T —

- CAUSES AND PREVENTION OF
ENGINE WEAR

Thesis for the Degree of M. §.
MICHIGAN $TATE COLLEGE
Robert Olaf Ringoen

1251



T b Vi e S i

This is to certify that the

thesis entitled

: Causes and Prevention of Engine Wear K

presented by

Robert Olaf Ringoen

| | has been accepted towards fulfillment
of the requirements for

- M.S. degree in Mechanical Engineering

5 .-

' ¢ Major professor o

o Date___May 17, 1951 e

0-169 %







CAUSES AI'D PREVENTION CF ZICINE WIAR

A TrZ=SIS

Submitted to the School of Zreduete Studles of Michigan
Stete Collere of Agriculture end Arplied Sclence
in partiel fulfillment of the recuirements

for the dezree of

MASTER OF SCIEKCE

Department of .iecranical Engineering

1951



THESIS



v
{J
s
~

NN
\*\.
5

ACKXNOWLEDGEYENTS
The author is deeply indebted to Mr. Paul S.
Lane of the Muskegon Piston Ring Compeny and Mr.
C. W Ohly of the Thompson Products Company for
thelr co-operztion in supplying pertinent informa-
. tlon on various phases of the engine wear problem.
Sincere aporeciation is also expressed for
the suggestions offered by Professor G. W. Hobbs
of Michigan State College in the preparation of

the manuscript.

200400

fad A



I.
II.
III,
Iv.
V.
VI.
ViI.
VIII.

Taple of Contents

Introduction

Pattern of Cylinder ‘ear
Classes of Cylinder Wear
Abrasion

Erosion

Corrosion

Conclusions

Eibliography

N o & D

56
66
€7



CAUSES AND PREVENTION OF ENGINE WEAR

I. Introduction

The subject of engine wear is a timely one in
view of the fact that present-day engines are being
designed to operate at higher speeds and greater
specific outputs than ever before. Such conditions
are bound to increase the wear to which the engine
is subjected, and make it imperstive for the design-
er to consider all phases of the wear problem before
attempting to bring about its reduction.

Viewed broadly, the various factors which con-
tribute to cylinder wear are numerous and complexe.
Often the varlous contributors to engine wear are
interrelated with one another. In addition, changes
in design and operating conditions to reduce one
type of wear mey often result in increased wear in
some other form.

During the past fifteen to twenty years, a
considereble amount of original research has been
done on the wear problem. All phases of the ques-
tion have been dealt with, some in great detall.

It will be the purpose of this thesis to review some
of the results of this research with particular ref-
erence to recent llterature on the subject. Also,

slnce most orliginal research on the protlem usually



deals with only one or several aspects or phases
of the question, 1t mizht be well to correlate and
combine the results of this work in such a way as
to show 1ts relation to the entire picture.

Before proceeding with the subject at hand,
it might be advisable at this point to state that
tils discussion will be confined to the wear problem
as it applies to the power essembly only-- consist-
ing of the cylinders, pistons, and rings. The rea-
son for this restriction is that most engine wear

is normally experilenced here.



II. Pattern of Cylinder Wear

Eefore taking up the wear problem and all 1its
ramifications, it first might be well to discuss
the various characteristic patterns in which e¢yl-
inder wear 1s manifested.

Figure I* shows a typical wear pattern for a
worn cylinder bore. It may be seen that maximum
wear occurs at the top of the stroke-- opposite
the top piston ring-- and tepers gradually through
a distance of two to three inches, reachinz & min-
imum at mid-stroke; after whkich 1t remains relative-
ly constant until the end of the piston ring travel,
where 1t agaln increases slightly. Below the ring
travel the wear 1s almost negligible.

One of the foremost authoritlies on the wear

problem, Alex Tadb,l

states that all cylinders of
the same engine do not wesar uniformly; the rate of
wear varles from cylinder to cylinder. This vari-
atlion in wear is shown in Figure 11.** In some
cases, however, greater bore wear 1s noted in the
intermediate cylinders which serves to illustrate

the complexity of the problem.

¥Lemarque, P. V., "Pigton Ring and Cylinder
Wear in Automobile Engines", Engineering, December
22, 1944: Figure 1, p. 498

##Tgub, Alex, "Cylinder Bore Wear and Corrosion",
Automotive and Aviation Industries, March 1, 1944: p. 36
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Circumferential wear 1s not always unifornm,
either. Tests conducted at the National Eureeu of
Standards by C. S. Bruce and Jesse T. Duck2 indi-
cate that the point of minimum wear occurs, almost
without exception, on the side of the cylinder op-
posite the one receiving tne trrust of the piston.
Maximum wear was found to usually occur on the sides
of the cylinder in line with the engine, except in
a few cases where the greatest wear was on the thrust
face of the cylinder. Sparrow and Scherser,3 of the
Studebaker Corporatlion, are of the opinion that the
priston rings, rather than the piston itself, are the
major contrlbutors to bore wear. The mechanics of
the wear problem as related to the piston rings and

cylinder bore willl be discussed at length later on
and will not be teken up in detall at thls point.



III. Classes of Cylinder Wear

Among the authorities on the subject of cylin-
der wear, an almost coiaplete agreement exists on
the theory that three distinct classes of wear do
occur. These types may be designated =g follows:

l. Abrasion

2. Erosion or scuffing

3. Corrosion

As far as the relative importance of the classes
is concerned, consldereble controversy still exists.
Max Roensch,4 now of the Ethyl Corporation, is of
the opinion that the factors as named in the order
above are in their approximate positions of impor-
tence. It should be borne in mind, however, that
varlietions in operating conditions, as well as chan-
ges in the design of the engine, air cleaner, piston
and ring ecuipment, and type of lubricating o1l used,
may markedly affect the order of importance of these
factors.

Having now established the prime factors to
which englne wear may be attributed, it now becomes
necessary to discuss in detail the mechsnics involved
in each of the three classifications and to show how
the various causes of wear are related to these mein

classifications.



IV. Abrasion

Definition of Abrasion and Sources of Abrasive Weap

Abrasion may be defined as wear which 1s brousht
gabout by the scratchlng action of forelign particles
in the o0ll film between the two rubbing surfaces.

Abrasion is probebly the most common form of
wear and can teke place only under conditions of
boundary lubrication. Usually this type of wear
takes place in two distinct staces:

1. A wearing down or breaking off of the sur-
face peaks to produce sufficient area to
carry the load.

2. fhe scratching of at least one of the sur-
faces by hard particles.

The first stage may be taken as the cause of
high initial wear, as when two new surfaces are run
together. The second staze of wear usually results
from abresives emtedded in the metal.

The mechanism of abrasive wear alters in degree
with the hardness of the surfaces. In soft material,
or hard materials with soft spots, the abrasive 1is
embedded almost completely in the surfaces and a
lapping actlion takes place. With hard materials the
abrasive particles are embedded only sufficiently to

hold them 1in position and the rubbing surfaces acquire



a scored appearance.

Abrasives comnonly encountered are metal par-
ticles, metal oxides, dust, carbon, and engine oil
sludge.

The most common sources of entry of abraslve
materlial, according to Roensch, are:d

(1) Core send, cast iron filings, chips and dirt
which may be left in the engine and not taken
out by the cleaning and washing process.

(2) Valve grinding compound or cylinder honing
residue which may be left in the englne due
to improper cleaning.

(3) Road dust which may enter the crankcase with
the ventilating air.

(4) Road dust which enters the engine through
the intake system.

Wnile sll the above sources of abrasive wear are
important, the last mentioned deserves the greatest
amount of attention, as it is the greatest single
source of cylinder and ring wear.

In abrasion, as well as in all other forms of
engine wear, cylinder and ring wear are interrelated;
thus any attempt to reduce cylinder wear will result
in a reduction of ring wear at the same time. Espec-
lally high rates of wear have been noted on the top

plston ring under sbrasive conditions. This is un-
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doubtedly due to the fact that the top ring serves
to pulverize the forelgn materlsl until the maximum
particle thickness is less than the oil film; thus
the abrasive action on the rings below is diminished.

Tests conducted by Sparrow and Schercer indlcate
that abrasive wear has the same generesl characteris-
tics as encountered in normal operation (i.e., the
greatest rate of wear is at the top of the bore) with
the exception that the entire wear pattern has been
multiplied or exaggerated under such conditions.

The cquestion as to the cuantity of dust entering
an engine depends on the efficlency of the filtration
system. Roensch states that the use of 01l bath ailr
cleaners may remove 95 per cent of the air-borne dust,
but even the 5 per cent which remains may still cause
appreciable wear. He also points out that with cars
operated on paved roads without effective alr clean-
ers the cylinder bore wear due to abrasion is increas-
ed (in summer driving) by 25 per cent. A. M. Brenneke ,?
of the Perfect Circle Corporation, states that abnor-
mal wear rates may be expected 1f the amount of dirt
ednitted is in excess of 0.00025 grams per cublic foot
of air. This applies to air after it leaves the filter
end as 1t enters the engine, and refers to abrasive
particles of 5 microns or less. Particles larger than

this would have an even greater damaging effect.
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Prevention of Abrasion. 1In discussing the ways

and ameans of prevéntins abrasive wear it would be well
to consider the followin~ factors, since they have a
direct beering on the extent to which abreslion can
occur:

1. The efficiency of the air cleaner in removing

alr-borne dust.

2. Piston ring meterials and design.

3. Cylinder=-block hardness and alloy content.

4, Anocunt of ebrasive material in the engine oil.

The efficliency of the carturetor alr-cleaner 1ls
of paremount ilmportcnce, since if the dust-removel
capacity of the air cleaner 1is high, a major source
of abrasive wear hes been elimlnated. .Considerable
rescarch 1s teing currently conducted on the effect
of air fillters on engine w:ar by the Frem Corporation
of Providence, Rhode Island. A progress report on
thegse activities was submitted by W. S. Jemes and
B. G. Zrown, both of tre Fram Corporetion, before the
S.A.E. Summer lMeeting in June, 1950. 1In this report
dust tunnel tests are described in which the efficlency
of oll-bath and oll-wetted air cleaners are determined
by measurement of the engine parts before and after
the test, the difference in these values béing an

index of the zmount of wear wnich occurred during
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operastion. Those ltems which were measured included
increese in piston ring gaps, change in radial thick-
ness of the rincs, changes in rins groove clearance,
changes in cylinder bore diameter and chenges in bear-
ing clearances, thickness, and weizht. A summary of
their findings includes the following:

1) Some oil-wetted types of cleaners are of no

velue in removing alr-borne dust.

2) Oil-bath air cleaners will, in some cases,
reduce rings and bore wear to one-tenth of
that occurring 1# oll-wetted types.

3) An increase in air-cleaner efficiency of from
98 to 99 per cent mey reduce engine wear by
one-half.

The effect of plston-ring design and materilal

on abrasion is worthy of attention. It has been
found that an increase in piston-ring'width results

in reduced abrasive ring wear. This 1s shown in
Figure III,® the ring wear being measured by the in-
crease in end clearance. From this relationship it
would seem that 1f abrasive wear reslstance were the
only consideration, the widest possible rings would
be the best. Unfortunately, however, there are other
consliderations to be taken into account which preclude
this possibility.

As regerds piston-ring meterials, tests by James

#Erenneke, A. 4., "How Diesels Wear and What to Do
About It," S.A.E. Journal, Arril, 195C: Fizure 4, p.36
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12
and Erown6 show that the use of chrome-plated top
rings will reduce the bore wear from egbraslon by 75
per cent over that for grey iron rings of the seme
sectlion thickness and unit pressure. In addition,
an increase in thiclmess of the chrome plate on the
top ring also contributes to increased ring life.

The use of chrome-plated cylinder liners in
heavy-duty engines is sometimes employed as a means
of minimizing abrasion. The subject of liners and
also the effect of crlinder block hardness and metal
structure on wear willl be discussed a2t length later
on, and will not be taken up at thils time.

The effect of ebrasive materials iIn the engine
01l has been studied by C. G. Williams7 in hils ex-
tensive research on cylinder wear. Tests were con-
ducted by him in which silica dust of 200-inch mesh
slze was Iintroduced at the carburetor alr horn at a
rate of 8.5 grans pver 100 hours. Thris rate is con-
slderably greater t:an would actually occur, even
under dusty road operetion, so that the ertremely
large increase in wear indicated would not likely
be realized in actual service. Figure IV¥# ghows the
results of thls test-- cylinder wear belnzg plotted es
a functlion of o011l dilution for both ebrasive and non-

abrasive conditions. Dilution of the o0ll in these

#Williams, C. G., "Cylinder Wear and What to Do
About It", Automobile Enzineer, July, 1933: p. 260
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tests wes esccomplished by addin~ verious rercentages
of kerosene to the enzine lubricating oil. The in-
terestinz feature to note 1is thct, even in the pres-
ence of excesslve amounts of egbrasive, rapid wear
does not occur until dilution of tre o1l reacked 80
per cent. ovove this fizure, however, a very rerid
increese 1n wear occurs whica would lead to the con-
clusion that abrasives in the o0il are :armful at hish

emounts of o0il dilution.
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V. Erosion

Definition of Erosion and Sources of Erosive
Wear., Assuning that clezsn alr is suppllied to the
engine so tnhat abrasive effects may be disregarded,
we may then focus onr attentlon on a second source
of englne wear; namnely, erosion or scuffing.

Erosion may be defined as wear produced by
metael-to-metel contect between the piston or rings
and the cylinder bore. The mechanics of erosion is
discussed by P. V. Lamarques, who postulates thet
under such conditions of wear a frictional form of
failure 1s induced due to the existence of boundary
lubricetion conditions between the rubbing surfaces.
local welding of the rubbing surfaces takes place,
eccompanied by a sharp rise in temperature of the
welded areas, even when the surrounding metal mass
is cold. This temperature rise tzkes place as a re-
sult of the liberation 6f energy following the shear-
ing of the metalllc bridges. It is worthy of note
thet only chemlically cleen surfaces are subject to
erosion; thus the presence of surface films on the
contacting surfaces will act as inhibltors toward
thls form of weer.

Lamarque also states thet the scuffing tenden-
cles of metals decrease with increases in surface

temperature. Thus, in the case of cast iron, in-
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creasing the temperature from 300 to 450 degrees F.
will reduce the scuffing resistance by one-half,

Since erosive wear 1s brought about by metal-
to-metal contact of rubbing surfaces, the sources
of erosion would be thLose factors which contribute
to such a condition. These may be listed as follows:

1) Absence of lubricating oil films between the

rubblng surfaces, due either to delay in es-
tabllishing these films or dilutlon of the
film with fuel as in cold starting or warm-
up conditions.

2) Improper mixture ratios under both starting

| and fully warmed-up conditions.

3) Mechanical and thermal distortion of the

cylinder walls.

4) Piston-ring design, material, end surface

finish,

5) Piston design, material, and surface finish.

6) Undesirsble metal structure of the cylinder

bore iron.

All of the above mentioned factors, except the
last one, contribute either directly or indirectly
to trhe establishment or destruction of the lubricating
01l film between the sliding surfaces of the piston
rings, or piston, and the cylinder wall.

It might be well at this point to discuss each
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of these factors individually and in some detall,
as the minimization of erosive wear depends primarily
on the extent to which these conditions exlst in en-
gine design and operation.

Lubrication of the Rutbing Surfaces and Erosive

Weer. The maintenance of an adecuate lubricating oil

film is one of the prime recuisites in the minimiza-
tion of scuffing. This derends chiefly on the follow-
ing factors:
1) The quantity of the oll supplied
2) The viscosity of tre oil
3) The time recquired, as in cold starting, be-
fore adequate lubrication 1s established
4) The degree to which the lubricating oil has
been diluted by the fuel
Effect of 01l Quaentity. The cuestion as to the
effect of the cuanfity of 0il supplied on bore wear
has been dealt with by C. G. Willlams. As a result
of tests conducted by him, he concludes that, with
cylinder temperastures ranging from 250 to 500 deszrees
F. and under steady runninz conditions, a deficlency
in the amount of lubricating oil supplied to the cyl-
inder bores 1is unlikely to be a factor of practical
importance in regard to cylinder wear. At tempera-
tures below 194 degrees F., it is found that wear 1s

influenced to a marked extent by the quantity of
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lubricating oll supplied to the cylinder walls. A
discussion of the temperature effects on wear will
be presehted in the section on corrosion, and will
not be taken up here.

The fact that the cuantity of oil supplied hsas
little effect on bore wear at normal operctinz temp-
eratures does not mean ﬁhat lubrication problems are
non-existent under these conditions, however. W. A.
Robotham9 points out that the wlde speed range of
modern engines imposes severe problems in providing
adequate lubrication of the cylinder walls. This is
evident from referring to Figure V¥, which shows the
relationship between engine speed and o0il consumption.
This curve was obtained from dynamometer tests of a
1942 Chevrolet engine with 216.5 cutlc inch displace-
ment, and operating at road load conditions. The
engine lubrication system was of the combined splash
and pressure type; ring ecuipment consisted of two
1/8 inch S.A.E. taper face compression rings and one
3/16 inch drilled channel oll control ring. Pistons
were of the cast-iron slipper type.

Although the shape of this curve may vary some-
what among engines other than that tested, depending

on the lubricatlion system and ring equipment used,

#Pigton Ring Manual, Muskegon Piston Ring Company,
p. 50
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it 1s evident that if the sveed range 1is increased
the amount of o0ll passing the rings at maximum speed
will be prohibitive unless the oll control maintain-
ed by the rings 1s increased correspondingly. If
this is done, the o0lil consumption under low speéd
operation may become microscopie, resulting in boun-
dary lubrication conditions end accelerated bore wear.

Effect of 01l Viscosity. The effect of oil vis-
cosity on erosion is discussed by Robotham, in which
he states that low-viscosity oll has been over-empha-
sized as a wear deterrent. low-viscosity olls, he
adds, have a lower film strength which may contribute
to increased wear. He states that records taken from
cars in customers' hands fall to show any definite
wear reduction whén the oil 1s changed from S.A.E. 30
to S.A.E. 20. In cases where thin olls are used, the
degree of ring éontrol must be increased proportion-
ately to avold excessive o0ll consumption at maximum
speed, which might well counteract the adventages of
improved lubrication when starting. Robotham also
states that running-in experiments indicate that thin
olls are not &s good as heavier ones under boundary
lubrication conditions.

Effect of Delay in Lubrication. The time recuir-
ed to establish an oil film on the cylinder walls is

of paramount imrortance. Assuming that the engine 1s
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started from a cold condition, the lubricating oil
may be too viscous to be thrown freely onto the cyl-
inder walls during the first few minutes of opera-
tion. A certain amount of tine must elapse before
the 01l reaches the proper viscosity to insure ade-
oguate lubrication of the e¢ylinder walls. Obviously
the time recuired for the o0il to attain this condil-
tion depends on the initial viscosity of the oll,
the lower viscoslity olls showing to advantage in this
respect. Often this time interval 1is not reckoned
with in considering the lubrication requirements of
the cylinder assembly. The actual time for estab-
lishing an 01l film on the cylinder walls willl depend
to a large degree on the efficlency of the oll con-
trol rings.

P. V. Lamarque dlscusses results obtained in
motoring tests on a 6-cylinder, li-litre engine
which 1ndicates to some dezree the time element in-
volved. The engine- the bore, piston and piston
rings of which had been tlhoroughly cleaned and dried
before the test- was motored at 1000 r.p.m. with the
cylinder head removed end the time observed for an
0il film to form on one of the cylinders. The re-
sults are stown in Figure VI%* for tlree olls of S.

A.E. grades 60, 50, and 10. In connection with these

*Lamarque, P. V., "Piston Ring and Cylinder Wear in

Autzggbile Engines," Engineering, December, 22, 1944:
P.
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tests, Lamarcue states that in the case of the high-
er viscbslty olls a large proportion of the time re-
quired to estsblish an o0il fi’m on the cylinder
walls 1s due to delay in oll dischaerge from the big
end of the connecting rod. Thus in the case of the
S.A.E. 60 o01l, for instance, of the 200 seconds re-
quired to form an oil film at 14° F., 120 seconds
elapsed before any oil was thrown from the big end.
Additionel tests were also conducted in which the
speed was reduced to 5CO r.p.m., where it was found
that the time required to establish an oll film was
twice that required at 1,000 r.p.m. The delay in
this case was attributed not to the tine required
for 01l discharge at the blg end bearing, but rath-
er the increased time recuired to apread the o0ll on
the cylinder walls.

Conslderable varliation in the time recuired for
01l films to form on different cylinders of tre same
engine also occurs. Tests conductsd on =z G-cylindsr
engine, motored at 700 r.p.m. with the heed removed
and Bbres wiped dry as tefore, showed that with an
S.A.E. 50 011 the time reculred for excess 0l1ll to
appear at the piston tops verles from 3 minutes to
over 3C minutes. Such a conditlon might help to ex-
plain the reason for non-uniform wear rates in 4if-

ferent cylinders of the same engine.
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Effect of 01l Dilutiocn. The question as to what
effect dllution of the oil has on scuffing has been
the subject of some investigation. C.G. Williams
undertook some original research on the problem in
which he conducted tests on a single-cylinder engine
opereting at a speed of 1,600 r.p.m. and a breke
mean effective pressure of 59 lbs. per square inch.
The o1l in the crankcase was diluted with various
percentazes of kerosene, whlch resembles the lower
end of the gasollne volatlility range most responsible
for cranicase dilution. The results are shown in
Figure IV, This curve indicates that up to 90 per'
cent dilution of the oll, little increase in wear
occurs provided normal operating temperetures are
maintained. Tests were also run on kerosene alone,
end even then excessive wear was not observed; al~-
though the viscosity of kerosene is 1/26th that of
lubriceting oil.

Alr Fuel Mixtupres -- Ratios and Cylinder Veap.
Alex TeublO gtates that under cold starting condi-
tions a 1/1 air fuel ratio is required to produce
en inflammable mixture. Obviously under these con-
ditions, when cylinder wall lubrication is jJjust be-
coming established, scuffing may easlly occur due to
the washing of the lubricant off the cylinder walls

when excesslve use of tre choke 1s employed.
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Under warming-up conditions Tsub indicates an
/1 or 9/1 mixture ratio 1is needed, while for fully
warmed-up, part-throttle operation any ratio up to
17.5 to 1 is desirable. During warm-up it has been
found that both cylinder énd ring wear decrease as
the air-fuel retio is decreased from 13/1 to 8/1.
Figure VII¥* ghows the results of tests conducted on
the effect of mixture ratios on cylinder wear. The
tests were carried out on a single-cylinder engine
operating at 1,600 r.p.m. and a b.m.e.p. of 59 1lbs.
per souare inch. Examination of Figure VII shows

that as the mixture 1s progressively enrichened, the

wear on the top piston ring is reduced for low-mixture

temperstures. When the mixture temperature 1s in-
creased to 1229 F., enrichening of the mixture ratio
hasAno effect on either ring or cylinder wear over a
renge of air-fuel ratios from 10/1 to 14/1.

Under high temperesture operation increases in
air-fuel ratio appear to produce the reverse effect.
Taub cites tle case of an engine under test in which
the air-fuel ratio was increased from 12/1 to 14/1,
which resulted in a three to seven fold reduction in
cylinder bore wear. The fact that the engine was

definitely under-olled might account for this exceed-

*Williams, C. G., "Cylinder Wear in Gasoline Engines,"
8.A.E. Journal (Transactions), May, 1936: p. 193
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ingly large reduction; nevertheless, lean mixtures
do appear to have a pronounced effect in reducing
bore weer at high temperatures. Normally, it might
be thought that lean mixtures would promote oxidiz-
ing conditlons within the cylinder wiich would affect
the tores adversely; thus it would seem that some
other reason must be given to account for this be-
hevior. Two theories heve been advanced by Teub
wrich might explaln this phenomenon:

1) Increases in the air-fuel ratio at high tem-
peratures will minimize dilutlon.

2) leaner mixtures at high temperetures result
in lower explosion pressures whkich tend to
reduce the gas pressure behind the rings,
and consequently the pressure exerted by the
rings on the cylinder well.

Of the two theories, the latter would seem to
be the more plausible; since dllutlion tekes place
primaerily under cold starting conditions.

In the case of werm-up operation a decrease in
the air-fuel ratlio is belleved to bring about a re-
duction in the formation of corrosive azents, par-
ticularly COo, thereby reducing bore wear. A dis-
cussion of corrosion and its effects on ﬁear will
be withheld until leater.

Since bore wear hes been shown to be affected
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by mixture ratio, it might well be thet this i1s one
of the causes for non-uniform wear between different
cylinders of the same engine; inasmuch as the veri-
ous cylinders have different mixture ratlos, depend-
ing on thelr particular location in thre dlstribution
svstem.

Effect of Cylinder Elock Distortion on Eore Wear.

Cylinder block distortlion mey te ettributed to two
factors; namely,

1) Thermal distortion

2) Mechanical distortion
Eoth of these factors are primarily due to the pres-
ent practice of combining the cylinders in a monotloc
cesting. Distortion of the cylinder berrel, pro-
duced from eitrher of these two ceauses, may =ive rise
to high pressure areas which tend to break down the
oil film between the piston rings end cylinder wall,
resultinzg in scuffing of these rubbing surfaces.

lamarqueAatates that thermal distortion, more
tlan any other factor, is responsible for abnormal-
ities in the manner in which a cylinder wears. Im-
proper coolingz of the cylinder walls is one of the
primary sources of thermal distortion. Care must be
taken to arrange for proper distribution of the cool-
ing water around each cylinder. The use of a water

distributing tube and full-length weter Jjackets will
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go a long way toward preventinz bore distortion from
uneven cooling and eliunination of local hot spots.

The region near the top of the cylinder bore 1is
probebly the most criticel, and it hes been found
that hot spots in this zone can rapidly reach a tem-
perature at which breakdown of lubrication may occur.
Recent research indicates that it is not unusual for
the temperature of a hot spot in a cylinder barrel
to increase from 330 to 500 degrees F. in 90 seconds,
after iIncreasing the engine speed from 2,000 r.p.m.
to 3,500 r.p.m.- the temperature of the adjacent areas
of the barrel remalning substantially constant. This
non-uniform tempereture condition would, of coursé,
readily promote trermal distortion of the cvlinder
barrel.

Probebly the chief source of mechanical dis-
tortion of the cylinder barrel is at the Jjoint between
the heed and block, although thermel distortion plays
a part here, too. irlechanical distortion at this
point 1s dque to the bolting of the head to tre block,
especlally where inadecuate support has been provid-
ed for the cylinder stud anchorages. Flacement of
these anchorages on the jacket wall, rether than the
cylinder wall, so that the pull of the stud produces
pure tensile stress on the meterial of the block may

help to prevent this difficulty. Increasing the
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thickness of the cylinder wall in the section near-
est the top may elso reduce dilstortlon.

Pigton Ring Design and Cylinder Wear. Max Roensch

states that propef design of the piston rings is of
outstanding importance in the preventlon of cylinder
wear by erosion. An enormous amount of research has
been and is being done by piston-ring manufacturere

In an attempt to bring about further improvements
in the design of piston rings which will contribute
to longer engine life.

In discussing piston-ring desizn and its effect
on cylinder wear it might be well to ccnsider tre
following factors:

1. Ring sticking and blow-by

2. Radlal pressure

3. Ring width

4. 011 control

5. Ring meaterials and surface finlshes

Rinz Bticking. While ring sticking 1s not ac-

tually tied up with piston-ring design, it is a fac-
tor which contributes to excessive scuffing of the
rings and btore. Ring sticking is caused by the ac-
cumulation of sufficlent cementitious material in
the ring cleesrances to prevent movement of the ring
in 1ts groove. In the intermediate stazes, the ring

action becomes sluggish and results in increased oil
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consumption. Restriction in tre free movement of
the ring impairs its gas sealing properties and gilves
rise to an abnormal amount of blow-by passing from
the engine breather.

The chief source of ring sticking is the oxi-
dation and subsequent deposition of unstable products
of the lubricating oil in the ring clearances, scrap-
er ring oil holes, and rubbing surfeces of the pls-
ton. Two forms of ring sticking occur:

1) Low temperature ring sticking

2) High temperature ring sticking

Low temperature ring sticking, as its name im-
plies, occurs in cold weather operetion, where idling
tine constitutes a high proportlon of total operating
tine. Under such conditions carbonacecus meterial
derived from the products of combustion, together
with condensed weter formed during the burning of the
fuel, acts to produce emulsificatlion of the lubricat-
ing o0ll. The so-called sludze 1s then filtered out
into the ring clearances and scraper ring oll holes
where subsequent‘oxldatlon and decompositlon occurs.
The only solution of the low temperature ring stick-
ing problem is to prevent the formation and eccumu-
lation of moisture by rapid warm-up of the engine and
by providing adequate crankcese ventilation under

light-load conditions.
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Eigh temperature ring sticking 1s caused chief-
ly by oxidation of the oll, mainly in the crankcase,
followed by decomposition of the oxidatlion products
at the high temperature points in the engine.

Ring sticking in compression-ignition engines
18 also belleved to be caused to some degree by the
fuel used. Aldehydes and unsaturated acids produced
by hydroxylation during combustion may resinify easily;
when they reach the ring grooves, they may result in
ring sticking. Ring sticking in dlesel engines 1s a
much more common complaint that in gasoline engines.

Blow-by. Elow-by, or the leakage of combustion
gases past the viston at high engine speeds, hes be-
come an increasinzly important problem. Under con-
ditions in which blow-by occurs, the plston rings
reach such a stage in the englne speed range where
thelr operatlion becomes unstable due to flutter or
chatter. At this point 2 replid increase in blow-by
occurs (Figure VIII#) which results in rapid wear of
the rings and bore and, in extreme cases, breakage
of the rings. The point at which flutter of the rings
occurs depends upon the ring tension, the redial pres-
sure pattern, and the fit of the ring in thze bore.
Thus 1t willl be seen that control of blow-by depends to

e large degree on judiclious ring design.

#Taub, Alex, "Cylinder Bore Wear," Automobile Engin-
eer, March, 1939: p. 85
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One of the most common sources of blow-by 1s
cylinder distortion, which was discussed in the pre-
ceeding section. In bores which have becoune distor-
ted the plston ring 1s unable to conform to the con-
tour of the cylinder barrel. At these points of non-
conformity, hot blow-ry goses pass the rings, wrich
increeses the teapersture. A heavy ol1ll film collects
at this distorted area, as the rings cannot make can-
tact with the cylinder walls with sufficlent pres-
sure to reduce the oil f£1lm thiclkness. Thls excess
0i1l, in combilnation with the existing high temper-
atures, produces a layer of hard éarbon on the cyl-
inder walls. The formation of this layer of carbon
prevents adecuste lubrication of the cylinder wall
end pronibits the proper seelinzg action of the rings.
As‘a result; scuffing of the piston ring and cylin-
der walls occurs accompenied by further blow-by and
excessive oll consumption.

Obviously, in new engines, or in engines which
have new cyllnders,-blow-by may be somewhat of a
problem during the runninc-in period. That this 1s
true has become en esteblished fact, and it has
been obsgerved that the main destructive sgency dur-
ing the runninz-in period has teen the presence of
blow-by with its accompanylng evils. In new cylin-

ders the piston rings must accommodate themselves
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to changes in tre shape of the bores due to the re-
lease of casting and machining stresses. Such con-
ditions promote bore distortion with resultins blow-
by end ring scuffing. Taub advocates the use of
pinned rings as a means of reducing scuffinz caused
by blow-by. Such rings would reduce the tlme of
the running-in period and would promote better and
faster bedding-in, since the rings would then be
restricted as to rotational motion and would there-
fore conform to the contour of the btore more readily.

The cuestion as to how much tlow-by is permis-
sible is answered by Teub with the statement that
if blow-by is less than 1 cu. ft. per minute, no
scuffing will occur. If the blow-by i1s above 6 cu.
ft. per minute at 4,000 r.p.m. danage from scuffing
will reéult in two hours' running time. Excessive
anounts of blow-by also hasten the formation of
sludge in ollways and scraper ring grooves, which
may often lead to ring stlcking and even plston selz-
ure; however, a slight smount of blow-by in a new
engine is to be preferred over one in which piston-
ring wall pressures are so high thet no blow-by ex-
ists.

Radial Pressure and Cylinder Wear. The present
trend of modern englnes toward high output and high

speeds have dictated changes in the amount of radlal
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pressure to be exerted by tre rings, as well as the
mammer in which this pressure is to be epplied.

From 1920 to 1927 the common preactice weas to design
rings for a uniform radial pressure wilth a dlametral
ring tension of from 7 to 9 pounds. From 1927 to
1932 the rins tension was incressed to values rang-
ing from 9 to 11 pounds, end from 1932 to 1937 the
tension was increased to 16 to 18 pounds. At this
point it was found that increased temperatures,
pressures, and speeds made the control of blow-by a
dominant factor, and that further advances in plston-
ring design must be brought about by control of the
pressure pettern, as well as increased radiasl pres-
sure.

In Figure VIII it was seen that e break occur-
red in the blow-by curve at 3,400 r.p.m. Above this
speed blow-by becomes excessive, and at 3,9CO r.p.m.
the blow-by is 4% cu. ft. per minute. By proper de-
slgn of the radlal pressure pattern<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>