowed to swing,

10

15

20

25

30

35

40

45

50

55

60

65

6

through an angle of 120 degrees. As 1s clear from the data
shown 1n FIG. 3, the assembly using the bush impregnated
with the lubricant oil of the lowest viscosity experienced
galling at a pressure of about 5 kegf/mm?, on the other hand,
the assemblies using the bushes impregnated with the lubri-
cant oils having viscosities of 360 ¢St and 460 ¢St according
to the invention did not show the slightest [sigh] sign of

galling at pressures of 10 kgf/mm= and above.

FIG. 4 1s a diagram comparing the tribological character-
1stic of a prior art grease-fed slide bearing assembly and that
of the slide bearing assembly of the invention which 1is
impregnated with a high-viscosity lubricant oil. The design
of the prior art grease-fed slide bearing assembly was as
shown in FIG. 14. The shaft 7 was made of a steel (rf

quenched S45C) and so was the bush 2. The grease was
DAPHNE COLONEX EP No. 2 commercially available
from Idemitsu Kosan Co., Ltd. The design of the mnvention
slide bearing assembly impregnated with a high-viscosity
lubricant o1l was as shown 1n FIG. 1. The shaft 10 was made
of a steel (rf quenched S45C) and the bush 9 was made of
a carburized and quenched porous (15%) composite sintered

alloy (Fe/Cu). This bush was impregnated with a lubricant
oil having a viscosity of 460 cSt (IDEMITSU DAPHNE

SUPER GEAR 460 of Idemitsu Petro-chemical Co., Ltd.).
As 15 clear from the data shown in FIG. 4, the prior art
orease-fed slide bearing assembly already showed a sign of
galling at a pressure greater than 5 kgf/m~; on the other hand,
the bearing assembly of the invention did not show the
slightest s1ign of galling even when the pressure exceeded 10
kef/mm?~.

FIGS. 5 and 6 are characteristic diagrams showing the
amounts of wear that occurred 1n the bush and the shaft,
respectively, of the slide bearing assembly of the imnvention
when 1t was subjected to continuous swinging motions for
800 hours. The bearing assembly had the basic construction
shown in FIG. 1. The shaft 10 was made of a steel (rf
quenched S45C) and the bush 9 was made of a carburized
and quenched porous (15%) composite sintered alloy (Fe/
Cu). This bush was impregnated with a lubricant oil having

a viscosity of 460 cSt (IDEMITSU DAPHNE SUPER
GEAR 460 of Idemitsu Petro-Chemical Co., Ltd.). The
testing conditions were as follows: pressure, 8 kef/mm?;
swing angle, 120 degrees; load direction, constant; periph-
eral speed, 12 rpm. The results of measurements are shown
in FIG. 5 for four swinging directions, X1, X2, Y1 and Y2.
As 1s clear from FIG. 5, the bush was substantially free of
uneven wear even after the lapse of 800 hours and the result
was Independent of the swinging direction. Similarly, the
shaft was substantially free of uneven wear even after the
lapse of 800 hours and the result was also independent of the
swinging direction (see FIG. 6). The amount of wear that
occurred 1n the bush and the shaft was also very small and
did not exceed about 0.4 mm. These results demonstrate that
the slide beating assembly which used the sintered bush
impregnated with the high-viscosity lubricant o1l according
to the mvention did not experience any galling during the
continuous 800-h operation even at a pressure as high as 8
kef/mm?=.

The present inventors found that when the slide bearing
assembly of the invention was subjected to sliding motions
for a specified time (say, about 50 hours) after assembling,
there was produced a black viscous lubricating substance
other than the lubricant o1l impregnated in the bush. This
black viscous lubricating substance 1s assumed to be the
product of the mechanochemical reaction caused by the
sliding of the shaft against the bush. The mixture of the
lubricant o1l impregnated in the bush and the subsequently
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formed black viscous lubricating substance would contrib-
ute to the realization of prolonged sliding operations without
o1l refillings. The term “mechanochemistry” means the
changes such as those in structure, phase transfer, reactivity,
adsorptivity and catalytic activity that are caused by apply-
ing mechanical energies, e.g. milling, friction, drawing and
compression, to solid substances (see Iwanami’s Dictionary
of Physicochemistry, 4th Ed., p. 1276).

FIGS. 7 and 8 are ir spectroscopic charts showing the

results of compositional analysis of the black viscous lubri-
cating substance. FIG. 7a refers to IDEMITSU DAPHNE

SUPER GEAR 460 impregnated fresh and virgin in the bush
9; and FIG. 7b refers to the black viscous lubricating
substance which was produced when the bush impregnated
with that lubricant o1l and the shaft were allowed to slide for
100 hours. As 1s clear from FIG. 7b, the black viscous
lubricating substance showed noticeable additional absorp-
tion bands at wavelengths of 1720 cm™" and 1660 ¢cm™ in
the ir range. The absorption at 1720 cm™" could be assigned
to a carbonyl group (ester) and the absorption at 1660 ¢cm™
to a carbon-carbon double bond (olefin). These results
verifled that a chemical change occurred in the lubricant o1l
impregnated 1n the bush.

FIG. 8 1s a chart constructed by X-ray identification and
analysis of a dried powder of the solid matter that was
separated from the oily content of the black viscous lubri-
cating substance. Obviously, the solid matter was chielly
composed of S10,, Fe,0,, C, graphite and a-Fe,O;. Com-
bining this result with the data shown 1n FIG. 7, one can
verily that a mechanochemical reaction occurred in the part
of sliding of the shaft 10 against the bush 9.

FIG. 9 1s a set of waveform charts showing the results of
measurements with a probe-type roughness meter of the
sliding surface profiles of shaft 10 and bush 9 that were
disconnected from the slide bearing assembly after the
formation of the black viscous lubricating substance was
verifled. FIG. 9a refers to the surface roughness of the shaft
10. As 1s clear from this figure, the sliding interface between
the shaft 10 and the bush 9 was improved to a specular state
with a surface roughness of 1 um or less compared to the
value 10-12 um which was observed before driving the
assembly. On the other hand, the area of contact with the
shaft 10 and the dust seal 3 which would not slide against the
bush, as well as the rf quenched portion of the shaft 10
remained as rough as in the initial case (before driving the
assembly). FIG. 9b refers to the surface roughness of the
bush 9, showing that the enfire sliding surface of the bush 9
was obviously improved to a specular state with a surface
roughness of 1 um or less. “Galling” which would otherwise
occur frequently between the shaft 10 and the bush 9 was
totally absent.

In principle, there 1s no need to use grease with the slide
bearing assembly of the invention. However, the lubricant
o1l impregnated 1n the bush 1s yet to exude over the sliding
surfaces just after the start of use of the bearing assembly
and, hence, “galling” may develop 1f high pressure 1s exerted
on the unlubricated sliding surfaces of the shaft and the
bush. To prevent the occurrence of this “mitial galling”,
orease 1s preferably applied to the surfaces of either the shaft
or the bush or both before they are assembled. Preferably,
orease 1s applled to the surfaces of the shaft 1n an amount of
0.001-0.1 g/cm?, more preferably 0.005-0.015 g/cm”, most
preferably 0.01 g/cm®. The preassembly application of
grease 1s elfective not only 1n preventing the occurrence of
“mitial galling” but also i1n facilitating the subsequent
assembling of the shaft and the bush. If grease 1s applied 1n
an amount less than 0.001 g/cm?, it is incapable of prevent-
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ing the occurrence of “initial galling”. If grease 1s applied 1n
an amount greater than 0.1 g/cm?, not only does it interfere
with the assembling operation but it will be liquefied after
the shaft starts to slide against the bush and may potentially
leak out of the bearing assembly. If grease 1s applied in the
optimal amount 0.01 g/cm?, it will form a film about 0.1 mm
thick between the shaft and the bush, providing the most
clfective 1 preventing the occurrence of “initial galling”

while 1 msurmg that the bearing assembly can be constructed

In a VCIy € Ticient manner.

In certain machines, the slide bearing assembly 1s subject
to the application of pressures of 8 kgf/mm~ [of] or more to
local surface areas on account of “uneven touch” under
eccentric loads during the driving of the assembly. With such
machines, the completed bearing assembly may be driven to
perform sliding motions for a period of 50-200 hours,
preferably 75—150 hours, more preferably 100—130 hours, so
that the shaft and the bush are “broken 1n” and, thereafter,
orease 1s supplied over the sliding surfaces of the shaft and
the bush in an amount of 0.001-0.1 g/cm”, preferably
0.005-0.015 g/cm®, more preferably 0.01 g/cm?. If the time
of post-completion sliding 1s shorter than 50 hours, the shaft
and the bush will not be sufficiently “broken 1n” so that the
combined use of grease may occasionally fail to exhibit its
intended effect. If the time of post-completion sliding is
longer than 200 hours, “uneven touch™ 1s prone to occur and
the chance of “galling” will increase. Hence, grease 1is
preferably supplied before such “galling” occurs. If the time
of post-completion sliding 1s between 100 and 130 hours, the
shaft and the bush are satisfactorily “broken 1n” and, 1n
addition, the presence of both the high-viscosity lubricant oil
in the bush and the product of mechanochemical reaction
will substantially eliminate the chance of the occurrence of
“oalling” due to “uneven touch”. Therefore, if grease 1s to be
supplied, it 1s best 1njected when 100-130 hours have passed
since the start of post-completion sliding. If grease 1is
injected in the amount less than 0.001 g/cm?, it is incapable
of preventing the occurrence of “galling” due to “uneven
touch”. If grease 1s injected 1n an amount greater than 0.01
g/cm”, part of the liquefied grease may sometimes leak out
of the bearing assembly. If grease 1s injected in the optimal
amount 0.01 g/cm?, the liquefied grease will stay over the
sliding surfaces of the shaft and the bush with minimum
chance of leakage out of the bearing assembly and yet most
satisfactory prevention of “galling” 1s accomplished.

FIG. 10 1s a characteristic diagram showing the relation-
ship among frictional coeflicient, temperature and sliding
time that demonstrates the effect of 1njecting grease after the
post-completion sliding of the bearing assembly. The data
shown 1n FIG. 10 were attained with a bench rest apparatus
simulating an actual machine and that was operated under
the following conditions: pressure, 8 ke/mm?; swing angle,
120°; load direction, constant; peripheral speed, 12 rpm. For
temperature measurements, a thermocouple (alumel/
chromel wires) was spot welded to the porous bush and the
frictional heat developing between the shaft and the porous
bush was measured in terms of the thermoelectromotive
force. For frictional coeflicient measurements, the torque
developing between the porous bush and the shaft was
measured with a non-contacting torque meter (Kyowa Elec-
tronic Instruments Co., Ltd.) and the corresponding fric-
tional coeflicient was determined by the equation u=T/N-r,
where u 1s the frictional coefficient. T is the torque produced,
N 1s the vertically applied load, and r is the radius of the
shaft. Referring to the frictional coe Ticient curve 1n FIG. 10,
portion (1) corresponds to the effect achieved by the grease
as applied in an amount of 0.01 g/cm” prior to assembling
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and, obviously, the frictional coeificient dropped to 0.03;
portion (2) corresponds to the state where the post-
completion sliding caused most of the preliminarily applied

' the shaft

orease to be exhausted from the sliding surfaces of
and the bush (i.e., the initial state of the process in which the
shaft and the bush were “broken in”) and, obviously, the
frictional coefficient rose to a value between 0.10 and 0.13;
dashed line (3) shows that the frictional coefficient dropped
sharply down to 0.03 as soon as grease was supplied 1n an
amount of 0.01 g/cm* over the sliding surfaces of the shaft
and the bush when 125 hours passed after the start of the
post-completion sliding; and portion (4) is a stable range
over which the {frictional coefficient was maintained at
values of no more than 0.02. Such low values of frictional
coellicient were maintained i1nvariably even after the pas-
sage of 1000 hours. One can also understand from FIG. 10
that the temperature profile was i1dentical to the above-
discussed profile of frictional coeflicient Grease will dete-
riorate with 1ncreasing temperature but as can be seen from
FIG. 10, temperature 1s maintained at a substantially con-
stant level 1n the slide bearing assembly of the mnvention and,
hence, the deterioration of grease 1s negligible. This enables
the extension of grease 1njection mtervals to 1000 hours or
longer. It should, however, be noted that this advantageous
ciiect of injecting grease after the post-completion sliding 1s
synergism with the impregnation of the high-viscosity lubri-
cant o1l 1in the bush and 1n the absence of the high-viscosity
lubricant o1l from the bush, grease must be refilled at 100-h
intervals.

The slide bearing assembly of the invention 1s, in
principle, to be used without refilling of lubricant oils or
orcase but, as mentioned a few paragraphs ago, certain
machines justify the feeding of grease 1n combination with
the high-viscosity lubricant oil. In this case, the bearing
assembly 10 shown 1n FIG. 1 may be provided with a grease
feed hole as indicated by [32] 30 in FIG. 14 which shows a

prior art slide bearing assembly.

FIG. 11 1s a partial cross-sectional view showing another
example of the slide bearding assembly of the invention. As
shown, the bush 9 1s provided with a crown 20 at both ends
and this 1s for assuring higher reliability in strength 1n
anticipation of uneven touch between the shaft 10 and the
bush 9 which will typically occur on account of their
clearance or deformation of the shaft.

FIG. 12 1s a partial cross-sectional view showing yet
another example of the shide bearing assembly of the mven-
tion. If soil, sand, etc. enter the bearing assembly via the
O-rings 4 [an example of such intrusion is SiO, having a
Vickers hardness (Hv) of about 1000], they will exhibit their
wearing action to cause wear and other damage to the boss
1 and the brackets 6. In order to avoid this problem, the
assembly shown 1n FIG. 12 1s equipped with wear-resisting
plates 22 that have a hardness comparable to or higher than
that of the soil, sand, etc. These wear-resisting plates 22 are
cilective not only in improving the tribological characteris-
tics of the bearing assembly and the strength of the bearing
per se but also 1 preventing the occurrence of rattling.

FIG. 13 1s a partial cross-sectional view showing a further
example of the slide bearing assembly of the invention. As
shown, a high-strength bush 24 made of an iron or a steel
(e.g. S45C quenched steel) is interposed between the bush 9
(made of a porous composite sintered alloy) and the boss 1
with a view to compensating for the msuiliciency of strength
in both end portions of the bush 9. The additional bush 24
enables the slide bearing assembly of the invention to be
used with the application of even higher pressures to the
sliding surfaces of the assembly.
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The slide bearing assembly of the invention 1s particularly
suitable for use under such conditions that the pressure
applied to the sliding surfaces is at least 6 kgf/mm~ whereas
the PV value is at least 1.0 kgf-m/mm?®. Stated more
specifically, the slide bearing assembly of the invention is
particularly adapted for use 1n slow- and high-pressure
applications as exemplified by a bearing in the front part of
an excavator, a bearing 1 the arm of a crane, a bearing 1n a
roller gate on the sluice of a dam, a bearing 1n a vertically
slidable cam on a press mold, a bearing for water wheel
cuide vanes 1n hydroelectrlc power generation and a bearing
for an unloader pin on a marine crane.

Porous oil-filled bearings per se are known to be capable
of use without o1l refillings and they include, for example,
oil-filled bearings made from cast copper alloys and those
made from sintered powders. The conventional porous o1l-
filled bearings use lubricant oils of comparatively low
viscosities and, under the application of high pressures to the
sliding surfaces of the shaft and the bush, the viscosity of the
lubricant o1l will decrease further on account of the frictional
heat from the sliding of the shaft against the bush. This fact,
combined with the sliding motions of the shaft against the
bush, will cause a substantial amount of the lubricant o1l to
be exhausted from both the bush and the sliding surfaces in
the early stage of operation. With the resulting great loss of
the lubricant oil, the interval between oil refillings may be
increased to some extent but 1t certainly 1s 1impossible to
drive the bearing for a prolonged period of at least several
years without any o1l refillings. Further, the conventional
porous oil-filled bearings have been operated with PV values
less than 1 kef-m/mm*-s; however, with the recent models of
excavators which feature higher efficiencies and greater
output powers, it 1s strongly desired that their front parts be
operated with PV values of 1 kg'm/mm*s and more while
exhibiting frictional coefficiencies (¢) of no more than 0.15.
However, none of the conventional porous bearings which
are 1mpregnated with low-viscosity lubricant oils are
capable of providing slide bearing assemblies that satisly
these requirements and which yet can be used for a pro-
longed period without any o1l refillings.

In contrast, the present invention offers a slhide bearing
assembly that is suitable for use in high-pressure (=96
kgf/mm~) environments and which yet can be subjected to
sliding motions for a prolonged period of at least several,
say, five years without any oil refillings.

What 1s claimed 1s:

1. In a slide bearing assembly comprising at least a shaft
and a bush that 1s formed of a porous 1ron-base sintered
material, the improvement wherein said bush 1s impregnated
with a lubricant oil having a viscosity in the range from [240
to 1500] 260 to 950 cSt.

2. A slide bearing assembly according to claim 1 wherein
said shaft 1s made of an 1ron or a steel that have been
carburized, rf quenched and nitrided, followed by the for-
mation of a conversion coating or sulfurizing to modify the
surface thereof.

3. A slide bearing assembly according to claim, 1 wherein
sald bush 1s made of a composite sintered alloy of an 1ron
and a copper powder having a porosity of 5-30%, wherein
the pores in said bush communicate with one another, and
wherein said bush has 1ts surface modified by carburization,
nitriding or sulfonitriding.

4. A slide bearing assembly according to claim 1 which 1s
to be used with a pressure of at least 6 kef/mm~ being
applied to the sliding surfaces.

5. A slide bearing assembly according to claim 4 which 1s
to be used with a pressure of at least 6 kef/mm~ being
applied to the sliding surfaces and at a sliding speed of 2-5
cm/sec.
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6. A slide beating assembly according to claim 1 wherein
said lubricant o1l contains the particles of at least one solid
lubricant selected from among MoS,, WS,, hexagonal BN
and graphite, said particles having sizes of no more than 500
um.
7. A slide bearing assembly according to claim 1 wherein
an o1l shield member 1s provided in contact with either end
of said bush.

8. A slide bearing assembly according to claim 7 wherein
sald o1l shield member 1s formed of a soft, elastic and
oil-absorbing material.

9. A slide bearing assembly according to claim 8 wherein
said o1l shield member 1s formed of a nonwoven fabric, a
woven fabric, a porous elastic plastic material, sponge,
asbestos or a felt.

10. A slide bearing assembly according to claim 1 wherein
said bush 1s provided with crown portions.

11. A slide bearing assembly according to claim 1 which
has a bracket positioned at either end of a boss having the
bush provided 1n contact with the inner periphery thereof
and wherein a very hard wear-resistant plate i1s provided
between the sliding surfaces of said boss and each of said
brackets.

12. A slide bearing assembly according to claim 1 which
has a boss and two concentric bushes within said boss, one
of which 1s a high-strength bush that 1s provided radially
outward and positioned 1n contact with the inner periphery
of said boss while the other 1s a porous composite sintered
alloy bush that 1s provided radially inward of said high-
strength bush.

13. A slide bearing assembly according to claim 1 which
has the product of mechanochemical reaction at the sliding
surfaces of said shaft and said bush, said reaction product
having been formed as a result of sliding of said shaft against
said bush.

14. A slide bearing assembly according to claim 1 which
is to be used with a pressure of at least 8 kef/mm” being
applied to the sliding surfaces, wherein either the shaft or the
bush is coated with grease in an amount of 0.001-0.1 g/cm”,
the shaft 1s then inserted into the bush for assembling,
followed by sliding the shaft against the bush for a period of
50-200 hours and wherein grease 1s subsequently supplied

over the sliding surfaces of the shaft and the bush 1n an
amount of 0.001-0.01 g/cm”.

15. A slide bearing assembly according to claim 14 which
is to be used with a pressure of at least 8 kef/mm” being
applied to the sliding surfaces, wherein either the shaft or the
bush 1s coated with grease 1 an amount of 0.005-0.015
g/cm?, the shaft is then inserted into the bush for assembling,
followed by sliding the shaft against the bush for a period of
75—150 hours and wherein grease 1s subsequently supplied
over the sliding surfaces of the shaft and the bush 1n an is
amount of 0.005-0.015 g/cm”.

16. A slide bearing assembly according to claim 15 which
is to be used with a pressure of at least 8 kef/mm” being
applied to the shiding surfaces, wherein either the shaft or the
bush is coated with grease in an amount of 0.01 g/cm?, the
shaft 1s then 1nserted into the bush for assembling, followed
by sliding the shaft against the bush for a period of 100-130
hours and wherein grease 1s subsequently supplied over the
sliding surfaces of the shaft and the bush in an amount of
0.01 g/cm”.

17. A slide assembly according to claim 1 which 1s to be
used as a bearing assembly 1n the front part of an excavator.

18. A slide bearing assembly according to claim 1 which
1s to be used as a bearing assembly 1n the arm of a crane.

19. A slide bearing assembly according to claim 1 which
1s to be used as a bearing assembly in a roller gate on the
sluice of a dam.
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20. A slide bearing assembly according to claim 1 which
1s to be used as a bearing assembly 1n a vertically slidable
cam on a press mold.

21. A slide bearing assembly according to claim 1 which
1s to be used as a bearing assembly for water wheel guide
vanes 1n hydroelectric power generation.

22. A slide bearing assembly according to claim 1 which
1s to be used as a bearing assembly for an unloader pin on
a marine crane.

23. In a slide bearing comprising a bush for supporting a
shaft, said bush being formed of a porous tron-base sintered
material, the improvement wherein said bush is impregnated

with a lubricant oil having a viscosity in the range from 260
fo 950 cSt.

24. A slide bearing according to claim 23 wherein said
bush is made of a composite sintered alloy of an iron and a
copper powder having a porosity of 5—30%, wherein the
pores n said bush communicate with one another, and
wherein satd bush has its surface modified by carburization,
nitriding or sulfoniiriding.

25. A slide bearing according to claim 23 which is to be
used with a pressure of at least 6 kg/mm* being applied to
the sliding surfaces.

20. A slide bearing according to claim 25 which is to be
used with a pressure of at least 6 kgfimm” being applied ro
the sliding surfaces and at a sliding speed of 2—5 cm/sec.

27. A slide bearing according to claim 23 wherein said
lubricant oil contains the particles of at least one solid
lubricant selected from among Mos.,, WS, hexagonal BN
and graphite, said particles having sizes of no more than 500
HUm.

28. A slide bearing according to claim 23 wherein an oil
shield member 1s provided in contact with either end of said
bush.

29. A slide bearing according to claim 28 wherein said oil
shield member is formed of a soft, elastic and oil-absorbing
material.

30. A slide bearing according to claim 29 wherein said oil
shield member is formed of a nonwoven fabric, a woven
fabric, a porous elastic plastic material, sponge, asbestos or
a felr.

31. A slide bearing according to claim 23 wherein said
bush is provided with crown poritions.

32. A slide bearing according to claim 23 which has a
bracket positioned at either end of a boss having the bush
provided in contact with the inner periphery thereof and
wherein a very hard wear-resistant plate is provided
between the sliding surfaces of said boss and each of said
brackets.

33. A slide bearing according to claim 23 which has a
boss and two concentric bushes within said boss, one of
which is a high-strength bush that i1s provided radially
outwardly and positioned in contact with the inner periphery
of said boss while the other is a porous composite sintered
alloy bush that is provided radially inwardly of said high-
strength bush.

34. A slide bearing according to claim 23 which has the
product of a mechanochemical reaction at the sliding sur-
faces of said shaft and said bush, said reaction product
having been formed as a result of sliding of said shaft
against said bush.

35. A slide bearing according to claim 23 which is to be
used in a bearing assembly in the front part of an excavator.

36. A slide bearing according to claim 23 which is to be
used in a bearing assembly in the arm of a crane.

37. A slide bearing according to claim 23 which is to be
used in a bearing assembly in a roller gate on the sluice of
a dam.
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38. A slide bearing assembly according to claim 23 which 40. A slide bearing according to claim 23 which is to be
Is to be used in a bearing assembly in a vertically slidable used in a bearing assembly for an unloader pin on a marine
cam on a press mold. crane.

39. A slide bearing according to claim 23 which is to be
used in a bearing assembly for water wheel guide vanes in 5
hydroelectric power generation. I I
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