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I. INTRODUCTION

The main purpose of lubriceting oil is to maintein an oil film of

satisfactory thioknese in order to prevent two moving surfaces from

scuffing; therefore, redncing friction and wear.

When two surfaoes have oil supplied to them continuously end the
load on them is nt excessive, there is what is known as complete—film

lubrication or hydrodynamic lubricstion. The surfaces are separsted by

the lubrioant. As long as e complete film is maintained, the friction

loss is independent of the load on the surface end is dependent only upon

the rubbing velooity end the viscoeity of the oil. When the load is in-

creased, or when the speed or the viscosity is decreased, the surfaces

are separated only by a few molecular layers of oil. The chemical and

phsioal properties of the metal surface and lubrioant become important.

This type of lubrication is termed ”boundary lubricat1on.” The general T

conditions which dictete ”boundary lubrication“ are relatively high load,

high temperature, low speed and a low oil viscosity.

Whether the lubrication between the piston rings end oylinder wall T
. in en internal combustion engine is of the hydrodynamio or of the boun»

dary type is a question about which there are different opinions.
However, reviewing experimental evidence, there seems to be no doubt

that both types of luhrioation exist. The local breakdown of the oil

film not only consumes power due to friction but also causes serious

ebrasive wear on metals.

The combination of high temperature, high pressure and low speed at
dead center positions of piston complicates the lubricetion of piston
rings. Ho satisfactory·theoret1cal treatment, such es the journal bearing
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has received, has been brought forth for the problem of pi sten ring lu-

brication. Such knowledge, therefore, can be gained. only by experimental

work. ‘

The electrieabresistance—meas¤rement method has been used in the

p study of the oil properties between two working surfaces such as genre,
disk: etc.. Since oil is a kind of dieleotrio material, there is only

e. small limited range of voltage that can be applied across it. Beyond

this range, the breakdown of the oil occurs because ef ionizatien. It

was found that the thickness ef oil film was directly proportional to
the applied voltage;. Based on this knowledge this investimtion was

B
carried out.

I
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II. REVIEW OF LITHATURE äL

The destruction of the oil film en eylinder surface was diecussed

by E.A.V. Horiak in 1933(P He stated that the deetructlon may take

various forms. The film may be destroyed by the oil being foreed away

by too him a pressure. This high pressure may be attributed. at times

to (1) dirt, sand or metal which cause a high locallzed pressure that

producee dry fristlos.; (2) too high a specific pressure between the L

acting parts such as rings against the linear; (3) viscosity of the

lubricant being reduced by dilution so that sven small pressure will

force the oil away; (ll) high temperature reducing the viscosity which

deteriorates the oil to a point where low pressure will break it down.

The temperature in the cylinder may become high enough actually to

burn er carbonize the oil between the sliding surfaces. Horiak also
I

clnimed. that the oil can be removed. by external means such as being L

blown away by gas pressure, sheken off by the velocity of moving parts.

~
Heriek pointed out, that for an engine having a compression ratio of15:1and

a piston speed of 1500 ft/min, a temperature of approximately 5ooo¤r

at the point of imition may be reached. and falling rapidly to about
[

2550° F at a 60 degee crack angle. There are extremely high tempera- y
tures and could no doubt cause the actual vaporization of the extremely L

thin layers ef lubricating oil. Of course, the rings do not cperste at

such peak tmperature; however, they do operate at relatively high tem-

peratures depending solely upon how well the rings are cooled. Hr.

R. L. Beyer has stated that, for a well cooled two-cylinder engine, the

section adjacent to the top ring has a maximum temperature of 16l4° F and.

that the third. ring··land has a temperature of 161° F. Temperature of 500°F

are not uncommon in the ring section of pistone which are not well coo1ed.(2'

L _-
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Another important factor associated with piston ring lubricatiou

is that zero valccity axistsd at dead center positious. It will bs shnwn

later that the oil-film thickuasa varias directly with speed at any given

load; Tha braakdowu of the oil film at top and bottom dead center: in

therefore obvioun. Also another cemplicatad situation arisas at the tup

ring where there is almnat a complete lack of lubricaticn. The quantity

of luhicant that may be fad to the top piztou ring is extremely minute.

However, a good portion of this minute quantity is buruad off the cylip

der wall before it gets a chance to lubricata the pistoa riug•

fhg pxstou rings are so eoustructed so that they are under temaion

which axart a pressure of 5 to 15 psi again¤t·the cylindar wall. When

the gas pressure of combustiou is applied abavg the piston, some of th•

gas laaks to the back cf the ring, which causes the ring to ba fcrßad

tightly against the cylindar wall. (17) (18) This phanomauau has been

studiad and discuasad by several TB8¢&FGh8TB•(3)(u) Tha m¤a¤ur¤ma¤t•

iudicatad that gas prsssua behind the top ring follows clcsaly the pr•¤-

sure in the combustiou chamber. Tha gas pressure behind the second ring

dapanäs upon the sealiug canditiaus of the first ring, but was fbumd to

average about half to one fourth of that in the couhustiou chaubar. It

was found from the axpariments performad ou an actual engine that

themaximumgas pressure during the power stroke tor first ring was M70 psi

under full load operation oo¤ditio¤s•

Tha alactrical measuramaut method is ana of the methods that has

been used in the study of the thin film lubricatiou between two working
¤urfac6s.(5)(6)(8)(16) Tha diffareuces in ¤11»£i1m thicknnss might b•

iudicatad by the change in the mcasurad resistamce. Since the oil is a
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dielectric material, the characterietics of liquid dielectrics are a

function cf many factors which are uncommon in true conditions.

Early work by F.P. Bowden and D. Tabor (l9}9) has shown that consi-

derahle information concerning the area of contact between the stationary

end moving surface: may be gained by measuring the electrical conductance

across these surfacesÄ7)If two conduotore make metallic contact over a

circular junction of radius
“a“,

the electrical condnctanoe,/Lcf the

junction can be written with sufficient accuracy as,

./\— ¤ 2eA

where Jg in the specific conductivity cf the metal.

If the conductor and the electrode are cf different metal: with con»

dnctivities of A, , and A, respectively, the maximum conductance ./im

corresponds to a single circular metallic junction of radlue
”a*

was

shwn to be:
Ja = ra

<Theirexperiments were carried out on both stationery and moving surface:.

The results shcwed that regardless of whether the surface: were lubicae

ted.under boundary conditions or not, the condnctance and hence the area

cf contact'wac independent of the apparent area of the surface:. Tor I

example, the condnctance for two flat plate: was found to be only twice [

that of two crossed cylinders even though the apparent area of contact )

was ¤o,ooo times as great. This ehowed that only a small fracticn of the

surface: wa: in intimate contact.

The experimente showed that the condnctance depends on the load

applied on these surfaces. Even if the surface: are carcfully polished,
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slight irregulerities will still be present. The depths ot the surface

irregulerities were round to be very lerge compered to the moleculer d1~

meneionc of the oil. It was expected then, thnt under boundny lubricae

tion conditions, the breekdown of the film would occur. The eurfecee

would be supported on the summita of the surface irregulnritles, 61116.therenl

nree of contect would bc emell•——within moleculer renge. This
|

means that, even with comperetlvely lightly loeded surfeces, the local

pressure et the region of contact would be high end might eeeily exceed

the yield point of meteriel so thet plastic flow end deformntion occurred

et the point of contact. If the sliding speed of the surfeces uns auf-

ficiently high, the process uns essieted by e local h1gh•tempereture

eeftening er melting, end finnlly caused the eeizure end welding between

the metal:.

V. H. Brix in 19h1, made his experimental study cf the pessege of

en electric current through e thin oil film between working sur£ecee.(9)

In the investigation, the thruet type of frictien machine was employed,

This machine consieted of e rotetlng elment containing four {let circue

ler peds. These roteting pede were presced ngeinet e stetionery disk

within e hented oil bath. The results ehowed thet et conetent speed, the ;

vcltege across the film varied with pressure. An increase in thrnst
i

load would result in e decreeee in voltege. It was therefore reasonable ;

to ascribe the change in film voltege es evidence of changing the oil- F

film thicknees between the pede end the dick.

Who the voltege across the film uns plotted against the current,

the result curves are shown in Figure 1. The slope of the current~

voltege curves increase repidly with increase in voltege. Until e certain
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critical voltege across the eil film in reaehad, the current under this

voltege increeeee to infinite vnlue end the breekdown of the oil film

occurs. To estehlish the reletienehip between the o1l•£ilm thickness

and the oil~film Voltage between twe parallel plntea, MT. Brix müde th•

static electricel tests en e machine ceneieting of two pernllel dieks

both being finished with emery paper. The small distance between these

two diäks were reeorded by means of the defleztien ef e light beem, the

megnificetion so obteined wen in the order ef l,O25 times the dietenea
between the two disk:. The volteges ecross the film were ebteined at e

constent current setting ef 2 empe. It eppeered from the teet thet th•

relation between film thickness end film volteges was elmeet linear. The

film thickness wee found to increase with the vvltage. Furthermore, it

was Ieund that the oil·I11m thicknees et eleetricel breekdewn lie roughly

over e range Iren 10*h tc 10*3 inohes. Brix else steted thnt the vol-
tage—thickneee charecterietics was not greetly affected by the surface

tempereturee, but the moieture content of the oil was found te be a most

importent feotor. The breekdewn voltege dropped very rapidly with only

e elight increase in moisture. The properties of ”boundnry” film de-

pended upon the lubricent end.upon the untere of metel surfecee between
which the oil uns eneloeed. It wen found by Mr. Bri: thet the voltege

eorose the film inoreeeed es the lond decreeeed but incrensed with speed
of theeurfaces.l

A. Cameron end his co•worhers (10) in 1958 made en electricel 1nve•—
i

tigntion on the study of thin o1l—f1lm chnrecteristics. In their exp•ri—
mente, an ¤ne—1nch steel bell wet pleced on an insuleted steel plate.
Both the ball end the plete were connected to an electrioel current
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source. When the plate supporting the ball was flooded with oil, the

ball eepareted from the plate by a small distance, the voltage•current
T

eurve changed greatly. At a current value above amp, the curve was

parallel to the ohmic line and the voltage was shown essentially eonstant

from é amp np to 350 amps. The curves are shown in Pig. 2. The vertical

distance between the ohmic line and the curve obtained with the presenoe

of an oil film wan defined as the “discharge vo1tage." Therefore, the

discharge veltage is the ”net* voltage change caused by·the oil film.

This voltage was fond to be independent of the types of oil having

different viscoeitias as long as those olle were taken from the same

crude.

The relationship between current,veltags and resietance of oil film
had been well explained by A. Cameron in his earlier work done on gear

teeth in l9§ä.(1l) Curves of resistanoe versus current were plotted

and the following equation found:

mk- c
where, G ¤ oonstant

R = resistanoe (ehme)

I ¤ current (amps)
k • constent

” The curves are shown in Figure 3. If k ¤ 0, then R = constant. This de

shewn by the current—ros1stancs curve being comparatively flat at lower

values of current. The oil bahnves more er less as an ohmic resistance•

If k ¤ 1, then Bl • ccnstant. This indicates that regardless of the p
value of current, the potential across the film is constant, and this

conetant is the breakdown voltage of the insulating oil film.
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The elcctrical brexkdowu phcucmenou was well expleineä by A•H. $har—

beugh eud.R„W„ Goueidex a system compcsed of A liquid äielectric

pleceä between two perellel—;lete metal electroées. If e vcltugc ie cp-

plieä to the electrodee, free electrous exe eccelareted towexä the auods.

The eccaleretiou will continue until the rate at which electrous lose
tt

energy by collieioh with moleculea just equal the rate at which they gala

energy from the electric field. The electric current et this time will

remain small. If, however, the applied voltage ia aufficiently high, the

free eleotrous geiu enough energy to Knock other electrons from the mo1e•

cules of the liquid. Since each new electron produced by ccllieiou in

also free to undergu the same process, the result is an electron evela¤dhs•

The liquid is seid to be fully iohizeä. Under this condition, the elec-

tric current thrcugh the liquiä will be high enough to lead to a ruuway

prccese culminetiug in the Spark. The liquid is couverted repiäly frem

eu iueuletor to e couäuctor end the brcekdouu of oil film occurs•

Duriag their investigetious, öemeron end hie c¤—wcrkerß made the

static end dyhcmdc celibretiche between film vcltege end film thickues¤.CEÜ

It was found from the static calibration thet the film thickneee ehä

film voltage were proportional to eech other. (This result wes in egre•~

'ment with the werk done by Mx. Brix in 19UI) The dynamic calibretiou

apperetus cousisted assehtielly of e rotatiug sheft against which was

loeded very slightly by two inch plate:. There was an eagle of in-

cliaatiou between these two plutea• When the Shaft was rotatiug, there

would be a thin oil film building up between the eheft and the plates, i
which was then detected by a light beam. The results showed that: (1) M
the value of the verietion of the film voltege with film thickhess wan :

I
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alightly lower than which was gaiaad trum the static calibratioa, but

ware still prcportioual to each other, (2) the variaticn in speed had
little or no effect, (}) no significaut difference was found when braas

plate was used instead of steel, (H) the film thicknasa to film voltagn

uonstant was tnund to be ü•O volts par 0,001 inch.
In 1952, T•B. Lane and J.R. Hughaa(12) in pursuit of information

concerning the nature of lubricatiou in g6ars„ measurad the alactrical

rasistanca between mnahing taath of rctatiug gar: by the usa af a
cath¤d•~ray osci11oscop¤• Msasuramauts ahowad by this approach that Ehe
rasistanca of an oil film of 10*5 cm thick (of the order cf the height ot
the asporitiss an the gear taath) was abaut 109 uhma. Tha experimental
results showod that the rasistanca wan iuvarsaly proportional to the load

applied and the sliding speed. Tha rasistauca reachad its maximum value
in the nsighbarhaod ot pitch line where one pair of tasth carriad the

load. Tha valug of applied voltaga used during the axperimauts was 0.2

volts•
A. W. Grook‘13) in 1951 described same exparimauta performad with

disk machine in which the electrical rasiutauca between the rotating

diaka was m6a¤urad• It was faund that when the machine was first start-
ed the resistance was less than one ohm, and iunraassd staadily until ab
the end it raachad 5 x 10h ohne, This ahowsd that there was coasidnrabls
metal to metal contact at the beginning and the fully hydrodyuamic I
Iubication was developed when the speed was sufficiautly high. Hr. Crack E
also statsd that the rasiativity dacrcasad rapidly with an increase in I

temperature. When the surface temperature rose, not only the cil rasi¤t— Z
ivity but also the 011 viscosity would dacraasa. This in turn raducsd 1the 611-film thiolmasa amd would cause surface damage dus ts metallic écontact.·

I___ _ _ _
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Re electric breekdown of nomcenducting lubricating oil is accele-

rated by the presence of forelgx bodies, euch as lint, sand, metal

pertlcles and water droplets. These foreign bodies will allg: themselves

in the electrical field to form a bridge along which discharge can ulti-<
mately take place. Uli. A1len(15) found that an addition of a mall

l emeunt of silica pouder caused the rednction in the oil film between e
shaft and bearing eurface. It was believed that the dielectric break-
down was eohieved. through the silica potrdor or als initiatcd by it. It

was also believed that the real effect of sillca git was to di sturb

the beering surface. Silica grit embedded in the surface caused localized

heating, thereby resulting in e reüxctiou of the minimum oil-film think-

Hllße

2

2
2

1 {
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III. IhVE$TIOATIOH

Object of Investigation

The object of this thesis was to:

1. Investigete some of the factors that might effect the o1l—f1lm

performance between the piston rings and the cylinder walls of internal

combustion engines.

2. Construct an electricel—resistance»measurement apparatus which

could be used to study of the oil·-film oherecteristios between the moving

piston ringe and the eylinder walls of internal oombustion engines,

Modificetion end Construction of npparatus

The Eggine Used

A single oylinder, air»cooled, four~cyole gaeoline engine wes ee—

leoted. The engine was manufactured by Roo Motors Incorporeted and gave

an output of lg hp at 30 rpm. The diameter of cylinder was 2 inches,

The stroke was measured to be 1-3/lt inches.

The Insulation

Since an electric potential would be applied across the oil film

between a piston ring end the cylinder wall,iJ;was necessary to insulete ,

the ring from the rest of the engine block. The piston ring—gr¤¤Vc wal

found to be the best place to fit the insuletor. :

The following consideretions were made concerning this special Q

insulation problem: T
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l. The insuletor mst have high temperature resistance. The pis-

tonetemperature at the upper ring—groove is usually around }00°F to 500°F

depending on how well the piston is cooled.

2. Due to the relative mtion between the ring end the piston, the

insulator must have high impact strength.

}. The insulator must be inert to gasoline and oil.

R. The ineulater must have low coefficient of thormal expansion.

5. The insulator should be thin.

6. The insulator could be cemsnted on piston psrmanently.

Different kinds of thermosetting plastios were tested. Most of them

decomposed at temperatures up to 39Q°F. However, Teflon* (tetrafluoro—

ethyleno) was found to meet the necessary requirements. The properties

of Teflon are shown in Appendix I.

Teflon is supplied in various sizes and shapes: powder, tubes,

sheets and tepes. The 0.010 inch etched Teflon tape was selected. The

etched tape was chosen since the etched side would serve as a good ce-

menting surface.«

The cesnt, Silicone Resin was selected because it remains flexible

st temperatures as low es minus l50°F and is stable at temperatures as

high as 500°¥. Furthermore, Silicone Resin also has good oxidatione

resistent and good dielectric properties. The Silicone Resin used in p

this investigation existed as glue·like material. The setting time of

this kind of adhesive was tso hours at a temperature ef ¤oo°F.

* Bu.Pont trademark g
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Preliminary testing was done to test the properties of the Teflon end

the cement. A small piece of Teflon tape was cenented on an alxminm block.

Before cmenting, the surface of the aluminun block was polished by fine
1

emery paper and clenned by acetone. To test the temperature etability
of,

the Teflon and the cement, the sample was heated at 500°T for one hour. Ho

particular change in characteristice could be found. Haring this prelinl-·

nary test, the cement coating had a thiclmess of 0.003* g 0.0005*.

The pieton had two $/32 inch wide compreesion rings and a $/16 inch

wide oil ring. It was decided to insulate the second ring-grove because

the temperature in second groove was oonsiderably lower than that of the

first goove. The dimensions of the piston are shown in Figure *4. The

total side olearanoe between ring and ring groove was only 0.002 inch.

It was therefore necessary to enlarge the ring groove in order to main-

taln cleerances built in the engine.

The width of the enlarged ring-groove was eetimated by the summe-·

tion of the following terms:

1. The original width of the ring-groove (0.0375*). s

2. The thichaess of Teflon tape (0.010*).

3. The thickness of cement (0.003*).

The total width of ring··groove after the enlargement therefore

should be:

Original width of the ring-goove e 2 X thickness of Teflon tape e

2 I thickness ef consent, which was

0.0915* e 2 X 0.010* e 2 X 0.003* • 0.1217*

The back side of the ring···groove should be enlarged according to

the thiclmess of Teflon tape and cmmt which was:

0.010* e 0.003* • 0.013*

I
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For the purpose of the enlargement of the ring-yoove, a special

cutting tool was made. The width of this tool was exactly 0.l2l7"inch•
The second ring··groove was enlarged to the desired dimension on e.

lathe by using the special cutter. A hole of }/Gb inch was drilled

throuß this groove. See Figure 7. The sectional view of the second
ring-groove before and after the enlargement are shown in Figure 5(a)

and Figure 5(b) respeotively.

The surfaces of the enlarged ;·3_¤g..g;.~oove were then carefully poli shed
by means of fine emery paper and deyeased by acetone.

In order to have the ring conpletely insulated from the rest of the
piston, both the side faces and the back face of the groove were covered

by Teflon tape.
To insulate the upper and the bottom faces, two "Teflon rings"

were cut off from a sheet of 1 mil Teflon tape. Each "r1ng" had an

outside diameter of l·-jl/32 inchos and inside diameter of 1-25/32 inches.

A Teflon strip, 5-}/)+ inches long, 6.1217 inche wide and 0.010 inch
thick was used to insulate the back face of the ring-groove. The Teflon
ring is shown in Figure 6. The '*V-•haped° cutting at point "P" was tc
make it easy to put into the pi sten ring-groove.

The Teflon insulators were- then cemented to the inside of the en-
larged ring·groove and heated in an even for two hours at a temperature
of )·|0O°l'. The piston thus insulated gave satisfactory results through-
out the investigation.

The arrangement of Teflon tapes in the ring-goove is shown in
Figure 5(b). The photoyaphic view of the piston after insulation is
shown. in Figure 7. üe area in the vicinity of the hole was not covered
by Teflon strip but coated with silicone cement.
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The Pisten Big

A commercial gay cast iron, chromium···plated pisten ring was used.

A 1 mil diameter forever coated copper wire was soldered in a slot en one

end of the ring es shown in Figure 8. The soldered surface was then re-

dnced te its original dimension by means of fire and sand paper. The

length of the wire was two inches.

The Pisten and the Method of Connectigg the Leads

Figure 9 shows the position of the ring and the method of connect-

ing the leads. The copper wire, which was soldered on one end of the

ring, was led through the hole which had been drilled through the piston

ring-groove wall. The spring made in the wire permitted enougx flexure

to absorb shock. The end of this wire was connected te a é' inch diameter
test prod lead. The test lead was selected because of its flexibility .
Both wires were then cemented on the pi sten skirt by using the epoxy ad-

hesive es shown in position "A" ef Figure 9.

The wire broke frequently during the early stage of testing. The

wire broke mostly by tangling on the orankshaft and. by being cut by the \1_

moving parts of the engine. To avoid these difficulties, the best way

was to shcrten the loose part of the wire within crankcase. Te do so,

however, the fatigue strength of the wire was considered. Figure 9 shows

the arrangement of the wire. "B" is a metal clamp, which was fastened

te the connecting rod by a screw. The variation in distance between
Jpoint A and point B was less than one fourth of an inch during each 1

revolution of crankshaft.

1l
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The wire was then faetened in position by clamp B end laä out

through eredkcase by fixing it ou the oil dipper et paint G. The plastic

tube et paint C was used to protect the w1re•

Eggiue Hetorigg Sgetem -

To fecilitete accurate control ef operating condition for ”w1th¤ut

c¤mbu¤ti¤n” studies, a·ä kilowatt direct current generator, driveu as a

motor, was coupled te the engine by means of e
“V“ belt drive.

A rectifier wae used to give a direct current supply. The lowest

output frcm the rectifier was 2M vnlte and the generator was rated at

18 volts. The supply electrnmotive fnroe was tifteeu pereent higher than

the recomendeé limits. Huwever, no äifficulties were experienced with

the generator.

Ihr the purpose of controlling the speed of the motor, a special

cenuectlon was made ou beth the armature euä the field of the generator

as shown in Figure 10. A reaietance radk, used to control the axmature

current, was connected in series with the axmature. Two aäjustable

· reßistors, R1 and R2, used to control the field current, were connected

in series with field.

The resistence rack had twenty knite switches mnunteä ou its slate

tep. The blade side of the switehea were located nn the longitudinel

ceuterliae with terminal: extended through the slate tcp so that the

electrical connections for the resistor elements were made freu under-

neath. A raw of tweuty spring-clips, tapped through to bus bare under-

ueeth the slete top, were mounted an either side of the bledes so that »
t

the resietore could be cannected in paxellel or series es ae¤1red• §
I

r
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Eineteen Glocoils, used as the resistor elements, were screwed.1nto

insulated ceramic sockets mounted on the vertical tin sides ot the rack.

The maximum current of two adjustable resistors H1 and R2 were 8

amps and $.U amps, respectively. When an input voltage of 2h volts was

applied to the generator, the field current meaeured M.8 amps. This was

little higher than the maximum capacity of H2, but no overheating

occurred.

Three single-blade switches were used in the circuit. Switch 1

and switch 2 controlled the output line from rectifier. Switch $ short-

clrcuit the resistance rack when speeds above 1000 rpm were desired.

The speed of the generator could be lowered to $00 rpm by adjusting

the resistance rack with R1 and.B2 setting at zero ohm and switch $

opened. A speed of up to 2500 rpm could be reached by adjusting R1

and R2 and with switch $ closed.

The D.G. Brige Oircuit

A d-c potential was applied across the oil film through a bridge

circuit shown in Figure 11. The dpc power source comprieed of three

1.5-volt batteries connected in series. The output voltage was dropped ,

to 0.20 volts by means of a $0 ohm adgustable resistor R. One arm of i
the bridge was formed by the oil film, while the other arm had a sensi-

tive adjustable resistance box. The resistance box was adjustable from 1
0.1 ohm to 100 ohms by 0.1 oh increments. The maximum capacity of the ,

resistance box was 0.5 watt. The resistors R1, B2, each had a resist-
ance of 10 ohms, made the other pair of balancing arms. A cathode-ray

oscilloscope connected on terminal: 1 and 2 in Figure Il, wae·used to
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detect the unbalanced voltage across the oil film. An ammeter was ine

serted in the arm formed by oil film to detect the current across the

011.

Layout of Qggerinental Appägetus

The layout of the experimental apparatus is shown in Figure 12.

The detailed constructicns of these items were mentioned in the previouc

sections. The synchronizing impulse, produced hy the electric magnetie

pickup, was fed to the External Synchronizing terminal on the o•cillo·

scope. This synehronizatlon triggered the oscilloscope sveep at the

time when the pisten was at its bottom dead center positions at the

beginning of each cycle. F
ä

Figure 13 shows the apparatus and instrnents, The functions ct

the apperatus and instruents will be listed in the next section. !
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List of EuipgentP

The apparatus and instruments used in this investigation will

belistedbelow:

D. C. Generator. Model 326%, Type SD, 0.5 kv, 18 volts, 21.8

amps, 1125 rpm. Manufactured by General Electric Company, Schenectady,

H. Y.. Used as a 1}.0. motor to drive the gasoline engine. Shovn in

Figure 13.
Reetifier. Maxson Rectifier Model P·-1011, Type A.P., Input: 230

volts A.G., 20 amps, 50/60 cycles, 3 phase. Output: 21+ volts D.C. 130

amps. Manufactured by The W. L. Maxson Corp., New York, H.l’.. Used to

supply D.C. current for motor. Sheen in Figure 10 and Figure 13.

Resistance Rack. Composed of nineteen 1000 watt, 115 volts, cone

Olocoils. Property of Mechanical kgineering Department, V.P.I. . Used

to control the current in armature er the motor. Shown in Figure 10

and. Figure 13.
Oscilloscgpc. Hewlett-Packard. Model 120-A, serial 1150, 115/230

volts, 50/60 cycles. Manufactured;·-by Hewlett-Packard. Company, Palo

Alto, California. Used to detect the unbalanced. Voltage across the oil

film. Show in Figure 13.

0scilloga@··· Record Camera. Dumont Type 291, serial 5850, Polaroid-

Land. camera. Manufactured by Allen B. Dumont Laboratories, Inc.,

Clitton, New Jersey. Used to record the signals on osoilloseope.

Shown in Figure 13. I
Deoade Resistance Box. Type 102K, serial No. 51114. Maximum

Caps-city0.5 watt. Manufactured by General Radio Company, Cambridge, P

Massachusetts. Used to balance the bridge circuit.
&

P
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D. 0. Voltmeter. Model 1301, type KS—11-1509, 0-0.5 volt, 1000 ohne

per volt. Internally shielded. Manufactured by Western Electrical
Instrument Corp., Eewark, E.J.. Used to measure the input voltage of
the bridge ciroult.

u. 6. mean:. nom N30, so. 19991+, o•5o aeps. Menufactured by
Western Electrical Instrument Corp., Hewarh, N.J.. Used to measure the
field current of motor.

D. C. Milliammeter. Model 1131, 1-100 milliamperes. Manufactured
by Burlington Instrument Co., Burlington, Iowa. Used to measure the line
current in the bridge circuit.

gjgstable Reeistor. Type CE 6603, 3 ohne, 6. '{-8 empa. Manufactured
by General Electric Company, Sohenectady, HJ., Used to control the
field current. Shown es R1 in Figure 10.

glgsteble Resietor. 26 ohne, Maximum current 3.N empa. Manufac-
tured by Ward Leonard Electric Company, Mount Vernon, EJ. Used to
control the field current. Shown as R2 in Figure 10.

Tachoneter. Ho. K-08 123536, 300-11000 rpm. Mannfactured by James
C. Biddle Company, Switzerland. Used to measure the speed of motor.

Electronic Pigcgp. Electro Products Model 3010 A- series, 5/S",
2 threads. Manufactured by Electro Products Laboratories, Chicago,
Illinois. Used to synchronizing the oscilloscope with the engine.

Ohmmeter. Model 260, 20,000 ohms per volt D. C., or 1000 ohms per
volt A. C. Manufactured by Simpson Electric Company, Chicago, Illinois.
Used to measure the line voltege.

N
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Preliminary Investimtione

Analysis ef the ID. C. 3:1% Circuit

For the purpose of ene,1yz1ng the d·-c bridge circuit, Figure ll is
redrawn to the enellytical fern shown in Figure 1*4. I is the resi etance
of the oil film. R3 is the total line resietence cf the am which is
formed by oil. Rh is an adjuetable resistor. B1 and R2 are two equal
resletors. V 1s a constent input voltage to the bridge circuit, und E
ie input voltage to the oscilloscepe.

Since V is constant, then:

Il ='· V and I2 s V
R3 4 X 4 R1 Bk 4 B2

E : E2 .. 31
¤ IZH},

-
I]_(R3 4 X)

• v (___§;g___________ _
_;'3_ij‘____)

...............mBh + R2 R3 ·•· X ·•· R1

When the engine is stopped, there is a complete metal to metal con-
tact between the pieton ring and the cylinder wall. I, at this instant,
approaches zero. R3 was neaeured and then by setting R;} • R}, thus the
bridge was balanced.

Once the engine ie running, the oil film builde up caneing X to
increase, ae a result, R3 4 X is greater then R1;.

Henne: de ä *1
ßince B3 ¤ Rh, R1 • R2, according to Equation (1), when the engne

is stopped. (X = O), E approaches its maximum value:

1
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When the engine ie running, oil film builcle up, 1.e. Xi 0. Prem

Bquatien (1),
x•v—( Ru __R}•x )FE * g ~3 4 Ü R1

If the eil film is sufficienth thick, JL·=•·¤ , 1 approaches it:
minimum value:

Lim e
müll! · Xvecm

=Bquations (2) and. (3) inflioate that the input voltage E of the
eecilleeeope variee between zere and. — Fig;. y_

h «•·

in this investigrtion, Ru = B3 ¤ *4.1 ohme and R1 ¤ R2 Z 10 ohm:.

Thun,

Ina.: ‘ °• .. .........¥2......., _; o _ uv 1, 1Bein 1114*32 T" YZ-09 ()
Therefore,
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The Determnatlon of the gnput Voltgg V

of the Brig Glrcuit

From the literature review, it was learned that only a limited range

of voltages that could be applied across the thin oil-film. Beyond this

range, the electric breakdoam of the oil occurred. Also it was found that

within this range, the oil behaved nore er less as an ehmic resistance.

To study the Variation in contact resistanoe from potential drop across

the oil film,it was therefore necessary to work with veltages within the

limits of breakdown Voltage of the oil film.

Fer the purpose of deterzsining the input Voltage of the bridge cir•~ l

cult, 6. preliminary test was oarried out. Thls prellminary test

wasbasedon the knowledge that as soon as the breakdown of the oil occurred, 3

there would not be any voltage difference between terminals "a" and"b"in

Figure 1,-I-. Therefore, no signals appeored on the oscilloscope. P

P
A series of input voltages from Y = 0.1 volt to V • 1,0 volt was P

applied te the balanced bridge circuit by adgusting the reslstor R

(Figure 1)+). The voltages were applied by each 0.1 volt inorements. For

each step, two types of oil, A. and B, were tested. The engine Speedo

for each oil were $00 rpm and 1800 rpm, respectlvely. Signals appeered

on the esollloscope for all cases lndicatlng that there were no break- 1

down of the oil within these working range:. [

füze final selection ef the input Voltage Y (0.2 Volt) to the
P

bridge clrouit depended upon the scale of the oscilloscope and the else

of the recording camera fill!.

From Equation (5) of the previous section, the input voltage to the P

oecllloscope E varles between zero and • 0.9*41*.
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ßmerefores

_

- 0.91+ a 0.2 volt é r é 0 vom
5..e. ·—· 0.188 volt é E 0 volt

By setting the scale of the cscllloecope at 0.1 volt per em, five

photcgrephs were taken on each film.

hperinentel Prooechxre

B•fore starting each test, the following two procedures were always

dene.

1. The bridge cirouit was checked and balenced.

2. To avold the interference cf dlrt, the moving ports of the

engine were cleaned by means of aoetone before new oil was poured into

the crankcase.

Testig the Effect of Time cn 011 Film Performance

1. The crankcase was filled with 05.1 A - SAE 30.

2. The engine was drivon by an external motor.

3. The resletore in the motor control system were adjueted to

obtoin a constant speed of 1*400 rpm.

*1. The time base of the oscllleecope was synchronized with the
1

engine speed.
5. The engine was stcpped.

6. The engine was started again and pictures were taken after c¤•

second, three seconds, six seconds, nine seconds, and fifteen econds.

7. The engne was etopped and the temperature of oil in the crack-

caee was recorded.
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Testigg the Effect of Eggne §peed

1. The crankcaee wat filled with oil A»SAE 30.

2. The engine was driven by an external motor.

3. The speed of the motor was adjusted to 250 rpm.

M. The time base of oscllloscope was synchronised with the engine

speed.

5. Pictures were taken after 30 sec. from starting.

6. Follow the same procedure, pictures were taken at too rpm,

1200 rpm, 1800 rpm and EMOO rpm.

1, The temperatures of eil in crankcase were recorded after each

picture was taken.

Teetgg the Effect of 011 Tggqtzree on 011 Film Performance

1. The crankcaee was filled with 011 A»SAE 30.

2. The engine was drives by an external motor at the speed of

1200 rpm.

3. The time base of oscilloscope was synchronized with engine speed.

M. Pictures were taken after 30 sec.from starting.

5. The engine was stopped and the oil temperature in rankcase

was recorded.

6. 011 A»8Al 30 was heated to 100°¥ and was filled into crankease.

7. The engine was driven by an eternal meter at the speed of

1200 rpm.

8. Pictures were taken after 30 sec. from starting.

9. Repeated the same procedure for 011 n»8AI 30 at the temperatures

of 120°F, and 160°¥ respectively.
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Comparison Between the Effect of 011 Temperaturen and

the Effect of Oil Viscosities on Oil Film
V Performance

1. The room temperature was recorded.

2. Ehe crankcase was filled with Oil A-SAE 10 at 80 F.

3. Ehe engine uns driven by an external motor at the speed cf

l¤00 rpm and the time hase of oscilloseope was synchronized with engine

speed.
H. Pictures were taken after 30 sec. tree starting and stopped

the engine, the oil temperature in crankcase was recorded.

5. From the V1scosity—Temperature üurves (Appendix II), found the

visoosity of SAE 10 oil at 80° F was 380 SUV. From the name chart, found

the temperature for SAE 60 oil at 380 SUV was 152°F.
6, Oil A»SAE GO wan heated tc 152°F and wen filled into the crank—

case.

7. The inside of cylinder was heeted with electric heater to 152EF

approximately.
‘

8. The engine was driven by an external motor et the speed cf lN00

rpm and the time base of cscillosccpe was eynchronlzed with engine speed.

9. Pictures were taken after 30 sec. zrse starting.

10. The engine was etcnped and the temperature in the erankcase wan

reccrded.

ll. ·!bllowed the procednres 1-10, tested the Oil A-SAE 20 at 80°F

and 011 A-SAE Go at lN2°F respectively.
12. Fellowed the procednres 1-10, tested the Oil A„SAE 30 at 80°¥ }

and 011 A»SAE 60 at 121°F respectively. V

t

I
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1 Tsstig the Effect of ßombustiou ou 011 Film Parfu:·ma¤¤•

1. Tha craukcaaa was fillad with 011 A»SAE 20.

2. Tha engine was driven by its own power at the speed of N10 rp!.

3. Tha time hama of oscillcsccpw wan synchronized with engine Ipecd.

H. Pictures were taken and the engine uns stcppcd to record the

oil bamperatuxo in craukcasa.

5. Follaweä the same procaduxes and pictures were taken at the

speed of 1720 rpm.

6. Tha crankcasa oil wma changed to 011 A•SAE NO.

7. The engine was drivau hy its own power at the speed cf MQ5 rpm.

8. Tha time base of ascilloscope was syuchronizad with the engine

spaoä.

9. Pictures were taken and the engine was stnpped to racorä the oil

temperature in cankcgsa.

10. Followod the procaduras 8-9 and pictures varä taken at übe

upsod of 1805 rpm.

ll. Let the angiuo to GOG} to room temperature. 1

12. Tha crankcase was fillad with 011 A~BAE 2.

~
1}. Tha engine was driven by an external mater. ä
lu. After pictures vera taken, the engine was atoppad to record

the oil temperature in crankoasa.
,

15. Iollowad the same procedure in the previaus test a¤d.pi¤tura• ä

wars taken at the engine speed of 1720rpm.16.

The 011 in crankcasa wad changed to OilAPSAE11.

The engine was drivuu by an external notar. 1

r
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18. Pictures were taken at the engine speed: ef *405 rpm and 1605

rpm respectively.

19. Oil temperatures in crankcaee were taken after the pictures

were taken.

Testigg the Effect of 011 Hixtures on Oil Film
Perfernance

1. The crankcase was filled with 011 A.- SAE 30.

2. The engine was driven by an external motor at a speed of 600

rpm and the time base of escilloeeope was synchrenised with engine speed.

3. Pictures were taken after 30 sec. from starting.

*4. The engne was stepped and the oil temperature in crankcase

was reoorded.

5. The crenkcase was filled withenoil mixture of 8% 011 A-—SAl

3oa¤e2o$o11B-sAr3o.
6. The engne was driven by an external meter at a speed of 600

rpm.
7. Pictures were taken after 30 sec. from starting.

8. Fellewed the procedure: 5 - 1, tested an eil mixture of 50%

011 A .. SAE 30 and 5% Oil B .. SAE 30.

A 9. Followed the procedures 5 - 1, tested an oil mixture ef 20%

011A-SAE30and807¥>0ilB-SAE30.
I10. Fellewed the procedures 5 -· 1, tested 100% Oil B. 1

4
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Teetigg the Bfect of Heated Oil Mixtures on Oil Fila

Performance

1. The crenkcaee was filled with 011 Ap SAE 30 at 300°F.

2. The engine was driven by an external motor at a speed of 1800

rpm.

3. The time base of oscilloecope was eynchronized with the speed

of the engine.

N. Pictures were taken after 30 sec. from starting. 1
5. The engine wa: stopped to change oil.

6. The crankcase was filled with a mixture of 60% Oil A - SAE 30,

20% Oil B p SAB 30 and 20% 011 0 — SAB 30 at 300°F.

1, Picture: were taken by following the procedure: 2-5.

8. Fbllowed the procedure: 2 · 5, tested an oil mixture of 20%

011 A p SAE 30, N0% Oil B p SAE 30 and N0% 011 0 p SAE 30 at crankcaee

temperature of 300°F.

Teetigg the Effect ef Ioreig Particlee on Oil Film
Performance

1. The crankcaee was filled with Oil A p SAB 30.

2. Added into the erankcase with 1 gran of fine particles of caet

iron, small amount of carbon (taken from tne cylinder head of an old

engine) and 2 grams of water droplets.

3. The engine was driven by an external motor at a speed of 200 rpm.

N. The time base of oecilloecope was synchronized with the engine

epeed„ Pictures were taken after 30 sec. from starting.
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5. By using the same oil (procedures 1 ·· 2), the speed ef engine

was increased to 1800 rpm by the external motor.

6. The time base ef oecilloscope was eynchrondzed with the engine

speed. ‘

7. Pictures were taken after 30 sec. from starting.

8.. The engine was stcpped and the oil temperature in crankcase

was resorded.

9. The eil in the crankcase was changed. te clean 011 A - SAE 30

and fellowed the procedures
2V

- 8 te take pictures at the engine speeds

ef 200 rpm and 1800 rpm, respectively.

Testing the Hfect of 011 Viecesities on 011 Fila Performance

1. The crankcase was filled with 011 MSAB 10.

2. The engine was driven by an external motor at the speed of 1200rp.

3, The time base of oseillescepe was eynchrcnised with engine speed.

M. Pictures were taken after 30 sec. from starting.

5. The oil temperature in crankcase were reeorded immediately

after stcpping the engine.

6. Repeated the same precednres for Oil A·-SAE 30, 011 A.-BAE H0,

011 Ap-SAE 50 and 011 A.—SAE 60 reepectively.

IV. DATA AND RESULTS

The data collected in this investigation are shown in Figures

15 ·- 2}. I

I
I

I
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V. DISGUSSION

The Analysis of the Tresen on Cathode-Ray Tube

The trace cn cathoe-ray tube of the oscilloscope indicated the

unbalanced voltage due to the changes in oil resistance. Two typical

traccs are shown in Figure 2M. Before the engine was started, the pls-

ton ring tension caused metallic contact between the ring and the wall.

This is illustrated by a straight line in Figure 2¤(a). After the pis-

ton began to move, the oil film thickness varied which causd the oil

resistance to change. Figure 2M(b) shows the trans on cscilloscope

for each cycle when the speed of piston, or the viscosity of the oil, 3

was sufflciently high. Four peaks in Figure zk(b) show that the metal-

lic contact existed at two dead center positions.
U

In this investigation, the input voltage of the oecilloscope varied

between zero volt and -0.188 volt, while the oil resistance varied from

zero to infinity (see the previous analysis). The vertical scale on

the oscilloscope was set at 0.1 volt/cn, i.e., two centimeters en verti-

cal sale represented.0.2 volt. The height of ech peak inFigurewas

measured to be 0.188 volt which was in ageement with the calculated

value.

Points l and 3 in Figure 2N(b) represent the dead centers. Point

2 represents the ring at center position of each stroke. The peaks

which appear between points 1 and 3 represente instantaneous breakdown

of the oil film between dead center;. Fewer peaks on oscilloscope

means less metallic contact; thus, better lubrication. Theoretically,

at least, four peaks should appear during each complete cycle.
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O OHMICM

0.188VOL’
1 CM.1„________L OHMENGINE STOPPED

(6)

O T___— 1 3 1 OHM
l 1 cm

0.188 VOLT» 1 CM
2 2 2 OHM

ENGINE RUNNING1 (6)

FIGURE 24: THE TRACES ON OSCILLOSCOPE‘(
SCALE: 0.10 VOLT/CM )
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The Effect of Time on Oil Film‘Performance

Figure 15 shows the effect of time on the oil film performances.
The engine speed of the test was l¤00 rpm. The pictures show that almost
complete metallic contact existed at the beginning of the test. The oil
film became stable after nine seconds. The results sow that the proper
amount cf oil could not be supplied to the cylinder wall immediately
after starting; resulting in a time delay.

F

Picture (e) in Figure 15 was taken after one second from starting.
The engine speed at this time was measured to be approximately 900 rpm.
The engine speed increased rapidly to 1550 rpm at the time when picture
(b) was taken. The low starting speed caused an tnsufficient oil quanp
titles.

Due to the size limit of the film in recording camera, only five
pictures could be taken in the test. Based on the above results, the
pictures in the latter tests were taken after 50 seconds from starting.

The Effect of Engine Speed on Oil FilmZPerformance

4 The pictures in Figure l6_show the improveent in oil film thick—
g ness when the speed of the piston was increased. At low speeds the
lubriation was much worse than at high speeds. The hydrodynamic In-
bricaticn theory when applied to journal bearings, states that among
other factors the film thickness is proportional to speed. The experi—
mental results of this werk show that this theory can be applied to
piston ring lubrication as well.
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Picture (e) in Figure 16 shows that the piston ring and qylinder

wall were almost completely separated by an oil film except at four

points. One may conclude, that at dead center positions„ the zero pis-

ton speeds caused the oil film break down completely. This is the reason

that at least four peaks appeared in the pictures.

The Effect cf Oil Viscosities on Oil Film Performance

The increase in oil visocsities improves lubrication. The higher

the oil viscosities„ the thicker the oil film developed. This result

is shown in.Figure 17.

1 By reviewing pictures (dl and (e) in Figure 17, even with the

heaviest oil used, which are uncommon to automobile practice, there was

an instantaneous breakdown of the oil film in the middle of piston

stroke. This shows that from the point of view of sutomobile engine

lnbrication, an increase in viscosity does not give as good results as

y an inoreasing the speed of the engine.

A visccus oil increased power consumption due to frictional drag
ß

es was apparent in this investigation. When SAE 60 oil was tested, the

input voltage of 2h volts was not suffioient to reise the speed of the

motor to 1200 rpm. An input voltage of 28 volts was necessary. There-

fore, the use of·visc6us oil in internal combustion engines introduces

power losses.

The Effect of Oil Temperature on Oil Film Performance

The results in Figure 18 was gained by testing same type of oil

at different temperatures. At high temperatures, the lubricationxsas

A t
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much vorne than for low temperatures. The decreeee in the degree of

lubrioation at high temperatures was caused by the decrease in viscosity.

For the purpose of making further study on the effect of oil tem-

peraturss on the oil film characteristics, another series of tests was

performed. The results are shown 1n.Figure 19, In these tests, the

oils wit higher viscoslties were heated so that they would have the

same visccsities of light oils et room temperature. The viscosities of

both light olle and heated heavy olle were checked by means of a Saybolt

Universal Vieconeter. The errors were found to be within g 10 SUV. To

make sone compariscns, the engine spesds of each test were kept equal.

The results show that although the viscosities of both oils were the

same, the light oils provided better lubrication than did the heated

henry olle. This phenonmenon was probably duo to the existance of a

sulphur residue in the heated oils which caused the local breakdown of

the oil film. Another poesibility might be that the “chain*, or ”bond”,

between the oil mlecules was broken, or damaged, by the elevated tem-

peratures. Therefore, causing decreese in film strength of the heated

oils.

From the standpoint of the lubrication only, lt is desirable to

keep the temperature as low as possible in cylinder. On the other hand,

however, lower temperature rednces thermalefficiency.

The Effect of Gombustion on Oil F1ln1Performance

Figure 20 shows the effect of combustion on an oil film. The re-

sults indicate that when the engine was under its own power, the lubri—

cation was much worse than when it was driven by an external motor.

B
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Ehe high combustion temperature might be one of the factors that caused

the breakdown of the oil film. The high pressure gases in the cylindor

might leak through the clearance between the ring and the r1ng~greeve to

the back ef·the ring. This gas pressure forced the ring against the wall

disrupting the thin oil film. The lubrlcating oil in the vicinlty of top

dead center could be blown off by the high gas pressure in the cyllnder.

Furthermore, there was always an insufficient eil supply at te upper

portion of the piston stroke. These factors could cause rapid cyllnder

wear at top dead center positlons.

Ehe Effect of Oil Mixtures en Oil ]llm‘Psrformance

Three kinds of commercial lubricatäng olle were blended together.

Oil A was paraffin-based mineral oil. Oil B was straight mineral oil.

Oil G was mdneral eil plus corrosion and wear inhiblter. The results

are shown in Figure 21 and Figure 22. No appreciable change in oil film

characteristics could be found. The tests were perfermed using eil

mixtures et room temperature as well as at elevated temperature.

Based en the testing results, these olle are considered to bc

”compatible” from the point of view of film strength only.

The Effect of Foreign Particlee on Oil F1lmZPerformanc•

Foreign particles, such as metal, dust, carbon and water droplcts

were added to the eil. The results are cempared with these gained by

using clean oils. Figure 2} shows more metallic contact occurred be»

tween the ring and the wall, lf the oil contained foreign partlcles.

This was apparently caused by the existance of foreign particles between

the ring and the wall. These particles were embedded in the metal sur-

face thereby increasing the rate cf wear.
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VI. CONCLUSIOHS

6

Based on the results of the investigation, the following con-

clusions aremade:1.

It is possible to utilize the electrical—resistance—mcasure·

ment method in the study of piston ring lubrication.

2. Oonsiderable time delay is associated with engine lubrication

during starting.

3. Lubricaticn can be improved in internal combustion engine by

increasing the engine speed or decreasing the operating temperature.

Any prolonged idling time will cause extensive damages to the engine.

M. An increase in oil viscosity can improve lubrication, but at

the same time, increaees power consumption.

5. High temperature and high pressure during combustion causes

deterioration of the oil film.

6. No appreciable change in oil film characteristics could be

found by mixing a few different types of commercial lubricating oils.
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VII. RECOMMEHDATIONS

1, It would be more desirable to use a water cooled engine ine

steed of air cooled engine to facilitate accurate control of the cylinder

temperatures.

2. The size and shape of piston ring are important factors in the

pieton ring lubricetion. Rings with different widths could be tested

in further investigation:.

}. Similar test could be done on an engine with forcedefeed oil

system.

M. More accurate control on oil temperatures is recommended.

5. Teflon, used es an electrical insulator in this investigation,

was found to give satisfaetory results. However, Teflon is also a good

heat insulator, it prevented the oonduction of heat through the piston

well. This might give some errors in the study of the temperature

effects. Further survey on insulating materials is recommended.

N
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APPMDII I. PRQPESTIES 0P IH'I.OH*

Chemical Properties Value

Ghemioal Resistance hcellent, except to
flucrine

Hcisture Absorption Less than 0.001$
Weathcrability hoellemt
Gas Permeabillty

Hitrogen 12 Gas/100 nz} hx-./mil
Oqrgen gg "Darbcn Diexiäe "Acetcne 56 *Acetic Acid. 21 "

Physical Properties Value

Ultimate Strength 3000 psi
Ult1mat• llcnption }00$
Impact Strength *4 Kg/cm/mil
rw: ure hcoo eye
Teer Strength 125 g/mil
Density 2.15 Gms/cc
Goefficient of 0.09

Friction

*q Taken from "Du Pont THTLOK FW-Fluorocerben Film"-Technical Report.
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APPHCDIX I. Pmrmxns 01* Tmoß

(continued.)

Thermal. Properties Value '

Iemperature Range
Continuous —lI·2'(° F to • 392** T
Intermittent -1127*1 1* to ·•· 521¤ F

1«1«1z1¤g mans 51+5¤ r to $63° 1*

Coefficieut of Thermal
Expauexon

-1oo¤ 1* 1+.61 10 1:1./1:1./ r•160¤ r _ $.69 10 1¤./1¤./ r

Flaxmability Nonflammable

Thermal ceaaucuvaty 1.39 nm/er/rt?/¤r/xn.

Heat Senlabillty Good.

Electrical Properties Value

Dielectric Strength 7400 volts/mil
¢85°¥. 6¤¤1>•)

D1e1ectr1e Conatant 2.1 jf 0.1(G5". 1<>¤¤;>¤>
Volume Resietivity 1017 ohm-0m

( 100**1* :6 •-1+90¤1‘)

Surface Resi stivity 1616 ohm] eq.
(~—100¤1‘ to +¤90°1')
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ABSTRACT

The object of this thesie was to investigate some of the factors

that night effect the oil film performance between piston rings and

cylinder walls.
An apparatus was constructed to measure the instantaneous changes

in resistance across the oil film. A piston ring of an air—ccoled

single cylinder engdne was insulated from the rest of the piston using

Teflon.· A bridge circuit was used to feed the unbalanced signals tc

. gn oscilloscope. The traoes on the oscilloscope were recorded by means

of an.Polaroid»Land recording camera. An external motor having a speed

control system was used to drive the engine.

It was found from this investigation that the lubrication could .

be improved by inoreasing the engine speed and oil viscosity. More

metallic contact was found when the engine was under its own power.

The results also showed that·the breakdown of oil film occurred when
x A

the oil temperature was increased.

The experimental results indicated that the piston ring and the

cylinder wall were never separated by Iubricating oil at dead center:.

The breakdown of oil film occurred et these positions in every oase.

»
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