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6
I. IXNTRODUCTION

The maln purpose of lubricating oil 1s to maintain an oil film of
satisfactory thickness in order to prevent two moving surfaces from
scuffing; therefore, reducing friction and wear.

¥hen two surfaces have o0il supplied to them continuously and the
load on them is not excessive, there is what is known as complete-film
lubrication or hydrodynamic lubrication., The surfaces sre separated by
the lubricant. As long as a complete film is maintained, the friction
loss 1s independent of the load on the surface and is dependent only upon
the rubbing velocity and the viscosity 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
physical properties of the metal surface and lubricant become important.

This type of lubrication is termed "boundary lubrication." The general
conditions which dictate "boundary lubrication® are relatively high load,
high temperature, low speed and a low oil viscosity.

Whether the lubrication betwsen the piston rings and cylinder wall
~ in an internal combustion engine is of the hydrodynamic or of the boun-
dary type 18 a question about which there are different opinions.
Hovever, reviewing experimental evidence, there seems to be no doubt
that both types of lubrication exist, The local breakdown of the oil
film not only consumes power due to friction but also causes serious
abrasive wear on metals.

The combination of high temperature, high pressure and low speed at
dead center positions of piston complicates the lubrication of piston

rings. NRo satisfactory theoretical treatment, such as the journal bearing
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has received, has been brought forth for the problem of piston ring lu-

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

The electrical-resistance-measurement method has been used in the
study of the oil properties between two working surfaces such as gears,
disks etc.. Since 0il 18 a kind of dielectric material, there is only
a small limited range of voltage that can be applied across 1¢. Beyond
this range, the breakdown of the oil occurs because of ionization. It
was found that the thickness of oil film was directly proportiomal to
the applied voltage., Based on this knowledge this investigntion was
carried out.




II. REVIEVW OF LITERATURE

The destruction of the oil film on cylinder surface was discussed
by E.A.V. Horiak in 1933, He stated that the destruction msy take
various forms. The film may be destroyed by the oil being forced away
by too high a pressure, This high pressure may be attriduted at times
to (1) dirt, sand or metal which cause a high localized pressure that
produces dry frietion; (2) too high a specific pressure between the
acting parts such as rings agsinst the linear; (3) viscosity of the
lubricant being reduced by dilution so that even small pressure will
force the oil away; (1) high temperature reducing the viscosity which
deteriorates the oil to a point where low pressure will break it down.

The temperature fn the cylinder may become high enough actually to
burn or carbonize the oil between the sliding surfaces. Horiak also
claimed that the oil can be removed by external means such as being
blown away by gas pressure, shaken off by the velocity of moving parts.
Horiak pointed out, that for an engine having a compression ratio of 15:1
and a piston speed of 1500 f4/min, a temperature of approximately 5000°F
at the point of ignition may be reached and falling rapidly to about
2550° F at a 60 degree crank angle. There are extremely high tempers~
tures and could no doubt cause the actual vaporization of the extremely
thin layers of lubricating oil. Of course, the rings do not operate at
such peak temperature; however, they do operate at relatively high tem~
peratures depending solely upon how well the rings are cooled. Mr.

R, L. Boyer has stated that, for a well cooled two-cylinder engine, the
section adjacent to the top ring hae a maximum tempersture of 164° P and

that the third ring-land has s temperature of 161° F. Temperature of 500°F

are not uncommon in the ring section of plstons which are not well cooled.'*’




Another important factor associated with piston ring lubrication

18 that zero velocity existed at dead center positions. It will be shown
later that the oil-film thicknessz varies directly with speed at any given
load. The bre-kdown of the oil film at top and bottom dead centers 1is
therefore obvious. Also another compliecated situation arises at the top
ring where there i8s zlmost a complete lack of lubrieation., The quantity
of lubricant that may be fed to the top piston ring is extremely minute.
However, a good portion of this minute quantity is burned off the cylin-
der wall before it gets a chance to lubricate the piston ring.

The piston rings are sc constructed so that they are under tension
which exert a pressure of 5 to 15 psi against the cylinder wall., Vhen
the gas pressure of combustion is applied above the piston, some of the
gas leaks to the back of the ring, which causes the ring to be foreced
t1ghtly against the cylinder wall. (17 (28)  muy ¢ ihencmenon has been
studied and discussed by several researchera.g)(m The measursments
indicated that gas pressure behind the top ring follows closely the pres-
sure in the combustion chamber., The gas pressure behind the second ring
depends upon the sealing conditions of the first ring, but was found %o
average about half to one fourth of that in the combustion chamber. It
was found from the experiments performed on an actual engine that the
maximum gas pressure during the power stroke for first ring wns 470 pei
under full load operation conditions,

The electriczl measurement method is one of the methods th-t has
been used in the study of the thin f£ilm lubrication dbetween two working
surgaces. {5V (6)(8)(16) mhg gifferences in of1-film thickness might be

indicated by the change in the measured resistznce. Since the oil is a
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dielectric material, the characteristics of liquid dielectrics are a
function of many factors which are uncommen in true conditions.

Borly work by F.P. Bowden and D. Tabor (1939) has shown that consi-
derable information concerning the area of contact between the stationary
and moving surfaces may be gained by measuring the electrical conductance
across these surfaces.’If two conductors make metallic contact over a
circuler junection of radius "a%, the electricel conductance A of the

Junction can be written with sufficlent accuracy as,

A w2a X
where >\ 1s the specific conductivity of the metal.

If the conductor and the electrode are of different metals with con-
ductivities of A\, , and A, respectively, the maximum conductance /1
corresponds to a single circular metzllic junction of radius "a® vas
shown to be:

Am = lig (;f%?ft:)
Their experiments were carried out on both stationsry and moving surfaces.
The results showsd that regardless of whether the surfaces were lubrica
ted under boundary conditions or mot, the conductanee and hence the ares
of ‘contact was independent of the apparent area of the surfaces, ¥or
sxpmple, the conductance for two flat plates was found to be only twice
that of two crossed cylinders even though the apparent area of contact
was 40,000 times as great. This showed that only s small fraction of the
surfaces was in intimnte contact.

The experiments showed that the conductance dsnends on the load

arplied on these surfsces. Kven if the surfaces azre carefully polished,
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slight irregularities will still be present. The depths of the sarface
irregularities were found to be very lsrge compared tc the molacular die
mensions of the oil. It wans expected then, thnt under boundary lubrica~
tion conditions, the breakdown of the film would oceur. The surfaces
would be supnorted on the summits of the surface irregularitles, end the
rezl ares of contact would be smalle~ewithin melecular range. This
mesns thot, even with comparatively lightly loaded surfaces, the local
pressure at the reglon of contact would be high and might easily exceed
the yield point of material so that plastic flow and deformation occurred
at the point of contact. If the sliding epeed of the surfaces was suf-
ficiently high, the process was assisted by a local hi gh~ temperature
softening or melting, snd finally caused the seizure and welding between
the metals.

VY. H. Brix in 1947, made his experimental study of the passage of
an electric current through a thin oil film between working aurfacos.(9)
In the investigation, the thrust type of friction machine was employed,
This mochine consisted of o rotating element containing four flat circu~
lar pads. These rotating pads were pressed zgainst o stationary diek
within a heated 0il bath. The results showed that at constant speed, the
voltage across the film varied with pressure. An increase in thrust
load wonld reeult in = Adecrease in voltage. It was therefore reasonable
to ascribe the change in film voltoge as evidence of changing the olle
film thickness between the pads and the diek.

When the voltage across the film was plotted against the current,
the result curves arc shown in Figure 1. The slope of the current-

voltage curves increase rapidly with inorease in voltage. Until a cersain
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eriticel voltage across the oil film is reached, the current under this
veltege inerenses to infirite value znd the breaskdown of the oil film
cccurs, To estzblish the relationship between the 0i1l-film thickness
and the oil«film voltage between two rarzllel plates, Mr. Brix made the
static electric:)l teste on = machine consisting of two parallel disks
both being finighed with emery paper. The small distance between these
two disks were recorded by meazns of the deflection of o light beam, the
magnification sc obtsined wos in the order of 1,025 times the distance
between the two disks. The voltages across the film were obtained at a
constant current setting of 2 amps. It appeared from the teat that the
relation between film thickness and film voltages was nlmost linear. The
film thickness was found to increase with the voltage. Furthermore, it
was found that the oil-film thickness at electrical breakdown lie roughly
over a range fronm lﬂ‘h to 103 inches, DBrix also stated that the vole
tage-thickness charascteristics was not greatly affected by the surface
temperatures, but the moisture content of the oil was found to be a most
important factor, The breakdown voltage dropped very rapidly with only
a slight increzse in moisture. The properties of "houndary" film dee
pended upon the lubricant and upon the nature of metal surf:ces betveen
which the 0il was enclosed., It wag found by Mr. Brix that the voltage
across the film increased as the lond decressed but incressed with speed
of the surfaces.

A. Cameron snd hie co~workers (10 in 1958 made an electrical inves-
tigation on the study of thin o0il-film characteristics. In their experi-
ments, an one-inch steel Ball was placed cn an insulated steel vlate.

Both the ball =nd the plate were connected to an electrical current
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FIGURE 1: THE ELECTRICAL CHARACTERISTICS OF OIL
FILM BETWEEN CHROMIUM AND STEEL AT
SEVERAL LOADING PRESSURES.(9)
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source, VWhen the plate supporting the bell w-s flooded with oil, the
ball separated from the plate by a small distance, the voltege-current
curve changed greatly. At a current value above % amp, the curve was
varsllel to the ohmic line and the voltage wns shown essentially constant
from 3 amp up to ¥50 ampe., The curves rre shown in Fig. 2, The vertical
di stance between the ohnic line »nd the curve obtained with the nreseonce
of an oil film wzgs defined gs the "dischorge voltage.® Therefore, the
discharge voltaga 15 the "net? voltage change czused by the o0il film.
This voltage was found to be independent of the typee of oil having
different viscoeitios as long ne those olls were tzken from the same
erude.

The relationship betwesn current,voltags and resistance of il rilm
had been well explained by A, Cameron in his earlier work dons on gear
teeth in 195*&.(11) Curves of resistance versus current were vlotted

and the following equation found:

Rike ¢
where, ¢ = constant
R = resistance (ohms)
I = current (amps)
k = constant

" The curves are shown in Figure 3. If k = 0, then R = constant., This is
shown Yy the current.resistance curve being comparatively flat at lower
values of current., The 01l beh.ves more or less as an ohmic resistance,
If kw1, then BI = ocnstant., This {ndicates that regardless of the

value of current, the potantia) across the film i1s constant, and thde

econstant 1s the breakdown voltage of the insulating oil film,
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The eclectrical brenkdown phonomenon was well explzined by A.f. Shar-

€

baugh ~nd R.Y, Crowe.(lh) Consider o system oomposed of a ligquid dielectric
nlaced between two parclleleplate metal alactrodes., If 2 volizage is ep-
vlied to the electrodes, freo electrons are acceleraled towaxd the anods.
The accelersbtion will continue until the rate at which eiectrons lose
energy by collision vith molecules Jusi equel the rate at which they galn
energy from the electric field. The electric current at tids time will
reugin smsll. If, however, the applied voltage is sufficiently high, the
free electrons gnin enough energy to knock other electrons from tihe mole-
cnles of the liquid. Since each new electron produced by collision is
also free to undergo the same process, the result is an electron avalanche.
The 1iquid is s2id to be fully fonized. Under this condition, the elace
tric current through the liquid will be high enough to lead to a runwsy
process culminsting in the sperk. The liould is converted rapidly from

an insulator to = conductor and the breskdown of oll film occurs.

During their investigations, Oameron and hie co-workers made the
gtatic and dynemie celibretione between film voltage and film thickness.(10)
It was found from the static calibration that the film thickness aud
film voltage were proportional to esch other. (Thias result wos in agree-
ment with the work done by kr., Brix ip 1947) The dynamic calibration
apparztus coneisted essentially of z rotating shaft ageinst which was
loaded very slightly by two & inch plates, There was an angle of ine
elination between these two plates. When the shaft was rotating, there
would be z thin oil film building up between the shaft and the plates,
which was then detected by a light beam. The results showed that: (1)

the valus of the variation of the film voltage with film thickness was
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8lightly lower than which was gained from the static calidbration, but
were still proportionsl to each other, (2) the variation in speed had
little or no effect, (3) no significant difference was found when brass
plate was used instead of steel, (4) the film thickness to film voltage
constant was found to be 4,0 volts per 0,001 inch.

In 1952, T.B. Lane and J.R. Hughes{32) in pursudt of information
concerning the nature of lubrication in gears, measured the electriecal
resistance between meshing teeth of rotaiing gears by the use of a
cathode~-ray oscilloscope. Measurements showed by this approach that the
resistance of an oil f£ilm of 10~5 cm thick (of the order of the height of
the asperities on the gear teeth) was about 107 ohms. The experimental
results showed that the resistance was inversely proportional to the load
applied and the sliding speed. The resistance reached its maximum value
in the neighborhood of pitch line vhere one pair of teeth carried the
load, The value of applied voltage used during the sxperiments was 0.2
volts,

A. W. Crook({13) 1n 1957 described some experiments performed with
disk machine in which the electrical resistance between the rotating
disks was measured. It was found that when the machine was first start-
ed the resistance was less than one ohm, and increased steadily until at
the end it reached 5 x 101‘ ohms, This showed that there was considerabdle
metal to metsl contact at the beginning and the fully hydrodynemic
ludbrication was developed when the speed was sufficiently high. Mr., Orook
also stated that the resistivity decreased rapidly with an increase in
temperature. When the surface temperature rose, not only the oil resist-
ivity but also the oil viscosity would decrease., This in turn reduced
the oil-film thickness and would cause surface damage due to metallic

contact,
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The eleciric breakdown of non-condncting lubricating oil is accele-
rated by the presence of foreign bodies, such as lint, sand, metal
particles and water droplets. These foreign bodies will align themselves
in the electrical field to form a bridge along which discharge ean ulti-
mately take place. C.M. Allen{15) found that an addition of a small
amount of silica powder caused the reduction in the oil film between a
shaft and bearing surface. It was believed that the dielectric dreak-
down was achieved through the silica powder or else initiated by it. It
was also believed that the real affect of silica grit was to disturd
the bearing surface. Silica grit embedded in the surface caused localized
heating, thereby resulting in a rednction of the minimum oll-film thicke-

ness,
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I1X. INVESIIGATION

Object of Investigation

The object of this thesls was to:

1. Invesitigate some of the factors that misht affect the oil-film
performance between the piston rings and the cylinder walls of internal
combustion engines.

2. Construct an electrical-resistance-mensurement spparatus which
could be used to study of the oil-film characteristics between the moving

piston ringe and the cylinder walls of internsl combustion engines,
Modification and Construection of Apparatus

The Engine Used

A single cylinder, air-cooled, four-cycle gasoline enzine was se~
lected. The engine was manufactured by Reo Motors Incorporated and gave
an output of 1} hp at 3000 rpm. The diameter of cylinder wos 2 inches.

The stroke was measured to be 1-3/4 inches.

The Insulation

Since an electric potential would be applied across the oil film
between a piston ring and the cylinder wall,it vas necessary to insulate
the ring from the rest of the engine block. The piston ring-groove was
found to be the best place tc fit the insulator.

The following considerations were mode concerning this srecizl

inesulation problem:
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1. The insulator must have high temperature resistance. The pis-
ton-temperature at the upper ring-groove is usually around 300°F to 500°F
devending on how well the piston is cooled,

2. Due to the relative motion between the ring and the niston, the
insulator must have high impact strength.

3. The insulator must be inert to gasoline and oll.

4, The insulator must have low coefficient of thermsl expanseion.

5. The insulator should be thin.

6. The insulator could be cemented om piston permanently.

Different kinds of thermosetting plastice were tested. Most of them
decomposed at temperatures up to 300°F. However, Teflon* (tetrafluoro-
ethylene) 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,
gsheets and tapes. The 0.010 inch etched Teflon tape was selected. The
etched tape was chogen since the etched side would merve as a good ce-
menting surface.

The cement, Silicone Resin was selscted because it remains flexible
at temperatures as low as minus 150°F ~nd 1s stadle at temperatures as
high as 5000F, TFurthermore, Silicone Resin also hss good oxidation-
resistant and good dielectric properties., The Silicone Resin used in
this investigation existed as glue-like material., The setting time of

this kind of adhesive was two hours at a temperature cf UDOOF,

* Du Pont trademark
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Preliminary testing was done to test the properties of the Zeflon and
the cement. A small plece of Teflon tape was cemented on an aluminum block.
Before cementing, the surface of the aluminum block was polished by fine |
emery paper and cleaned by acetone., To test the temperature stabllity of
the Teflon and the cement, the sample was heated at 500°F for one hour. No
particular change in characteristics could be found., During this prelimi-
nary test, the cement coating had a thickness of 0.003" g 0.0005%.

The piston had two 3/32 inch wide compression rings and a 3/16 inch
wide o1l ring. It was decided to insulate the second ring-grove because
the temperature in second groove was considerably lower than that of the
first groove. The dimensions of the pistom are shown in Pigure U, The
total side clearance between ring and ring groove was only 0,002 inch,.

It was therefore necessary to enlarge the ring groove in order to main-
tain clearances built in the engine.

The width of the enlarged rimg-groove was estimated by the summa-
tion of the following terms:

1. The original width of the ring-groove (0.0975").

2. The thickness of Teflon tape (0.010%).

3, The thickness of cement (0.003").

The total width of ring-groove after the enlargement therefore
should de:

Original width of the ring-groove « 2 X thickness of Teflon tape &

2 X thicknese of cement, which was

0.0975" + 2 X 0,010" « 2 X 0,003" = 0.1217"

The back side of the ring-groove should be enlarged according to
the thickness of Teflon tape and cement vwhich was:

0.010" ¢ 0.003* = 0.013"
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For the purpose of the enlargement of the ring-groove, 2 special
ocutting tool was made. The width of this tool was exactly 0.1217"inch,

The second ring-groove was enlarged to the desired dimension on a
lathe by using the special cutter. A hole of 3/64 inch was drilled
through this groove, BSee Figure 7. The sectional view of the second
ring=groove before and after the enlargement are shown in Fgure 5(a)
and Figure 5(b) respectively.

The surfaces of the enlarged ring-groove were then carefully polished
by means of fine emery paper and degreased by acetons.

In order to have the ring completely insulated from the rest of the
pleton, both the side faces and the back face of the groove were covered
by Teflen tape.

To insulate the upper and the bottom faces, two "Teflon rings"
were cut off from a sheet of 1 mil Teflon tape. Each "ring" had an
outside dismeter of 1-31/32 inches and inside diameter of 1-25/32 inches.
A Teflon strip, 5-3/4 inches long, 0.1217 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-ghaped" cutting at point "P" vas to
make 1t easy to put into the piston ring-groove.

The Teflon insulators were then cemented to the inside of the en-
larged ring-groove and heated in an oven for two hours at a temperature
of 4OOOF. The piston thus insulated gave satisfactory results through-
out the investigation,.

The arrangement of Teflon tapes in the ring-groove is shown in
Figure 5(b). The photographic view of the piston after insulation is
gshown in Figure 7. The area in the vicinity of the hole was not covered

by Teflen strip but coated with silicone cement.
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The Piston Ring

A commercial gray cast iron, chromium~plated pisten ring was used.
A 7 mil diameter formvar coated copper wire was soldered in a slot on one
end of the ring as shown in Figure €. The soldered surface was then re-
duced to its original dimensior by means of fire cnd sand paper. The

length of the wire was two inches,

The Piston and the Method of Connecting the lesds

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 enough flexure
to absord shock, The end of this wire was connected to a % inch diameter
test prod lead. The test lead was selected because of its flexibility .
Both wires were then cemented on the piston skirt by using the epoxy ad-
hesive as shown in position "A" of Figure 9.

The wire broke frequently during the early stage of testing. The
wire broke mostly by tangling on the crankshaft and by being cut by the |
moving parts of the engine. To avoid these difficulties, the best way
was to shorten the loose part of the wire within crankcase. To do so,
however, the fatigue strength of the wire was considered. Figure 9 shows
the arrangement of the wire. "BY is a metal clamp, vwhich was fastened
to the connecting rod by o screw. The variation in distance between
point A and point B was less than one fourth of an inch during each

revolution of crankshaft,
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Figure 8.

The Ring and the Connection of the VWire.
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The wire wss then fastened in position by clamp B and led out
through orankcase by fixing 1t on the oil dipper at point C, The plastle

tube at point C was used to protect the wire,

Engine Motoring System

9o facilitate accurate control of operating condition for "withou$
combustion" studies, e & kilowatt direct current generator, driven as a
motor, was coupled to the engine by means of = Wy¥ Dbelt drive.

A rectifier wae used to give a direct current supply. The lowest
output from the rectifier was 24 volts and the generator was rated at
18 volts. The supply electromotive force was fifteen percent higher than
the recommended limits., However, no difficulties were experienced with
the generator.

For the purpose of conirolling the speed of the motor, a special
connection was made on both the armature and the field of the generator
a8 shown in Figure 10. A resistance rack, used to control the armature
current, was connected in series with the armature. Two adjustable
resistors, By and R,, used to coantrol the field current, were connected
in series with field.

The resistance rack had twenty knife switches mounted on i1ts slate
top. The blade side of the switches were located on the longlitudinal
centerline with terminsls extended through the slate top so that the
electrical connections for the resistor elements were made from under-
neath. A row of twenty spring-clips, tapped through to bus bars under-
neath the slate top, were mounted on either side of the blades so that

the resistors could be connscted in parallel or series as desired,
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Fineteen Glocoils, used as the resistor elements, were screwed into
insulated ceramic sockets mounted on the vertical tin sides of the rack.

The maximum current of two adjustable resistors R and R, were &
amps and 3,4 ampa, respectively. When an input voltage of 2l volts was
applied to the generator, the field current measured 4.8 amps. This was
little higher than the maximum capacity of R,, dut no overheating
occurred,

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

and sviteh 2 controlled the output line from rectifier, Bwitech 3 shorte-
circuit the resistance rack when speeds above 1000 rpm were desired.
The speed of the generator could be lowered to 300 rpm by adjusting
the resistance rack with Ry and Rz setting at zero ohm and switch 3
opened. A speed of up to 2500 rpm could be reached by adjusting Ry
and Rz and with switeh 3 closed,

The D.C, Bridge Circuit

A d-c potentisl was applied across the oil film through a bridge
circuit shown in Figure 11, The d-¢ power source comprised of three
1.5=~volt batteries connected in series. The output voltage was dropped
to 0.20 volts by means of a 30 ohm adjustable resistor R. One arm of
the bridge was formed by the 01l film, while the other arm had a sensi-
tive adjustable resistance box. The resistance box was adjustable from
0.1 ohm to 100 ohms by 0.1 ohm increments, The maximum capacity of the
resistance box was 0.5 watt. The resistors E,, R,, each had a resist-

ance of 7O ohms, made the other palr of balancing arms., A cathode-ray

oscilloscope connected on terminals 1 and 2 in Figure 1., was used to
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detect the unbalanced voltage across the oil film., An ammeter was in-
serted in the arm formed by oil film to detect the current across the
oll.

Layout of Experimental Avparatus

The layout of the experimental appar~tus is shown in Figure 12,
The detsiled constructions of these items were mentioned in the previous
sections, The aynchronizing impulse, produced by the electric magnetie
plekup, was fed to the External Synchronizing terminal on the oscillo-
scope. Thie synchronization triggered the oscilloscope sweep at the
time when the piston was at its bottom dead center positions at the
beginning of each cycle,

Figure 1% shows the avpar-tus and instruments, The functions of

the apparatus and instruments will be listed in the next section.
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Iist of Equipment

The apparatus and instruments used in this investigation will be

listed below:
D. C. Generator. Model 32646, Type SD, 0.5 kw, 18 volts, 27.8

amps, 1725 rom, Manufactured by General Electric Company, Schenectady,
F. Y.. Used as a D.C. motor to drive the gasoline engine. Shown in
Figure 13,

Rectifier. Maxson Rectifier Model P-1011, Type A.P., Input: 230
volts A.C., 20 amps, 50/60 cycles, 3 phase. Output: 24 volts D.C. 130

amps, Manufactured by The W. L. Maxson Corp., New York, N.Y.. Used to

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

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

Clocoils, Property of Mechanical Engineering Department, V.P.I.. Used
to control the current in armature of the motor. Shown in Figure 10
and Figure 13,

Oscilloscope. Hewlett-Packard Model 120-A, serial 1750, 115/230

volts, 50/60 cycles. Manufactured by Hewlett-Packard Company, Palo
Alto, California. Used to detect the unbalanced voltage across the oil
film, Shown in Figure 13.

Oscillograph~ Record Camera. Dumont Zype 297, serlal 5850, Polaroid-

Land camera. Mamufactured by Allen B. Dumont Laboratories, Inc.,
Clifton, New Jersey. Used to record the signals on oscilloscope,

Shown in Figure 13,

I
|
Decade Resistance Box. Type 102K, serial No. 5714, Maximm Capa~- |
|
city 0.5 watt, Manufactured by General Radio Company, Cambridge, |

Massachusetts, Used 40 balance the bridge circuit.
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D. C. Voltmeter. Model 1301, type KS-14509, 0-0.5 volt, 1000 ohms

per volt. Internally shielded. Manufactured by Western Electrical
Instrument Corp., Wewark, ¥.J.. Used to measure the input voltage of
the bridge circuit.

D. C. Ammeter. Model 430, No. 19994, 050 amps. Manufactured by

Western Electrical Instrument Corp., Newark, N.J.. Used to measure the
field current of moter.

D. C. Milliammeter. Model 431, 1-100 milliamperes. Mamufactured

by Burlington Instrument Co,, Burlington, Iowa. Used to measure the line
current in the bridge circuit.

Adjustable Resistor. Type CR 8003, 3 ohms, 6,7-8 amps. Manufactured

by General Electric Company, Schenectady, N.Y.. Used to control the
field current. Shown as By in Figure 10.
Adjustoble Resistor. 26 ohms, Maximum current 3.4 amps, Manufao-

tured by Ward Leonard Eleetric Company, Mount Vernon, X.Y, Used to
control the field current., Shown as Re in Figure 10,
Tachometer, No. X-08 123536, 300-4000 rpm, Mamfactured by James
G. Biddle Company, Switserland. Used to measure the speed of motor,
Electronic Pickup. Electro Products Model 3010 A- series, 5/8",

2 threads. Manufactured by Eleotro 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 voltage.




Preliminary Investigations

Analysis of the D. C. Bridge Circuit

For the purpose of analyzing the d-c bridge cirenit, Pigure 1l 4n
redrawn to the analyticnl form shown in Figure 14, X is the resistance
of the oi) film, 33 is the tots) line resistonce of the arm which 4s
formed by oil. Ry is an adjustable resistor. Rl and R2 are two equal
resistors. V is a constant input voltage to the bridge circuit, and B
is input voltage to the oscilloscore.

Since V 18 constant, then:

I, = Y and I, = \4
33-}1421 R)*-}Bz

12k

axeah-xl(lg’x)

-7 Ry, I ) eeeeneeeenes (1)
Rh«&nz 334X+R1

¥hen the engine 1s stopped, there is s comvlete metal to metal con~
tact Detween the piston ring and the cylinder wall. X, at this instant,
approaches zero, R3 was measured and them by setting Ry = R}, thus the
bridge was dalanced.

Once the engine is running, the oil film builde up causing X to

increase, 28 = result, R3 + X 18 greater than Ry,

Henoce: ‘z ?.: 51

Bince Ry = R, R, = R,, according to Equation (1), when the engine

is stopped (X = 0), E approaches iis maximm value:
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Bax = 0 R -3

When the engine is running, oil film builds up, i.e. X# 0. From
Eqation (1),

EwV - By o X

Ry
e

If the oil film is sufficlently thick, X% , I approaches its

minimum valuet

nm - Id,mn

X s

- v .o..co.oq-oa-oooooococ-u(B)

Bquations (2) and (3) inlicate that the input voltage E of the

oscilloescope varies between zero and = B Y

ey e

In this investigation, R = R, = 4.1 ohms and By = R, = 70 ohms,

3
Thus,
Rpx = 0
B - Rz 70
Tain Ry + B, Mt v w o wnad A AL
Therefore,

- 0.9)“v § né ° .OOOO'0.0II.O...l.i.c.‘tlll..l(s)




The Determinstion of the Input Voltage v
of the Bridge Circuit

From the literature review, it was learned that only a limi ted range
of voltages that could be applied acrose the thinm oll-film, Beyond this
range, the electric breakdown of the oil occurred. Also it was found that
within this range, the oil behaved more or less as an ohmic resistance.
%o study the varietion in contact resistance from potential drop across
the o1l film,it was therefore necessary to work with voltages within the
1imita of breakdown voltage of the oil film,

For the purpose of determining the input voltage of the bridge cir-
cult, & preliminary test was ecarried out. This preliminary test was
based on the knowledge that as soon as the breakdown of the oil occurred,
there would not be sny voltage difference between terminals "a" and "®f
in Figure 14, Therefore, no signals appeared on the oscilloscope.

A series of input voltages from V = 0.1 volt %o Ve 1,0 volt was
applied to the dalanced bridge circuit by adjusting the resistor R
(Pigure 14). The voltages were applied by each 0.1 volt increments, For
each step, two types of oil, A and B, were tested. The engine speeds
for ezch oil were 300 rpm and 1800 rpm, respectively. 8ignsls appeared
on the oscilloscope for all cases indicating that there were no break=-

down of the oil within theee working ranged.

The final selection of the imput voltage V (0.2 volt) to the
bridge circuit depended upon the scale of the oscilloscope and the size

of the recording camera film,
From Bquation (5) of the previous section, the input voltage to the

oscilloscope E varies between zero and - 0.94V,



Therefore:
- 0.9% x 0.2 volt =< B =0 volt
i.e. - 0,188 volt = E = 0 volt
By setting the scale of the oscilloscope at 0.1 volt per cm, five

photographs were taker on each film,

Experimental Procedure

Before starting each test, the following two procedures were always
done.

1. The bridge circult wzs checked and balanced.

2. To avoeid the interference of dirt, the moving partis of the
engine were cleaned by means of acetone before new oil was poured into

the crankease.

Testing the Effect of Time on 04l Film Performance

1. The crankcese was filled with oil A -~ SAR 30.

2. The engine was driven by an externsl motor.

3. The resistors in the motor control system were adjusted to
obtain a constant speed of 1400 rpm.

4, The time base of the oscilloscope was synchronized with the
engine speed,

5. The engine was stopped.

6. The engine was started again and pictures were taken after one
second, three seconds, six seconds, nine seconds, and fifteen seconds.

7. The engine was ctopped and the temperature of oil 4in the erank-

case was recorded,




1.
2.
3.
L,
spead.
5
6.
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Testing the Effect of Engine Speed

The crankease was filled with oil A~SAE 30.
The engine was driven by an external motor.
The speed of the motor wns aijusted to 250 rpm.

The time bese of occilloscope was synchronized with the engine

Pictures were token after 30 sec. from starting.

Pollow the some procedure, pictures were tzken at 400 rpm,

1200 rpm, 1800 rpm and 20O rpm,

1.

The temperztures of oil in crankcase were recorded after each

picture was taken,

1.
2.

1200 rpm.

3.
h.

5-

Testitig the Effect of 011 Temporghures om 011 Film Performance

The crankcase was filled with 01l A-8A% 30.
The engine was driven by an external motor at the speed of

The time base of oscilloscope was synchronized with engine speed.
Pictures were taken after 30 sec.from starting.

The engine was stopped and the oil temperature in crankecass

wag recorded.

6.
1.

1200 rpm.

8.
9.

041 A-S48 30 was heated to 100°F and was filled into crankease.

The engine was driven by an external motor at the speed of

Pictures were taken after 30 sec. from starting.

Repeated the same procedure for 01l A~S8AE 30 at the temperatures

of 1209¥F, 140OF and 160°F respectively.



Comparison Between the Effsct of 0il Temperatures and

B e G L e Y

the Bffect of 011 Viascosities on 011 Film
Performance

1. The room teimerzture was recorded.

2. The erankcase was filled with 011 A-SAR 10 at 80 ¥,

3. The engine was driven by =n external motor at the speed of
1400 rpm and the time base of oscilloscope was synchronized with engine
speed.

4, Pictures were taken after 30 sec. from starting and stopped
the engine, the 0il temperature in crankcase was recorded,

5. FProm the Viscosity-Temperature Curvee (Appendix II), found the
viscosity of SAE 10 oll at 80° F was 380 SUY. From the same chart, found
the temperature for SAR 60 oil at 380 SUV was 152°F.

6. 01l A~SAE 60 was heated to 152°F and was filled into the crank-
case.

7. The inside of eylinder wae heated with elsctric heater to 152°F
sprroximstely.

g. The engine was driven by an external motor at the sveed of 1400
rpm and the time base of oscilloscope was synchronized with sngine speed.

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

10. The engine was stovped and the temperature in the crankcase was
recorded.

11. Yollowed the procedures 1-10, tested the 011 A-SAE 20 at 80°F
and 011 A~SAE 60 at 142°F respectively.

12. Tollowed the procedures 1-10, tested the 01l A-SAR 30 at 80°F
and 011 A-SAE 60 at 121°F respectively.
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Testing the Effect of Combustion on Oil Film Performance

1.
2.

3.
]

L 4

The crankcssze was filled with Oil A-SAE 20,
The engine was driven by its own power at the speed of 410 rpm.
The time bare of oscilloscooe vat synchronized with engine speed,

Picturee were taken znd the engine wns stopped to record the

03l temperature in crankcase.

5e

Follaved the same vrocedures and pietures were taken at the

speed of 1720 rpm.

6.
1.
8.
speed,
9.

%he crankeags oil wes changed to 01l A-SAE kO,
The engine wes driven by its own vower at the speed of 405 rpm,

The time base of oscilloscope was synchronized with the engine

Pictures were tsoken and the engine was stopped to record the oil

temperature in crankczse.

1C.

Followed the nrocedures £-9 and pictures wers taken at the

speed of 1805 rpm,

11,
12.
13.
1k,
the oil
15.

Let the engine to 6ool tc room temperature,

The crankcase was filled with 011 A=SAE 20,

The engine was driven by an external moter.

After pictures were taken, the engine was stopped to record
temperature in ersnkcase.

Followed the some procedure in the previous test and pictures

were tsken at the engine speed of 1720 rpm.
16.
17.

The o1l in crankcase vas changed to 011 A-SAE LO,

The engine was driven by ~n external motor.




g

18. Pictures were taken at the engine speeds of 405 rpm and 1805

rpn respectively.
19. 0il temperatures in crankcase were taken after the pictures

wvere taken,

Testing the Effect of 04l Mixtures on 011 Film

Performance

1. The crankcase was filled with 041 A~ SAR 30.
2. The engine was driven by an external motor at a speed of 600
rpm and the time base of oscilloscope was synchronized with engine speed.
3. Plctures were taken after 30 sec. from starting.
4, The engine was stopped and the oil temperature in crankcase
was recorded,
5. The crankcase was filled withen oil mixture of 80% 0il A-SAX
30 and 20% 011 B -~ SAR 30.
6. The engine was driven by =n external motor at a speed of 600

7. Pictures were taken after 30 sec. from starting.
€. Followed the procedures 5 - 7, tested an oil mixture of 50%
011 A - SAE 30 and 50% 011 B - SARE 30.
9. Followed the procedures 5 - T, tested an oil mixture of 20%
041 A - SAE 30 and 80% 041 B - SAE 30,
10. Followed the procedures 5 - 7, tested 1007 04l B. “




Testing the Rffect of Heated 0Oil Mixtures on 01l Film

Performance

1. The erankcase was filled vith 01l A- 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 oscilloscope was synchronized with the epeed
of the engine.

4, Pictures were taken after 30 sec. from starting.

5. The engine was stopped to change oil.

6. The crankcase was filled with a mixture of 60% 011 A - SAE 30,
20% 011 B - SAE 30 and 20% 011 C - SAE 30 at 300°F,

7. Pictures were taken by following the procedures 2-5.

8. TFollowed the procedures 2 - 5, tested an oil mixture of 20%
011 A - SAE 30, 40% 011 B - SAR 30 and 40% 011 C - SAE 30 at crankease

temperature of 300°F,

Testing the Bffect of Foreign Particles on 011 Film

Performance

1. The crankease was filled with 04l A - SAR 30.

2. Added into the erankcase with 1 gram of fine particles of cast
iron, small smount of carbon (taken from tne cylinder head of an o0ld
engine) and 2 grams of water droplets.

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

4, The time base of oscilloscope was synchronized with the engine

speed. Pilctures were taken after 30 sec. from starting.
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5. By using the same oil (procedures 1 - 2), the speed of engine

was increased to 1800 rpm by the external motor.

6.

speed,

The time base of oscilloscope was synchronized with the engine

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

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

was recorded.

9.

The oil in the crankecase was changed to clean 0il A - SAE 30

and followed the procedures 2 - & to take pictures at the engine speeds

of 200 rpm and 1800 rpm, respectively.

Testing the Effect of 011 Viscosities on 0il Film Performance

1.
2.
3.
L,
5e

The crankcase was filled with 041 A-SAE 10.

The engine was driven by an external motor at the speed of 1200rpm.
The time base of oscilloscope was synchronized with engine speed.
Pictures were taken after 30 sec¢, from starting.

The oil temperzture in crankcase were recorded immediately

after stopping the engine.

6.

Bepeated the same procedures for 01l A-SAR 30, 011 A-SAE L0,

011 A~-SAE 50 and 011 A-SAE 60 respectively.

IV. DATA AND RESULTS

The dats collected in this investigation are shown in Figures

15 - 230
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1400 rpm
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(a) Engine Speed: 200 rpm
0il With Foreign Particles

Crankcase Temperature: 79 F

Clean 0il

Crankcase Temperature: 79 F

(b) Engine Speed: 1800 rpm
0il With Foreign Particles

Crankcase Temperature: 79 F

Clean 0il

Crankcase Temperature: 79 F

Types of 0il: 0il A - SAE 30

0il A - SAE 30 Added With one
gram of Cast Iron Particles,
one gram of Dust Particles,
Small Amount of Carbon and
Two grams of Water Droplettes.

Engine Condition: Driven by External Motor
Room Temperature: 79 F

Figure 23: The Effect of Foreign Particles on 0il
Film Performence
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V. DISCUSSION
The Analysis of the Traces oa Cathode~Ray Tube

The trace on cathoe-ray tube of the oscilloscope indicated the
anbalanced voltage due to the changes in oil resistance. Two typical
traces are shown in Figure 24. Before the engine was started, the pies-
ton ring tension caused metalllc contact between the ring and the wall,
This 48 1llustrated by a straight line in Figure 24(a). After the pis~
ton began to move, the oil film thickness voried which caused the oil
resistonce to chenge. TFigure 24(b) ehows the trace on oscilloscope
for each cycle when the speed of vpiston, or the viscosity of the oil,
vas sufficlently high, Four pesks in Figure 24(b) show that the metal-
1i¢ contact existed at two dead center positions,

In this investigation, the input voltage of the oscilloscope varied
between zero volt and ~0.188 volt, while the oi} resistance varied from
zero to 1nfinity (see the previous analysis). The vertical scale on
the oscilloscope vae set at 0.1 volt/cm, i.e., two centimeters on verti-
cal sosle represented 0.2 volt. The height of each peak in Figure 24(v)
wa® measured to be 0.188 volt which was in sgreement with the calculated
value.

Points 1 and 3 in Figure 24(D) represent the dead centers, Point
2 represents the ring at center position of each stroke. The peaks
whieh appear between points 1 and 3 represents instantaneous breakdown
of the oil film between dead centers. Fewer peaks on oscilloscope
menns less metallic contact; thus, better lubrication. Theoretically,

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




ENGINE STOPPED
(a)

i 1 3 1 3 0 OHM
| I " F n ! cu
0.188 VOLT
1CM
2 2 2 ——— OHM

ENGINE RUNNING
(a)

FIGURE 24: THE TRACES ON OSCILLOSCOPE
( SCALE: 0.10 VOLT/CM )
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The Effect of Time on 01l Film Performance

Figure 15 shows the effect of time on the oil film performances.
The engine speed of the test was 1400 rpm. The pictures show that almost
complete metallic contact existed at the begimning of the test. The oil
film decame stable after nine seconds. The results show that the proper
amount of oil could not be supplied to the cylinder wall immediately
after starting, resulting in a time delsy.

Picture (a) in Figure 15 was taken after ome second from starting.
The engine speed at this time was measured %o be approximately 900 rpm.
The engine speed increased rapidly to 1350 rpm at the time when picture
() was taken., The low starting speed caused an insufficient oil quan=
tities.

Due to the size limit of the film in recording camera, only five
plctures could be taken in the test. Based on the above results, the

pictures in the latter tests were taken after 30 seconds from sterting.

The Effect of Engine Speed on 0il Film Performance

The pictures in Figure 16 show the improvement in oil film thick-
ness when the speed of the piston was increased. At low speeds the
ludbrication was much worse than at high speeds. The hydrodynamic lue
bricaticn theory when applied to journsl bearings, states that ameng
other factors the film thickness is proportinnal to speed. The experi-
mental results of this work show that this theory ecan be applied to

piston ring lubrication as well,
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pPicture () in Pigure 16 shows that the piston ring and cylinder

wvall 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 bresk down completely. This is the reason

that at least four peaks appeared in the plctures.

The Effect of 01l Viscosities on 0il Film Performance

Fhe increase in oil viscosities improves lubrication. The higher
the o1l viscosities, the thicker the oil film developed. This result
is shown in Figure 17.

By reviewing pictures (d) and (e) in Figure 17, even with the
heaviest oil usoa,.which are uncommon to automobile practics, there was
an instantaneous breaicdown of the oil film in the middle of piston
stroke. This shows that from the noini: of view of sutomobile engine
lubrication, an increase in viscosity does not yive as good results as
an increasing the speed of the engine.

A viscous oil increased power consumption due to frictional drag
as wes apparent in this investigation. When SAR 60 oil was tested, the
input voltage of 2l volts was not sufficient to ralse the speed of the
motor to 1200 rpm. An input voltage of 28 volts was necessary. There-
fore, the use of viscous oil in internal combustion engines introduces

power losses.

The Effact of 01l Temperature on 01l Film Performance

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

at different temperatures, At high temperatures, the lubricationwas




ol

much worge than for low temperatures. The decrease in the degree of
lubrication at high temperatures was caused by the decrease in viscoslty.

For the purpose of making further etudy on the effect of oil tem-
peratures on the oil film characteristics, another series of tests was
performed. The results are shown in Pigure 19, In these tests, the
oils with higher viscosities were heated so that they would have the
same viscosities of light oils at room temperature. The viscosities of
Yoth light oils and hented heavy oils were checked by means of a Saybolt
Universal Viscometer. The errors were found to be within & 10 SUV., To
make some comparisons, the engine speeds of each test were kept equal,
The results show thet although the viscosities of both oils were the
same, the light oils provided better lubrication than dd the heated
heavy oils, This phenonmenon was probably due to the existance of a
sulphur residue in the heated oils which caused the local breakdown of
the o1l film. Another possibility might De that the "chain®, or "hond",
between the oil molecules was broken, or demaged, by the elevated tem-
peratures, Therefore, causing decrease in £41m strength of the heated
oils.

From the stzndpoint of the lubrication only, it is desirable to
keep the temperature as low as possible in cylinder. On the other hand,

however, lower temperature reduces thermalefficiency.

The Bffect of Combustion on 01l Film Performance

Figure 20 shows the effect of combustion on 2n oil film, The re-

gults indicate that when the engine was under its own power, the lubri-

cation was much worse than vhen it was driven by an external motor.
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The high combustion temperature might be one of the factors that caused
the breakdown of the oil film. The high pressure gases in the cylinder
might leak through the clearance between the ring and the ring-groove to
the back of the ring. This gns pressure forced the ring against the wall
disrupting the thin oil film. The lubricating oil in the vicinity of top
dead center could be blown off by the hizh gas pressure in the cylinder.
Furthermore, there was slwzys an insufficient oil supply at the upper
portion of the piston stroke. These factors conld cause rapid cylinder

wear at top dead center positions,
The Effect of 0i{1 Mixtures on 0il Film Performance

Three kinds of commercisl lubricating oils were blended together,
Cil A was paraffin-based mineral oil. 01l B wns straight minersl oil.
011 C was minerzl oil plus corrcsion and we=r inhibitor. The results
are shown in Flgure 21 and Figure 22. Ho avpreciable chonge in oil film
characteristies could be found, The tests were rerformed using oil
mixtures at room temperature as well as at elevated temperature.

Based on the tesiing results, these oils are considered to be

¥ecompatible" from the point of view of film strength only.

The Rffect of Foreign Particles on 0il Film Performance

Foreign particles, such as metal, dust, carbon and water droplats
were added to the oil. The results are compared with those gained by
using clean oils. Figure 23 shows more metallic contrct occurred be-
tween the ring and the wall, if the 0il contained foreign particlas.
This was apparently caused by the existance of foreign particles between

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

face thereby increasing the rate of wear,
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Y1, CONCLUSIONS

Based on the results of the investigation, the following con-
clusions are made: \

1, It is possidble to utilize the electrical-resistance-measure-
ment method in the study of piston ring lubrication.

2., Considerable time delay is associated with engine lubrication
during starting.

3, Lubrication 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 snginse.

4, An increase in oil viscosity can improve lubrication, but at
the same time, increases 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 s few different types of commercial lubricating olls,
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VII. RECOMMENDATIONS

1. It would be more desirable to use a water cooled engine in-
stead 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 lubrication. Rings with different widths could be tested
in further investigations.

3. Similar test could be done on an engine with forced-feed oil
systen,

4, More accurate control on oil temperatures is recommended.

5. Teflon, used as an electrical insulator in this investigation,
was found to give satisfactory results. However, Teflon is also a good
heat insulator, it prevented the conduction of heat through the piston

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

effects. Further survey on insulating materials is recommended.
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APPENDIX 1,

PROPFRTIES OF TEFLON®

Chemical Properties

Value

Chemical Resistance

Moisture Absorntion

Excellent, except to
fluorine

Less than 0,001%

Friction

VWeatherabllity Excellent
Gas Permeability
Fitrogen 12 Oms/100 m?/ hr,/mil
Oxyegen 0 "
Carbon Dioxide “
Acetone 56 L
Acetic Acid 27 "
Physical Properties Value
Ultimate Strength 3000 psd
Ultizmate Xlongation 300%
Impact Strength 4 xg/em/mid
Flex Life 1000 cys
Tear Strength 125 g/mil
Density 2.15 Gms/ce
Coefficient of 0.09

* Taken from "Du Pont TEFLOX FEP-Fluorocarben F{1m"-Techniecal Report.
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APPENDIX I. PROPERTIES OF TEFLON

(continued)

Thermsal Froperties

Value

Tenpersture Range
Continuous
Intermittent

Melting Point
Coefficient of Thermal
Expansion

«1000 F

s1600 ¥
Flammability

Thoraal Conduetivity

~4270 ¥ to « 392° ¥
-h27° ¥ to « 527° ¥

5450 ¥ to 563° I

4,61 10 in./in,/ ¥
5085 10 1n./in./ r

Nonflammable
1.35 BTU/Hr/F4%/0F/1n,

(=1000F to +490°F)

Heat Sealabllity Good
Electrical Properties Value

Dielectric Strength 400 volts/mil
{g50F, 60cps)

Dielectric Constant 2,104
(85°F, 100eps)

Volume Resistivity 1017  ohmeom
( 100°F to &UgOCF)

Surface Resistivity 1036 ohn/ aq.
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ABSTRACT

The object of this thesis was to investigote some of the factors
that might affect 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 alr-ccoled
single cylinder engine was insulated from the rest of the piston using
Teflon.- A bridge circuit was used to feed the unbalanced signals to
an oacilloacope; The traces on the oscilloscope were recorded by means
of an Polaroid-Land recording camers, An externsl motor having a speed
control system was used to drive the englane.

It was found from this investigetion that the lubrieation could
be improved by increasing the engine speed and oil viscosity. More
metallic contact was found when the engine was under its own power.

The results also showed that t he breakdown of o0il film occurred when
the oil temperature was increased.

The experimental results indicated that the piston ring and the
cylinder wnll were never separated by lubricating oil at dead centers,

The breakdown of oil film occurred at these positions in every case,






