1 The invention relates to a bush for a heaV|Iy | oaded pivot or bearing

wor ki ng in an abrasive environment, according to the first part of daim 1.
Such a bush or- bearlng i's known fron1the docunent DE-A-25 45 922. In
various engineering sectors, a need exists for pivots or bearings which are
not demandi ng as regards rotation speedt or precision, but which are robust
and capabl e, notably, of offering: a) good resistance to wear, notably to
abrasive wear (for exanple in the presence of sludges or iron oxides); b) a
ood | oadi ng capacity, w thstandi ng dynam c Ioading and shocks; c¢) good
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roller mmmrxqgs which are not demanding as regards rotation speed or
precision, but which are robust and capable, notably, of
offering:

Y, a) good resistance to wear, notably to abrasive wear (for
example in the presence of sludges or iron oxides);

b) a good loading capacity, withstanding dynamic loading and
shocks;

¢) good friction characteristics (quiet operation, greasing
only at the time of assembly);

d) good corrosion resistance, for withstanding the presence of
water or salt spray.

The following can, for example, be cited:
In the field of civil engineering, pivots for mechanical
shovels, loaders, bearings for elevators, pivots for small

ends of piston pumps;

In the iron and steel sector, pivots for drag chains, mould
closures, bearings for hearth-furnace wheels;

In the agricultural machinery sector, machine bearings, pivots
for tractor front axles;

In the transport vehicle sector, pivots for suspension springs



':designed for high rotation speeds, are too expensive for uses of the types
just listed, since the expected | oadings would nmake it necessary to
oversi ze them and they would need to be housed in seal ed housings, in
order to withstand without damage the risks of abrasion and corrosion,

whi ch woul d i ncrease their cost. BeariBgs with relatively soft netal

| i ni ngs, such as bronze and white netal, do not w thstand abrasive

envi r onamdt braklel liokagiegh | oadi ng pressures. Surface-hardened steels
provide a nore satisfactory solution for the production of bearings of the

t'ype considered above, particularly when_the surface treatient inproves
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-rectanggh@Feggbithﬁraggggpriate t hi ckness, wound around an axis
perpendicular to 1ts length and hooped in the bore, made of steel of which

at least the bearing face has received a surface hardening treatnent,
char act geagdfigsn wiilth! rielatislyngofacmetalhaifdhgs,t suth dsatbnanzéept h,

related_tq the,thickness,, of het n,0.23 and Q.27, this stri I,ng, with
espect anG MRALE BRGAL oo nRt, MLER SRR, 2B g v erienpdnth WIS 0
bare, aorehdghvadocadiags presgures. bet ween 0.3 and 9 x 102,

Surface-hardened steels provide a more satisfactory solution
for the production of bearings of the type considered above,
particularly when the surface treatment improves corrosion
resistance and the coefficient of friction. However, surface
treatment, especially when it is limited to the bearing
surface, is relatively costly. And performance under load
remains inferior to what would be desirable.

The invention brings a remarkable solution to the field in
question. It proposes for this purpose a bush for a heavily
loaded pivot or bearing working in an abrasive environment,
having a body, annular overall with an axial bore provided
with a lining in which a shaft pivots in contact with a
bearing face of the lining, this lining consisting of a
rectangular strip of appropriate thickness, wound around an
axis perpendicular to its length and hooped in the bore, made
of steel of which at least the bearing face has received a
surface hardening treatment, characterised in that the bearing
face is hardened to a relative depth, related to the
thickness, of between 0.23 and 0.27, this strip having, with
respect to the evolute of a neutral fibre of an unstressed
lining in the bore, a relative excess length of between 0.3
and 9 x 102. '



:3 The Appl i cant discovered that surface hardening, over a linited depth so
as not to make the core'of the strip fragile, conbined with a neasured
hoopi ng of the lining sufficient for the bearing face to be conpressed
tangentially to its surface, provided the bush with particularly high

resi stance to abrasive wear and;, in a @eneral fashion, conferred upon it
unexpected friction properties. The detailed description will underline
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hi gh rel ative thicknesses o the lining. I'n practice, strips with a

t hi ckned9ar e d&ese ProRerfi®Symwil| be used, without exceeding 15% of
the di ameter of t he bore. Preferably t he surface treatnent s a
thernnc?p t.r eat nt whi ch rise to a dif SINely of he%FroeIenent
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terms of 102, is defined, as a function of the diameter ¢ of
the bore, in accordance with the following table:

-/
¢ bore (mm) Relative excess x 10?2
10-25 ~ 3-9
25-35 2.2-4.3
35-45 2-~3
45-55 1.7-2.9
55-100 ' 1.1-2.3
100-140 0.7-1.5
140-260 0.4-1.0
260 and above 0.3-0.7
It will be noted that the appropriate relative excess length
_ decreases as the diameter of the bore increases. Higher
/

levels of plastic deformation therefore correspond to high
relative thicknesses of the lining. In practice, strips with
a thickness of between 1.5 and 5.0 mm will be used, without
exceeding 15% of the diameter of the bore.

Preferably, the surface treatment is a thermochemical
treatment which gives rise to a diffusion of a heteroelement
in the relative depth. This heteroelement can be nitrogen
supplied by nitriding in a salt bath and by gaseous nitriding,
carbon supplied by carburizing, in which case the strip will
be quench hardened, or carbon and nitrogen simultaneously, by
carbonitriding. Finally, the heteroelement can be chromium



"suppliied by nitriding in a salt bath and by gaseous nitriding, carbon
supplied by carburizing, in which case the strip will be qguench hardened,
or-~carbon. and nitrogen sinultaneously, by carbonitriding. Finally, the
het'er oel ement can be chrom um 4 (chrom zing). Good results are al so
obt ai ned either through a quench hardeﬁing of the bearing face after
surface ,heating.by.means of high-frequency induction, or by a surface
mork-ha#&gﬁPHG%&P%PHis beari ng face by neans of rolling, hamrering,

bur ni shing, shot peening or knurling. Secondary characteristics and the
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fi gur es shblte peesiing, o2v&mirdlingl which a shaft 2 pivots, has an annul ar
body 3, in which there is a cylindrical bore of dianeter D3. In this bore,
alining 4 is fitted by force, forned by a rectangul ar. steel strip which
has beeSemomdaryo chemackeryilstids: andotrhe advantagesr gdndiheulimvensd ions
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which:

Figure 1 is a view, partially cut away, of a bearing bush
according to the invention, engaged on a shaft;

Figure 2 is a partial diagrammatic cross section of a bush
before the lining is engaged in the body of the bush.

According to the embodiment chosen and depicted in the

figures, the bush 1, overall, in which a shaft 2 pivots, has

an annular body 3, in which there is a cylindrical bore of

diameter D3. In this bore, a lining 4 is fitted by force,

formed by a rectangular steel strip which has been wound to

form a cylinder around an axis perpendicular to its length, of
/ thickness e.

The internal face 4b of the lining, which forms a bearing face

. fdr the shaft 2, has been surface hardened over a depth of
between 0.23 and 0.27e¢; the surface hardening process will be
commented upon below.

It will, however, be noted that the two faces, internal and
external, of the lining 4 can have received a surface
hardening treatment, for reasons of convenience, it being
understood that any hardening of the external face has no
functional role.



.connented upon below. It wil], however, be noted that the two faces,
internal -and external, of the lining 4 can have received a surface
har deni ng treatnent, for reasons of conveni ence, it being understood that
any’ hardeni ng of the external face has no functional role. 5 The wi ndi ng
of the rectangular strip formng the |i®ing 4 about an axi s perpendi cul ar
to its long sides causes the two short sides of the rectangle to coincide,
in the fBReh¥indingopfstherkerEangylarestkin. faEningi thedlininggdre 2, the
ext er nal aﬂbﬂﬁeéﬁraQﬂs%efﬁénhiBﬂlDQr“tbslﬁée%ﬁé sb&&@r éaﬁééé"ﬂﬁe £han that
of’t he bore D3 t o obt ai i fitg g g _which_ in the
beari ng FACE €+$?S efuthe ¥%ﬁ€%ﬂ? &l oﬁﬁ%@g ¢6n éPr §§e§°5EtR£eﬁ limts,
of whi chslde $mpérahhé1dtccﬁhersﬁ1§he exi stence and cal cul ated the val ues.
The follow ng exanple will enable the reasoning of the Applicant in the
characterisation of the invention to be understood. EXAVPLE 1 A rocker
beari ng As dqpbetpdouucEUane 2, cthe-éxternall dtdimétereRd efiathe quench
har dened rgc si n d y. bush
L AN £C181 QPR OHN oL Pofe fﬂ@@ix‘§§é°€h§9 £ 10f PRAVLREC! S,

is annular, wt erna1 ore wft met er
lining, %°22Fmte h?é\'(akltln?)f%?r nbtBingy el b@sslme\éhlcb,fmsthased whi ch

i s cut leéai'ﬂné0fﬂ¢§t4bpscé@9emah§€ntfépnééﬂ§§és§iéhp§tré§§é§n9| es of
length Lbé&&égﬂafnmlggflgf‘whlch the Applicant discovered the
existence and calculated the values.

O/ The following example will enable the reasoning of the
Applicant in the characterisation of the invention to be
understood. ' | '
EXAMPLE 1

A rocker bearing is to be produced for a case-hardened 16NCé6
steel shaft, quench hardened and precision ground to a
diameter of 30 mm.

The body of the bush is annular, with an internal bore with a
diameter D; of 34 mm.

For the lining, a 2 mm thick strip of non-alloyed XC38 steel
is first used, which is cut out to form strips 100 mm wide.

From these strips, rectangles of length L are drawn, derived
from the evolute L, of the unstressed neutral lining fibre.

Here,
L, = (D3 -e) x 7 ' (1)
so that, in this case, L, = 100.53 mm
The length L = (1 + \) L, (2)

is taken as an increasing value between 103 and 104 mm (A
being between 2.46 and 3.45%).



ifronfthe evolute [err] of the unstressed neutral lining fibre. Here, [err]
= (D3 - e) [err] ) (1) so that, in this case,
[gfr] = 100.53 mm The length L = (1 + [err]) [err]

(2¥ is taken as an increasing val ue between 103 and 104 mm [err] being

bet ween 2.46 and 3. 45% . 6 It will &e noted that two tests, with L = 102
and L = 105, proved inoperable. Wth L = 102, the lining was driven by the
shaft:; ®Etwill be05ptedethetotwatteﬁtsi vith| LnFnd0’hendbdi g 10BLt ed i S
such t I,Lal | e ngeLt e IR YN T

redt an egb§%r§nh gig WQt% %natébgé Fﬁgn%thEQ hQ%aggiﬁgpéﬂgéthe
accordlﬁ@aiE:Fﬂﬂhthl?llggz §h& fefarnabion3of theeldagng whemhdedngr ded

| ayer bgigged@Uhst 3abhath¥tOik H8) ifipo8s2B1bi §BSihBerthittenghast into
substantj al | the depth regul ati on being adjusted by the imersion tine.
The rockR® Béﬁ?rngs were subjected to wear tests in alternate rotati on over
[err] of arc, at a frequency of 0.67 Hz, wth cycles of 15 seconds on, 60
.seconds,pf f p u a a h e 5 ms. Iron
i ntor Hhoi FennangLon baEE hlxf TabEn enr R 0y BRRHR"SREL ARBCAKAIE] O\ %y
duri ng caxbond@beabath abcDQQinQODOhBBr8-2A171h89§ndndfFRhé-?egﬂl B8R ,wear
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bel 0 0.25 times the thickness, substantially, the depth regulation
being adjusted by the immersion time.

N ‘'The rocker bearings were subjected to wear tests in alternate
rotation over 100° of arc, at a frequehcy of 0.67 Hz, with
cycles of 15 seconds on, 60 seconds off. '

Contact pressure 40 MPa. - T .
Mean peripheral speed 0.035 m/s.

Iron sinter environment.

Greasing at time of assembly - no lubricant provided during
test. ' '

Duration of test 200 hours.

At the end of the test, the wear on the bearing face 4b is
measured; the results are reported in Table I below:

~ : : TABLE'I'

L (mm) 103 103.4 103.45 103.5 103.6  103.65 103.7 104
Ax10? 2.46 2.85 2.90 2.95. 3.05 3.10 3.15 3.45

wear (mm) 0.9 0.55 0.10 0.09 0.08 0.11 0.6 0.8

It can be seen that there is a minimum level of wear for A#
"3 x1072. '

It should, moreover, be noted that the semi-empirical

determinations of the hooping levels of thin tubes for a tight
fitting would have led to the adoption of a length L of 103.7;
it was verified that the optimal hooping level for the bresent



" TABLE
[err]

t here

noted that the sem -enpirical

103. 7,

et onme ey Py, 13-Baf? SpBRmeRfRY B, 3 lane et ed i n order o

I L(mm) 103 103.4. 103.45 103.5 103.6 103.65 103.7 104
2.46 2.85 2.90 2.95 3.05 3.10 3.15 3.45 wear (m)
0,9 0.55 0.10 0. 09 0. 08 0.11 0.6 0.8 It can be seen that
is a mninum/|level of wear for [err] 3 [err]. It should, noreover,
determ nations of the hooping levels of thin
tubes for a tight fitting would have led to the adoption of a |ength L of
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determ ne the optinum depth of surface hardening. EXAMPLE 2 Starting from

1

Exanpl erbstd SREePngh bBRhRcHREC iG0RIMELSEMa drui rO deliihan™ 3 05 X
10-2), varying the depth of nitrogen diffusion through the trme o
i mer si 8gP&h eSnpyréace hardeaidgl-t bath. The results are reported in Table
I1, which follows: TABLE Il relative depth p/e 0.4 0.333 0.286
0.25 0§§§ﬁ2§gL§. 0.182 0.167 wear (mm - 0.8 0.3 0.08 0.35
1.5 : depth of 0.4, the lining was practically hardened to the
core, and broke within the first few mnutes of the test. The Applicant
then, 'Qt&@%ihng&o%fE&Q%pﬁssaf %Oggggggdbfa%%sts were conducted with

L = 103.6 (A = 3.05 x 10?%), varying the depth of nitrogen

diffusion through the time of immersion of components in the

salt bath.
Ny

The results are reported in Table II, which follows:

TABLE IT

relative

depth

p/e 0.4 0.333 0.286 0.25 0.222 0.2 0.182 0.167

wear (mm) - . 0.8 0.3 ~ 0.08 0.35 1 1.5 2.6

For a depth of 0.4, the lining was practically hardened to the

core, and broke within the first few minutes of the test.
o/

The Applicant then; in the light of the tests conducted, and
bringing these tests together with what is known to experts
concerning rules for the tight fitting of thin hooped‘rings,
established ranges of relative excess length for the strips
with respect to the evolute of the neutral fibre of an
unstressed lining as a function of the bore diameters. It
should be noted that the bore with the smallest diameter
measured 10 mm, with a strip 1.5 mm thick, and that, however
great the bore diameter, it is pointless to exceed a thickness
of 4 to 5 millimetres for the strip.

Table III indicates the ranges of relative excess lengths A as



-_"" "3
_bringing these tests together with what is known to experts concerning

rules for the tight fitting of thin hooped rings, established ranges of

rel ative excess length for the strips with respect to the evolute of the
neutral fibre of an unstressed lining as a function of the bore dianeters.
It should be noted that the bore with 8he smallest dianeter neasured 10 mm
wth a strip 1.5 mmthick, .and that, however great the bore dianeter, it is
poi nt | easfunctiomedfathei dinmetevf ¢4 to 5 nmillinetres for the strip. Table

11, indicates the ranges of relative excess |lengths X as 8 a function of
the di amet er [err]. TABLE Ill [err] bore %nn) Rel ative excess X x
10-2 10-25 3-9IABLRSIIT 2.2-4.3 35-45
2-3 45-55 1.7-2.9 55-100 1.1-2.3
100- 140 0.7-1.5 140- 260 2 0.4-1 260 and
above ¢ berey (im) pxavpLE ReAREIvR eXgesRd ¥l pivot as defined

in Exanple 1 was gorpgred with that of.pingg treated according to prior
nmet hods. Tabl e IVZ%ngents t hese conparlsog§2_16§LE | V Nature of bush

wear (nm Exanpl e 0. 09
35-45 2-3
45-55 1.7-2.9
55-100 1.1-2.3
100-140 0.7-1.5
140-260 0.4-1
N 260 and above 0.3-0.7

EXAMPLE 3

The rate of wear in a pivot as defined in Example 1 was
compared with that of pivots treated according to prior
methods. Table IV presents these comparisons. '

TABLE IV
Nature of bush _ wear (mm)
Example 1 0.09
o Low temperature electrochemical
~ sulphuration (FR-A-2 115 505) 0.45
Hexagonal lamellar layer
(FR-A-2 428 682) 0.35
Hard chrome steel seizing
Steel covered with Cr,0; ceramic flaking
Steel loaded with molybdenum | 2
Steel loaded with stellite 2
EXAMPLE 4

The wear on a pivot according to Example 1 was compared with a
nitrided solid X38 steel pivot. The results for 5 samples
were as follows:
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iLOM/tenperature electrochen1cal sul phuration (FR-A-2 115 505)
0. 45 Hexagonal lanellar layer (FR-A-2 428 682)

0£35 Hard chrone steel sei zing Stee
covered with [err] ceramc flaking Steel | oaded with
nmol ybdenum - 29Steel | oaded with stellite

2 EXAMPLE 4 The wear on a pivot according to Exanple 1 was conpared with a
nitrided solid X38 steel pivot. The results for 5 sanpl es weag am)ol | ows:
9 wear @m B@&bra% I gon@dapieanpl e 1 : .08 - 999 -
010 Soliq ugh 8 P §-98 83
EXAVPLES®1#HcPHShur e of the thernochenical diffusion treatﬁbﬁtﬂmﬂszﬁarled
all other conditions renaining the same. TABLE V Thernocheni cal diffusion

treatme : wear (nm N|tr|d|ng in salt baths
0. 09 Gaggég‘?-é@i—ériding 0.15 |
Car boni tridi ng 0. 12 Case hardening

0.10 Chif g‘ﬁh@ﬂre of the thermochemical diffusion treatme Ow%% It can be
seen that SOnE treatnents are morée erficacious others, the

resultsVEFéeduna&ﬂl°§é§§s°°§éﬂtépnstH&naﬂnége’tMHsemmMentlonal pi vots.

IABLE V
Thermochemical diffusion treatment wear (mm)
N\ Nitriding in salt baths 0.09
Gaseous nitriding 0.15
Carbonitriding o 0.12
Case hardening ' 0.10
:Chromizing : 0.18

It can be seen that, though some treatments are more
efficacious than others, the results are, in all cases, better
"than those for conventional pivots.

EXAMPLE APPLICATIONS
6. On mechanical shovels

The invention was applied to the pivots on the bucket arm -
which work in oscillation at low speed (0.01 to 0.05 m/s),
with a contact pressure of 120 MPa, at ambient temperature and
in a mildly abrasive environment, at the rate of 8 hrs per
day, with periodic lubrication.

The shaft is made of steel quench hardened at high frequency,
the normal bush from solid case-hardened steel. The service
life is as high as 600 hrs but seizing is sometimes observed
after 50 hours.



:EXANﬁLE APPLI CATI ONS 6. On nechani cal shovel s The invention was applied to

the pivots on the bucket arm- which work in oscillation at |ow speed (0.01
tg~0.05 nis), with a contact pressure of 120 MPa, at anbient tenperature
and in a nmldly abrasive environnent, 5 the rate of 8 hrs per day, wth
periodic lubrication. The shaft 'is made”of steel quench hardened at high
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a . Bearing tor A

degradation of the surfaces. novi ng- hear ur nace wheel The
rotation speed is 10 rpm (Vg = 0.1 nis), the contact pressure 10 MPa, the

t enper atay e B&€dFing £6F Nlovidg-Hered | AG-id&IUaky1 S M ns every two hours.
The environnment is abrasive and greasing is periodic. The shaft is nade of

har dened steel; the original bearing is a roller bearing - the service life
was si x Tntistathen |speed) ¥ 1hergmishirs =ofo thanjigventhérncomsadt trided in a
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The shaft is made of hardened steel; the original bearing is a
roller bearing - the service life was six months.

The lining of the bushes of the invention was nitrided in a
salt bath. These bushes have been in service for over a year,
without visible degradation. '

8. End pivot of a drill ram

This pivot works in oscillation at very low speed (Vg = 0.05
n/s).

The pressure exceeds 100 MPa, the operating temperature is
between -10° and +40°C; the duration of operation is 16 hours

o per day in an abrasive environment. There is periodic
greasing.

The shaft is made of hard chrome steel. The original bush was
made of solid 100C6 steel (bearing steel). Seizihg appeared

after a few weeks.

According to the invention, the lining is made of case-
hardened steel. 1In over 12 months, no seizing was observed.

9. Small-end pivot of a piston pump for hydraulics



Lbetmeen [err] and [err]; the duration of operation is 16 hours per day in
an abrasive environnent. There is periodic greasing. The shaft is nade of
hard chrome steel. The original bush was nade of. solid 100C6 steel (bearing
steel). Seizing appeared after a few weeks. According to the invention, the
lining is made of case- hardened steel1lin over 12 nonths, no seizing was
observed. 9. Small-end pivot, of a piston punp for hydraullcs The

oper at i e SRanatNY Sonditionsianes iah qs&iHlatbiony 99 = Cohtms) prassure
of 15 I\/Rﬁbntﬁadtﬁmsﬁiuﬂ@ ot iserm}a aa ftasparaured cﬁf hg e @era deweqidéh

quéhcy
I ronng hydraulic oil and. | 'ubr i at| oil. spl h. The shaft is
nmade of Qrf';lntarq'{ﬁlsd ed Y 1 1% g’r‘h"&?‘“ f&/ﬁ@’%‘g af]ea'bq ai ned iron.
The serWtﬂm:lcaftaamasby?Fmtﬂoapla(&im zing). According to the invention, the

l'i ning of the bush.is made of carbo-nitrided steel. The service life

exceeds 2000 hours. Exanples 4, 6 and 8, in conjunction with Table I, show
t hat t afenshafte giipmads mfalmstme%ﬁrkﬁreﬁltmé:nﬁeanmn@kdoum Wish a

i m ted 00 f YWINePRELAidaa NaMsh deotrd \erBfifRE 115 D Wdie 79 iy qualities
of the bushes. Furthernore, the existence and values of these tangenti al

conpr esi$5+%MBsses are not obvi ous, even for an expert. Even if the "in
situ” experinentation had not been confidential this experinentation would

not hav |t re Eurt her nore, ar,al l.el, wi_th
Ceper s e W | GRS, W TP qf Rafiier o due o
t her noc leaxikeain ittristede steg i .h d‘ltaatsamalcwﬂmfedldﬁqmts i20athdhaarrsace
| ayers, the Applicant

Y Examples 4, 6 and 8, in conjunction with Table I, show that
tangential compressional stresses in the bearing face, within
a limited range, unexpectedly have decisive effects on the
friction qualities of the bushes. Furthermore, the existence
and values of these tangential compression stresses are not
obvioﬁs, even for an expert. Even if the "in situ"
experimentation had not been confidential, this
experimentation would not have constituted a disclosure.

Furthermore, in parallel with experimentation in which the

surface hardening treatment is a thermochemical treatment with

a heteroelement diffused in the surface layers, the Applicant

has conducted experiments concerning other types of surface
~—/ hardening.

Bushes were produced with the same dimensions as in Example 1.
After winding, the bearing faces of the linings were hardened
by means of quench hardening preceded by heating to a slight
depth by means of high-frequency induction with an inductor
inserted into the inner recess of the lining. Wear tests,
conducted under the same conditions as in the examples, showed
wear of around 0.20 - 0.23 mm. Although these results appear
to be less good than those in which the linings received
thermochemical treatments, they remain good compared to those
of the corresponding conventional bearings. Furthermore, for



" has éonducted experiments concerning other types of surface hardening.
Bushes were produced with the sanme dinensions as in Exanple 1. After
winding, the bearing faces of the |inings were hardened by nmeans of quench
hardeni ng preceded by heating to a slight depth by nmeans of high-frequency
i nduction with an inductor inserted inip the inner recess of the lining.
Wear tests, conducted under the sane conditions as in the exanples, showed
wear of vargunhrye Gund) WwitHout A idheuge idredhdratidst 5 thyassst obe | ess

good than those .in which the linings received thernochen cal, treatnents,
Rhdy T omker IR Aoty R ok B A AakEA Aty RO A onal
bearings. Furthernore, for 12 very large runs w thout a change of

i nduct or, r tdgygn' v d ' be
hi gh. The' < r2%1‘|F1(?'L§1£natrﬁ-'faIésl()?e.a@(@:_on uctdet% de%%br%r(r?rl\e%net@glj nlq{v\h%&t (#'eh%g%g@ur face
of the Isun s the dandaas) vags hagdenadk yasunfiage workchawdeninghi on,

t he surface work-hardeni ng can be produced by neans of: - Roller burnishing
in which plastic deformation_is brought about by the rolling

(or rolling),
of roll eTt‘%gaork“c?&F} Sy gde iSwFiage york-hargdening fan ReBrodpcsshi ng
to the lpyrdeathsc@ti:act surface. - Harmmering, in which _the work-hardening is
produced by neans of inpacts froma hard hanmmer, generally noved by
conpressed air. - Burnishing, in which a hard tool rubs the bearing surface
at hi gh -pReslshere burrfsising: d<ad roddting)as timgrhilcivpil ast e s f ot iagt |

is brought about by the rolling of rollers or balls on the

bearing surface, before tubular shaping, owing to the limited

— contact surface.

- Hammering, in which the work-hardening is produced by means
of impacts from a hard hammer, generally moved by compressed
air.

- Burnishing, in which-a”hard tool rubs the bearing surface at
high pressure.

- Prestressed shot blasting, known as "shot peening",
frequently recommended for improving resistance to fatigue and
stress corrosion, which consists of projecting glass, steel or
ceramic balls at high speed. ‘

- Knurling, which, in addition to work hardening, impresses,
by means of surface forging, profiles able to serve as
lubricant storage.

This surface work hardening leads, in addition to a hardening
with residual compression préstressing, to a local
modification of the crystalline structure of the metal, which
can go as far as an amorphous structure, which reduces the
risks of seizing.

The steels most suitable for work hardening are carbon-based
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frequently recommended for inproving resistance to fatigue and stress
corrosi on, which consists of projecting glass, steel or ceranic balls at
hi'gh speed. - Knurling, which, in addition to work hardening, inpresses, by
means of surface forging, profiles able to serve as |lubricant storage. This
surface work hardening leads, in addit}®n to a hardening wth residual
conpressi.on prestressing, to a l.ocal, nodification of the crystalline

Str ot WAL HXGath (EYRRY c AUSHRNF L Stainless, ShRsihotl Ll Ao
which ragyres, tdifl rdspecidl Beimammnede stierdllss (WDSL206 M tibler fDrivenk
ha(deniQ% %{e Sarbon-based 13 steels (XC 10 type), austenitic stainless
steels ( ¥8%/)rs- 10 type), and especially manganese steels (Z 120 M 12 or
Z 120 M 13 type). Experinments have been conducted, under the conditions of

Exanpl e ' t n s around
0.3 - 0. 4B ggeé}?)t,smg}raé;aat %ﬁajﬁ}%#r@ g‘\?lgref;%pﬁ%ﬂﬁe%ghﬁ%%pr oxi mately
0.4 - 0.Examplenrk,eorE ham thifck Ferlq ¢h 12 stealhe krlass widdhpl es, the
vear di giivedX@ahrd b. M- P ardkideg,0 dritdit idly () hRRdn{Rp tovedt td

t her nochiem cal treatnent. O coyrse, the invention is . not limted to ihe
exanpl oSGRITC HGASH L ARRHPUTAL Y Ok ik SoModi ASHEE AATHPEIR Rope
of the @pdir@tion as in the various examples, the wear did not exceed

0.1 mm, comparable to that of the best tests with

thermochemical treatment.

' Of course, the invention is not limited to the examples
described, but embraces all variant embodiments within the
scope of the claims.
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.14 CLAIM5 1. Bush (1) for a heavily |oaded pivot or bearing working in an
abrasi ve environnent, having a body (3), annular overall wth an axial bore
(B3) provided with a lining (4) in which a shaft (2) pivots in contact with
a bearing face [err] of the lining, this lining consisting of a rectangul ar
strip of appropriate thickness (e), wokhd around an axis perpendicular to
its length and hooped in the bore (D3), made of steel of which at |east the
beari ng face has received a surface hardening treatnent, characterised in
that the bearing face is hardened t acroarMg ati ve depth, related to the
twi'ckness (e), of. between 0.23 and 0.27, this strip having, with respect
to the evolute of a neutral fibre of an unstressed lining in the bore, a

rel ativa.ex®wssh |(d)gtflorofa hetanddly (oadedd pdwvotl @ bidarHush waadkdmdy g t o
Caiml,.c =T ;i t . f | atyi v I t-h,
xpr o8RRI SR ranulile, ' REIHIS Bod Oy RuERY, oviiinL. .,

[err] (M3thorn Rxigdr doren (B3dopyevided withha fldnimg (@)t dn avhilcly @ bore

(M) shaft Re)alhiveteXaes Tonthet! rith 45 bearing face (4b) ofSthe?d- 35
2.2-4.3_35-45 . . . . 2-.3 45-55 . 1.7-2.9
55- 100 lining, this llnlng.fpgsgsfe@glgg a rectangulag stryprof 5 140-260

0.4- 1. Oapproprd atieothickness (e) ,OwduBd’ aZouBdsAndesddipedpenddemlelr C ai s
5.0 rm B8ORS LPEhodriy noaRed: 1 I Bokh B35 T 6o FREFI R Bish
accor di which afe lefast! &hes beardng, feker hescriescedvied a surface
hardening treatment, characterised in that the bearing face is
i hardened to a relative depth, related to the thickness (e), of.
between 0.23 and 0.27, this strip having, with respect to the
evolute of a neutral fibre of an unstressed lining in the
bore, a relative excess length of between 0.3 and 9 x 102.

2. Bush according to Claim .1, characterised in that the range
of relative excess length, expressed in terms of 102, is '
defined, as a function of the diameter ¢ (D3) of the bore, in
accordanée with the following table: '

¢ bore (mm) Relative excess x 107

10-25 3-9
25-35 2.2-4.3

o 35-45 | 2-3

~ 45-55 | 1.7-2.9
55-100 1.1-2.3
100-140 0.7-1.5
140-260 0.4-1.0
260 and above ' 0.3-0.7

3. Bush according to one of Claims 1 and 2, characterised in
that the strip thickness (e) is between 1.5 and 5.0 mm,
without exceeding 15% of the diameter of the bore (D3).

4. Bush according to one of Claims 1 to 3, characterised in
that the surface hardening treatment is a thermochemical

| A O O
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~that the surface hardening treatnent is a thernochem cal 15 treat nment
causing a heteroelenent to be diffused in the said relative depth. 5. Bush
aﬁtordlng to Caim4, characterised in that the heteroel enent is nitrogen.
6. Bush according to Claimb5, characterised in that the thernocheni cal
treatnment is nltrldlng in a nolten bat¥? of cyanates and al kal i ne
carbonates. 7. Bush accordi aim char a rised i.n at th
heteroeF€ﬁEﬁFeP§ EaPﬁbﬁglﬁth&ﬁfgﬁ ?eEQrBBrgflﬁé%fPﬁg 9Pi%gfh§ﬁ1§eing
quénch pandened d8ptBush according to Claim4, characterised in that the
thérmochemni cal treatment is carbonitriding. 9. Bush according to Oaim4,
characterised in that the heteroelenent is chrom umdiffused by neans of
chroni zbng. Bash Bushrddogr $ongladmady cheratterised int §hat &heracterised

in thath&?@{%éi&ﬁ%ﬁthiédﬁﬂhQ 3gheatnent is a quench hardening after surface

heating o earing face by neans of high- frequency induction. 11.
Bush according to any one of Clains 1 to 3, characterised in that the

Sg{faceghgrﬂaahnacE:?ea&ﬁgnkol @1&1&&053 fbﬁééﬁ&t@glﬁtédt hlﬁl kdar rmef ace
opt al ne ns .ol _.a ess .chosen,.frqm armngs I n a ri ng,
bur i ShERGYRERBER]Sel: KEeakRoRk Ap AgtridTng 2A%E nblten"bath BE"

cyanates and alkaline carbonates.

7. Bush according to Claim 4, .characterised in that the
heteroelement is carbon introduced by carburizing, the strip
then being quench hardened.

8. Bush according to Claim 4, characterised in that the
thermochemical treatment is carbonitriding.

9. Bush according to Claim 4, characterised in that the
heteroelement is chromium diffused by means of chromizing.

10. Bush according;to any one of Claims 1 to 3, characterised
in that the surface hardening treatment is a quench hardening
after surface heating of the bearing face by means of high-
frequency induction.

\v/ 11. Bush according to any one of Claims 1 to 3, characterised
in that the surface hardening treatment is a work-hardening of
the bearing face obtained by means of a process chosen from
amongst rolling, hammering, burnishing, shot peening and
knurling.

LT .



