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Mast of the time, engine bearings work in the regime of
hydrodynamic lubrication. As such, the beanng surface is
separated from the crankshaf surface by the oil film generated
from shaft rotanon. However, due to continuous developments
in the design of internal combustion engines, the rypacal
mibmimun valees of ol Alm are getting smaller and smalles

The factors responsible for this tendency are:
* more compact design of the engne
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* use of low viscosity oals

& preater engine outpue

Engine evolution is well illustrated by the history of the
Cheveolet small-block VE.

The first peneranon | 1955) had a displacement of 265 cu.
in. and an owtput of 180 hp. This means thar each cubic inch of
displacement produced 0.68 hp, 50 years luter GM offered i
LS9 supercharged small block engine having a displacement of
376 cu. in. (62 L) and a maximum of 638 hp. This is equivalent
0 1.7 hpdow. in. = an increase of 150%.

Addinonally, engine designers are required o reduce fuel
comsumpeon in compliance with more strice governmental
regulanons, Consequently, the use of low viscosiry motor oals
has become commonplace. In hydrodynamic frction, energy
losses are decreased by the use of bower viscosity oils.

Exscesaive loads and manginal lubncation regimes, as often
OECUT i Various forms of Mmotorsports Competinon, can cause
mietal-to-metal contact herween beanngs and crank journals,
Such contact requires a bearing with superior antifricion
properties to reduce the likelihood of premature wear and
SeiEure.

High loads appled 1o the beanngs, combaned with a low
viscosy lubrcant, result in 3 reduction of the minimum o flm
thickness. This may cause 3 metal-to-metal contact between the
Iearing and the shafr. Such contact is characterized by a high
coefficsent of friction (power loss), increased wear, possabvilaty
of seizure berween the bearing and shaft materials, and a non-
uniform distnbution of the bearing load.

The situanion is further aggravated by the distortions of a
lightweight crankshaft idue to the loads applied oo it} and of
lightwelght connecting, rods. The big end of the rods changes the
shape of its bore - and the beanngs mounted in i - from circular
10 elliprical {due to inervia forces ar high rotavion speedsl.

Substantial fuel economy and pollution reduction are
achieved m stari-stop engines. However, a stari-stop system
produces undesirable condimons for engine bearmng, operation.
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A hydrodvnamic regime of lubrication is stable anly within a
certain range of rotation speed. [F the speed drops down, the
hydrodynamic force decreases and becomes msufficient for
counteracting the load applied to the bearings. Metal-to-metal
contact ensues and the beaning material wears faster than in
the hydrodynamie regime. Since sar-stop engines shiut down
and restary very frequently (10 gimes mone frequently than
classic engines), the beanings operate i a conditson of mived
lubsricarion |with metal-to-meral contact) much more of the
nme.

Such conditions require bearing marerials with gready
enhanced anti-friction propertics,

of
Lack of lquid lubricant (oil) during mived lubricanon may be
compensated by solid luobricants distrabuted in the fofm of fine
partiches within a polymer matrix. The resulting marerial is then
applied ro serve as the top Laver of the engine bearings.

Such coatings may also comraim particles of reinforcing phase
added for greater strength and wear resistance.

The main purpose of coatings in conventional existing
applications i to provide some protection from overlay wear
during mixed lubrication regimes. For example, coatings prevent
cold start wiping. Coatings prolong bearing life when operating
with very thin or negligible oil films.

However, the tree potential and benefits of coatings are quite
underestimated. Theyv can play a much more important role in
prevennng seiEure and reducing wear of highly loaded bearings.

Siemilar ro ol film, 3 polvines coating separates the megallic
bearing muatersal from the crankshaft surface. Therefore, in the
system of bearing/lubricantfjournal, the polvmer coating may be
reterred to as either lubricant or hearing marerial,

According to this method of approach, there are two possible
concepts of polymer coatings:

A. A emporary sacrificial layer of lubricant wearing off in
the bearing conforming process

B. A permanent bearing antifraction overlay constructed fos

lifetime performance

When starting the process of developing polymer based
coatings, the following kev bearing material propertics must be
rargeted;

* Anrifriction propertics — a combinagion of surface soft
properties: low coctficient of friction, conformability (the ability
of the bearing material to sccommodate geometry irregulinties
of the bearing, its housing or pournal), sexeure resiscance (the
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ability of the bearing mareral
to resist phyysical joining with
the ||||,|r||.1| matenal) and
embedability (the abilice of the
|1|'.|.r|||.;.; material to abeosh wmall
forergn particles).

= Wear resistance — the
ability of the beaning matenal
maintain its dsmensional stabiliy
under conditons of mtermittent
direct contact between the beanng
and journal marerials,

* Toughness and impacr

ressstance — ability o absorh

energy without fracturing.

* Farigue -I|c"'l;-.;l:|‘ — the maximum value of ovcling stress thart
thie bearing can with

atand after an mbnite number of cycles.

The polvmer base of the coatngs must be thermostable (able
I

o resist irreversible change in s chemacal or physical struciure
at pemperatures up to S00°E 1t should also be strong and wear
resistant

However, the polvmer by irselt can nor be used as a bearing
coaring. Irs antifriction and mechs properties should be
enbhanced by dEperisndl Of Vafioas addrives,

The antifrc

properises of a coanng material may be
dramatically en
lubricants
Kings newly developed polvmer coatings conrain abrasive
particles of optimal dimensions which produce the maximum
desired level of wear resistance
Fatigue strength «
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King Polymer Coatings

Polvmer coanings developed by King Engine Bearings are

composed of different rypes of morg;
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vmer composition has been developed by
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dispersed m a polymer matrix. The additives have nano-
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Therefore the coating  meare
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Three ditferent types of polvmer coatings tor different
applications have heen deve -:-|1r\...| by King Engine Bearings
K . Be-354 and k=40

as a polymer
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K-340
K- 340 is a stromg coating, oftering exceptional wear resistance,
oughness and fangue strengrh. Ir was de |

over relatively hard substrates:

or applying

nze, aluminn

m allows, spur-
ter overlay, and King silver overlay. Hardness of the coaring

& about 46 HY, which is harder than most aluminam bears
alloys., The coaring is able to operate under loads up 1o 17,
psi {120 MPa) in diesel direct injection engines, turbocharged
gasoline engimes, race engines, start-stop and hvbrid engines,

and i convenbonal passenger car engines replacing Bab bire
plated eri-metal bearings.

vested ar 11,600 P R MPa) bor 24 hirs
3

Stee| Bronge Bearing
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Fig. 2 - Teated bearings coabed with K-340 wear resistant costing.
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K-334

K-334 is a wear resistant coating for applying over relatively soft
substrate. It was developed for coanng tri-metal pMax Black™
XP high performance bearings.”. The coating helps to improve
X P bearing wear resistance under conditions of metal-to-metal
comtact, It also increases the resistance
CANITATMIN ET0Ra0mn,

1=meetal bearngs o

her coared
bearing manutacturers and ‘-llp._"lll."\n. King coatings do not
Lh.ll1|.'.< ol clearance. The wall thickniess of l\'ﬂ;-_: coated bear s
is equal 1o thar of the non-coated versions

A performance comparison of polye
bearings, from four leadmg bearing manufacourerssupphers,
under the regame of metal-to-metal contact is presented n Fig. 3

K-334 15 mo a sacrificial coaning. In contrasy mo

EF COoated fri-metal race

Manifaciurer 1

Manitsciurer I

Manufaciurer 3

King Envgine Bearings

Fig. 1 - Bearings tesied in King Test fig in mixed hibricalion regime
at 10,150 pesd for 24 hrs.

l'wo conclusions can be made from the tests

* The wear rate of Kmg K-334 coating is the least of the four
tested manufacturers

* The fatigue strength of King pMax Black™ XP bear

is greater than that of competitive m
fatigue cracks in the overlay

rerials, which have clear
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K-a0

K40 i a relatively soft coating, It is sacnficial, with excellent
wes, This coaring
compaosition was designed specially for engines experiencing
contmuous metal-to-metal contact, This i characteristic of the

comformabibry and anti-fnction proper

exreme loading and conditions found in drag racing

r contimeous direct

The mmage of a beanng tested o

contact with the crank jowrnal is depscred in Fig. 4

Fig. 4 - King shawermn alloy HP besnng costed with K-40 after
direct friction sl

The beanmg appearance proves the ability of K-40 to

withstand the conditions of drect friction.

Conclusions

* King coptnpgs are podvineT ooramic mno-oonmpsosines
comhbining lnbncanon propermics with excellent wear resistance,
toughness, fatigne strenpth and cavitation resistance

= K-340 coaring is for applving directly onro relatively hard
substrate: bronze or aluminum mtermediate layers, sputter or
salver overlavs

* K-340 coaning matcrial has proven, omrstanding wear
resistance

& K-334 15 a coatin -_Jqu,-5|:|\-._| for King tri-metal p'\'.ll.
B

& K134 coated beanngs demonsirated s Iperior Wear

Mack™ race bearin

resisranoe and LETTN T -I|-."|_-:I"' A PR E 2 1 imEs ITOm foiir
leading, manufacturers/suppliers

= K40 s the softest King coating. It has demonstrated
exceprional ability o work under continuows direct friction
cansed by marginally thin oil flms B
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DMaxKote™

King factory applied nano-composite polymer coating
No added thickness!

King's new pMaxKote™ is a nano-composite
polymer coating, It is applied over the pMax
Black™ overlay at the King factory as part of the
bearing manufacturing process. It enhances wear
resistance without changing the bearing’s original
precision wall thickness dimension.

pMaxKote™
KP Coated

pHax Black™ Owverlay

King's pMaxKote™ is a new approach to coated
bearings. It has proven to protect bearings during
metal-to-metal contact, as well as from the erosive
effects of cavitation. It contains ceramic nano-
composite particles that function as a fourth layer
which provides superior build protection.

pMax Black™

—— u,
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pMaxKote™ enhances the following
benefits of King XP race bearings:
* Superior seizure resistance

* Superior cavitation resistance

* Superior wear resistance

* Superior protection against oil starvation
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