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A series of tests were carried out, in the Desgign
Départment of the College of Aercnautics, on plain journal
besrings, at higher pressures. than are normally encountered in
engineering vractice. Pressures of 40,000 Ib/in.z were realised
with a rubbing speed of 1,1 ft./min, Comperison between the
various materials tested was effected by continuously rotating
the beearings for fixed periods under various loads while friction
and wear were measured periodically., The most outstanding
combination was S,90 Chromiuwm~plated rwming in a Hidurex Special
bearing. Some other materials, listed in paragraph 8, were also

found to be sulteble although not so wear-resistant.

A1l the materials tested suffered some surface damage

which, in general, proved not to affect the bearing performances

An attempt is made to explain the behaviour of the
bearings end thus indicatc possible further materials which might
prove sultable.

- o .

z Thesls presented in part fulfilment of the requirements for

the Diplome awerd of the College.
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2. Introduction

The advent of high~speed aircreft has introduced a need
for bearings ocoupying as small a space as possible, Ball and
roller bearings are often not sufficiently small for use in
control hinges, pover control connections, undercarriage pivots,
wheel bearings, etc. There is space only for plain journal
bearings operating under very high pressures, These pressures
are very much higher then those encountered in general engineering
practices

A congidersble amount of data exists for hydrodynamically-
lubricated bearings operating at pressvres up to 4,000 1b/in,
Very 1little is known sbout the behaviour of bearing materials
under boundary Iubrication conditions,

A gseries of bearing materials have been tested to
determine which give the lowest friction and wear with both grease
and solid lubrication, The results obtained established some
bearing materials as sultable for any form of high pressure work,
They also indicate why certain combinations such as steel on steel
should not be used wherever sliding occurs under heavy pressure,

3¢ iethod of Tegting

3:1e Rumning Tests

The journal and bearing were cleaned with a degreasing
fluid and then greased with Acroshell XG-~345, when the bearing
cambination required grease lubrication, The journels for the
. self-lubricating bearings were de-greased only, The bearing was
then assembledg the thermocouple plug fltteq in the bearing end
the side suppor’cs bolted in place.

The ‘bewmg assenbly was loaded to 5,000 Ibs, l.c.
10,000 lb/:.n.2 and the driving motor was then switched on, The
grease groove in the bearing was filled by grease gun. Readings
of frictional torque, temperature and the time were noted,
Rotation of the journal wes contimued for 240 cycles (about 1 hour),
readings being teken every 60 cycles, except near the commencement
of rotation, when they were teken every 10 cycles, At the end of
the hour the testing machine wes off-loaded to allow the motors
to cools On recomencement of rotation for another 240 cycles
under the same load the bearing was ag ain charged with grease,

At the end of the 2 hour period the bearing assembly
was dismentled and inspected, and the bearing bore measured in
the vertical end horizontal planes by a lahr internal measuring
device capable of an accuracy of 1 /ﬁO 000th inch. After inspection
the bearing components were greesed, reasserbled and loaded to
20,000 1b/1n. The_sanme procedure as before was then carried_out,
ifter 20,000 Ib./in? the bearing was ,loaded to 30,000 1b/in.? for
2 hours, and finally to 40,000 l‘b/:m. for 2 hours when the bearing
still remained in a wox‘l*ablc condition, Thus the programme wasg—
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0 - 2 hrs. 2pprox, 0 - 480 cycles 10,000 1b/in2 load
2 - 4 hrs, ' 481 - 960 20,000 Ib/in°
L - 6 hrs, ! 961 = 1440 ¢ 30,000 1b/in" '
6 - 8 hrs, ! 1441 - 1920 ¢ 40,000 To/in®

Greasing every hour, Inspection every 2 hoursa.
g 3 &

342, HMeasurement of Specimens

342016 leasurement of the Bore of the Bearings

A Cerl Zeilss Horizontal Comparator was used to measure
the internal diameter of the beerings. By use of an optical
measuring head fitted with a telescope the instmneaz? is capsble
of an accuracy of the order of 0,00002 inch (2 x 10™2in,)
Measurements were made in millimeters and converted to give the
diemeter in inches to the nearest 10,000th of an inch,

The diemeter of the bearing was measured in two direc-
tionse, Pirstly in line with the load application point and
secondly at right engles to it (i.e. vertically and horizontally
respectively,) While teking the measurements the bearings were
checked for parallelism along their length. All specimens were
allowed to soak for 24 hours in the temperature-controlled room
(26°C) to obviate temperature effects.

During the tests a llalw internsl measuring device, of
the type used for inspection purposes, was employed for measuring
the bore of the bearings in the vertical and horizontal planes.
Owing to the fact that the axis of the bearings under test was
not exactly perallel to the loading face of the bearing housing,
weer occurred to a greater extent at one end of the bearing bore
than at the other, Thus two readings of the vertical Jdismeter,
one at each end, were taken during each 2 hourly inspection.

302624 IHeasurement of Test Journals

The journals were measured on a Carl Zeiss Universal
Measuring Illachine, Type NR1137. The accuracy obtainable,
allowing for operating errors, was of the order of 1/400th milli-
neter, i.,e., 1/10,000th inch,

3e243s lMeasurement of Hardness and Surface Finish

£11 specimens were tested for hardness on a Vickers
Herdness testing machine, and the results are given as Vickers
Pyramid Numbers., Plated specimens and surface hardened materials
were tested with a sufficiently low load to give consistent
readings for two or more impressions, Surface finish was measured
on a Taylor Hobson Talysurf Machine and the readings obtained axe
given in this report in terms of micro-inches, centre line average,
Some typlcal traces of the continmuous recorder were taken and these
are shown in Figs, 7 to 11



Le Description of Test Rig

Lale General Descriptions

Lolele The Macklow Smith Compression Testing Hachine

he test bearing is loaded between a fixed upper platen
and a moving platen on which is mounted the bearing assembly and
the driving mechanism. The lower platen is ralsed and kept in
place by hydraulic pressure acting on a central ram connected to
the platen by tie-rods, Pressure is supplied by a hydraulic
pump through a control valve fitted with a bleced cock, The latter
was kept partielly open during the tests to stebilise the pressure
supplye The hydraulic pressure is measured by a swinging arm,
fitted with a moveble 'poise', and graduated in lbs,

It was found that the equipment mounted on the machine
required a pressure equivalent to 320 Ibs. load to raise it, Thus
during the tests the poise was moved out 320 lbs, further then the
tebulated load. Throughout the tests 1t was possible to keep the
actual load between + 0.5 per cent tabulated load.

hele2e The Driving Mechanisnm

A % H,P. 3-phase induction motor, controlled by an over
load breaker switch, drives a speed reducer by pulleys and 5/81n,
LO© continuous vee belt, 50in, long. The pulley outside diameters
are 6.75in, and 7.75in. respectively, - The speed reducer ratio is
152.2 ¢ 1 Thus a motor speed of 740 R,P,iI, gives a speed reducer
input speed of 645 R P.li, and en output speed of L.2Lk R,P.il, The
motor and speed reducer are mounted on a platform slung on the
supporting structure between two ball bearings. The platform
arrangement ils described in more detail in L.2.1, The supporting
structure is keyed to the moving platen and bolted so that the
output shaft of the speed reducer is in linc with the bearing
assembly axis, The arrangement is shown in figse 1 and 2, Some
degree of flexibility in the shaft drive is provided by 3/16in.
hard rubber sheet between the flanges at each end, and by spring
washers under the heads of the coupling bolts.

Lels3a The Bearing Asserbly

The test Journal is supported on either side by sleeves
rummning in R.ll.S, 14 roller bearings. The outer races are fitted
in Irsheped support plates keyed and bolted to the platen,. The
distance between the imner faces of the sleeves, which are a close
sliding fit on the journal shaft, is 0,700in. There is thus a
clearance of 0,100in, on each side of the bearing bush, ILoad is
applied to the bearing through a housing, shown in fig.14 , on
which are secured the thermocouple wires, The number of cycles
performed by the journal is recorded on a cycle counter, This
counter is operated through a 24 volt circuit by a pair of
contacte triggered by an insulated plug on the driving sleeve
flange.
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Le2s Measurement of Friction in Test Bearing

La241e Ilieasurement of Combined Priction of Test Bearing and
Support Roller Bearing

The friction is essessed by contimiously measuring the
torque recuired to rotate the driving shaft. The driving mech-
anism platform is slung between two ball bearings. The output
shaft of the gearbox rotates in the front bearing, The reer
bearing which is in line with the driving shaft supports the plat-
form through a bracket, As there.is only the weight of the
platform and equipment mounted on it, and the dowmward pull of the
torque~measuring dynamoneter to be reacted by these bearings, their
frictional restraint on the platform is negligible, The centre
of the Jdynamometer attachment bolt is a horizontal distance of
10in, 0%

-005
attaching the dynamometer to the fixed structure is vertically
below the upper bolt. Thus the dynanoneter measures directly
the input torque to the bearing assemblys one division of the
scale being ecual to 20 1b,in, '

fron the centre of the driving shaft, The bolt

The coefficient of friction, o for the test bearing
is calculated as followsg~

Toraue (1b.in, ) « 1
Bearing Radius (#in.) Toad (1b.)

Tordue (1b,in, )
Bearing Load (1b,)

f
no

Toraue (Ib,ine )

il

b ox 5
Bearing Pressure (Ib/in”)

where the torque

il

total input torque - roller bearing frictionel torque,

Le242, Calibration of Roller Bearing Frictional Torque

A calibration bearing assembly containing two roller
bearings of the same type as the support bearings was sct up
between them, The photographs of the test rig (figse 1 - 3 ) show
this asserbly in place, The shaft was rotated at normel running
speed while the load on the besrings was varied in steps of
5,000 Ibse from O = 20,000 Ibs, Readings of the dynamometer were
taken for each load, The frictional torque of the support beerings
was teken as half of the total observed in this test,

Fige 4 , plotted from these readings indicates that the
roller bearings exert a restraining torque equivalent to a
coefficient of friction of 0,001L4. In the tests covered by this
report the effect of the roller bearings was neglected for loads
up to 10,000 1bs., and for higher loads 10 lb.in, was subtracied
from the observed torquey as it was not possible to read the
dynenoneter to a greater accuracy than 10 Ibsin,
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Le3, lleasurenent of Rubbing Speed

The rubbing speed was determined by two methodss-

{2) The input speed of the speed reducer was messured by
tachometer, The rotational speed of the journal was then derived
by dividing the tachometer speed by 152.2, the ratio of the
reducer, The rubbing speed of the beur:mg surfaces was given
bys-

Tachometer R.P,ll, x Bearing Dismeter x =
152,42

Rubbing speed

i

Hy

Te

Ne

Tachometer R.P,il. T

= 152,20 * 77

'

Tachometer R,P.il., It,
- K82 min,

(b) The time taken for the journal to complete 240 revolutions
was neasured and the rotational speed calculated from this value,

The two methods were used to check each other.,

It was found throughout the tests that the speed reducer
input varied by only + 5 sbout 645 R,P,l, Thus the rubbing speed
ZBe g 4.4p Dte

.L & —-0
mj:n other beering spplications the ruu’b;.ng speed 1s taken as
10 ft,/min,

veried between 1,10 == For purposes of comparison

Lol lMeasurement of Test Beoring Temperature

The temperature was measured by a therm ,ocouplo which
consists of two wires, copper fmd constantan, joined togzether a
one end in a solder plug fitting into a hole in the bearing just
above the contact area,

The thermocouple was calibroted in clear water ond was
found to be sufficiently sensitive to give readings to the nesrest
0e5°C,

It is 1o be noted that the thermocouple does not measure
the temperature at the rubbing surface but at some distance away
from ite  Thus its main purpose is to indicate temperature
variation, although it does give some indication of ““o temperature
that might be cxpected in practice from continuous running,

5 Description of Test Specimens

5¢1e Journals
5,1«1e General Description

£11 journals were made to the dimensions shown in fig, 12
Maching operations were carried out in the College workshops and
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special precesses were performed by outside contrectors, Solid
dravmn bar was used in all three cases, The specimens weré first
turned to 1,016in, diameter., The bolt holes were then bored and
reamed, using a special jig. The remaining operations were
carried out for the different materials as follows.-

(a) 8.82, 85-ton steel, case-hardened, The steel was case-
herdened to a depth of 0,030in. and then ground and polished to
the finished size from 1.016in. diameter.

(b) DeTeDe 317, Nitrided, The specimen was turned to
1.004in. diameter, nitrided and finally ground and polished to
size,

(c) S.90 Chromium-plated, The sheft was ground to 0.997in.
dianeter and hard chromium-~-plated to a depth of 0,003in. The
plating was then ground and polished to leave a thickness of
0.0011in,

5s1e2s Surface Finish and Hordness

The surface finish achieved by grinding and polishing
was practically uniform over the whole range of specinens, varying
from 5 - 9 micro-inches, centre line average., The hardness of
the specimens in cach material was also found to be uniforme
Hardness measurenents were teken on an area adjacent to the rubbing
area, and a sufficiently low load was used on the Vickers Haordness
llachine to prevent penetration of the hardened or plated surface,

5e2. Bearings

He2s1a General Description

A1l bearings were made with the overall dimensions shown
in figs, 13 ‘o fit in the 2in, hole of the bearing housing and to
fit the journals with a clearance of between 0,0005in, and 0,0015in,
The internal surfece was ground and lapped to the highest surface
finish possible except where otherwise stated in the following notes.

Two main types of bearing were made, Bearings of
materials with sufficient mechanical strength were made in one
piece to the finished sizes, The other bearing materials were
made as beShes and press-fitted into mild steel outer bushes.

The standard wrapped bushes supplied by Glacier letal Compeny were
also press-fitted into mild steel bearings. Details of the
bearings were as fcllows.-

(2) Hidurax I, Hidurax Special, Hidurel 5, and Grey Cast
Iron. '

These bearings were machined from the solid and fitted
with a grease groove and thermocouple hole as shown in the drawing,
fige 13 &
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{h) 18 Ton Sintered illoy Iron, High Duty Sintercd Bronze,
and Sintered Porous Stainless Steel supplied by illetal and Plastic
Compacts Lid,

14250in, diameter plugs of the sintered matericls were
pressed into mild stecl bushes with an interference £it of 0,002in,
The sintered plugs were then bored and reamed to size, A grease
groove was cut in each bush and a thermocouple hole made in each
nild steel outer bush,

(c) Ferobestos LF (woven asbestos-base plastic),

The ferobestos bush was pressed into a steel bush, then
turned and ground, The wall thickness of the ferobestos bush
when finished was 0,100in. A grease groove and thermocouple hole
were made as in (b).

(d) Glacier Standard Wrapped Copper-lead and Polytetrafluor-

oethylene = (P,T,F.E,, Teflon, Fluon) - impregnated perous bronze,

These matericls were supplied by Glacier ietal Compeny in
the form of wreapped steel bushes on which a layer of the bearing
material had been compacted and sintered, They were fitted into
steel cuter bushes of 1,1251in, j 88é5 diameter with an interference
fit of 0,0025in, The copper-lead bushes were recamed to size. It
was not possible to machine the P,T.F.E. - impregnated bushes, The
Journals for the latter were therefore modified to obtain the
necessary clearence., Crease grooves were not cut in these bushes,
as the PoT.FoEs bushes were run unlubricated, and therc was already
a lubrication groove in the standard wrapped bushes,

(e) Iead, tin, end cadmium flash-plated steel, and molybdemum
disulphide coated steel supplied by Glacier lletal Co, Ltd,

These specimens consisted essentlally of steel bearings
machined to the dimensions of fige. 13 with allowance on the bore
for the surface treatments, The surface treatments were as followse—

Ilead )
Tin % 0,0005in, flash-plated coating on steel
Cadmium
0.0005in, coating of ﬁbSQ + Syrup
0,0011in, ! ! ! + !
0,0005in, ' ' ' 4 Phenolic binder
0.,00%114n, ! ! ! + ! !

The first three were provided with meens for grease lubrication,
The latter, however, are self-lubricating and therefore required
no grease,

542s2s The Iength ~ Diameter Ratio of the Bearings

The length = diemeter ratio of 0,5 was decided after




e

studying the design of bearings for veorious applications, For
high.pressurgs under hydrodynamic conditions (i.e. for about
4,000 Ib.in,<) the L/D ratio should be between 0,5 and 048,
Bearings for lower pressure applications with steady unilateral
loading and contimious oil lubrications may have L/D ratios as
high as 1.5s Under the pressures used in these experiments,
however, oil lubrication is not sufficient, Boundsry conditions
of lubrication exist and an extreme pressure additive grease is
required. Thus considerations of oil film pressure generation
are superfluocus., Bending effects become more important. It
wag considered that with an L/D ratioc of 0.5 on a 1in., diesmeter
bearing the latter would be very small., Further reduction of
the L/D ratio was decided against because, firstly, the bearing
would not have sufficient lateral support and, secondly, the aim
is to establish suitoble bearings with as small an overall diameter
as possible, whilst the bearing pressure is limited,

6s Resulits

641e ILrrangement of Results

The values of friction, bearing temperature end wecr
observed during the tests are shown graphically in Appendix IV,
Details of surfece finish, hardness, lubrication, and appearance
of the rubbing surfaces at intervals during the tests accompany
the graphs in Appendix IV,

The figures and the tsble are arranged in the same order
as the tests to facilitate comparison.

An gbstract of the results iz given in Teble I, This

Table should be consulted if the reference number of a test is
reguired,

7. Analysis of Results

7e1s Comparison of Results

A1l the tests covered by this report were made on
continuously rotating shafts in a bearing housing more rigid then
most practical bearing housings., The effects of oscillating
motion and lack of rigidity are discussed in 8, The loading
surface of the bearing housing was not exactly parallel to the
axis of the bearings, so that in each test it was possible to
observe the extent of deformation and wear of the bearing after
every 480 cycles, The mean increase of vertical diemeter of
the bearing is recorded in the results,.

It is to be noted that in practically a1l cases marking
of the jourmal and bearing occurreds. It appears to be no cause
for concerns The bearing performance was certainly not impaired
by a moderate amount of pick-up and light scoring, It was only
when heavy scoring or pitting, and pick-up of the order of 0,003in,
occurred that the bearing began to fail,
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Hidurax Special on 2 chromium~plated journal (Test 1)
gave the best performence over the whole range of pressures, The
wear was very -low end the coefficient of friction was only greater
than 0,10 at the begimning when the surface finish was rather
roughe Sce Fiz, « The surface culckly became polished to
about 30 micro-inches CeLeAs  The high friction may also have been
due to the time lag in the reaction of the lubricent additive with
the hidurex surfacé. The use of Hidurex Special with plad
hardened steel is not to be recormended, Test 6 shows a
considerable veriation in friction, indicating tearing of the
surfaces and breskdown of boundary lubrication which was probebly
due to the iron constituent of the Hidurex Special bronze welding
to the journal steel, Figs, 5 and 6 show the sppesrance of
the materials after testy the effects are not very clearly
defined, Tige 7 however, indicates that scoring of over 0,001in,
of the hidurax occurred with the nitrided shaft whereas the
chromiun-plated sheft had a polishing effect on the bearing
material,

~Perobestos IF with a nitrided jowrnal (Test 5) proved
very effective up to 20,000 1b/in“, The coefficient of friction
was very steady end did not excced 0,08, Scme wear took place
but if this should be unimportant the bearing has attractive
possibilities, Only grease was used to lubricate it but molybdernum
disulphide or graphite mey well improve its performance further,

Grey Cast Iron on a Chromium-plated journal (Test 2)
gave very steady results, The coefficient of friction did not
exceed 0,140 except at the beginning of the test, and the amount
of wear was not excessive, This combinetion mey well prove
attractive where cost is a consideration, The cast iron and
nitrided steel combination (Test 7) proved to be unrelisble,
Seizure eventually occurred when o piece of cest iron welded %o
the stecl, This combination indicated the inadvissbility of
rurming together two materials with the same mein constituent,

The photographs in figs, 5 and 6 show the appearance of the
Journals and becrings after test, Heavy scoring of besring CIZ2
(N5) has occurred whereas CI1 (P3) is polished. The photographs
of journal P3 and 15 do not show the very recal difference in their
surfacess  In fact, a plece of cast iron is welded to the journal
M5, while the merking on P3 is no more than a colouring of the
grinding grooves, :

Tin-plated Steel on chromium-plating (Test 8) gave a
low coefficient of friction on starting which_ rose to a maxirun
value of 0,11 in the tests up to 20,000 1b/in2‘ Towards the end
of the test the friction varied considerably probebly because the
plating was weering very thin and adhesion between the journal and
the underlying steel was occurring,

A thicker coating of tin, say OQOO1in, nay give very good
results for pressures up to 30,000 1b/in. The use of a thin
leyer of soft material on steel keeps the increase in clearance to
a minimn,

Cadmiun~-plated stecl on both chromium~plating snd case-
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hardened steel journcls (Tests 10 and 1k4) was unsatisfactory, The
cadmium was very quickly peeled from the surface as is chown by

the graphs of the friction for these two tests. The coefficient

of friction rose to 0435 and then fell, presumcbly as the lubricant
reacted with the newly-bared steel surface, Other plated materials,
lead and zinc, remain to be tested. These might give good results.

Hidurel 5 on Nitrided steel (Test 3) gave results similer
to those for cast iron on chromium-plated steel except that there
was rather more wear, A deposit of Hidurel on the nitrided steel
appears similar to the deposit of Hidurax S-ecial on a similer
nitrided journal., See Figg, 10 and 11,

Sintered llaterials of various types were tested, The
Glacier Standerd Wrapoed Copper-Ilead bearing gave a coefficient of
friction of gbout 0,13, when used with XG 345, which compares
favourably with the other materials tested., The amount of wear
observed, however, precludes its use for bearing pressurcs of
greater than about 4,000 l’b/in2 for which it was designed., Three
tests (Tests 15, 16 and 17) were carried out with these bearings
to determine the effects of lubrication, The use of a grease
without extreme pressure additives (DID 577) gave o higher and more
crratic coefficient of friction, indicating that extrenme pressure
additive greases are necessary for these high pressures, The
increase in lubrication period for this combination, however,
eppeared to have little effect, It is interesting to note that
despite the difference in friction the wear of the bearings in
these three tests was almost identical, Thus the whole series of
tests would appear to be repeateble and values of wear may be used
for design purposes.

Sintered Bronze on Case~hardened stcel (Tests 11 and 12)
showed a considerable increase in diameber duc to insufficient
strength, The coefficient of friction was also very high, The
surface of the journal, although merked with bronze was very little
affected, See Fig, 8, The bearing, however, was polished to
some exbtent.

Sintered Alloy Iron on Chromium-plated steel (Test 13)
gave results which differ considerebly from those of any other
materiels, The starting friction wes hizh but once lubrication
wes operating effectively the coefficient of friction fcll to sbout
0.5, It is thought that this moterial impregnated with PoTeF.E.

‘mey well prove very successful up to 20,000 1b/in%

Sintered Stainless Stecl on nitrided steel proved to have
insufficient strength. It is interesting to note that the surface
of the journzl wag considerably smoother after test, . Sce Fio,10.

Py ToF Ea=impregnated Sintered Bronze was used unlubricated
on case-hardened stecl and Iubricated on nitrided steel (Tests L and
18)s  PuTeFoFe is a slippery white plastic of very low strength,
The sintered bronze was therefore intended to provide the necessory
strengthes It would esppear fron these tests, however, that the
bronze was not surficiently strong, because the wear, even when
the bearing was Iubricated, was quite considerable,




a1

hroniun-plating o
weer and friction in beerdings which are ceopsble of retaining the
lubricant on their surface, In oll the coses tested it proved
better to use chromium-plating than a ploin herdened steel, It
mey not however prove suitsble in 21l cases, The depth of plating
(0.001in.) proved to be satisfactory,

the journal appears to reduce the

There appears to be little difference between the cffects
Pk
of case~hardened and nitrided steel. Bither may bo used vhere

. . J
plain steel is suiteble,

The degree of surfoce finish on the softer moterial
appears to be unimportents Friction is only affected in the carly
stages and the amount of surfoce demage is not altered, It is
however more important that the journal finish should be as good
as possible, Irregulerities in the surface cppear to behave to
some extent like cutting tools end the greater they are the nore
will be the wears

7e2e Indication of Purther Suitsble Moterials

The useful results obtained from Hidurax Special on
Chromiun~plating and Hidurel 5 on nitrided stcel indicate that
Hidurex I moy be used with some success, Hidurel 5 on chremiume
plating should also be tested,

A self-lubricating bearing is rcguired. This need may
well be filled by the use of molybdenum disulphide or PaT.F.E. It
was hoped to carry out tests on steel bearings lined with oS, as
described in 5.2.1, but these were not available in time, The
tests carried out on PeT,F,E.~impregnated bronze were not very
successful, It is considered, however, that if a stronger bronze
were used, P.ToFels might be a very good lubricant at these

Pressures,

A soft meteriel plated on steel should give good results
if it is pessible to bond it strongly to the steecl backing. Tin
on steel performed satisfoctorily and so may lead end zinc, although
their life moy be rather limited,

\

Cs Conclusions

The tests covered by this report have csteblished certain

“bearing combinations of length-diameter ratio 0e5,; s suiteble for
use at pressurcs up to 40,000 1b/in“, and rubbing speeds up to

1.1 Ft/min, However, the friction and wear of practical bearings
will probably not be the same os those recorded in this reporte
Lack of rigidity of the bearing housing will give rise to higher
coefficients of friction, Vrong clesrances may olso increase the
friction. = A Newall Z £it in an ‘*4' hole giving a clearcnce of
between 0,00050in, and 0,00175in on a 1 inch shaft is recormended,

Insufficicnt data has been collected to calculate
accurately the life of a bearing from the results., Oscillatory
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moticn will, of course, cause the pick-up on the journal to build
up more ropldly and thus the 1life of the bearing noy be’ shortencds

Osgcilletory motion mey clso meke good lubrication more difficult

to achieve, These factors, however, will not affect the choice
of bearing materials for a given application,

There was, in general, no great variation in wear with
change in load, It is suggested therefore, until further data
are available, that for most circraft applications the amount of
wear per 1,000 feet of distance traversed by one surface over the
other, will give some idea of the increase in clearance %o be
sxpected.

‘ The following table includes all the bearings found
suitable for use when lubricated with XG 345 every 64 feet of
distance traversed,

Tear per Coefficient
Bearing Material Journal Material 1,000 £t of Priction
Hidurax Special 390 Chromium- 0,00061in, 0,10
plated
Grey Cast Iron ! 0.0018in, 0,135
Hdurel 5 DID 317 Nitrided 0,00301n.,. 06140

The abovg bearing combinations may be used for pressures
;o
up to 40,000 1/ in“,

- poce Yo s s i

Wear per Coefficient
Beoring Material Journal iaterial 1,000 £t of T'riction
P.T.Fele and DID 317 Nitrided 0,00401in, 0,10
Bronze
Ferobestos IF ! 0.,00L31in, 0,08

The above two bear%ng combinations must not be used at
pressures above 20,000 Ib/ing



CTARIE T Abstract of Results

Test | Bearing Journal Max.Bearing| Coefficient | Wear per 1,000f%,
o, Material Haterial Tubricotion ! Pressurc of friction (inchcsj
‘ {(1b/in%)
Hidurax Spocial‘ 5490 Chromium~plated DID 3844 . 40,000 .10 0,0006
2 | Grey Cast Iron ' ' * DID 84 | 40,000 0,135 0,0018
3 Hidurel 5 D7D 3?7 Nitrided DID 844 40,000 0otk 0.0030
L PoT.Fule Bronze B ! DID: 8y 20,000 0.10 00,0040
5 Ferobestos 'IE! ot ! DTD 844 20,000 0,08 00,0048
6 Hidurex Special vt ! DID 84k 40,000 0.215 0.0054
7 | Crey Cast Iron vt * DID 8L 10,000 0.24 Scized
8 Tin-plated Stecel 5,90 Chromium=~plated DTD 84 30,000 0,135 Un—plated
9 Sintered Stainless Steel | DID 317 Nitrided - DID 8Lk 10,000 0,28 Yielded
10 Cadmiumrplaﬁod Steed 5.90 Chromivm~plated DID 8h 10,000 Qo3 Un~plated
11 Sintered PBronze T 882 Case~hardencd DTD 8&&; 20,000 0,26 Yielded
12 r ’ - v v DID 8l 20,000 0.23 Tielded
13 Sintecred 4lloy Iron 5690 Chromium-plated DID 844 30,000 0,24 Yiclded
15 Oadmiumrplatéd Steel Se82 Case-hardencd - DID 84k 1C,000 0,32 Un~platcd
15 Standerd Wrapped Cu~Pb ! ' ! DID 84l 20,000 C.13 C,C10Lk
16 ! ! ! ! ! ! DID 577 20,000 - 0424 00,0108
17 ) ' ' ' ! ' DID 844* 20,000 0413 0.0096
18 ! P.TIFeE, Bronze Pt ' ' None {20,000 | 0,165 i 0,0116

*Iubrication every 480 cycles (128 f£t. distance traversed), In all other cases every 240 cycles,

u"«‘? [




Appendix T

Notes on the Friction and
Wear of Bearing ilaterisls

The actual area of contact between two metsl surfaces
held together is, in general, much smaller than the apparent area
of contact, However carefully the metal surfaces are machined
their roughness is considersbhle in terms of molecular dimensions.
(See Figse 7 to 11 ). Then two surfaces are brought together
the asperities of one surface came inte contact with those of the
other, and yilelding of the material of the asperities occurs until
sufficient area of contact exists to support the load. The area
of contact is proportional to the load in most practical cases and
is given by

1 ] . )
A= = (Bowden and Tebar, 1950)

vhere i1s the mean yield pressure of the asperities.

P
When the two surfaces arec moved relative to each other,
metallic junctions are formed and sheared and also some ploughing
of the softer material by the harder one occurs, The frictionsl
force is that required to move the surfaces against these resisting
forcess The shearing and ploughing also produces wesr which may
occur in any one of four ways. If the metal junction formed is
weaker then either of the bearing materials shearing will occur at
the interface between the two metals and little wear will result,
Secondly, if the junction is stronger then either of the metals,
shearing will occur in the weaker mebtal and there will be considersble
wear of the softer material, There may also be the case vhere
shearing occurs to some extent in the stronger metal as well as in
the weeker once. Finally, in the case of similar mctals work-
hardening of the junctions will cause the basic material to shear
end heavy surface damage will resulte

In practice, however, most metals are covered by a very
thin oxide film which although torn during sliding reduces the inter-—
metallic contact considerably and thus reduces the friction and wears
The use of & lubricant also reduces wear, In the tests covered by
this report pure hydrodynamic lubricaticn, i.ec. the formation of a
lubricant film of sufficient pressure end thickness to prevent
contact between the surfaces, did not exist, The main effect of
the lubricant was to produce boundary lubrication at the asperities
although some hydr nemic lubricetion of the depressions between
may have existeds The extreme pressure additives in the lubricant
produce the boundary lubrication. They may be either fatty acids
or other materiels which react with the wmetallic surfaces to rroduce
low shear strength films., Fatty acids, for exemple, react with
metals to produce soaps which are strongly bonded to the surfeace,
Other additives may be compounds which react with the surfece to
form sulphides,

Friction and wear are not directly related, If shearing
occurs at the inter-face between two metals wear will cbviously not
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be as considerable as when shearing occurs in the body of one of

the materials, although the force required to produce the shearing
mey be the same in both cases, Nor is wear necessarily related

to load although in general it should increase with load. It has
been shown by Bowden and Tebor however, that wear is directly
proportional to the distence travelled by one materisl over another
under given load conditions. In practice, seversl varisbles such as
temperature and humidity, affect the smount of wear, and the
measurements of wear made during the tests may not be reproducible,
Despite this probeble variation of wear under different conditions
it is considered that as the conditions of testing were fairly
typical of good aircraft practice, the values of wear cbserved
should give a good indication to the designer of the life he may
expect from his bearings,

Appendix IT

Notes on the Choice of
Materials end ITwbricants for Tests

It was decided at the outset that the Journals would be
of harder meterials than any of the bearings, The reasons were
as followsy At very high loads considersble bending stresses are
induced in the shaft whereas only compressive stresses are induced
in the bearing, Thus from considerations of both welght and
bearing surface distortion it is prefcrable +o have the stronger
material as the shaft. Also, it was expected that the wear of
the sof't material would show more clearly if it was used for the
uni-laterally loading bearing and not the revolving shaft., This
last wos alsc the reason for not adopting soft surface finishes
(such 2s %in) on the journal,

Three types of journal were useds nitrided stecl, case-
hardened steel and steel hard chromivm=-plated to a depth of 0,00%1in,
Their surfaces were nmade as hard as possible to produce a large

Lfferénce in hardness between the bearing and the journsl. The
case-hardened and chromium-plated steels were of the required
herdness, but the hardness of the nitrided stcel was lower than
expected,  This appeared to be due to a very small depth of
penetration of the nitriding, However. the journals were satis-
factory for these tests and it does not appear necessary to require
a depth of nitriding of more then about 0,010in.

The Bearing materials were chosen to give as wide a
cross-section of the available materials as possible, which could
be tested in the timec available, Some of the materials listed
in 5.2.1. were not forthcoming, but the tests cerried out were
sufficient to indicate the behaviour of all excent the oS, =coated
bearings, It is realised that other materials such as thé
Vandervell thin-wall bearing tested by the English Electric Co.
(Test Notess 134 and 163) and the Pairey Aviation Company, have
been found suiteble for high pressure applications, and it is
suggested that these materials should form the subjicet of Pubture
tests,
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Aeroshell Grease XG 345 to specification DTD 844 was
used in all tests except Test 13 when Aeroshell Grease L (DID 577)
was used for determination of the effects of the exireme pressure
additive in the grease XZG 3L5, Grease to DID 844 was chosen in
preference to Aeroshell Grease 11  to specification DTD 825, because
it is cheaper and has higher load cerrying capacity. It is to be
noted that this grease contains a synthetic oil and should therefore
not come into contact with certein synthetic rubbers, It also has
a lower melting point (325°F, as opposed to 378°F, for DID 825) and
thus may not prove suiteble for very high speed applications.

See Aeroshell Hendbook for further details,

Appendix ITT

Notes on the Appesrance of Some
Journalg after Test

The merked area of each journal was cxamined under a
Binomex dual-cyepiece microscopes There appeared to be three
distinct types of marking., On the case-herdencd and nitrided
shafts a finely divided and discontinuous layer of the bearing
material was smeared over light blue areas of steel, It would
thus appesr that welding occurred between the bearing and the steel
when at a high temperature,

The surfaces of the steel journal which had been running
in the Fercbestos bush appeared similar to the urmarked steel surface
except that it was coloured light blue and straw. These colours
were so intermingled thet to the naked eye the shaft appeers to be
marked with neutral-grey lines, It was apparent that no Ferobestos
had been transferred to the journali that only surface heating had
occurred.

The appearance of the chromium-plated shaft which had
been running in the cast iron bearing was very similer to that of
the shaft used with the Hidurax Speciel bearing, both under the
microscope and to the neked eye, A dark neutral-grey material
appeared to be interspersed in very small quentities in the grooves
of the ground surface, Between the dark material particles the
surface of the chromium shone brightly, There was some veriation
in intensity and sharpness of the marking but its colour amd
microscopic formation were very similer, ‘

The effect was proved not to be due to the greasc by
revolving a chromium~plated shaft at high speed in a lathe whilst
a Hidurax Special surface was held against it., The sheft was
lubricated with XG 345 for one run and degreased for the other,
There was no difference in the merkings, which were similar to
those obtained under the normal test conditions.

in attempt was made to determine the composition of the
arking for the Hiduresx Special combination by using the B.D.H,
Spot-Test Outfit., Concentrated sulphuric acid was placed on the
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shaft over a marked end an unmerked erce, and m11@ ved to react
with the surface for 10 minutces, The 4 S then ca:fmulﬁr
renoved and ploced in test-tubos vhere they v adkaline
by adding potassiun ‘murmu.ue solution, Drop;s Df an e'.wluoous
£ sodd
that

solution o divn dicthyl-dithio~carbamate were added., Lt was
observed that the solution creuwcu. a temporory vhite turbidity
PR

for the wmerked srca of the shaft but not for the plain chromium-

plating, 4 further test was carried oubt with o Hidwrsx Special
bearing and the temporary white turbidits ¥ again aopearsd An

Nad
alkaline solution of sulthuric acid and potassiun hydrox lfiﬁ
Drodacea no turbidity,

Tt is stated in the BeDeI. Book of Orgenic Reagents,=

"Tron produces a brom colouf with the reagent, while
aluminium, antimony, blonut"b, cadmiuwr, lead, mercury, ulﬁ., and.
zinc yicld white turbidites,'

It would appear from the sbove that the marking on the
shaft is not chromium or conpou.,M of chromium, but soame constituent
of the bearing ma erial, This test was c:ertainl;f not conclhs've 5
however, and further resesrch is nece ssary before the noturc of
the merkings can pe clearly defined.,




Appendix IV

Detaills of Bearing Combinations Tegted and
Remerks on their appearence at intervaels
throughout the Tests

TEST 1

Beorings Noe H S 3 . Hidwrax Specilel

Surface Finishg 40 micro~inches, Celiele Hardnesse 240 VaPIl.
]

Journals No, P 1 S490 Chromium~plated

Surface Finishsy 6 micro-inches, CeLeis Hardnesss 460 V,P,N,

Initial Clearances 0,0006in, Lubrications XG 345 every 240 cycles,

Notes on Appearance of Rubbing Surfaces

After 480 cycless Journal darkened over helf of bearing
width, Corresponding polished surface on bearing for 1/3 circum-
ference,

, After 960 cycless Darkening of journal slightly heavier
and wider, Bearing polished over greater width but grinding marks
still showing.  Grease blackened,

After 1440 cyeless Journal darkened over almost whole
] H .

width of bearing - grease blackened, Grinding marks almost

obliterated,

After 1920 cycless Under the microscope the darkening
of the journal appears to be duc to z material in the grooves made
by grinding, Besring polished over half clrcumference., Surface
roughness 20 micro~inches, The markings on the shaft appear to
be a fine deposit of hidurax., See Appendix IIT,

. 2o s

TEST 2

Pearings Noe, C I 1 Grey Cast Iron

Surface Finish¢ 24 micro-inches, Celei. Hardnessg 230 V,P.N,
Journals No, P 3 390 Chromium~plated

Surface Finishs micro-inches, C,LsA, Hardnessd L70 VePel,

Initial Clearance: 0.0008in, Iubrications XG 345 every 240 cycles,

Notes on Appearance of Rubbing Surfaces

After 480 cycless Darkening of shaft over width of
bezring, verying in intensity from one side to the other, Dark
circumferential marks on bearing but no scoring.

After 960 cycless Journal appearance unchenged, Bearing
polished over 1/L circumference.

APter 1440 cycless ilarking on journal almost uniform zrey.
Bearing streaked circumferentially with dark lines,

After 1920 cycless ippearance similar to that after 1L4O
cycles,

Grease blackened throughout test, The markings on the
shaf't appesr to be a very fine deposit of irone See Appendix IIT,
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TEST 3 ,

Bearings No. HB 5 Hidurel 5

Surface Finishy 13 mic cro~inches, C.l,A., Hardnesss 205 V.P.N,
Journals o, N 3 DTD 317 Mitrided

Surface Finishy 7 micro-inches, C,Leke Hardnesss 760 V
Initial Clearances 0,0007in, Iubrication: XG 345 every 240 cycles

Notecs on Appearance of Rubbing Surfaces

After LEO0 cycless Bearing polished over 1/3 circumference
- / T
and 3/k width, Very llght scores on Journal,
After 960 cycles$ Bearing polished over entire width
and 1/3 circunference. 6001‘65 on journal over width of bearing
and slightly heavier than before,
After 1440 cycless Smell particles of bronze distributed
through grease., Journal and bearing appearance as after 960 cycles,
After 1920 cycless Bearing worn over nearly & circumference,

Journal scoring heavier but still not very c,on.;:x.dcra'blo. iore
particles of bronze in grease than before,

ot e e mer

TEST I

Bearings No, T E 1 Sintered Bronze and PoT.F.E,
Surface Finishs 60 micro-inches, C,Lef,

Journals No., N 17 DeTeDs 317 Nitrideda

Surface Finishg 7 micro-inches, CelLak, Hardnesss 820 V.P.N,

Initial Clearances 0,0006in, Ivbrications XC 345 every 240 cycles,

Notes on Appecrance of Rubbing Surfaces

After 430 cycless Iight smear of bronze on journal,
earing poilshcd over # width and 1 /3 circumference.,

cr 960 cycless Bearing polished over 3/L width and
‘i /3 circumference Continuous smear of bronze on Jjournal over

7 bearing width,
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TEST 5

Bearings Mo, L P Fercbestos L F Plastic

Surface Finishs 18 micro-inches, C,L.,A, Hardnesss not measured
Journals No, N 1 D.TuDe 317 Nitrided

Surface Finishs 7 micro~inches, Coli. . Herdnesss 760 VPl

Initial Clearances 0,0005in, Iubrications XG 345 every 240 cycles,

Notes on Appearsnce of Rubbing Surfaces

After L30 cycless  Very slight circumferenticl scores
on journal.  Fercbestos bush almost dry but othervise appearance
unchanged,

After 960 cycless Still very slight scores on journal.
Jerobestos polished and not visibly worn, Bush had not rotated
in mild steel housing.

After 1017 cycless Bearing feiled, Plastic disintegrated
into flekes with yellow dusty sppesrance. 2/3 of bush remaining
in original condition,  Bush hed rotated just prior to failure.

— i Y

TEST 6 |

Bearings No, H S 4 Hidursax Special

Surface Finishe 16 micro-inches, C,Lef. Herdnesss 240 V,P.N,
Journaly No, I 4 DeTeDs 317 Nitrided

Surface Finishs & micro-inches, CeLeA, Hordnesss 760 VP, N,

Initial Cleerances 0.0006in, Iubrication: XG 345 every 240 cycles.

Notes on Appearance of Rubbing Surfaces

After 480 cycless Very light merks on journal. Spall
amount of scoring and polishing of bearing over 3/4 width end 1/3
circunfercnce., '

ifter 960 cycless  Journal marked over bearing width,

One line of continuous hidurax deposit. Bearing polished vwith dark
striations on the zurface,

After 1440 cyclest Several lines of hidurax deposit on
journal,  Grease blackened considerebly. Beering marked over %
circumference,

After 1920 cycle
from before, Bearing pol

3 TFick-up of bronze on journal increased
shed and marked with dark lines,

)
1
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TEST 7

Bearings No. C I 2 Grey Cast Iron

Surface Finishs 24 micro-inches, C.L.4. Hordnessg 210 V.P.N,
Journaly No, N 5 D.TeDs 317 Nitrided

Surface Finish: 7 milcro-inches, Col.i. Herdnesss 760 V,P.N,

Initial Clearances 0,0009in, Iubrications XG 345 every 240 cycles.

Notes on Appcarance of Rubbing Surfsces

After 480 cycless  Very light polishing marks on
journal. Bearing appesrance unchanged,

After 960 cycless  Journal morking rather heavier but
bearing surface still as ground.

After 1440 cycless Journal marked over bearing width.
A few dark lines on cast Lron surface,

After 1670 cycles: Bearing seized. Pleces of cast
iron torn away from bearing and welded to the journal,

TEST 8

Bearings No. S N 1 Tin-plated Steel

Surface Pinishe 50 micro-inches, C.L,A,

Journal: DNo., P 5 S690 Chromium-plated

Surface Finishg 6 micro-inches, Cela.As Hardness, 470 V,P.N,

Tnitial Clearances 0,0014in, Iubrication: %G 345 every 240 cycles.

Notes on Appeerence of Rubbing Surfaces

Ifter L30 cyclest  Journal and bearing merked with &
brown tinted dark material, over + bearing width,

&

After 960 cycless Grease thoroughly blackened,
Bearing end journal marked with seame motericl as after 480 cycles
but more intensely,

ifter 1440 cycless ippears QLL of both beering and
Journal as above but whole width and 3 circumference affected.
Surface roughness of bearing now 3 micro-inches, C.Li,A.
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TEST 9

Bearing:s No, S.5,.5, Sintered Porous Stainless S

Surfoce Finishe 16 micro-inches, Celiefs Herdness: Unreadsble
2 .

Journals No, N 2 D TWD. 317 Nitrided
Surface Finlshi 7 micro-inches, C,L.%. Hardnesss 760 VPN,

Tnitial Clearznces 0,0004in, Iubrications XG 345 every 240 cycles

Notes on Appearsnce of Rubbing Surfacces

A

After 480 cycless Darkening of journal over width of
bearing. Beering surface almost urmarked, Sintered bush com-
rressed over pressure srea without appreciable increase in width,

- o <t o e

TEST 10
Bearings No. CD1 Cedmium-plated Steel

Surface Finishi as supplied

Journals No, P 4 3.90 Chraniuwn-plated
Surfece Finishg 7 micro-inches, C,L.A, Herdnesss 480 V. P.N,

Initial Clearcnces 0.0020in, Iubricationg XG 345 cvery 240 cycles

Notes on Appearance of Rubbing Surfoces,

After 480 cycless Plating rcemoved from steel over &
width and 1/3 ecircunfercnce. Bered steel arca blackened,
Corresponding area of chromium plating derkened,
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TEST 11

Beerings No. B 1 High Duty Sintered Brongze

Surface Finishg 19 micro~inches, Col.A. Hardnesss 57 VePoNe

Journals No, C 1 5,02 Case~hardened ‘
Surface Finishs 6 micro-inches, C.Leld, Herdnesss 820 V.P.N,

Initial Clearance: 0,00091in. Iubrications XG 345 every 480 cycles.

NOTE This test was carried out with greasing every 2 hours

only., The results cen therefore not be used for comperison with
other materials when assessing relative merits, The results when
compared with those of 5.2.7. do indicate the effccts of lubrication,
Notes on Appeerance of Rubbing Surfaoces

S,

After 480 cycles: Slight pick-up of bronze on journal.
Bearing polished over 1/3% circunference,

After 960 cycless Journsl appcarance as before,
Sintered bronze bush belled out to width of 0.517in. at pressure
line,

o it ot

TEST 12

Bearings Mo, B 2 High Duty Sintered Bronze

Surface Finish: 26 micro-inches, ColieAs Hordnesss 57 VoP.le

Journal: No, C 3 582 Case~hardencd
Surface Finish: 6 micro-inches, Culefs Hardnesss 820 VoP,N,

Initial Clearances 0,0010in, Iubrications XG 345 cvery 240 cycles,

i e B

Notes on Appearance of Rubbing Surfaces

After 480 cycless Fine pick-up of bronze on journcl,
Bearing polished over 1/3 circunference.

After 960 cycles: Fine smooth pick-up of bronzec on
Jjournal, of slightly grester intensity then before, Beering
polished and rubbed over % circumfercnce. Belling of sintered
bronze bush to a width of 0,517in., at pressure linc.
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Bearings No, I 2 18 Ton Sintered Alloy Iron
JorstudmePoitve’ sie

A

Surfoce Finishs 19 micro-inches, ColL.4, Herdnesss 80 V.P.N,

Journal: No, P 2 «90 Chromiun~plated

Surfoce Finishg 6 micro-inches, Celelhs FHordnesss L70 VPN,
3 .

Initial Clearances 0,0006in, Iubrications XG 345 cvery 240 cycles.

A
4

Votes on Appesrance of Rubbing Surfaces

.

17 scored lightly over 1 /3
circunference and 2/3 width, Journal slightly darkencd. .

After L8O cycless Bearing

After 960 cycless Bearing bore darkencd to samc
intensity as Jjournal which appeered as before, Slight burr on
edge of bush.

After 1200 cycless Sintered iron pushed out to ragged
edges, Severe scoring of tne bearing, Journol derkened over
width of bearing, Chromium plating unaffected aport from
dexrkening,

[ St

TEST 14

Bearings No, C D 2 Cedmium-plated Steel

Surface Finishs 28 supplied : Herdnessy -

Journcls No, C 9 S.82 Case~hardened

Surfoece Finishs 8 micro-inches, C.Lai, Herdnesss 820 V,P.N,
Initiol Clesrences 0,0024in, Iubricgtions %G 345 cvery 240 cycles

Notcs on Appcarance of Rubbing Surfoces

After 240 cycless Port of codmium-ploting torn owey.
ered steel scored and dorkened, Cadmiuwm smeored on journal,
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Beorings No. S W 2 Glocler Standar

Surface Finishg 0 micro~inches, Co.late
2

Journals No, C 8 S, 82 Cese=hardened

Surfeace Finishe 7 micro-inches, C.L.ie Hordnesss

Initial Clearance; 0,0015in, Iubricotions A& 345 every 240 cycles

.D

Notes on Appecrsnce of Rubbing Surfaoces

After L8O cycless Very light polishing morks on jourmcl,
Some smell particles of copper dispersed in grecse Berring
pitted and scored to moderate extent over & ou\rlng ar€0.,

After 960 cycless Hore copper dispersed in

1JC She: I‘lﬂ” of coprer on Jjournal, Besoring ”Dl'C'G_L.ﬂ and
&
rother heavier than before,

Beexrings No, S W L Glacier Standerd Yroapped

surfoce Finishs 50 micro~inches s Celinh, Hordnesss 25 VPN,

Journal?: No, C 6 882 Cose-hardened
Surfoce Finisl 9 micro~inches, Celeis Hardnesss 820 V.P.l.

Initial Clearincet 0,0012in, Inbrications D.T.D. 577 every 480 cycles

Notes on Appearance of Rubbing Surfoces

“.ftcr 180 cycless Several smeors of copper on journel.
Bvﬂ ng ored cnd derkencdover 1/3 circunference. Corper
txcleu in grease,

After 960 cycless Bearing scored ond pitted over %
clrcuafercncc, to greater extent then in Test 15, Swears of
copper of slightly greater intensity then befarc on journol.
Copper particles in grease,

2
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ST 17

Beorings No, 8 W 1 Glocier Stondard Viropped

Surfoce Finishs 70 micro-inches, CoL,A. Herdnesss 25 V,P,N,
Journaly No, C 7 $.02 Case~hardened

Surface Finishs 10 micro-inches, C.L.A., Hordnesss 820 V,P,N,

Initial Clearonces 0.0017in, Iubrication: XG 345 every 480 cycles

Notes on Appearance of Rubbing Surfaces

After LOO cycless Very light trace of copper on journcl.
some copper particles in grease,  Beoring colour unchanged but
surface scored ond pitted,

After 960 cyclest iiore copper in greosce Sheft almost
o ola Ly

urmerkeds loose deposit of copper wos easily rubbed off, Some
pitting ocnd scoring but not as merked as in Test 16,

i s ol o

TEST 18

Bearings No, TE 2 Sintered Bronze and PsTeFels

Surface Finishs 60 micro-inches, C,Lef.

Journals No, C 2 5.82 Cease~hordened

Surfoce Finish: 6 micro-inches, C.L.A, Hordnesss 820 VPN,

Initicl Clearance? 0,0008in, Ivbrications No grease Jubricotion

Notes on Appearance of Rubbing Surfaces

After LBO cycless Flekes of bronze betwecn journal and
boering, Journzl coloured over 2/3 width of besring with a
continuous coating of bronze, Bearing polished over 2/3% width
and s circumference,

After 960 cyclest Journal covered completely with
coeting of bronze over whole bearing width, Considershlc nwiber
of flckes of bronze adhering loosely to journal,  Beoring polished,
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COLLEGE OF AERONAUTICS FIG. |.
NOTE No. . 12,

TEST RIG: FRONT VIEW OF DRIVING ASSEMBLY AND
BEARING ASSEMBLY




FIG. 2.

TEST RIG:

COLLEGE OF AERONAUTICS
NOTE Neo. I2.

REAR VIEW OF BEARING ASSEMBLY AND

DRIVING  ASSEMBLY ‘




COLLEGE OF AERONAUTICS
NOTE No. 2.

TEST RIG: CLOSE-—UP

OF

TORQUE

DYNAMOMETER

FIG. 3.



COLLEGE OF AERONAUTICS

FIG. 4 NOTE  No. 2.
FRICTIONAL  TORQUE DYNAMOMETER  READING
OF SUFPORT BEARINGS -
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COLLEGE OF AERONAUTICS FIG
NOTE No. I2.

: TEST No.l  PL §.90. CHROMIUM PLATED JOURNAL
(RUN WITH HIDURAX SPECIAL BEARING)

TEST No. 2. 3 S.90 CHROMIUM  PLATED JOURNAL
~ (RUN WITH GREY CAST IRON _BEARING)

TEST No. 6. N.4 DTD. 317 NITRIDED JOURNAL
(RUN WITH HIDUREL 5 BEARING

TEST No. 7 NS. DID 37 NITRIDED JOURNAL
(RUN WITH GREY CAST IRON BEARING)

SOME JOURNALS AFTER TEST




COLLEGE OF AERONAUTICS
FIG. 6. NOTE No. 2.

BL SINTERED BRONZE. ~ CZIL GREY CASTIRON.  H.S.4 HIDURAX SPECIAL.
(s.82. CASE-HARDENED)  ($.90. CHROMIUM-PLATED,) (DTD. 317 NITRIDED.

LE FEROBESTOS‘LE’  HS.3 HIDURAX SPECIAL.  C.L.LGREY CAST IRON.
(DTD. 317 NITRIDED) (5.90. CHROMIUM-PLATED,) (DTD. 317 NITRIDED)

NOTE:— THE MATERIAL OF THE JOURNAL WITH WHICH EACH BEARING
WAS RUN IS GIVEN IN THE BRACKETS.

SOME BEARINGS AFTER TEST




COLLEGE OF AERONAUTICS FIG. 7
NOTE Ne. 2.
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FIG. 8. COLLEGE OF AERONAUTICS.
NOTE No. 2.
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COLLEGE OF AERONAUTICS FIG. 9
NOTE No. 2. )
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FIG. 10.
NOTE Ne. 1i2.
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FIGS.12 & 13.
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