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RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF MOLYEDENUM DISULFIDE - AIR-MIST
LUBRICATION FOR ROILER BEARTNGS OPERATING TO
DN VALUES OF 1x 105 AND BATT. BEARTWGS
OPERATING TO TEMPERATURES OF 1000° F

By E. F, Macks, Z. N, Nemeth, and W. J. Anderson

SUMMARY

A preliminary investigeation of the effectiveness of molybdenum
disulfide MoSZ 88 a bearing lubricant at high temperature, and at

high speeds was conducted, Molybdenum dlisulifide wes applied in thres
ways: (1) by preparing the bearing before running with a MoSg
syrup-bonded coatlng, (2) by lubricating the bearing during operation
with & MoSp-alr mist spray, and (3) by a combination of the MoS,

syrup-bonded precoating and the MoSg-alr mist methods,

The high-tempserature evalusation was conducted with l-inch-bore
ball bearings equipped with two piece, stamped and riveted steel
cages over & range of amblent temperatures from room temperature to
1000° F; and DN values (product of bearing bore in mm and shaft
speed in rpm) from 0.04X 106 to 0.09% 106 at a thrust load of
20 pounds. The test bearings were lubricated with MoS;-air mist at

the rate of 0.35 to 0.7 ounce per hour,

The high-speed evaluatlon was conducted In a radlal-load rig with
three types of 75-millimeter-bore (silze 215) cylindrical-roller bear-
ing: (a) cageless roller bearings, (b) one-piece immer-race-riding
cage-type bearings, and {c) two-piece roller-riding cage-type bearings.
Bearing DN values were varled from 0.3X 106 to 0.975X 10°, the radlal
load was 368 pounds, and all three methods of lubrication were used.

A l-inch-bore ball beaering operated satisfactorily for 6 howurs
when lubricated only by a MoSs,-air mist at a speed of 1725 rpm a

thrust load of 20 pounds, and at an amblent temperature that was pro-
gressively increased in 200° increments from 400° to 800° F. The
bearing failed, however, when the temperature was subsequently
increased to 1000° ¥, In a duplicate test, a second bearing ran
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successfully for 1 hour at 1000° F for a total running time of
8.4 hours at which time the test was terminsted for inspection of the
bearing. The bearing surface was found to be badly oxldized.

A mize 215 cylindrical, cageless roller bearing provided with a
MoS; syrup coating before operation amd lubricated only with MoSg —
alr migt during operation ran satisfactorily for 11,8 hours without
showling signs of wear or surface damage. The run was conducted at a
load of 368 pounds and at DN values which were increased progres-
gively from 0.3X106 to 0.975%x 108 (13,000 rpm) ' The maximum bearing
temperature was 386C F,

Roller-riding and inner-race-riding bronze (brass) cage-type
bearings when sublected to similar conditions indicated a lower 1limit-
ing DR than the cageless-type bearings and showed signs of consid-
erable weer,

Lubrication provided solely by a syrup-bonded coating of MoS,

over all bearing surfaces was not effective in lubricating size 215
cylindrical-roller bearings subjected to a load of 368 pounds.

Operation of bearings without lubricetlon resulted in fallures
of both inner-race-riding and cageless roller bearings after relatively
short pericds of operation.

INIRODUCTION

A lubricant or a means of lubrilcation has been sought that will
allow operation of parts in rolling and sliding contact beyond a tem-
perature range of -65° to 400° F and at extreme speeds in certain
spplicationa, Oll-alr mist and olrculating oill-Jet methods of lubri-
cation are at present employed and are limited in use to the afore-
mentioned temperature range. Synthetlc lubricants offer promise of
improvement over mineral olls and greases, although they are at pre-
gent limited to tem@eratures below 500° F (references 1 and 2).

Friction between surfaces in gliding contact 1s effectively
reduced when a syrup-bonded coating of molybdenum dilsulfide MoSgs 1s

present between the surfaces (reference 3), Although a preliminary
investigatlion of roller bearings coated with syrup-bonded MoSs; and

run dry (results reported herein) showed excessive wear after limited
operation at low speeds, the results were sufficilently promising to
indlcate the possibilitles of MoS; as a bearing lubricant. An inves-

tigation was therefore conducted at the NACA Lewls laboratory to deter-
mine the relative merits of a new and unique lubrication technigue
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hereinafter referred to as "molybdenum disulfide - alr mist" lubrica-
tilon, The results of thile lnvestigatlon for MoSz-a.:Lr mist, In par-

tloular, are reported herein for:
(a2) High temperatures and low speeds
(b) High speeds and normal temperatures

The Investigation was not conducted gt the combilned conditlions of high
speeds and high temperature because of the preliminary nature of the
work, It is emphaelzed that this investigatlion is of preliminary
nature, and that all tests were conducted with commsrcially available
bearings, The results are consldered to be warth reporting at this
time, however, 1n that the high temperature and the high-temperature
high-speed lubrilcent problem is at present very critlcal in certain
applicatlions such as gulded migsiles and rockets.

The high-temperature evaluation was conducted with l-inch-bore
ball bearinge equipped with two-plece, stamped and riveted steel cages,
For comparison, these bearings, a few of which were surface treated to
form & film of ferroso ferric oxlde Fez04, were operated both dry and
with MoSs-air mist lubrication. The operatlng variables were &s fol-

lows; amblent temperatures approximately 400°, 600°, 800°, and 1000°
+400 F; speeds, 1725 and 3400 rpm; load, 20 pou:nd.s 'bhrust MoSs; flow

rate, 0.35 to 0.7 ounce per howr; a.nd. lubricant alr pressure 0.3 to
0.8 inch of mercury.

The high-speed evaluation was conducted with three types of con-
ventlonal 75-millimster-bore cylindrical-roller bearing. One type was
equipped with 18 cylindrical rollers, 0.5513~inch diameter by
0.551 inch long, spaced by a om—piece inner-race-riding bronze (brass)
cage; a second type was equipped with 17 cylindrical rollers,
0.5255-1nch dismeter by 0.650 1lnch long, spaced by a- two-piece roller-
riding bronze (brass) cage; and the third type was a cageless roller
bearing equipped wilth 21 cylindrical rollers, 0,5635-lnch diameter by

0.5625-1nch long.

For comparison, these beerings were operated dry, and with the
following lubrilcating technigques: clrculating oil through a single
Jet, MoS,— syrup coating, MoSp—- syrup coating over liguld honed sur-
faces, and MoSs-air mist (two methods). The operating variables were
as follows: DN, 0.3x10% to 0.975X 106 (4000 to 13,000 rpm); load,

368 pounds radlal; MoS; flow rate, 0 to 1.6 ounces per hour; air pres-

sure, 0 to 12 inches of mercury, and oll flow, 2.75 pounds per minubse.
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APPARATUS

High-temperature rig, - The high-temperature rig (fig. l), con-
gisted of a modified drill press, a small cavity resistance furnace,
a spindle, and a test bearing housing,

The test bearing was mounted on a spindle driven by the drill
press, Modificatlions made to the drill-press faclliitated axlal loading
of the test bearing. The outer race of the test bearing was seated in
a fixture located at the bottom of the furnace cavity. The fixbture was
go designed that the test bearing-would not be loaded in the radial
direction by differential thermal expansion between the furmace, the
fixture, and the outer race:of the test bearing (fig. 1(a)).

The drill press vwas modified in that the rack and plnion were
replaced by & load ‘arm (fig. 1(b)) which loaded the spindle vertically
dowrmard without introducing a horilzontal component of the load on the
spindle supports. This alteration made 1t possible to obtain reproduc-
ible calilbrations of the thruet load applied to the test bearing., The
gpindle was driven by & 1/3 horsepower, 1725 rpm motor., The spindle
speeds avallable were 460, 900, 1725, 3400, and 6300 rpm.

The furnace (fig. 1l(a)) consisted of an 8-inch dlameter by 5% inch

high oylinder of Incomel with & @ inch by 53 inch cavity in the cemter.
The Tnconel block was heated by the power loss in a coll of chromel
wire of 6 ohms reslistance wound around the block, The cavity tempera-
ture was regulated by means of & contlnuocusly adJustable autotransfor-
mer, which controlled the voltage output of the 110-volt source. The
Purnace was equipped with an autcmatic temperature control.

The outer-race bearing tempereature, as well as the wall tempera-
ture of the cavity at its bobttom center, was obtained by means of
chromel-alumel thermocouples and a potenticmeter with a cold Junctlon.

The lubrilcating system was designed to supply Mbsz—air mist to

the vicinity of the bearing, The system consisted of & low-pressure
air supply, a pressure-regulating valve, an sir filter, a 6.5-ounce
bottle of MoSy (the average particle size in percent by welight ie

given in table I), and & length of 1/16-inch copper tubing from the
MoS, bottle to the vicinity of the test bearing. The MoSp bottle

wag 8lightly pressurized to agitate the lubrlcant, Alr leaving the
bottle through the_l/ls-inch tube carried particles of MoS, with it

to the bearing. The MoS,-air lubricant mist was directed to a point
Just bemeath the test bearing in the furmace cavity (fig. 1{a)). A
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large portion of the solid particles of MoSz fell to the cavity bot-

tom without contacting the besring, Air pressure carried the finer
particles to the test bearing for lubrication.

Post bearings used Iln high-temperabure investigation. - The physi-
cel characterlstics of the test bearings used in the high-temperature
rig are given in table II. These bearings were standard ball bearings
with two-plece, stamped and riveted steel cages (fig. 2). The bearings -

were of the inch serles, the dimgnsions belng: bore, 1 inch; outside
diameter, 2 inches; and width 3/8 Inch, The inner race outer race

and balls were of SAE 52100 steel

A caustic potassium nitrate treatment was used to form a black

tenacious film of ferrosc ferric oxide .'E’esoé on the surfaces of two

of the bearings. The clean bearings were Ilmmersed successively in two
baths, each of which consisted of one part potassium nitrate KN03

and two pa.r‘bs gsodiwm hydroxide NaOH. The baths were kept at 141°
and 154° ¢ by dilution with water. The lmmersion time in each bath
wag not critical. After Immersion the bearings were washed in bolling
water and dried in clean alr.

High-speed rig. - The high-speed bearing rig (fig. 3) used for
thls investigation 1s described in references 4 and 5. The bearing
under investigatlion was mounted on ons end of the test shaft, which was
supported in cantilever fashion, for observation of bearing ccmponent
parts and lubrilcant flow during operatlon, Radlasl load was applied to
the experimental bearing by means of a lever and dead welght system in
such a mammer that the outer race of the experimental bearing was essen-
t1ally unaffected by small sghaft deflectlions or by small shaft and load
arm misgglinements. The drive equipment 1s described in reference 4,

The speed range of the test shaft was 800 to 50,000 rpm.

The method of temperature measgirement is described in reference 4.
Briefly, for the test bearing, outer-race bearing temperatures were
measured by means of six iron-consbantan thermocouples located at 60°
Intervels around the outer-race periphery at the axisl center line of
the bearing under investigatlon., Immer-race bearing temperatures were
measured by meens of & copper-constanten thermocouple pressed against
the imner-race insilde surface at the axlal midpoint of the bearing, the
voltage belng transmitted from the roteting shaft by means of slip

rings,
The support bearings were lubricated in the manner descrilbed in

reference 4, A double felt seal was installed on the shaft between the
center support bearing and the test bearing for all dry runs, MoS,

syrup-bonded film runs, and MoSp-air mist runs, A suctlon fan was
Installed between the support bearings to cauwse a slight flow of alr
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from the test section through the shaft seal., These precautlions were
taken to prevent oll and oll mist from entering the test bearing sec-
tion of the rig, (The felt seal heated the test shaft somewhat, the
exgot amount depending on the shaft speed and previous seal operating
time. Therefore, preclse comparisons between runs with and wilthout
the seal should not be attempted.)

Molybdenum disulfide syrup-bonded coatings (references 3 and 6)
were applied to bearings 12, 13, 14, and 15 (table III). A new tech-
nigue was used with besrings 12 and 13. All the surfaces of these two
bearings were first liguld honed with number 80 grit before the coating
of MoS, syrup was applled. This sequence of treatments provided a

somewhat more tensclous film of Msz on both the steel and brass syur-
faces of the test bearings,

Two MoSp-air mist systems were employed (fig. 4). The single-

opposed Jet system 1s 1llustrated in figures 4(a) and 4(b) and the
modified-single-Jet system 1s shown iIn figure 4(c). The operation of
bearings 15 (cageless) and 16 (one-plece immer-race-riding cage type)
were particularly sensitive to the amount of MoSpz supplied by the ailr

stream of the single-opposed MoSp-alr misgt Jet eystem. This system
proved faulty because 1t did not deliver a constant amount of MoSy

per unit time when the supply alr pressure was melntalned constant.
The faulty operation was due presumably to the Intermittent clogging
and breaking away of agglomerastions of MoS,; particles In the feed

linea, Accordingly, a modifled-single-Jet system was designed
(fig. 4(c)) to disperse the solid MoS; particles in such a manner

that the larger particles would fall away from the bearing. In order
to accomplish this distribution, a second. alr Jet was introduced per-
pendlcular to the MoSs-alr Jet. The pressure of thie alr Jet was

adjusted so that only the smaller particles were carried to the
bearing.

Test bearings used for high-gpeed investlgatlion, - The physical
characterigtics of the seven test bearings used in the high-speed rig
are gilven in table III, Three types of cylindrical-roller bearing
were Investigated (fig., 5). One type was a conventional roller bearing
equipped with 18 cylindrical rollers, (0.5513-1inch dlsmeter by
0.551 inch long, spaced by a one-plece Imner-race-ridlng brass cage;
the second type was a conventlonal roller bearlng equipped with
17 cylindrical rollers, 0,5255~Inch dliamster by 0.650 inch long,
spaced by & two-plece roller-riding brass cage, and the third type was
a cageless roller bearing equipped with 21 cylimdrical rollers,
0.5635-inch diameter by 0.5625-1nch long. All three types had the
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following dimensions: bore, 75 mlllimeters; outside dlameter, 130 mil-
limsters; and width, 25 miliimeters. Two each of the flrst two types
of bearing and three of the cageless type were luvestigated,

The test bearing measurements were cobtalned in the manmer des-
cribed in reference 4.

PROCEDURE

High-temperature study. - The first runs were conducted at a con-
stant speed of 1725 rpm and a thrust load of 20 pounds. The bearings
were operated both dry and with MoSg-alr mist, in which case solid

particles of MoS; were carrled by the alr stream to a polnt Just
beneath the test bearing. Most of the particles of MoSg; did not work

through the test bearing but ssttled out of the alr stream and col-
lected 1n the space 1n the bearing housing Just below the test bearing.
The flow of the lubricant was so adjusted that a fine mist lssued from
the bearing.

Insdequate lubrication was evidenced by a squeaky test bearing.
If during the run, operation became squeaky, addlitional lubricant was
supplied until more quiet operation was obtalned. A graeting sound
Indicated an excesslve supply of lubricant to the test bearing.

The runs wers conducted over a range of ambient temperatiures,
For comparison purposes, a few runs were conducted with no external
heat supplied to the bearing., Two addltional runs were made with an
initial furnace-block ambilent temperature of 800° F, a speed of
3400 rpm, and a thrust load of 20 pounds. During these rune the
emount of heating power was kept constant. The thilrd group of runs
was conducted with an initial block ambient temperature of 400° F,
The furnace-block temperature was increased in 200° F increments until
fallure of the test bearing occurred. The shaft speed was 1725 rpm
and the thrust load 20 pounds, The bearing was operated continucusly
during the time required to reach the desired amblent temperature and
for 1 hour after the designated amblent temperature had been reached,
The test was terminated when failure of the test bearing occurred.
Criterions of test bearing fallure wers slippage of the drive belt or
rotation of the tesgt bearing outer race or both.

High-speed study. - The effect of the various lubricents and lub-
ricatlon methods on the operating temperatures of three types of roller
bearing was determined over a range of DN values and at a constant
radisl load of 368 pounds., The one-plece lnner-race-riding cage-type
bearings were run (a) lubricated with oil, from an 0.089-inch-diameter
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jet at a lubricant fiow of 2.75 pounds per mlnute, directed perpendic-
ularly +to the bearing face and almed at the cage-locating surface (data

from reference 4, bearing 6); (b) dry, uncoated; and (c) lubricated with
MoSy-air mist supplied through elther single- opposed Jets or the

modified-single Jet. The two-plece roller-riding cage-type bearings
were run with (a) MoSo-syrup coating over conventional bearlng sur-

faces with no other lubrication, and (v) ﬁbsz-syrup coating over

liguld-honed bearing surfaces with no other lubrication. The cageless
full-complement roller bearings were run (a) lubricated with oil, from
an 0,089-inch-dismeter jet at a lubricant flow of 2.75 pounds per min-
ute, directed perpendicularly to the bearing face and almed at the

inner-race-flange outside dlameter, (b) with MoS,-syrup coating over .
conventional bearing surfaces with MoSz-air mist lubricating, (c) with
MoS,-syrup coating over liguld-honed bearing surfaces. with no other

lubrication, and (d) dry and uncoated,

The properties of the lubricating oil used are glven In figure 6.
This o1l was a commerclally prepared blend of a highly refined paraffin
bage with a small percentage of a polymer added to improve the viscos-
ity index.

RESULTS AND DISCUSSION
High-Temperature Investigatlon

The high-temperature investigation consisted of six tests, which
are svmmarized in table II, Three tests were run without any lubricant.
In all cases, the bearinge were thoroughly degreasged by washing several
times in a solvent and blowing with alr, The dry runs were so con-
ducted that a comparison might be made between the bearing operating
characteristics with and without the. MoSp-air mist lubrication.

Tost 1, - Test 1 was conducted with bearing 501, which had been
Foz0y coated, The test was run at room temperature a speed of .

1725 rpm, and a thrust load of 20 pounds with no lubricant supplied to
the test bearing. Fallure occurred after 79 minutes because of cage

breakage.

Test 2. - Test 2 was conducted with bearing 502, The bearing,
which was uncoated, was run dry at roocm temperature, a speed of
1725 rmm, and a thrust load of 20 pounds., Failure_occurred after o
2 hours and 27 minutes. A small section of the cage had broken away
end jammed between the races causing the outer race to rotate. The
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balls, cage, and parts of the race ways of the bedaring werse discolored
from over-heating aslthough the maximum msasured tempersture at the
outer race did not exceed 187° F.

Test 3, -~ Test 3 was conducted with bearing 503, which had been
Fez0, coated. The bearing was lubrlcated with a MoSp-air mist and

ran satlsfactorlly at a speed of 1725 rpm, and a thrust load of

20 pounds at amblent temperatures of 400° s 600° , and 800° F for a
poriod of 1 hour at each temperature after the desired amblent tempera-
ture had been atbalned. Fallure occurred during operation as the ambi-
ent temperature was belng lncreased from 800° to 1000° F. The total
running time was 6 hours. TFallure was due to Jamming of the bearing,
which caused the ouber race to rotate In 1ts housing, Jamming of the
bearing resulted, in the main part, from the bullding up of iron oxides
on the bearing surfaces, The loss of bearing clearance apparently was
not due to the packing of MoS,; within the bearing.

Tegt 4., - Test 4 was conducted with bearing 504, This uncoated
bearing was run at a speed of 1725 rpm and & thrust load of 20 pounds
with MoSg-air migt lubrication at ambient temperatures of approxi-
mately 400°, 600°, 800°, and 1000° F. A perlod of 1 hour at each tem-
perature was maintained efter the desired amblent temperature bhad been
reached, Bearing failure did not occur although the dlametral clear-
ance within the besring lncreased from 0.0003 to 0.0007 1nch, The
total running times was 8.4 hours,

Test 5. - Test 5 was conducted with bearing 505. This uncoated
bearing was operated dry at a speed of 3400 rpm and a thrust load of
20 pourds., The ambient furnace-block temperature was set at 800° F
at the start of the test, Bearing fallure occurred after 6 minutes
of operation, the steel cage having been fractured iIn several places.

Test 6. - Test 6 was conducted with bearing 506, an uncoated bear-
ing run with MoS;-air mist lubrication at a speed of 3400 rpm, &

thrust load of 20 pounds, and an ambilent furnace temperature of 80Q° F.
Bearing fallure ocourred after 67 minutes of operation, apparently as a
result of binding of the bearing due to oxides of lron. Although
one-half of the steel cage had fractured slightly nsar a rivet, thils
fracture d41d not cause the bearlng to Jan,

Comparison of MoSy-air mist and dry runs. - It is evident that
the MoS,-air mist shows promise of effective lubrication at tempera-
tures as high as 1000° F.
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Bearings made of alloy steels having nonoxidizing properties at
elevated temperatures would apperently opsrate with less wear because,
in all probabllity, the iron oxides act am an abrasive within the bear-
ing and also promote the tendency of the bearing to bind,., Stronger
cages made of a material having good frictlonal properties at both low
and high temperstures would greatly sdd to the bearing reliabillty at
elevated temperatures.

Although no conclusive evidence can be drawn from the few tests
reported herelin, 1t ls evident at least that the Fez04 coating did

not result in any improvement of bearing performance.

The short cage 11fe at the higher speed (3400 rpm) may be attri-
buted Iin part to the general unsultablllty and weakness of & stamped
and riveted steel retainer for thls gpplication.

High-Speed Investigation

The high-speed part of the lnvestigation reported herein, tests 7
to 13, consisted In a camparison of dry operation, operation with
MoSp-alr mist, MoS; syrup-bonded coating, MoSy; syrup-bonmded coating

after liguid honing, and operation with oil lubricatlion. The results
of the high-speed investigatlon are summarized Iin teble III,

A Dbrief descriptlon of each test 1s givemn and the individual high-
apeed-test resulis are followed with a general discussion of the rels-
tlve merits of the varlous techniques of lubrication reported herein,

Test 7. - Test 7 was conducted with bearing 10 (one-piece imner-
race-riding bronze (brass) cage). The bearing wes run dry and uncoated
at a radial load of 368 pounds, The bearing ran at DN values of
0.3% 108 and 0.375 x10° but failed after having opersted for 9 mimutes
at a DN value of O. 45x10° . The total running btime was 2,15 hours.
Fallure was due to excesgive cage wear in the roller pockets, which
resulted in a brass bulld-up on the rollers, and in the eventual bind~
ing end fracturing of the cage in several places (£1g. 7(a)).

The bearing rumning temperatures at the various gpeedsg were not
excesaive, At DN values of 0.3X lO 0.375% lO -and 0,45X%X lO the
outer-race-maximm temperatures were 106°, 126°, and 195° ¥, respec-
tively, and the inner-race temperatures were 1040, 1320, and 2010 F,
regpectlively, Temperaturea at the DN value of O.45><106 were
obtalned. immedlately after failure of the test bearing and are not
equilibrium running temperatures. Upon disassembly, tempering colors
indicated lnmer- and outer-raceway contactling-surface temperatures
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of 500° to 550° F (fig. 7(a)). This fact indicates that meassurememt of
bearing temperatures at the inmsr-race bore and outer-race outside dlam-
eter does not reveal condltions within the bearing.

‘Test 8. - Test 8 was conducbed with bearing 12 (two-plece roller-
riding bronze (brass) cage) with a syrup-bonded MoS; coating after

Iliguid hon_'Lng the bearing was operated for 6 minutes at a DN value
of 0.3 X10% and a radial load of 368 pounds., No Indication that the

.bearing would approach an equilibrium running temperature was gpparent.

No severe physical damage to the bearing was evident on post-test
examinatlon although some small amount of wear hsd occurred in the
cage-locating pockst causing an increase 1n the cage diametral
cledrance,

Test 9. - Test 9 was conducted with bearing 13 (cageless), which
had a syrup-bonded MoSZ coating after liquid honing. The begring s

which was operated withoutb ou'ber—ra.ce snap rings, ran rough and very
hot at a DN value of O. 375x1o and g radial load of 368 pounds,
Although the bearing did not fail, no attempt was made to run at higher
DR values because .of exoessively high operating temperatures. The
maxlmum observed bearing temperature was 442° F, Wear was observeble.
on the roller ends and on the flanges of the lnmmer-race track

(f1g. 7(b)). The total running bime was 3.2 hours,

Test 10. - Test 10 wag conducted with bearing 14 (two-piece
roller-riding bronze (brass) cage), which had a syrup-bonded MoSy

coating., The bearing ran satisfactorlly at & DN valus of 0.3X 108
end &8 radlsl losd of 368 pounds but falled after rumning for 4 minutes
gt a DN of 0.375x10% and a load of 368 pourds., Cage wear resulted
In the binding of the cage, which, in turn, caused the ejection of the
cage cover-plate from the bea.ring (This bearing hed been disassembled
for coating.) Total running time was 1,06 hours.

Test 11. - Test 11 was conducted with bearing 15 (cageless) lub-
ricated by the MoSs-air mist single-opposed-Jet systam., The bearing

was MoS,; syrup-bonded coated before operation. The bearing was oper-

ated without outer-race snap rings. Although operation wae somewhat
rough, and seemingly unstable with respect to operating ‘temperature, no
failure occurred at DN values up to and Including 0. 975 % 105 with a8
radlal load of 368 pounds. Total running time was 11.8 hours. Bear-

.ing 15 was very semnsitive to the amount of solid MoS, delivered to it

per unit time, DBecause it was found impossible to keep the flow of
MoS,; constant at a constant air pressure owing to Intermittent clog-

gIing in the supply tubes, the operating temperatures varied consider-
ably at a specific DN value. At the conclusion of the test , the
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bearing dlametral clearance had decreased from 0.0016 to 0.0015
(because of small MoSs; bulld-up on the rollers), A photograph of

bearing 15 after test 1l is shown in figure 7(c); no surface damege is
evident., In addition, no measurable wear could be detected on any sur-
faces, Bearing 15 was the only MoS,-alr mist lubricated bearing to

cperate at very high speeds without showing wear or surface damage.

Test 12(a). - Test 12(a) was conducted with bearing 16 (one-piece
1nner-racear*ding bronze (brass) cage) which was lubricated by the MoS,,~
air mist singla opposed-jot system. The bearing operated to a DN of
0.675x10% with a radisl load of 368 pounds. Agaln the operation was
rough and unstable with respect to operating temperature but no failure
occurred. Total running time of this test was 8.4 hours.

Test 12(b). - Test 12(b) was conducted with bearing 16 (after con-
clusion of test 12(a)), which was lubricated by the MoSg-ailr mist,

modified-single-jet system (fig, 4(c)). The bearing was operated from
a DN of 0.675%X10% %0 a DN of _0.9_><106 with a radisl load of

368 pounds, Operatlion, although somewhat rough, was very stable with
regpect to operating temperature. Operating temperatures were consid-
erebly lower with the modifled-single-Jjet system than with the single-
opposed-Jet system. The possiblility that the alr stream of the ’
modified single Jet promoted cooling was eliminated by completely shub-
ting down the &ir stream for short perlods of time., This produced no
detectable rises 1n operating temperature. At the conclueion of the
test, the mounted bearing dlametral clearance had increased from 0,0005
to 0. 0006 inch, whereas the cage diametral clearance had increased from
0.013 to 0. 022 inch, The bearing was not run to failure and it 1is
ghown In figure 7(d) (atter test 12); there was little evidence of sur-
face damage or wear except at the cege-loadlng surfaces. The running
time of test 12(b) was 9.1 hours. The total running time on bearing 18
wes 17.5 hours.

Test 13(a). - Test 13(a) was conducted with bearing 17 (cageless),
which was lubricated with oll through & single 0,089-inch-diameter Jet
almed perpendicularly to the bearing face and at the Ilnner-race-flange
outaslde diameter, The test bearing operated satisfactorlly up to and
Including a DN of 1. 2% 108 with & radial load of 368 pounds, Total
rumming time was 9.4 hours.

Test 135(b). - Test 13(b) was conducted without any lubrication of
bearing 17 after the conclusion of teet 13(a), The bearing operated
patigfactorily at a DN of O. 3% 10° for 1 hour and reached a temporary
equilibrium temperature of 103° F for both the outer-race-maximum and
inner-race temperatures, Then, without a change in aspeed, the bearlng
temperetiures lncreased slowly until failure occurred 6 minutes after .
the tempersature had begun to rise,
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At the conclusion of the test the mounted bearing clearance had
increased from 0.0007 to 0.0011 inch. Excessive wear occwrred at the
roller ends and at the guiding surfasces of the inner-race flanges.

Comparison of high-speed lubricating techniques, - The effects of
DN value on the operating temperatures of bearings 13, 14, 15, and 16
gre glven in figure 8. These bearings were lubricated with MoS,

syrup-bonded coatings, MoSg-air mist, or by both methods. The bearing
operating temperatures increased at a rate greater than linsar with

“increasing DN velue for all teets (fig. 8).

Comparison of tests 9 and 11 in figure 8 show that the MoS;-air
mist lubrication method is superior to the MoS; syrup-bonded coating

for the cageless-type roller beerings because much lower operating tem-
peratures and much higher operatlng speeds are possible with the MoS,-

air mist lubrication tec];nique.

Comperison of tests 11 and 12(a) reveals that the MoSy~alr mist

was more effective in lubricating bearing 15 (cagelese) than in lub-
ricating bearing 16 (ons-plece immer-race riding bronze (brass) cage).
This phenomenon may be attributed to (a) the cage acting as a barrier
to ths MoSy-air mist and preventing its reaching the cage roller

pockets and Iimner-race roller-gulde flange swurfaces in sufficient guan-
tity; (b) MoS, being more effective in steel-to-steel lubrication than

In ‘bronze (brass)-to-steel lubrication. For example, at a DN of
0.6% 10 the outer-race-maximum temperature of 'bea.ring 16 was 88°
higher a.nd the inner-race temperature 102° F higher than were the cor-
responding temperatures of bearing 15 for similar MoSg-air mist lub-

ricating techniques; thils represents a significant difference in hesat
generation within the two bearing types.

Parts (a) and (b) of test 12 reveal the superiority of the MoS,

modified-single-Jet lubricating system over the MoSp; single-opposed
Jet system. At & DN valus of 0.875X 106 the outer-race maximum
temperatures with these two systems were 230° and 355° F, respectively,
(fig. 8); in addition, the operating temperature was very stable with
the modifled- single-,je'b system,

For comparsble bearings 15 and 13, or 16 and 10 (not shown in
Pigure 8) comparison of the performance characteristics and the bearing
appearance after runs shows that MoS,-air mist provides lubrication

that is somewhat effective ln preventing wear and fallure.
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Comparison of tests 7, 8, 9, and 10 shows that, where lubricatlon
is inadequate or nonexistent the presence of & cage is apparently
detrimental,

No definite concluslions can be made concerning the value of the
MoSy; syrup-bonded coating appllied to bearings 12, 13, and 14 because

.of the incomplete nature of the tests. Although 1t has been shown that
the existence of a syrup-bonded MoS; coating reduces the coefficient

of sliding frictlion (reference 3), 1t was not successful in these
tests, In all probability, the high sllding veloclties encountered in

high-gpeed roller bearings, together with the normal forces that exlst

between the sliding surfaces, conslderably reduce the effective life
of a MoSy syrup-bonded coating which 18 not continually reformed on

the gliding surfaces.

Comparison of operating temperatures for oll lubrication and for
MoSs-alr mist lubrication. - The operating temperatures of bearings 6,

15, 16, and 17 are plotted against DN in figure 9, Bearings 15 and
16’ were MoSp-alr mist lubricated. The curve shown for bearing 16 is

that obtalned with the MoSg-air mist modified -gingle~jet lubrlcatlon
method, The curve of bearing 6 1s for an oll lubricated one-plece
inner-race-rlding cage-type bearing and was obtalned from reference 4.
The conditione of operation for thls bearing were: load, 368 pounds;
0il inlet temperature, 100° F; oil-Jet diameter, 0.089 inch and oll
flow, 2.75 pounds per minute The oll used was the same asg shown in
figure 6. The curve for bearing 17 is for an oil-lubricated full- _
complement bearing (cageless) The .condltlons of operation and lubri—
cation for this bearing were the same as those for bearing 6.

Both types of bearing glve approximately the same relative per-
formance with regard to operating temperature (fig. 9) when comparison
is mede of the data of the oll-lubrlcated tests and of the MoSz-alr
migt lubricated tests; that ls, bearing temperatures lncreased approxi-
mately linearly with increase in DR for bearings lubricated with oil
through a single Jot and besring temperatures increesed at a rate

greater than linear with an increase in DN for bearings lubricated

with MoSg-air mist, Also, both types of bearing operated at higher _
temperature levels when lubricated with MoSj,-air mist than when lub-

ricated with oil for all DN values., In general, the spread in the
operating temperatures increased with an increase in DN, At DN
values of 0.3X10% to 0.7x 108 the difference in outer-race-maximum
temperatures was approximately 60° F and the difference in lnner-race
temperatures was approximately 100° F for the two lubricating methods.
At a DN of 0.975 %108, the spread in the outer-race-maximum tempera-
tures was approximately 160° and the spread In lmmer-race temperatures
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we.s epproximstely 170° F for the two lubricating methods. With oll
lubrication the oil {2.75 1b/min) acts as & coolant as well as a lib-
ricant, whereas with the MoSg-air mist lubrication no appreciable
cooling occurs because of the lubricent source. (The felt shaft seal
was not used in the oil lubricsted runs.)

Bearing-operating tempersture sbove ambient-air temperature. - The
outer-race-maximum and inner-race operating temperatures sbove ambient-
alr temperature in the test rig are plotted sgalnst DN in figure 10,
for bearings 13, 14, 15, and 16 asnd in figure 11 for bearings 6, 15,
16, and 17. ’ '

The value of Tp-Tas (bearing temperature minus smbient-air tem-
peré.ture) increases at a rate greater than linear with an increase in
DN for the syrup-bonded MoSs lubricated bearings as well as for the
MoSo~air mist lubricated bearings. This rapid increasse is to be
expected because the embient-alr temperature in the test rig is a func-
tion of the test-bearing operating temperature (figs. 8 and 9). In
contrast is the almoet linear increase in Tg-Tas Ffor the oil lubri-
cated bearings (6 and 17). (In reference 5, 1t is shown that when
bearing temperature ingcreases linearly with en increase in DN value,
Tap increases linearly with an incresse in DN.) The bearing operat-
ing temperature is dependent on the ailr temperasture surrounding the
bearing. This dependence 1s gregter when no lubricant cooling occurs
for the syrup~bonded MoSp: and MoSz-alr mist lubricated bearings as
compared with oil-lubricated bearings where the lubricant removes a
significant amount of heat from the bearing in addition to performing
the lubricating function. It may be seen in figure 10 that the MoSs-
air mist lubricsted cageless roller bearing operates at a lower Tp-Tap

and, therefore, possibly generates less heat than any of the other -
bearings shown in figure 10. It is impossible to verify this fact
inasmuch as friction torque. rea.dinés of the bearing were not msde.
Also, this fact is not revealed in figure 8 where the data of tests 11
and 12(b) are more nearly coincident. Also, over the range of DN
values from 0.45X10% to 0.85X 108 the MoSg~air mist-lubricated cage-
less bearing operated at lower outer-race Tp-Tap +than did the oll

lubricated cage-type bearing (fig. 11). Inasmuch as the inner-race

Tp-Taa for the MoSg-air mist-lubricated bearing was somewhat higher
then for the oil-lubricated cageless bearing, it cannot be postulsted
at this time that the heat generated waes less for the MoSo-ailr mist-

lubricated cageless bearing. This discussion (although not inciuding
the effects of heat generation by the shaft sesl) serves to further
i1lustrate the possible adventages of MoSg-air mist lubrication.
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SUMMARY OF RESULTS

A preliminsry investigation of the effectiveness of molybdenum
disulfide MoS2 as a bearing lubricant at high temperatures, and at

high speeds was conducted. : :

The followlng results were obtalned in the high-temperature eval-
uation of bearings, which was conducted with l-lnch-bore ball bearings
equipped with two-piece stamped and riveted steel cages at ambient tem-
perstures from room temperature to ZI__OO_Oo F, bearing DN (product of
bearing bore in mm times shaft speed in rpm) values of 0.04X 108 and
0.09 X108 ; & thrust load of 20 pounds, and lubricatlon by MoSg-alr

mist at the rete of 0.35 to 0.7 cunce per hour:

1. A l1-inch bore ball bearing operated sstisfactorily for 6 hours
when lubricated only by & MoSz-air mist at a shaft speed of 1725 rpm,
a thrust load of 20 pounds, end at an amblent temperature which was
progressively incressed in 200° F increments from 400° to 800° F. The
bearing falled, however, when the tempersture was subsequently
increased to 1000° F. In & duplicate test, = second bearing ran suc-
cessfully for 1 hour at 1000° F for a total running time of 8.4 hours
at which time the test was terminsted for inspection of the bearing.
The bearing surface was badly oxidized.

2. At an ambient temperature of 800° F, a speed of 3400 rpm (DN,
0.09><106), and a thrust load of 20 pounds, an uncoated dry bearing had
a life of 6 mimnutes, whereas a MoSo-alr mist-lubricated bearing had a

life of 71 minutes.

3. A coating of ferroso ferric oxide Fez04 on & bearing run

without any lubrication at room tempersture, 1725 rpm, and 20 pounds
thrust load did not result in any improvement in operating performance
over that of an uncoated dry bearing.

The followlng results were obtained in the high-speed evaluation,
which was conducted in & radial load rig with 75-millimeter-bore
(eize 215) cylindrical-roller bearings of three designs at DN values
of 0.3%108 to 0.975%X 108, a radisl losd of 368 pounds, and with three
methods of lubrication as well as dry operation:

1. A size 215 cylindrical, cageless-roller bearing provided with
a MoS,-syrup coating before operation and lubricated only with a

MoSg-air mist during 'opera.tion, ran satisfactorily in a test of
11.8 hours durstion wilthout showlng signs of wear or surface damege.

2257 .


http://www.abbottaerospace.com/technical-library

Lo

NACA RM E51G31 . 17

The run was conducted at a load of 368 pounds and et DN +values which
were increased progressively from 0.3 X10%® to 0.975%x 108 (13,000 rpm).
The meximum bearing temperature was 386° F.

Roller-riding and inmer-race-riding bronze (brass) cege-type bear-
ings wher subjected to similar conditions indicated a lower limiting
DX value than the cageless type bearings and showed signs of consid-
ergble wear.

2. The modified-single-jet lubricating system was superilor to the
single-opposed-jet system inasmuch e&s the modified system provided more
adequate control of the flow rate of MoSg, which resulted in 1ower bear-
ing operating temperatures.

3. A syrup-bonded coating of MoSs over both untreated and liguid-

honed. surfaces was an inadequate bearing lubricant under the operating
conditions investigated.

4. Operation without lubrication of a one-piece inner-race-riding
cage-type bearing resulted in excesslve cage wear in the roller pockets
end in a multiple fracture of the cage which caused failure after
9 minutes at & DN value of 0.45X106 after running for about .l hour
at DN velues of 0.3%X10° and O. 375%105. Similer operation of a
cageless~type bearing resulted in excessive wear at the roller ends
and. inner-race flange guiding surfaces, which caused bearing faill
after running for 1 hour and 6 minutes at & DN wvalue of 0.3X10".

Iewis Flight Propulsion Laborestory
Netlonal Advisory Committee for Aeronsutics
Cleveland, Ohlo
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TABLE I - PARTICLE SIZE OF MOLYBDENUM DISULFIDE&

Particle size Weight
(percent)
Over 200 mesh 1
Under 200 mesh over 400 mesh 10
Under 400 mesh over 22 microns 30
Under 22 mlcrons over 11 microns 27
Under 11 microns over 5 microns 15
Under 5 microns 17

@pyrified molybdenum disulfide, 99.9 percent.
Impurity mainly iron oxlde
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TABLE II - HI(H TEMPERATURE RESULTS

T HAGA T

Test mmber 1 2 3 4 5 . 8
Bearing number 501 502 035 504 505 506
Construation . Ball; stemped|Balls; stamped Ball; stamped Ball; atamped” Ball; stamped .Ball; stamped
and riveted |and riveted and riveted and rivetad and riveted amd riveted -
Stan) chge steel cage iteal cege ateel cage steal oage ateel cage
Bearing grade 3 . 3 3 . 3 . : 3 . 3
Number of balls 10 10 ' 10 10 10 10 R
Dlameter of balls, (in.) 0.260 0.250 . 0,260 0,250 0.250 0.0
Pitch diameter of .
bearing, (ia.)" 1.417 1.417 1,417 1.417 1,417 1.417

Umnounted bearing: )
. Dlamotral olearance of . .
* bepring, {in.} 0.0003 0.0003 0,0003 ) 0.0003 0,000% 0.0005

Diametral olearance of
cnge, (in,) 29,018 20.016 a3,018 20,016 . 20.016 ap,018

Mournted bearing: . )
Dismetral alesarance of .
bearing, {(in.) 20.0001 59,0001 R0, 0001 20.0001 . 80,0001 29,0001

Bearing coating Feox0y Nona Tax04 - None Hons Nona .
Type of lubricaticn pry Ty Wo3,-alr mist WoBp-air slet Ty Hois-alr mist |;
I!!DB2 flow rate approx-
imate, {om/hr) 0 0 0.55-0.7 0.55-0.7 ) 0 0.38-0.7
Lubrigant-air pressure
“{in. bg) B 0 o 0.5-0.8 0,3-0.8 Q 0.3-0.8
Thrust load, (1b) 20 20 20 : [ 20 20
Sheed, (rpm) 1725 1726 1728 1725 3400 - 5400 :
Maximum miogessiul oper- . .
ating tempsraturs, Room Room . ' —————
+10° ¥ ; teaparature | temperature 800 1000 -
TPotal mmning time, (hr) 1,52 2.45 6.00 557 0.10 1.18
b téwperature, (9F) x% time
rfm) ’ — 22.5 X105 206 %103 323 x103 4.45 x105 45.8 %103 '
Remarks Pailure) Fallure; Fellure accurred aa o failure. Unmounied [Feilure; ofge brokan {Failure; cage brokang
cage broken | oage broken |tesperature was being .[bearing diamstrel clear-|in several plscen. No diametral olsar-
incieased from 800° F |ance inorsassd to “|Fc dismetral olear- |ance left in either
to 10000 F, outer race |0.0007 lnchy cage oledr-|anos left in basaring.|bsaring or oage.
rotated. e inorsased sc thet

cage rode on cuter reoe.)

 BMeasurenents cbtained from sample bearing,

' baever.tl:: faator, (ln-ntim-:l of profucts of difference betwasn equilibriun bearing temparaturs l.nﬂ Jubricant lnlet tesperaturs for each operating
sondition and gorrespondling operating time in mimites at that partisular conditien),

o LG22

0g
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TABLE 1II - HIOH-SPEED

— = e e

Test number ‘ T 8 b4 10
Bearing number 10 o - 13 . 14
Conatruction Tne-place inner- Two-plece roller- Cagelens 'ivo-p!oee roller-
rece-riding brass cage riding brass cage ' riding oage
Pitoch dlameter of ‘ . .
bearing, (in.) 4.038 4.052 4.0353 4.032
Humber of rollers 18 L 1T . . 21" 17 -
Bafore| After Before After Before Aftar Before After |
.  Roller diameter, {in.} 30,8515| b0, 5521 20,8266 ¢0.8259 . 20,5836 0.5838 80,5256 |bo.528%
Roller length, {in.) - . 29,6510 0.B61% 20,6500 0.6503 20,5625 0.22.'_!’.0 to” 40.6%00 0.6493
- ) ; o 3
m:?ounted tearingt
Dismetrel clearance - .
Bearing 0.0018{ 20.0000 G.0005 Q.0013% €¢.0023 to 0.005 0.0026 0.0000
. -002T .
Cege 013 e 028 to 028 vo | Cageless | Cageless 020 tof Cage
failure 042 046 046 fallure
8gcaantriolty " 0.0001| —mmen 6.0009 0.000% 0.0001 0.0005 0.0000 —————
ted bearing: .-
lametral clearance .
Bearing 0.0007( %0 . 0000 10,0000 16.0000 Q.0012 0.00654 0.0010 | ©0.0000
Cage 013 |Cage 025 to 028 to Cageless Cageleas 020 to|Cage
failure <042 ~Q47 ' 048 fallure
DBearing surface - .
treatment Fons Liquid honed © Liquid honed . Rouna
Bearing acating Noas lns2 Syrup bonded Knsa Syrdp bonded Hosz Syrup bonded
Type of ludbrication Ty Dy ory . Dry
Lubricent flow rate [ . o .o 0
approximate, (os/hr) ' -
Lubricant-gir pressurs R o
(in. hg) [¢] Q -Q o
- ) - —
Radial load, (1b) 388 . 388 . g 588
Maximm succesaful|] (rpm} 5000 v = OO0 1000
operating speed kD)l x 10-6) 0.375 ——— . 0.376 0.30
Total running time, (hr) - 2.2 " 9.1 3.2 1.08
Jza’t rature (°F) x time ’
(nin.i 10.8x 103 0.53 x 103 4.2 x103 5.95 x 109
Remarks Pallure due to multiple Bearing rdn very hot Bedring ran rough and ;alum due ts -oasl
fracture of cage. Exces-| without showing signs | very hot. ¥ear on wsar. Excesalve brass
Bilve brass pickup by of reaching an equi- | rollsr ends and ilnner- | plckup by rollers, cage
rollers. 1ibrium temperature. |race flanges. No ejected.
. fellars.
&

b

fDiametral olearance actually dsorsased becauss of apparent growth of i

ipue to Mosy

Measurerants obtained from sample bearing.

Increase in roller dismeter is due to brass pickup.
¢Increasa in roller diameter is due to MoS, syrup-bonded coating.
dMeasurement obtained in fixture with dial gags.
to sxceasive brass pickup by rollers.

asuremsnt obtsined in fixture with disl gage, Iinner race rotating and outer race atatiomary.
asurements obtained in test rig with dial gage.

syrup~honded coating. o
Jseverity factor, summation of products of difference between equilibrium bearing

nner race at operating temperatures sbove 400° P.

ereture and lubricant inlet

tefiperature for each operating condition and. corresponding operating time in minutes &t that perticular condition,
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appreciable wear on any
surface.

regards operating tem-
perature

stable as regards operating
temperature. Steel surfaces
disgolored (dark blue) from
heat but no appreciable wear.
Vear on cage-locating sur-
faces but no failure.

11 12(a) 12(v) 135(a) 15(b}
5 1e 16 17 17
Cageless Cae-piece inner- One-plece immer- Cageleas Cageless
race-riding brass cage race-riding brass cage
4.033 £.036 4.056 4.033 4.033
21 I\ 18 21 21
Before | After Before After Before| Aftar Before | After Before | Aftep
80.5635] 0.5630° 20.5513 —_ £0.5510 0.5635 | ————em bg.5632
80,5625 | 0.5622 29.5510 — - [80.5510 a.5825 —— ——] 0.5624
0.0026 | 0.0028 ¢.0020 —— o [fo.0016 G.0017 ———— ——1 00022
Cagelesas iCageless .03 —— —— 021 to Cagelapi| =——— —— [Cagelens
N .022
0.000C } 0.001C 0.0001 tof~——mese —— | 0.0004 0.0001
(s.0.0}-] .
0.0016 | 0.0015 0.0005  f[emee—e c—ee—— | 0.0006 G.0007 ———— ————t{ 0.0011
Cageless (Cageless <013 — —— <021 to Cageless| ———--| ——— [Cageleas
022
None Nons None Mone Kone
MaS; Syrup bonded None None Mone Hone
HoSp-air mist; MoSg-alr xaist; NoSq-air misty 01l Jet Dy
alngle-opposed jets sinslcmased Jets nodi;im single Jet
O to 1.6 O to 1.6 0 to 1.6 N 2.75 [}
{1b/min})
0 to 4.0 O to 4.0 0 to 12.0 3 o
368 368 368 0 to 1113 388
15,000 H000 12,000 18,000 « £000
0.975 0.67S5 .50 1.20 0.30
11.8 8.4 8.1 8.4 1.1
184 x103 — 22€.8 %103 81.5x10%
Bearing ran rough and Bearing ren satisfactorily, | Run sfter conclusion of 12(a). | Satisfactory Run sfter conclusion
hot but no fallures no | but rough and unstable &s Operation socewhat rough but operation. of 13(a). RBearing

feiled; damage to
roller ends and inner-

raoe guide flanges.
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Two plece, stemped and
riveted steel cage

i
g,“ a

Figure 2. - High-temperature-rig test bearing.
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Figure 3. - Cutewsy view of high-speed bearing rig.
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Alr and MoSo
Alr and MoSjp

L
_m -t

(a) single-opposed-jet lubri- (b) Single-opposed jet lubri-
catlion of cageless roller cation of inner-race-riding

bearing. cage-type roller bearing.
Air and MoS, l

77

=10 &8

MOSE

i

A A

{(c) Modified-single~Jjet lubrication of inner-race-riding cage-
type roller bearing.

Figure 4. - Molybdenum disulfide - alir mist lubrication techniques.
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(b) Two-piece riveted
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Figure §. ~ High-speed-rig test bearings.
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Flgure 6. - Absolute viscoeity and specific gravity of lubricant,
flash point, 310° ¥; vipcosity index, 150.
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(a) Bearing 10.

Figure 7. - Condition of bearings after operation.
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Figure 7. - Continped,

Ipner-race p.tde
flange wear

(b) Bearing 13,

Condition of bearings after operaticn.
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N¢: ioner-race guide
flange wear

Flgure 7. - Continued.

(¢) Bearing 1S.

Condition of bearlpge after operstion.
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No roller-end wear
or surface damsge
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(d) Bearing 16.

Figure 7. - Concluded. Condition of bearinge after operaticn.
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Bearing Test Type of Lubrication
number Bearing
v 13 9 Cageless MoS2 syrup-bonded coatling
A 14 10 Two-plece MoSp syrup-bonded costing
roller-
riding cage .
< 15 1L Cageless MaSp syrup-bonded ccating with
) MoSo-air mist Jubrication at
flow rate to 1.6 oz/hr
o 16 12{a) One-piece MoSg-air mist Iubrication at
: inner-race- flow rate to 1.6 oz/hr through
riding cage single-opposed Jets
o 18 12(b)} One-plece MoSg-air mist lubricatlon at
inner-race- flow rate to 1.6 oz/hr through

riding cege modified single Jet
.} Indicates faillure ’

Outer-race maximum : Imner race

460

420

380 ig

Temperature, OF

/ /]
- ol

T 0
=
fe L | ﬁ?/;//
20 °<>o’ I°

T
™~
q

ol A

¥_1o

180
NACA

140 . | .

0.3 0.8 T 0.8 1.2 x106 0.3 0.6 0.9 1.2 x108

DN
Figure 8. - Effect of DN on outer-race-maximum and inner-race temperatures of bearings 13,

14, 15, and 16 (all with shaft seal). DN, 0.3x106 to 0.975%105; load; 368 pounds.
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460

420

380

340

.
[o]
(o]

Temperature, °F
n
[o1]
O

220

180

140

100L

- NACA RM E51G3

Bearing Type of Lubrication )
bearing . o .
< 6 One-plece 011 at flow rate of 2.75 1b/min
inner-race- through 0.089-in.-dlam, Jet
riding cage
(a] 15 _..Cageless MoS, syrup-bonded cecatlng with
MoSo~air mist lubricatlon at
flow rate to 1.8 oz/hr
[o) 16 One-plece MoSs-air mist single-Jet modifled
inner-race- system at flow rate to 1.6 oz/hr
riding cage . .
A 17 Cageless 011 at flow rate of 2.75 lb/min
through 0.088-1n.-dliam. Jet
Outer-race maximum Inner race
#l \W.ﬂ:h shaft seal %
/ )
I 1A
L
D / Y
i
$ 1 /
/}Y Without shaft seal-r\\\
.
// ,
A /
0 0.4 0.8 1.2x1060 0.4 0.8 1.2x106

DN

Figure §. - Effect of DN on outer-race-maximum and inner-race tem-
peratures of bearin%s 6 (reference 4), 15, 18, and 17. DN,
R ,

0.3 x106 to 1.2 x10

load, 368 pounds.
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Bearlng Test Type of Lub»ication
. number bearing
v 13 9 Cegelens Mo3p syrup-bonded somting
A 14 10 Two-plece MoSg Byrup-bonded coating
roller-riding -
oage 4 .
O 15 11 CageleBs MoSp syrup-bondad coating with

Mo3p elr-mist lubrication at
flow rate to 1.6 og/hr

0O 16 | 1g(a) One-pleces MoSp-air mist lubrioation at
. ) inner-race- ffow rate to 1.6 og/hr through
. rilding cage single opposed jets
o 18 12{b) One-piece NoSp-glr mist lubricatlon at
_ inner-race- flow rate to 1.6 oz/hr through
riding cage modified single jat

! Indicates falluve

Outer-race maximum Inner race
200 . E
160 1] y
A
/ /

B

To t%““‘—-——-d—
Ny
5
m]
[0/}
\\
Mo,

temperatura, 'I‘B—EI;M,
g

Bezring tempersature mimus a.grl?ient-air

] /o"p/" [ __1¢ 1
& >
40
s
0 8
0.3 0.6 0.9 1.2¢10°% 0.3 0.6 0.9 1.2x10
DN :

Flgure 10. - Effeat of DN on outer-paca-meximum and innep-race temperaturas abgve ambient—aig
temperaturea for bearings 13, 14, 15, and 18 (with sheft seal). s 0.5 %10 to 0,975x% 10°;
load, 388 pounds. :
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Bearing Type of Lubrication
bearing
o 6 One-plece (11 at flow rate of 2.75 lb/min through
Imer-race- 0.089-in.-d4am, Jet
riding cage '
i5 Cageleas Mo3s syrup-bonded coating with MoSz air-
' mist lubricetion at flow rate to 1.6 og/hr
16 One-pilece Mo3p alr-mist at flow rate to 1.6 oz/hr
inner-race- through medified single Jjet '
riding cage .
A .17 Cageless 0il at flow rate of 2,75 1lb/min through
o . 0.089-in.-diam. jet '
ra 240
+
@
B qQ
[}
g Outer-race maximm . ' Tnner resce
3 200
& -
9 ' ] Above 1680 7 -
£ 180 —
ag l | {With shatt seal ' ”
g . /' ; ' 1 |With shar
1 t
Eﬁ?lzo i X ) Af 39&1
~ _m
HE j/ A / Z
@ Without shaft / g
3 s zeal » o gl ]
& o /l/ |7
g - L«/ o
g A\ DEAT Without shaft
& ] —-—“W‘
A 0 A
0.3 0.8 0.9 1.2%x108 0.3 0.6 0.9 1.2x106
N

Figure 11. - Effect of DN on outer-race-waximum and inner-race temperatures abhove ambient-airp
temperatures for bearings 6, 15, 16, and 17. DN, 0.3 x10% to 1.2% 106; load, 368 pounds.
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