SOME TYPICAL
DIESEL-ENGINE
BEARING FAILURES

W

EXCESSIVE DIRT in the ongine anem-
bly or In the lubricating oll coused rapid
shaft wear ond this beoring lailure

ating conditions distort engloe strue-
tures. This may produce edge contact
between ' bearing and shaft. Heat gen.
ersted by the metaltometal conmact
moy be sufficient to causs bearing fall.
ure. If the metal can conlorm, it ad-
Justs itself to the new condition, Even

from overloading the bearing marerial.
Note the typical condition of tha surfece

without any overlay of lead-tin for “run-
In,” Esarey ranks the materials during
periods of overstress as follows: (1)
lcad-base babbint (2) tin-base babbiit
(3) copper-lead on steel back (4) cen-
trifugally cast tin-tead bronze (5) silver

FATIGUE PAILURE shown here resulted

g% lead

OIL-FILM FAILURL ollowed mey
motol cootact tn this lustrotion, L\
sulting solzure cousod condition '%

taken to follaw the {nstructions. 4
to obtain strong chemicel bondy po
mits the presentday eliminatios
A, 11, ﬂ.ﬂd Olh‘f A o
Over.all suitability of o materls) Wi

with small additi eleciro deposi

if the bearing fails, ability to conf
will often prevent shaft damage.

The qualities of embedability and
conformability have been combined by
Underwood as “deformability” end he
lists bearing materlals in Increasing
order of deformability as follows: (1)
bronzas (2) silver and copper (3) alu-
minum alloys {4) copper-lead with tin
or silver (5) thin babbitt overlays
{0.003-in. or less) (6) copperlead
(7) cadmium alloys and (8) lead- and
tin-base babbitts,

$eixura Roslittance.  More time has
been apent testing bearing materials for
selzure reslstance than lor any other
property.  Unfortunately, laboratory
bearing-test rigs are so rigid and accu-
rately made, 1o secure reproducible re-
sults, that inmterpreting their deta in
actuel servicesbility is extremely diff-
cult. Such tests serve, however, to rank
materials roughly and to eliminato those
clearly unauitable.

Seizuro-resistance deta can be of
value when measured in perfods of high
overstress in actun) engine service. 1f
bearing engineers and users could com-
paro notes when seizure does occur, it
would add greaily 10 our knowledge.
Unlor ly a crankshaft Is d d

. suitable

(6) cadmium-silver (7) copper with

small silver additions. Gridding the

surface and Glling it with babhiu and

providing & lead-tin ‘runin surface
kedly imp seizure resl

of silver, centrifugelly cast lead-b

bearing service may ba summed op J ¥
wear resi defined by Gillen, Rullls
sell and Dayton as “the resultant a!i‘ 3
and Bnish, seizure propensities, behari,
with grit, carrosion resistance (
tion of correslon products that o
wiped off shows up as wear)
h end hard

and copper<lad steel-back bearings.”
Corrosion Resistenco,  Studles of cor-
rosion resistance bring out the point
that nearly all bearing materials can
be corroded by some set of conditions,
depending on typo of acld and temp

« 1t fs vastly
fected by how the bearing is operst
s to temperature, nature of loading e
cleanliness of oil, and especially ik
relative number of stops and &
that is the opportunity for scivore”

ture. In general, operating tempera-
tures and ch in oil conditions of

. of babbin
as o lining for bearings represeated

present-day engines are such that bear-
Ings with a lead-tin or lead.Indium over-
lay give satisfactory corrosion resis-
tance, or have this resistance as on
inherent cheracteristie. Originally de-
veloped as & run-in surface for silver
benrings in aircraft engines, the lead-tin
and lead-indium overlays provide com-
plete coverage of bearings for surpris-
ingly long servico periods.

Boadability. Ability to obtain con-
sistently strong bonds between lining
and back Is largely n matter ol careful-
ness and manufacturing procedure if
materials are used. With

modern rocthods in which the bumen

in the process and since the informa.
tion applies to only one engine it is
oxpensive knowledge to obtain.

On the basls of scizure resistance
of an asctual- beering in an engine,

78 (80}

is d as much as possible
(for esample, by centrifugal casting
under clectrical controf) good bonds re-
sult consistently. The Koleno process
for steal or cast-lron backs gives per
fecily satislactory bonds if care is

In general, we e
still say that within their strength liv,
ita, babbitts are acknowledged the besll
bearing materials. They are tolernstil:
of dirt and work well with all nored)
types of shafting materis). They o]F
dure insufficient or intermittent lubh
cation-and considerable distortion. Tir R
base babbitts are well known, and bue
enjoyed general nsage in perhaps m'.
varled applications than any other Irll
ing cnterial, Highlead babbitu, tn.§'
general substitute for tin babbius br '
cause of Un shortages, compriso severs,
general groups differing mainly ia '}
minor constituents sdded for barde}
ing. Tin-antimony, silver, arsenic &89}
alkeli earths are used. )
When babbitts aro stressed )
pounded too heavily, they fall in fatigr®
Thus it has proved necessary to 6%
velop stronger materlaly to meet @9
severe demands. In  general, lh’i
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s alloys requito hstder shafts,

"4 cleaer lubricant, better jour-
_‘.n:m. Gnish snd greater construe-

'ﬁd sccoracy- .
.Gronne Beorings. Severs] gen-
ups of allore have found appli

linings where losds
babbitta, One group
" o the lead bronzes, with 18 10
sdded to the copper-tin alloy
¢ i bronze. Dc;olopmenl of ;.enl
¢ lead-bronze came abou
.ﬁguszlznu:he war period when stee)
o ame incteasingly short in
;:, It was belioved that 2 material
Tw‘wd conductivity and uniform
:hnllthw" would climinate the weak-
pesses of & bonded bearing fmd lead-
bronsa seemed suited for the job. Good
sesilts were obtained.

o sxtend the lifa in heavy-duty serv.
fce, lead-bronze bearings were gridded,
that Is, the bearing surface was ian-
deated ond filled with silverleed bab-
din Jt was found thet shape and
depth of jodentations, and relative pro-
pottion of gridded area ‘o parent
actal ore not eritical. Economical man-

{acturi hods were developed for
gidding. 1t improves embedability,

bearing

GRIDDED BRARING is mode of leod-bronze, In one plece. Surtfaca indontations

are filled with o sliver-fead babbitt. This construttion improves the embedability
ho hard

and confarmabitity, and i t

for the shaft, journols

face layer of white metal is p
plated 1o no further machining is re-
quired.

In the early days of such bearings
there was tome concern about operat-
ing on the Intermediate copperlead
layer ofter the plated white metal had
di d. Considcroble experience

provides /{ bility and

peed for hardening the shaft. In perfods
of grest overstress the babbitt melts out
of the grooves to form o running sur-
face snd prevent seizure. Addition of
10 000240, sun-n surlace of electro-
plated leadtin further improves seizure
ruistance and Increases corrasion re-
ulstance.

Capper-load Alloys. Same mixtures of
copper and }esd hove been used o3
bearing materials for some years and
arm by the natare of their structure
wiited for high loadings. A sacrifics In
conformability and the need for a hard.
ened or trested shalt of 300 brinell
or barder are characteristics of these
beariogs.

Where soft shafts must be used, or
where cxtremely high specds are mey,
caly the white metals will serve. Ju is
tlo known that load<carrying ebility
of white metals, thelr weak point, can
e increased by decressing lining thick-
eeny dragtically, This led to the so-
alled micro bearing, with a few thou-
#0dibs of babbitt an s steel back, and
the trimeta) bearing, with o steel back,
0 intermediate layer of leaded bronze
sod & surlace Jayer of babbitr,

Cutting the babbitt thicknesa to shout
0001 In. in thickness and using & cop-
Perlead intermediste layer permits
) farther Increaso in load-carrying
thility, The gieel back and interme-

proves thet the solt overlay adjusts it
sel 1o off-conditions of assembly and
distortion so that when the overlay
goes the load fs carried over the entire
length of ‘the bearing with resulting
satisfactory performance.

Other Lining Matarials, Cadmium
linings, of which the popular alloys are
codmium-silver copper and cadmium.
nickel, are capable of high loadings.
They require a minlmum shaft hard-
ness ol about 250 brinell. In this con-
nection shaft surfaccs should, in gen-

ment of bearings mede of
alloyed with tin and other minor addi.
tians. Most bullders have tested or are
\esting auch materials and at least one.

is using..slu E:

11,
bearings in » commercial engine.* The "}

alloy on which most work has been
done consists of commercinlly pure alu-
minum with a 65% tin, 1% copper
and 19 nickel. Another alloy, having
the same composition except for the
additon of silicon, shows improved re-
sistance to scuffing and has been ro-
leased on sn experimental basis. Both
alloys may be given o stabilizing heat
Lreatment after costing, or may be cold-
worked. The cold.working improves
load-carrying ability. The alloy with aili-
con is recommended only where shalt
herdneas is aver 300 brinell and can be
used 10 advantage where doubtful lubri-
eation conditions exist.

eral, be ag hard as postible, reg:
of the lining meterial. Sinca hard-
nesses above those normal to customary
shafting materials involve heat® treat-
ment ae other speclal processing, they
present problems to the engine maou-
facturer. 1t is thus desltrable to bold
shajt hardness to the minimum con-
sistent with the all-round requirements
of the engine application.

Wartime requirements popularized
silver, bonded to a steel back, for high-
load-corrying bearings in aircraft en.
gines. A plated run-in surface of Jead:
tin or lead-indium Is required to pro-
vide satisfactory performance. Since
dirt I an enemy of such a hard bearing
maoteria), cven with an overlay, this me-
terial is not normally recommended
for diesels, where service conditions are
apt to be severe

Alum) n iderabl

dinte layer ace formed and machined
aplete 1o precialon limits. The sur-
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interest atiaches to the recent develop-

Aluminum-alloy bearings ero sor-
mally fabricated from a single piece of
materia}—the mono-alioy construction
pictured in lasy month’s article. Such
‘bearings seam to have high loadcarry-
ing ability, good embedability and con-
formability, high resistance to sefzure
and cotroslon. The inberent good heat-

iuing ability ol sluml should
resull in Jower temperaturca.

On the other hond, aluminum has &
relatively high cocflicient of th I ex.
pansion, snd ample room-temperature
ofl clearauce must be provided. Clear-
ance should be at least 0.001 in. per
in. of journal diameter and preferably
0.00125 in. per in. Clean and positive
Iubrication sre desirable in any bearing
operation, but for best results with alu-
minum alloys special care should be
taken to insura & clean engino st the
atart and positive lubrication.
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